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Abstract
Since the beginning of the 1990s, monitoring of habitats has been a widespread tool to record and assess 
changes in habitat quality, for example due to land use change. Thus, Article 11 of the Habitats Directive 
(92/43/EEC) requires, inter alia, monitoring of the conservation status of habitat types listed in Annex I 
of the Habitats Directive, carried out by the Member States of the European Union (EU). This monitoring 
provides the foundation for the National Reports on the measures implemented and their effectiveness 
(Art. 17 Habitats Directive), which Member States have to submit to the European Commission every six 
years. Based on these requirements, Member States have developed different monitoring programmes or 
have adapted previously existing monitoring schemes to include relevant aspects of the Habitats Directive.

The parameter ‘structure and functions’ is a key parameter for the assessment of the conservation sta-
tus of habitat types as it provides information on the quality of the habitats. A standardised questionnaire 
was developed and sent to the competent authorities of Member States to compare and analyse the assess-
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ment methods of the quality of habitat types. Responses were received from 13 of the 28 Member States, 
while it was possible to include another Member State in the analysis by evaluating appropriate literature.

The analysis revealed very different approaches and progress amongst the Member States in the 
development and implementation of monitoring programmes tailored to the reporting obligations of 
Article 17 of the Habitats Directive. Some Member States established a special standardised monitoring 
programme for Article 11 of the Habitats Directive, while others used data from already existing 
programmes (e.g. habitat mapping, large-scale forest inventories, landscape monitoring). Most Member 
States responding to the questionnaire use monitoring based on samples but the data collection, sample 
sizes and level of statistical certainty differ considerably. The same applies to the aggregation of data and 
the methods for the assessment of the parameter ‘structure and functions’. In contrast to the assessment of 
conservation status as part of the reporting obligations according to Article 17 of the Habitats Directive, no 
standardised EU guidelines exist for monitoring. The present study discusses differences in the monitoring 
programmes and evaluates them with regard to the objectives of comparable assessments of conservation 
status of habitat types in the National Reports of Member States or at a biogeographical level.

Keywords
Habitats Directive, EU Member States, reporting, habitat type, structure and functions, assessment, bio-
diversity monitoring

Introduction

Monitoring of habitats has been a widespread tool for recording and assessing changes 
in habitat quality (e.g. due to land use change) since the beginning of the 1990s 
(Lengyel et al. 2008a). This development is driven by international conventions on 
the protection of biodiversity like the Convention on Biological Diversity (CBD) 
as well as different directives of the European Union (EU) referring to biodiversity 
which include monitoring of habitats and species (Henle et al. 2013). For example, 
monitoring conservation status of habitat types listed in Annex I of the Habitats 
Directive (92/43/EEC) is mandatory according to Article 11 of the Directive. This 
provides the foundation for the National Reports on the measures implemented and 
their effectiveness (Art. 17 Habitats Directive) which Member States have to submit to 
the European Commission (EC) every six years. Based on these National Reports, the 
EC compiles a composite report which represents an essential basis for the achievement 
of biodiversity targets (EC 2011a).

The monitoring of habitat types required for the assessment of conservation status 
concentrates on a large-scale spatial level, namely the biogeographical regions of Eu-
rope (Evans 2012, ETC-BD 2006) or their respective proportions of the EU Member 
States. However, of the 150 investigated monitoring schemes for European habitats 
examined in the EuMon project, only 17.6% had a national scope, while the main 
part focused on a local (e.g. conservation areas) or regional level (e.g. administrative re-
gions). Furthermore, most of these schemes addressed only one (44%) or a few habitat 
types (Lengyel et al. 2008a, b). The EuMon database (http://eumon.ckff.si/monitor-
ing/) currently (December 2017) contains 71 monitoring schemes from 11 EU Mem-

http://eumon.ckff.si/monitoring/
http://eumon.ckff.si/monitoring/
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ber States referring to the habitat types of the Habitats Directive. However, none of 
these monitoring schemes covers all habitat types of a Member State. It could be pos-
sible to combine several monitoring schemes, where appropriate, to a comprehensive 
monitoring system which includes all habitat types of the respective State.

The quality of the data for the National Reports according to the Habitats Direc-
tive still fluctuates considerably due to the ongoing need of Member States to develop 
targeted monitoring programmes or refine/complete existing programmes (de Bello 
et al. 2010, EEA 2015, EC 2015). The EU guidelines and reporting formats provide 
consistent cornerstones for appropriate monitoring programmes for all Member States 
(DG Environment 2017, EC 2016). The conservation status of habitat types is as-
sessed by four parameters, which comprise quantitative (‘range’ and ‘area’ parameters) 
as well as qualitative (‘structure and functions’ parameter) criteria plus a forecast for the 
future (‘future prospects’ parameter) (EC 2016). An analysis of selective, nationwide 
mappings or recordings in conservation areas, some of which are also supported by 
remote sensing methods, provides data for the parameters range and area (e.g. Förster 
et al. 2008, Vanden Borre et al. 2011, 2017).

The assessment of habitat quality according to the requirements of the EC is based 
on the criteria ‘habitat structures’, ‘habitat functions’, ‘typical species’ and ‘pressures 
and threats’. The criterion ‘habitat structures’ comprises physical components of a 
habitat type which are often formed by organisms (groups), including already dead 
organisms (e.g. standing or lying dead wood) as well as abiotic features (e.g. gravel 
banks for spawning). The criterion ‘functions’ means ecological processes which exist 
at a variety of temporal and spatial scales and differ considerably between habitat types 
(DG Environment 2017, p. 170). Typical species are those which mainly occur in a 
habitat type or at least in a subtype or a variant of a habitat type (DG Environment 
2017, p. 172f.). Thus, individual attributes (or subcriteria) have to be selected for each 
habitat type to assess habitat quality. For the investigation of these criteria, sample-
based monitoring is appropriate, as already implemented by some Member States 
and prepared by others (e.g. Bijlsma and Jansen 2014, McConville and Tucker 2015, 
Moser and Ellmauer 2009, Sachteleben and Behrens 2010, Stöhr et al. 2014).

While standardised EU requirements exist for the assessment of conservation sta-
tus as an evaluation matrix for the biogeographical level (EC 2016), common mini-
mum EU standards are missing for the development and design of specific monitoring 
schemes (e.g. for sample sizes or statistical certainty). However, the evaluation matrix 
requires the detection of differences of 6% in one reporting period (1% per year). The 
evaluation matrix also lacks a threshold value for the maximum proportion of the area 
assessed as ‘unfavourable’ that is permissible for a favourable status of the parameter 
‘structure and functions’. Therefore, a comparative analysis of the different assessment 
methods of the parameter ‘structure and functions’ in the EU Member States was 
compiled. The aim of the project was to obtain references for a possible improvement 
of habitat monitoring in Germany. Here we present the results of the analysis and a 
comparative discussion.
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Methods

Research and analysis of reporting data from Member States

In a first step to find information on the approaches and methods of selected EU 
Member States concerning the assessment of the parameter ‘structure and functions’, 
an internet search was conducted for 15 countries which are part of the same biogeo-
graphical regions as Germany. The relevant data sources were considered regarding 
the accuracy of data aggregation and derivation of assessments, as well as validity of 
trends and amount of data (e.g. sample sizes for monitoring) and searched for further 
literature indications. Source documents were the Article 17 reports of Member States 
(EU obligations: Habitats Directive: Report on Implementation Measures) for the 
reporting period 2007–2012 (http://cdr.eionet.europa.eu), especially information on 
the ‘most important achievements in the implementation of the Habitats Directive’ 
(Annex A, field 1.1 or 1.2), as well as the collections of Internet links (especially field 
2.3). German, English, French and Spanish homepages could be analysed directly, 
while information in other languages were examined for potentially relevant content 
by using translation aids like ‘Google translate’. However, the internet search of pub-
licly accessible documents did not yield sufficiently precise information on the assess-
ment methodology used for the parameter ‘structure and functions’ for any of the 
selected Member States.

Questionnaire to Member States

In addition to the internet search, a standardised questionnaire was compiled for the 
selected EU Member States to answer essential questions. The questionnaire was in two 
parts (see Suppl. material 1: Table S1).

The first part focuses on sample selection and monitoring methods in general (e.g. 
monitoring scheme, number of habitat types monitored, number of sample plots, loca-
tion of sample plots within or outside Special Areas of Conservation (SACs), utilisa-
tion of already existing monitoring systems).

The second part addresses assessment methods for the parameter ‘structure and 
functions’ at the level of biogeographical regions, based on the assessment of single 
habitat type occurrences (single plots). The objective of the analysis was to determine 
if Member States implement the assessment of conservation status based on individual 
habitat type occurrences (analogous to the standard data forms) similar to Germany or 
if the assessment is conducted based on other data.

The questionnaire contained 22 questions in total, as well as explanations on the 
approach in Germany. The questions related to monitoring in the reporting period 
2007–2012, but some Member States have given outlooks for the current reporting 
period to show what will change.

http://cdr.eionet.europa.eu
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In mid-August 2015, the German Federal Agency for Nature Conservation (Bun-
desamt für Naturschutz, BfN), which is responsible at a national level for monitoring 
under Article 11 of the Habitats Directive, sent the questionnaire to members of the 
Expert Group on Reporting (EGR) and the Habitat Committee, overall to 26 of 28 
Member States. Croatia was not included because the country only joined the EU in 
2013. Representatives of 13 Member States (Austria, Belgium [only Wallonia], Czech 
Republic, Denmark, Finland, Hungary, Ireland, Latvia, Lithuania, Portugal, Romania, 
Slovenia and Sweden) answered the questionnaire. The authors of this paper compiled 
the answers for Germany.

Additionally, Bijlsma and Jansen (2014) yielded relevant aspects of the approach in 
the Netherlands. Information from the region of Wallonia has been used for Belgium, 
although assessment requirements and algorithms for conservation status differ in the 
regions of Flanders and Brussels (Westra et al. 2018).

The answers of the Member State representatives have been compiled in a table 
(as of May 2016, after queries to individual States), with their consent for publication 
of the data.

Results

Answers from Member States

Analysis of the questionnaires revealed that only two of the selected Member States 
(Portugal and Slovenia) had not yet carried out monitoring according to the Article 11 
requirements in the reporting period 2007–2012. Slovenia planned to establish moni-
toring for Natura 2000 areas in 2015 for the first time. Only a little information on 
Slovenia has been available from other sources so far. Thus, replies to the questions have 
been omitted for these two countries. Finland only answered some of the questions.

The Czech Republic assesses data from a nationwide biotope mapping programme. 
The complete update of all data takes place there over 12 years. This means that only 
part of the data is newly collected for each reporting period.

I. Was the assessment of the parameter ‘structure and functions’ for the biogeographical re-
gions conducted on the basis of a monitoring programme?

Most Member States assess the parameter ‘structure and functions’ by monitoring 
similar to Germany, at least for some of the habitat types. Wallonia (southern part of 
Belgium; four ecologically grouped monitoring schemes – forests, waters, grassland and 
other semi-natural open landscapes) and Denmark have implemented comprehensive 
monitoring programmes.

Monitoring programmes for a part of the habitat types or just subparameters 
exist in Finland, Ireland (monitoring schemes for ecological groups [e.g. upland 
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habitat types, dune habitat types and raised bog habitat types]), Latvia, Romania 
(part of the forest habitat types as part of the nationwide forest inventory), Sweden 
(nationwide forest inventory; inland waters as part of monitoring according to the 
Water Framework Directive; Article 11 requirements are integrated into a general 
landscape monitoring which is still under development) and Hungary (grassland 
habitat types since 2009, forest habitat types since 2011, wetland habitat types 
since 2014).

Lithuania and Austria are still developing monitoring programmes. In Austria, the 
monitoring programme has so far only been tested in the forest inventory for forest 
habitat types. The Czech Republic does not conduct separate monitoring but uses 
repeated biotope mapping of their entire land area instead.

I.a) When (year) was the monitoring programme installed?

The starting points in time differ between Member States. The first monitoring was 
established in Wallonia (Belgium), where monitoring forests as part of the forest in-
ventory has existed since 1994. The second monitoring was implemented in Hungary 
in 1997. Most Member States established their monitoring in the first decade of the 
21st century. Of course, older monitoring schemes for biotopes or landscapes existed 
in some Member States before the Habitats Directive came into force (e.g. the UK 
Countryside Survey).

The very different initialisation phases are a first indication of the varied develop-
ment progresses and different methodical approaches of Member States. Like Ger-
many, Denmark, Latvia and the Czech Republic used their monitoring results for the 
assessment of the parameter ‘structure and functions’ for the reporting period 2007–
2012. In other countries, this has only been done for part of the habitat types (e.g. in 
Ireland) or has not yet been applied or just tested, as in Lithuania or Austria.

I.b) In which biogeographical region is the monitoring programme carried out?

Most of the Member States surveyed are conducting, or planning to carry out, a moni-
toring programme in all biogeographical regions. The marine parts of the biogeographi-
cal regions, which are recorded separately by the EC as marine regions, were not explic-
itly queried. So far, Ireland has conducted monitoring merely for the Atlantic region 
and the monitoring programme for marine-Atlantic habitat types only started in 2015.

I.c) How many habitat types occur in your country? How many habitat types have been 
processed in the monitoring?

Depending on country size and biogeographical setting, the Member States surveyed 
have between 41 (Wallonia) and 89 (Sweden) habitat types. The States with an al-
ready existing monitoring programme include all or a majority of the terrestrial/inland 
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habitat types in their respective programmes (minimum 87% of the habitat types in 
Hungary).

I.d) Was the assessment conducted on selected sample plots or on the total habitat area (total 
census)?

Most of the monitoring approaches are based, at least partly, on sampling as under-
taken in Germany. The assessments of habitat types in Wallonia, Denmark, Ireland, 
Lithuania, Sweden and Hungary are conducted fully with samples. In Austria and 
Romania, selection is carried out similar to Germany on the basis of sampling for 
widespread habitat types and total census for rare habitat types. Finland uses sampling 
for widespread habitat types (e.g. 9010 and 9050). In Lithuania, monitoring is carried 
out in transects.

In the Netherlands, the conservation degree of each habitat type of each Natura 
2000 site is considered, weighted according to its area in the site (Bijlsma and Jansen 
2014, page 12) and it is assumed that the area of the habitat type outside Natura 2000 
sites is very small. If this assumption proves to be false for a habitat type, one or two 
virtual Natura 2000 sites with an estimated degree of conservation are added. In the 
Czech Republic, the entire area is considered.

I.e) What was the sample size per habitat type in each biogeographical region?

In most Member States, the number of sampling areas depends on the frequency of 
habitat type and other ecological and methodical factors, as well as effort and costs. 
The other States do not apply a standardised sample size with an upper limit like the 
63-sample in Germany. For frequent of habitat types, the number of samples and 
sample size generally exceed those in Germany to achieve the necessary accuracy of 
results. Table 1 lists detailed information on the samples in Member States.

I.f ) Which methods were used for the selection of sample plots (connected or unconnected, 
stratified or unstratified, weighted or unweighted samples)?

Each Member State selected sample plots differently. Overall, most Member States 
conducted at least a partly systematic selection based on distribution, size and char-
acteristics of habitat types and/or other factors. Random samples without an expert 
assessment of their representativeness have not been used by any Member State.

I.g) Is the monitoring permanently repeated on the same sample plots once selected?

Apart from Ireland, all Member States use permanent observation plots at least for 
the majority of investigated habitat types or a total inventory of habitat types as in the 
Czech Republic.
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Table 1. Number of sampling areas for habitat types in Member States. BGR: biogeographical region; 
WFD: Water Framework Directive.

Member 
State

Minimum and maximum 
number of sampling areas 

per habitat
Explanations

Austria 60–100 or total census Depending on the variability and dynamic of the habitat type

Wallonia 
(Belgium) No information

Forest habitat types as part of regional forest inventory – 1 sample 
plot/50 ha
Meadows – all habitat types in 125 quadrants of 5 km × 5 km with 
occurrences of the habitat type
Water bodies – 440 sample sites in total as part of WFD

Czech 
Republic Total census Consideration of total area

Denmark 200–3,000 Between 20 and 300 sample locations (stations) with 8–12 sample 
sites at each station for each habitat type

Hungary 1–530

Number of samples for each habitat type proportional to coverage of 
the habitat type
4,800 samples in total, 55% for grassland habitat types, 35% for forest 
habitat types, 5% for wetland habitat types, 5% for other habitat types

Germany 63 per BGR or total census 5,128 sample plots for all habitat types in total

Ireland Incomplete information

Representative sampling of national occurrences according to 
geographical spectrum, e.g. 60 sites of old oak forest, 40 sites of dune 
systems and 25 sites of meadows
Depending on size of sample plots, minimum of 4 sample sites 
recommended

Latvia 1–224 2,393 samples for all habitat types in total

Lithuania 1–100

Spatial distribution based on quadrants with aim of covering at least 
10% of national area
Thus, coverage of 12–100% of respective habitat types occurring in 
the country

Netherlands No information
All Natura 2000 sites of respective habitat type contribute to the 
assessment, plus additional virtual sites if considerable occurrences 
exist outside Natura 2000

Romania 20–1,000 or total census Sample size per habitat type according to overall area of occurrences at 
national level

Sweden No information Depending on frequency of habitat type

I.h) How often is the monitoring carried out (survey intervals) during one reporting 
period?

Most Member States implemented at least one survey per reporting period. Several 
surveys per reporting period are mainly conducted in habitat types which depend on 
management, for example in Wallonia (aquatic monitoring) and Ireland (grassland). 
In the Czech Republic, one mapping cycle requires 12 years, thus only half of the land 
area is updated for each report.
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I.i) Were only Natura 2000 sites included in the monitoring or also sites outside the Natura 
2000 network? Can differences inside/outside Natura 2000 be detected from the monitoring?

Most Member States included areas within and outside Natura 2000 sites. So far, none 
of the Member States could find statistically reliable differences or the sample size was 
not large enough to allow a differentiation. Only a few Member States (Wallonia, 
Czech Republic, Denmark, Finland, Hungary and Sweden) assume that this will be 
possible for the next reporting periods.

I.j) Are there already existing monitoring systems and are they used for the Article 11 moni-
toring?

In a few States, the data for the National Reports are based on different monitoring 
systems and data. Monitoring according to Article 11 has been partly integrated into 
already existing procedures or only data has been extracted from already existing 
procedures. Independent monitoring programmes specially developed for Article 11 
monitoring exist merely in a few countries (Germany, Denmark, Latvia, as well as the 
Czech Republic). Austria is currently developing Article 11 monitoring.

II.a) How is the evaluation of single habitat plots (degree of conservation) included in the 
assessment of the parameter ‘structure and functions’ as part of conservation status at bio-
geographical level?

The assessments of single monitoring plots are integrated into the assessment of the 
parameter ‘structure and functions’ in all examined monitoring approaches. However, 
the employed methods differ between States and are elaborated in the following ques-
tions. Table 2 shows a summary of all answers.

II.b) Is there a uniform assessment scheme for each habitat type on site or plot level in your 
State?

Wallonia, Germany, Denmark, Latvia, Lithuania, the Netherlands, Austria, Romania, 
Sweden, the Czech Republic and Hungary have a standardised assessment scheme. 
Denmark, Hungary and Germany revised their schemes for the reporting period 
2013–2018. In Ireland, the assessment methods for each habitat type are similar but 
not always the same because different approaches work better for some habitat types 
depending on the heterogeneity of habitat type. Some countries, like Sweden or Hun-
gary, have standardised assessment schemes for groups of habitat types, such as forest 
and grassland habitat types.
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II.c) If no uniform assessment scheme exists: How is the evaluation of habitat types carried out?

Most Member States have standardised assessment schemes. In Hungary, assessment 
schemes are lacking only for a few habitat types. For these habitat types, experts con-
duct the assessment by using other data from nationwide biodiversity monitoring. 
In Sweden, habitat types without standardised assessment schemes are evaluated by 
experts based on existing data and expert opinion.

II.d) How is the review of the criteria/the degree of conservation on site or plot level carried out?

Except for Wallonia (Belgium), Member States calculated a degree of conservation 
(as in Germany) or a comparable assessment for each sample plot. In Wallonia, all 
features are aggregated at a biogeographical level and combined afterwards to a degree 
of conservation.

II.e) How was the assessment of the typical species referred to in Appendix V of the guidelines 
(Assessment and reporting under Article 17 of the Habitats Directive, Explanatory Notes & 
Guidelines) carried out for the period 2007–2012)? Which species groups were investigated?

The considered Member States, except for the Netherlands and Sweden, investigated 
plant species only; animal species are solely considered for assessment in special cases 
or as additional information. Member States either apply complete species lists or just 
use species typical for a habitat type or indicator species. In Germany, the assessment 
of habitat types dominated by vegetation is also conducted solely via number of typical 
plant species. Animal groups are included in the assessment of a few habitat types only 
(see question II.g in Suppl. material 1: Table S1).

II.f ) What method for monitoring the vegetation is recognized: Compilation of a com-
plete list of species, phytosociological relevés recording according to Braun-Blanquet, or other 
methods?

Many Member States compile, at least for some habitat types, lists of typical species. 
Only Denmark records complete species lists and three Member States perform phyto-
sociological vegetation mapping (Wallonia, Ireland, Lithuania).

II.g) Is a faunistic list also recorded – a complete list or only for certain groups of species? 
From which faunistic groups are typical species recorded?

Most Member States rarely used animal species, especially for assessment of habitat 
types with sparse or no vegetation of higher plants. Only Sweden lists animal species 
for assessment of a few habitat types. The most frequent animal groups are birds, but-
terflies and beetles (see also question II.e).
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II.h) Are the assessments of the criteria ‘habitat structures’, ‘typical species’, and ‘pressures 
and threats’ calculated separately for all sample plots? Or is the separately calculated degree 
of conservation of each sample plot used for aggregation?

Germany, Denmark, Ireland, Latvia, Austria, the Czech Republic and Hungary ag-
gregate the degree of conservation which has been calculated for each sample plot 
separately. Denmark is revising the method for calculating conservation status for the 
next report according to Article 17. Ireland is testing another method with an indi-
cator-based instead of plot-based assessment. For this method, individual features or 
criteria of many sample plots are directly aggregated at a biogeographical level without 
combining all relevant features or criteria of a single sample plot to a degree of conser-
vation. Similar assessments are already underway in Sweden. In Wallonia, assessments 
of some features are aggregated at the biogeographical level, while others are aggregated 
at the level of single sample plots.

In the Netherlands, the conservation degree of a habitat type (based on the 
requirements of the standard data forms) of each SAC is assessed separately and 
conservation degrees of respective habitat type of several SACs are subsequently 
aggregated according to their area percentage (see question II.d).

II.i) How is the parameter ‘structure and functions’ calculated at biogeographical level?

From the information supplied, it is concluded that four different approaches can be 
distinguished regarding the methods of Member States (see Table 2):

•	 Holistic assessment of single plots or single Natura 2000 sites and aggregation of 
the parameter ‘structure and functions’ according to a threshold for percentage of 
single assessments (Denmark, Wallonia – grassland habitat types, Ireland, Latvia, 
Austria, Romania, Czech Republic). This corresponds to monitoring of sample 
plots in Germany and assessment of the parameter ‘structure and functions’ ac-
cording to the proportion of C assessments of conservation degree.

•	 Calculation of an assessment at a biogeographical level of each individual feature and 
subsequent derivation of the parameter ‘structure and functions’ (Wallonia – forest habitat 
types). In Germany, a consistent value at a biogeographical level is only determined for 
the features ‘forest development phase’, ‘habitat trees’ and ‘dead wood’ of frequent forest 
habitats which are assessed based on data from the National Forest Inventory.

•	 Expert evaluation of the parameter ‘structure and functions’ without fixed rules 
for aggregation but based on individual features of all sample plots (Sweden). This 
method was occasionally used in Germany if monitoring would have resulted in 
‘unknown’ for some reasons (missing data for a part or all of sample plots).

•	 Assessment of conservation degrees in single Natura 2000 sites and aggregation 
to a status of the subparameter ‘structure and functions (without typical species)’ 
according to a threshold value for the area percentages of conservation degrees at a 
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Table 2. Assessment of parameter ‘structure and functions’ in Member States – row colours: violet – as-
sessment at single plot level, blue – assessment at Natura 2000 site level, orange – assessment at biogeo-
graphical level.

Member 
State

Habitat 
types

Threshold for 
favourable status 

FV (‘green’)

Threshold for 
unfavourable-

inadequate status 
U1 (‘yellow’)

Threshold for 
unfavourable-bad status 

U2 (‘red’)
Explanations

Austria All

A-proportion 
≥ 50% and 
C-proportion < 
33.3%

All other 
combinations

C-proportion > 33.3% 
and A-proportion < 50%

Assessment of conservation 
degrees of single plots

Wallonia 
(Belgium) Forest

All three criteria 
(structure, 
functions, 
regeneration) at 
biogeographical 
level FV

At least one 
criterion at 
biogeographical 
level U1 and no 
criterion U2

At least one criterion at 
biogeographical level U2

Assessment of each feature 
of single plots → averaging 
all assessments of a feature 
at biogeographical level (C 
weighted more strongly: A = 1, 
B = 2 and C = 4) → FV < 1.5 < 
U1 < 2.5 < U2

Wallonia 
(Belgium) Grassland No information No information No information Assessment of conservation 

degrees of single plots

Czech 
Republic All

< 10% of partial 
areas assessed as 
‘less favourable’ and 
‘unfavourable’

10-25% of partial 
areas assessed as 
‘less favourable’ 
and ‘unfavourable’

> 25% of partial areas 
assessed as ‘less favourable’ 
and ‘unfavourable’

Assessment of conservation 
degrees of single plots

Denmark All

> 50% 
A-proportion 
and > 75% 
A+B-proportion 
(= C-proportion 
< 25% and 
A-proportion > 
50%)

All other 
combinations

< 25% A-proportion and 
< 50% A+B-proportion 
(= C-proportion > 50% 
and A-proportion < 25%)

Assessment of conservation 
degrees of single plots

Germany All C-proportion ≤ 
20%

C-proportion  
> 20 and ≤ 25% C-proportion > 25% Assessment of conservation 

degrees of single plots

Hungary All No information No information No information

Assessment of conservation 
degrees of single plots. 
Naturalness-based habitat quality 
index (Németh and Seregélyes 
1989)

Ireland All C-proportion < 1% C-proportion 
1–25% C-proportion > 25% Assessment of conservation 

degrees of single plots

Latvia All No information No information No information

Assessment of conservation 
degrees of single plots (no 
assessment if total area of habitat 
type decreases > 1% per year 
during one reporting period)

Lithuania All No information No information No information Assessment of conservation 
degree at Natura 2000 site level

Netherlands All

If A-proportion 
≥ 75% and 
C-proportion ≤ 
15%

All other 
combinations

C-proportion > 25% and 
A < B + C

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

Netherlands All

Proportion of 
FV ≥ 75% and 
proportion of 
U2 ≤ 15%

All other 
combinations

Proportion of U2 > 25% 
and proportion of FV 
< proportion of  
(U1 + U2)

Assessment of subparameter 
‘typical species’ at 
biogeographical level in relation 
to proportion of species 
belonging to different species 
groups according to Red List
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Member 
State

Habitat 
types

Threshold for 
favourable status 

FV (‘green’)

Threshold for 
unfavourable-

inadequate status 
U1 (‘yellow’)

Threshold for 
unfavourable-bad status 

U2 (‘red’)
Explanations

Netherlands All 2 × FV At least 1 × U1 At least 1 × U2

Assessment of conservation 
status by aggregating assessments 
of subparameter ‘structure 
and functions (without typical 
species)’ and ‘typical species’ at 
biogeographical level according 
to EU evaluation matrix

Romania All

C-proportion 
< 20% and 
A-proportion ≥ 
50%

All other 
combinations

C-proportion ≥ 50% and 
A-proportion < 20%

Assessment of conservation 
degrees of single plots

Sweden All – – – Expert evaluation

biogeographical level. Furthermore, determination of the status of the subparameter 
‘typical species’ at a biogeographical level based on the categories of the Red List of 
all typical species and subsequent aggregation of both subparameters at a biogeo-
graphical level to the parameter ‘structure and functions (including typical species)’ 
according to the EU evaluation matrix. Only the Netherlands uses this method.

Although most Member States apply the first method, considerable differences 
exist between threshold values (see Table 2 and section 3.2). In Wallonia, the first two 
methods are used.

II.j) What is the significance and the statistical power of the monitoring/the assessment? How 
big is the minimum detectable difference between two reporting cycles (six years)?

None of the Member States surveyed made a statement on theoretical statistical 
strength of the samples or the monitoring. Either they did not understand the question 
or no calculations exist. The question did not aim at complete determined differences, 
but at the size of possibly detectable differences between two reporting periods.

Germany specified a significance level (α error) and a β error of 0.2 each. The 
power is 0.8. The applied Chi2 test yielded a minimum detectable difference of ≥ 30% 
for a sample size of 63 (Sachteleben and Behrens 2010).

II.k) Are reference documents or websites available for methods used? Is it possible to provide 
digital documents?

The information and further literature of Member States differ considerably. Addi-
tional information on Article 17 methodology beyond the questionnaire replies is not 
included. Lithuania, Denmark and Hungary only have information in their respective 
national language. The Czech Republic added all relevant information which has been 
integrated into the answers above. For the Netherlands, the documents from Bijlsma 
and Jansen (2014) and Jansen et al. (2014) were analysed.
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Assessment at biogeographical level

Besides the design of data collection (questions to point I), the assessment methods 
of the parameter ‘structure and functions’ at a biogeographical level are also particu-
larly important. The approaches of Member States differ considerably (see Table 2). 
However, most Member States who replied use the three grades of the EU assessment 
system for the conservation degree. The assessment of the degree of conservation 
comprises three grades: A – excellent; B – good; and C – average or bad. Some States 
assess degrees of conservation at the level of single plots; others assess degrees of 
conservation of habitat type areas in the respective Natura 2000 sites (Netherlands) 
and some States evaluate subparameters for assessment of the structure and functions 
directly at site or biogeographical level (Ireland, Wallonia – e.g. structural diversity 
in forests). Sometimes, experts are consulted in borderline cases or for subparameters 
which are difficult to obtain.

Only four Member States (Germany, Ireland, Netherlands, Czech Republic) ap-
ply the threshold value defined in the reporting format for an inadequate-bad status if 
more than 25% of the area is inadequate (Table 2), but in the Netherlands, it is linked 
to additional conditions. Another three Member States (Denmark, Austria, Romania) 
also assess the proportion of C assessments but use different threshold values and con-
sider the proportion of A assessments as well.

The 25% specification of the reporting format is unclear if individual features are 
assessed at a biogeographical level and then aggregated to the criteria or directly to the 
parameter ‘structure and functions’. Although it is possible to aggregate individual 
features according to their proportion (based on area or quantity) of the respective as-
sessments (A, B or C), Member States can decide if one or more features of a criterion 
have to exceed 25% for a U2 assessment of the criterion.

If assessment of the individual features of conservation degrees is conducted by 
averaging for assessment of the three features of the criterion ‘species composition of 
the vegetation’ (as in Wallonia), the proportion of A assessments partly balances the C 
assessments. Thus, the ‘unfavourable’ status of a feature shows only with a much higher 
proportion of C assessments. The described example of Wallonia tries to compensate for 
this effect by weighting the proportion of C assessments higher than the other assessments.

An assessment of single features of the parameter ‘structure and functions’ may not 
be appropriate at the level of single plots (e.g. proportion of dead wood or habitat trees 
on very small sample plots of a few 100 m2). In this case, averaging of the value of the 
feature is conducted for all sample plots (e.g. forest habitat types in Wallonia, frequent 
forest habitat types in Germany). The assessment is ultimately carried out via a threshold 
for the calculated average values. In these cases, it is not possible to apply the 25% rule.

Discussion

Our analysis of relevant monitoring programmes of EU Member States reveals 
considerable differences in the interpretation and application of monitoring 
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according to Article 11 of the EU Habitats Directive and, thus, differences in the 
quality and quantity of monitoring data used for assessment of conservation status of 
habitat types. Only a few of the States who replied (Wallonia, Denmark, Germany, 
Hungary, Ireland) have established and already applied a special, standardised 
monitoring programme according to Article 11. Some States have used data from 
existing monitoring programmes (e.g. large-scale forest inventories: Wallonia, 
Austria, Romania, Sweden, Germany [for 5 frequent forest habitat types]; landscape 
monitoring in Sweden) for monitoring according to Article 11. Many States are still 
developing or implementing their monitoring schemes (e.g. Austria, Lithuania) or 
revising it (e.g. Sweden – landscape monitoring).

Monitoring of structure and functions of a habitat type targets the determina-
tion of significant changes in conservation status. For its sample plots, each Member 
State defines which type of changes it specifically investigates, the criteria or indica-
tors used for the analysis, the number of repetitions (in a reporting period) and the 
extent of tolerable changes in criteria/indicators. Thus, it is impossible to combine 
assessments of sample plots from different Member States at a biogeographical level 
or compare them directly.

An overall monitoring programme in all Member States would have many poten-
tial advantages but it would result in an enormous effort of coordination and develop-
ment, not least because of very different manifestations of many broadly defined habi-
tat types (e.g. regarding their floristic composition) within their European distribution 
area (compare Bunce et al. 2013 on the field identification of habitat types). Neverthe-
less, we recommend regional cross-border cooperation, especially for implementation 
of a monitoring programme in small Member States or if a Member State has only a 
small proportion of a biogeographical region. Thus, disproportionate effort in areas 
with a small occurrence of a habitat type can be avoided without completely foregoing 
monitoring in these parts. An analogous cooperation has been suggested for the Alpine 
region of Austria and Germany (Bavaria) (National Report 2013).

Lengyel et al. (2008b) describe the essential requirements for integration of data 
and monitoring schemes. The most important foundation is a consistent typology of 
habitat types, as mostly given in the Habitats Directive (EC 2013, Evans 2006; see 
Evans 2010 on the differences between Member States). In Germany, this typology of 
habitat types enabled joint monitoring of habitats conducted by the Federal States in 
the first place (Sachteleben and Behrens 2010). The Federal States had been developing 
their own classifications for decades before the Habitats Directive was implemented 
(Riecken et al. 2003). Various vegetation classifications have also been developed at the 
regional/national level of the European States, which form the basis for the definition 
of habitats and may only be partially compatible with the recently published European 
checklist (Mucina et al. 2016).

Most Member States apply sample-based monitoring schemes which are based on 
field mapping of single occurrences of specified target habitats (‘field mapping-based, 
targeted monitoring schemes’ sensu Lengyel et al. 2008a). The survey method in the 
field and the design of sample plots are very important for comparability and integra-
tion of results of monitoring schemes.
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The number of sample plots per habitat type and methods of selecting samples dif-
fer considerably between Member States. The number of sample plots depends mainly 
on the frequency of a habitat type in most Member States. Sample plots are partly se-
lected systematically based on criteria such as spatial distribution, size or manifestation 
of habitat types, while the representativeness of plots is usually evaluated by an expert.

This analysis did not include the application of remote sensing methods for moni-
toring the structure and functions of habitat types. Nevertheless, it can be assumed 
that remote sensing methods are used only sporadically in inaccessible regions (e.g. 
high mountains in the Alpine region), apart from the application of aerial images for 
mapping of habitat types. On the one hand, it is almost impossible to recognise habitat 
types even with satellite data; on the other hand, the responsible project managers so 
far lack access to the necessary data, computing capacity, standardised analysing tools 
and specific knowledge. The rapid development in this field could possibly lead to 
many innovations, as well as in monitoring of habitats (e.g. Buck et al. 2015, Corbane 
et al. 2015, Schmidt et al. 2017, Vanden Borre et al. 2017).

The individual Member States (or even sub-regions like Wallonia in Belgium) also 
define the criteria and thresholds for assessment of the quality of single occurrences of 
habitat types. Although the EC was able to provide a standardised reporting format 
for the reporting period 2001–2006, as required by the Habitats Directive, further 
development of this format, including some methodical harmonisations, required long 
and comprehensive preparations by EU working groups for both subsequent reports. 
Thus, it seems unlikely that the detection of changes in habitat types at the level of single 
sample plots could be successfully standardised for many Member States or complete 
biogeographical regions. Even though methodical approaches of European monitoring 
of habitats have been developed (Bunce et al. 2005, Brus et al. 2011, Metzger et al. 
2013), they focused on common habitats or general ecosystem monitoring. Therefore, 
integration of previously existing Member State monitoring schemes is the preferable 
option (see Henry et al. 2008).

Harmonisation/integration could be achieved by standardisation of derivation 
methods of the overall assessment of the parameter ‘structure and functions’ at a 
biogeographical level by Member States. Most Member States who replied have 
standardised schemes for assessment of the conservation degree of single sample plots. 
The degree of conservation is defined by the EU decision on the standard data forms 
of the SACs and is composed of three criteria: ‘conservation degree of the structure 
(including typical species)’; ‘conservation degree of the functions’; and ‘restoration 
possibility’ (EC 2011b). The criteria of Member States partially comply with the EU 
definition, but mostly pick up the three grades of the EU assessment system (see section 
3.2). Thus, overall assessment of all sample plots at a biogeographical level offers the 
best chance to harmonise assessment methods.

The evaluation matrix according to Annex E of the reporting format (EC 2016) 
is essential for this final assessment step, in this context for the parameter ‘structure 
and functions’. It defines the status of the structure and functions of a habitat 
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type as favourable if all the criteria mentioned above are assessed as good and no 
significant deterioration or pressures exist. An unfavourable status is subdivided into 
‘unfavourable-inadequate’ and ‘unfavourable-bad’. The latter is attained if more than 
25% of the area of a habitat type is evaluated as ‘unfavourable’ regarding structure 
and functions (including typical species). Some Member States deviate from these 
specifications (see 3.2). The 25% threshold is sometimes ignored, sometimes replaced 
or supplemented by minimum proportions of sample plots with ‘excellent status (A)’. 
The inclusion of proportion of sample plots with an A status into the assessment 
seems appropriate considering the protection of habitat type. The changes in A-plots 
to B-plots, which do not affect the assessment if only the C proportion is considered, 
still constitute a deterioration in status of a habitat type. Furthermore, A-plots can 
substitute (regarding their function) C-plots only if these are in close spatial proximity. 
Thus, it is critical to comply with the prescribed maximum C proportions solely 
mathematically regarding comparability of the results of Member States. The matrix 
does not contain a threshold for the definition of a favourable status which has led to 
values between 1% and 20% for the proportion of C assessments in Member States. 
The EC suggests an area proportion of 90% with a ‘good’ status of structure and 
functions (DG Environment 2017). As this was controversial within Member States, 
the threshold value for the next reporting period is expected to be discussed again.

Our analysis also revealed that consideration of animal species is a weak point in 
monitoring schemes of habitat types in almost all Member States. This contradicts the 
definition of ‘conservation status of a natural habitat’ according to Article 1e) of the 
Habitats Directive, which states that the conservation status of a habitat type is favour-
able if, inter alia, the conservation status of the typical species of this habitat type are 
favourable. This definition includes animal species, but also fungi, which are presum-
ably also not, or hardly taken into account in monitoring programmes.

Another difficulty of monitoring schemes is that sample plots may be selected 
regarding the number and distribution of occurrences, but regardless of widely vary-
ing area sizes of different occurrences of a habitat type. At least in Germany, this is 
the case and leads to a lack of representativeness in terms of total distribution area of 
a habitat type. The different quantities of sample plots per habitat type both absolute 
and concerning the relative size of a Member State have been mentioned already. 
Furthermore, in most Member States, no information is available on statistical robust-
ness regarding the detectability of changes in status of a habitat type (in two or more 
reporting periods) based on the analysed samples. For assessment of conservation 
status of a habitat type, information on occurrences inside conservation areas as well 
as outside these areas is necessary. Thus, most Member States consider sample plots 
within and outside their protected areas in their monitoring schemes. No Member 
State has been able to detect statistically robust differences so far, but some expect to 
do so in the next reporting periods.

A European-wide analysis (meta-analysis), considering data from different 
national monitoring programmes based on one or more indicators (e.g. completeness 
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of the species inventory, habitat quality) or trends, could possibly result in improved 
assessment of habitat types at a biogeographical level in the EU. Thus, it could be 
possible to enhance the sample size, the accuracy of estimation (e.g. of trends), 
temporal coverage and probably statistical power without increasing the number of 
sample plots within Member States (Henry et al. 2008). An appropriate evaluation 
method remains to be developed and will need to take account of different sample 
designs (number and selection of sample plots), for example by weighting (post 
stratification). Henry et al. (2008) discuss methodical approaches to that. It has to be 
determined if the usage of classes (A-B-C assessment of the sample plots), which have 
been calculated based on different indicators, enables a sufficiently precise detectability 
of changes in status of habitat types.

Nevertheless, Member States are obliged to fill the gaps in geographical cover-
age of single habitat types, i.e. to develop monitoring programmes at a national level 
where they are still missing. To improve comparability of results of assessments of a 
habitat type between Member States, simple minimum requirements regarding sample 
size and assessment methods for biogeographical regions (within the Member States) 
should be agreed upon at the EU level.

From the authors’ point of view, the following points describe best practices im-
plemented so far and emerge as potential recommendations for sample-based habitat 
monitoring for the parameter ‘structure and functions’:

•	 assessment of all habitat types of a Member State according to individual assess-
ment schemes, separated by biogeographical regions,

•	 sufficiently large sample size to be able to estimate changes in condition of a habi-
tat type with sufficient certainty (Denmark appears exemplary here),

•	 stratification of samples according to the areal proportion of habitat types and 
whether they are located within or outside the SACs,

•	 survey of habitat types on fixed permanent sampling plots,
•	 examination of each sampling plot at least in one year of each reporting period, 

several times in the case of anthropozoogenic habitat types which respond quickly 
to changing land use or pressures,

•	 consideration of typical plant species at least by means of roughly quantified spe-
cies lists or vegetation surveys,

•	 consideration of typical animal species of well-known groups of species with a 
known indicator function in the assessment of habitat types,

•	 normally, status of a habitat type is evaluated first at the level of the sample areas 
and then aggregated at the level of the biogeographical region.

Currently there is no monitoring programme for any of the Member States 
examined that already covers all these points. However, some recommendations are 
already being implemented in some Member States´ monitoring programmes. Further 
points to consider in the evaluation of habitat monitoring programmes, including 
benchmarks to compare current practices, can be found in Lengyel et al. (2018).
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