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Assessing the conservation status of coastal habitats under Article 1 

17 of the EU Habitats directive 2 

3 
4 
5 

Abstract 6 
Research on the habitats protected by the European Union’s Habitats Directive (HD) has increased rapidly since 7 
its adoption in 1992. However, the methods and tools used to assess their conservation status are varied. In this 8 
context, we reviewed and summarized the scientific literature related to the coastal Natura 2000 habitats to list 9 
and sort parameters used to assess and map their conservation status. We found 225 papers that specifically 10 
focused on the assessment of conservation status of coastal habitats. An analysis of the papers was conducted 11 
based on the four parameters (range, area, structure and functions, future prospects) specified in the guidelines. 12 
Results highlight knowledge gaps regarding the availability of data and methods that measure the range, area, 13 
structure and functions and trends. Most of the papers focused on coastal dunes and were located in the 14 
Mediterranean biogeographic region. Therefore, the process of assessing the conservation status of coastal 15 
habitats remains complicated to implement because methodological approaches are mainly dominated by expert 16 
statements and all the procedures of the Habitats Directive are carried out within each member country and the 17 
final assessments are often the synthesis of these partial assessments. However, the multiscalar approach and the 18 
use of innovative technologies (databases, remote sensing) can be particularly relevant to develop replicable 19 
approaches and facilitate monitoring and the implementation of management measures. 20 

Keywords: conservation status, coastal habitats, Habitats Directive, Natura 2000, European review. 21 
22 
23 

1. Introduction24 

Coastal habitats are amongst the most threatened habitats and are subject to natural (marine and wind 25 
erosion) and anthropogenic pressures (climate change, urbanization, agriculture, tourism, etc.) (Heslenfeld et al., 26 
2004; Jackson et al., 2011; Janssen et al., 2016). At the same time, awareness of their fragility has been 27 
heightened by regulatory protection measures and numerous studies on the geomorphological and temporal 28 
changes of coastlines, their management and development have been published (Brown and McLachlan, 2002 ; 29 
Sterr, 2008). It is critically important to find suitable monitoring methods which enable accurate information 30 
with a reasonable sampling effort. The implementation of the EU directives on the conservation of natural 31 
habitats and of wild fauna and flora (92/43/EEC) and on the conservation of wild birds (79/409/EEC) constitutes 32 
an important step towards the harmonization of nature conservation in the European Union. The aim of the 33 
Habitats Directive is to contribute towards ensuring bio-diversity through the conservation of natural habitats 34 
and of wild fauna and flora in the European territory of the Member States to which the Treaty applies and to 35 
maintain or restore in a favourable conservation status, natural habitats and species of wild fauna and flora of 36 
Community interest (Art. 2). The Birds and Habitats Directives require Member States to adopt the measures in 37 
the Directive and to actively implement them. The corresponding conservation actions focus on the "Species of 38 
Community Interest" and "Habitats of Community Interest" listed in the Annexes to the Directives. More 39 
specifically, the Habitats Directive (HD) requires Member States to monitor the conservation status of the 40 
habitats and species listed in the Directive (Art. 11) and to report periodically (Art. 17): conservation status of 41 
habitats and species must be assessed in a report every six years at the biogeographical level.  42 

However, the implementation of the HD has been problematic as fundamental concepts used for reporting 43 
(Favourable reference values in particular) and the four parameters used to assess Conservation Status ("Range", 44 
"Area", "Structure and functions", "Future prospects”) which are still unclear. In addition, monitoring protocols 45 
are difficult to standardise at biogeographical level due to the difference in data available between European 46 
countries and between habitats of Community interest (Evans, 2006; Maciejewski et al., 2016; Bijlsma et al., 47 
2019). The general aims of the HD have not yet been achieved (EEA, 2015) and it is not possible to predict 48 
when, or if, they will be fully achieved. However, it is clear that the situation of habitats conserved by the 49 
Directives would be significantly worse in its absence and that the conservation status of habitats improves when 50 
targeted actions on a sufficient scale are taken (European Commission, 2016; Tucker et al 2019). Further 51 
research on monitoring and assessment of the conservation status of habitats is necessary to improve monitoring 52 
protocols and clarify the definitions of reference states and conservation status parameters (Angelini et al., 2018; 53 
Ellwanger et al., 2018). The Commission will present in 2021 a proposal to set legally binding nature 54 
conservation targets for the EU with a view to restoring degraded ecosystems, in particular, it will ask the 55 
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Member States to ensure that trends in conservation and ecological status of all habitats and species are not 56 
deteriorated by 2030 (in connection with art. 11 and art. 17 of the HD) (European Commission, 2020). 57 

Furthermore, the difficulties in implementing the HD at the national scale have an impact on the assessment 58 
of the conservation status at the local scale (within and outside Natura 2000 sites) but also on the monitoring of 59 
habitats. Indeed, the disparity of available scientific data and the diversity of methodological approaches do not 60 
allow for the effective implementation of conservation policies by managers. Moreover, local data represent a 61 
valuable source of information for testing and improving the methodological approach (Bensettiti and 62 
Trouvilliez, 2009). In this way, a multi-scalar scientific approach would answer the need for research set out in 63 
Art. 2 of the HD on the definition of the favourable conservation status, in Art. 11 of the HD on the monitoring 64 
of the conservation status and in Art. 17 on the assessment of the conservation status. 65 

In this context, we carried out a review of the scientific literature at the European level in order to answer 66 
these two research questions : Q1-"Why and due to which aspects the implementation of HD remains 67 
complicated today to assess and monitor the conservation status ?"; Q2-"what are the most relevant and objective 68 
parameters to be implemented in the protocols for assessing and monitoring the conservation status of coastal 69 
habitats ?”. We aimed (i) to examine the extent to which European Union countries have built their methodology 70 
to assess and monitor conservation status of coastal habitats; (ii) to examine which parameters and categories 71 
have been taken into account to assess and monitor conservation status of coastal habitat. To achieve this, we 72 
focused our research on publications dealing with the concepts of reference state and favorable conservation 73 
status as well as the assessment of the four parameters (range, area, structure and functions, future prospects) 74 
recommended by the guidelines of all coastal habitats of Appendix 1 of the Habitats Directive (dune, cliff, salt 75 
marsh, salt steppe, estuary and lagoon). Our review discusses the development of conservation status assessment 76 
projects with the aim of improving monitoring and management protocols. This paper constitutes a state of the 77 
art based on a European synthesis of methods for assessing the conservation status of coastal habitats. Beyond 78 
this methodological aspect, this synthesis allows to better define the context in which these methodologies are 79 
implemented and to identify research perspectives on the conservation assessment of coastal habitats. 80 

 81 

2. Methods 82 

We reviewed the literature according to the analytical framework proposed by Higgins and Green (2011), 83 
which is based on a standard protocol. Our aim was to trace a history and identify the methods and tools used to 84 
assess the current conservation status of coastal habitats. We have deliberately focused on the peer-reviewed 85 
literature but have also taken into account documents in the "grey literature" at a European scale (e.g. EEA and 86 
European Commission reports). We are aware that the assessment of the conservation status of habitats at the 87 
scale of Natura 2000 sites is frequently addressed in the grey literature (technical reports or synthesis). A 88 
literature search on the conservation status of all coastal habitat was performed with the SciVerse Scopus engine, 89 
arguably the largest database of peer-reviewed research literature. We used the main keywords as “conservation 90 
status” AND “Habitats Directive” AND [“coastal vegetation” OR ‘‘coastal habitat’’] OR “Natura 2000” AND 91 
“Biodiversity” AND “Habitat conservation” AND “Habitat management” AND “Habitat type”). Although these 92 
terms are only in English, we have translated them into the main European languages (Italian, Spanish, French, 93 
Portuguese and German) in order to compile as many publications as possible from the different countries. Our 94 
study focuses on coastal terrestrial habitats in Appendix I of the Habitats Directive (Tab. C.1. in Appendix C). 95 
and does not cover species or the habitats of associated species. It also does not take into account publications 96 
dealing with ecosystem services (Drius et al., 2019) because this concept refers to the value (monetary or non-97 
monetary) of ecosystems. The final list of keywords contains the words most used in the literature and most 98 
representative, in order to collect the most records published on our subject of study. We conducted additional 99 
research on the assessment conservation status in different publication sources to obtain a maximum number of 100 
records. The time span of our search was 1992 – 2019 corresponding to the period since the Habitats Directive 101 
was adopted until now. Searches were carried out from March to May 2019.  102 

After the elimination of duplicates, our initial search resulted in 352 records that were combined using 103 
Zotero software. To assess the accuracy of our search, we made a comparison with the first 50 records retrieved 104 
by Google Scholar. We found that we had already compiled the 50 records found on Google Scholar. We have 105 
removed from our initial data (n = 352) those that do not deal with sensu-stricto research (in particular comments 106 
and supplements): (20), were not relevant to the Habitats Directive (45), concern species or the habitats of 107 
associated species (31), take into account publications dealing with ecosystem services (42), addressed areas 108 
outside the EU only (37), were not obtainable in full-text format (11), or did not fulfill our inclusion parameters 109 
for other reasons (duplicate publication (1)). The total number of papers retained for our analysis was 225 110 
(Appendix A). 111 
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A literature review was conducted to classify these 225 references retrieved during the search, and to extract 112 
the relevant information for testing our hypotheses. In order to assess the main references, parameters and 113 
criteria of the conservation status of coastal habitats, we read the whole text and for each paper we recorded the 114 
year of publications, type of research (quantitative and/or qualitative), biogeographical regions and countries 115 
where the study was conducted and their topic within predefined categories (Appendix B). First, we carried out a 116 
general characterization of the selected publications (typology used, type of habitat studied, spatial and temporal 117 
scale, types of surveys (quadrats, transects, phytosociological and/or landscape surveys...). Next, we carried out a 118 
content analysis to identify the methods and tools used in the literature to assess the status of the four parameters 119 
used to assess Conservation Status; "Range", "Area", "Structure and functions" and "Future prospects" (Evans & 120 
Arvela 2011, Bijlsma et al. 2019). We have listed the number of records that use these keywords most frequently. 121 
We also classified the records according to their publication date. In addition, we sorted the studies according to 122 
the country and biogeographic regions where they were conducted in order to highlight geographic trends. Our 123 
research focused on specific topics among the most frequently addressed in order to detect other approaches 124 
used. 125 

Descriptive statistics were used to assess the temporal trends of published papers. The proportion of records 126 
in relation to the total number of published records per year was also plotted as smoothed curves between 1992 127 
(first record retrieved since adoption of the directive) and 2019. A Multiple Correspondence Analysis (MCA) 128 
was used to ordinate the similarities between the variables derived from our Literature review (Categories and 129 
classes – Tab. B.1. in Appendix B). In order to assess which methods have been used and at what scale, a MCA 130 
was applied to the categories "Types of surveys", "Spatial scale", “Range”, “Area”, “Structure and functions”, 131 
and “Future prospects” (Tab. B.1. in Appendix B). Secondly and in view of the diversity of criteria used in the 132 
literature to assess the conservation status of the "Structure and functions" parameter, we sought to identify the 133 
proximities between the criteria and to count the records that take into account both one or more criteria using 134 
also MCA. All statistical procedures were conducted using the open source program R version 3.2.3 (R Core 135 
Team, 2014).  136 

 137 
3. Results 138 

3.1. Overview and trends about conservation status approaches 139 

The conservation status of coastal habitats is a recent subject of study which has developed rapidly since the 140 
2000s and particularly since 2011 (Figure 1 - [A]). The assessment of the conservation status seems to have 141 
evolved with computer science and mapping advances during this decade although red listing of plant 142 
communities/habitats/biotopes developed earlier (Janssen et al., 2016). Despite the adoption of the Habitats 143 
Directive in 1992, publications on coastal habitats did not appear in any number until the early 2000s, were 144 
frequent in the early 2000s, with a rapid increase in papers on the assessment of the conservation status of 145 
coastal habitats in the mid-2010s. However, there were many papers on the directive and Natura 2000 network in 146 
the 1990’s but many were very general (eg Pott, 1997). Our overview shows that, in general, records on 147 
conservation status are carried out in a monitoring context rather than assessment context (Figure 1, [B]). Indeed, 148 
most studies have a focus on defining the conservation status to help managers recommend management 149 
measures adapted to the conservation of coastal habitats. This is particularly the case for long-term multi-150 
temporal analyses that have guided managers in planning conservation management strategies adapted to coastal 151 
dunes (Malavasi et al., 2013).  152 

In general, the process of assessing the conservation status of coastal habitats remains difficult to implement 153 
for two reasons: on the one hand the methodological approach is mainly dominated by expert statements and on 154 
the other hand all the procedures of the Habitats Directive are carried out within each member country 155 
(individually) and the final assessments (at the biogeographic scale) are often the synthesis of these partial 156 
assessments. These aspects of the procedure imply disparities in the definition of the reference status, in the 157 
typologies used to describe the habitats to be assessed, and more broadly in the methods used to assess the 158 
conservation status according to coastal habitats (Bijlsma et al. 2019). 159 

The fact that the EU Habitats Directive asks each country to define its reference states and its own criteria 160 
makes the standardization of protocols almost impossible: each country has its own protocols with the result that 161 
the approach differs from one country to another and by habitat type (Ellwanger et al., 2018). Definitions and 162 
concepts relating to the conservation status are still being debated in the scientific community today. There is no 163 
agreement on how to select typical species (of a habitat) (Gigante et al., 2018). This is reflected in our analyses 164 
by a small number of records published at European level (10%). Generally speaking, the assessment of the 165 
conservation status is carried out at the local level (47%) and very little at the national level (25%). In some 166 
countries, the assessment of the conservation status at the national level is carried out by aggregating local data 167 
(within and outside N2000 sites) at the biogeographic level (Angelini et al., 2018). 168 
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Numerous studies have been carried out to identify the components of coastal habitats using different 169 
typologies (Phytosociological typology, CORINE biotopes, EUNIS, EUR 28) (Figure 1, [D]). Braun-170 
Blanquetienne sigmatist phytosociology is the most widely used method to characterize their floristic 171 
composition and abiotic conditions for habitats (Dengler et al., 2008). However, this method remains based on 172 
experts' statements, which raises questions about the objectivity of the methodological approach.  173 

Among coastal habitats, dune systems have been the subject of the largest number of studies (Fig. C.1. in 174 
Appendix C). Our analysis reveals a disparity in records between dunes and other coastal environments (eg 175 
cliffs, shingle, marshes and salt meadows) within Atlantic and Mediterranean biogeographic regions (Fig. C.1. in 176 
Appendix C). This is linked to the geomorphological context of this environment and the anthropogenic 177 
pressures (tourism, frequentation, trampling and urbanization) that make them very vulnerable (EEA, 2009; Ley 178 
de la Vega, 2012). In the other biogeographic regions, habitats are dealt with fairly equally. The analysis by 179 
country shows that dunes and salt meadows remain the most studied habitats. This analysis also shows that Italy 180 
and France are the two countries that have carried out the most studies on the assessment of the conservation 181 
status of coastal habitats (Fig. C.2. in Appendix C). 182 

Even if today many techniques, such as numerical classifications or remote sensing represent relevant tools to 183 
standardize and objectify the process of assessing the conservation status of coastal habitats, they do not yet 184 
seem to be accepted by the procedure currently implemented. 185 

 186 
 187 
Figure 1. Temporal trends in the number of published records: (a) number of records concerning conservation status of 188 
coastal habitats ; (b) based on whether the studies focused on assessment of conservation status or on monitoring of 189 
conservation status ; (c) based on coastal habitats studied ; (d) based on typologies used to describe coastal habitats. Time 190 
frame: between 1994 (first record retrieved by our search) and 2019. The proportion of records of each classification in 191 
relation to the total number of published records per year was represented as column plots. 192 
 193 
18 records deal with the use of databases to compile data for assessing conservation status (8%). The use of 194 
databases has really developed since 2007 (Figure 2, [A]) with the aim of providing a tool for data processing 195 
using modern, digital methods for the phytosociological classification of vegetation. 98 records discuss mapping 196 
by field surveys and remote sensing (43%). As in the case of databases, the use of GIS and remote sensing data 197 
has developed strongly since 2007 (Figure 2, [B]).  198 

 199 

Manuscrit accepté



5 
 

 200 

Figure 2. Temporal trends in the number of published records: (a) number of records using databases to assess conservation 201 
status of coastal habitats ; (b) based on whether the studies focused on assessment of conservation status using mapping and 202 
remote sensing approaches. For the outcomes of the literature review, the total number of records per year class [every 4 203 
years] for each category was represented by line plots with smoothing curves for the period between 1994 (the first record 204 
retrieved by our search) and 2019.  205 

3.2.Trends in assessing the conservation status of parameters 206 

 207 
Since 2007, there has been a significant increase in the number of records on tools and methods to evaluate these 208 
parameters (Fig. D.1. in Appendix D). 216 publications deal with the assessment of at least one of the 4 209 
parameters defined in Art. 17 of the HD. 81 records discuss "Area," 114 records deal with "Range," 196 records 210 
focus on "Structure and functions," and 134 discuss "Future prospects. "Structure and functions" is the parameter 211 
with the most records since 2006 while “Future prospects” has been the subject of more publications since 2011. 212 
On the other hand, the number of publications concerning the parameters "Range" and "Area" has shown a less 213 
significant increase since 2010: "Range" is discussed in an average of 15 publications per year and "Area" in 6 214 
publications per year. This result contrasts with the other two parameters which are discussed on average in 25 215 
publications per year for "Future prospects" and 38 publications per year for "Structure and functions". 216 
 217 
Figure 3 show the main methodological approaches and study scales are used to assess and monitor the 218 
conservation status of coastal habitats.  219 
 220 

 221 
Figure 3. Ordination of methodological approaches and scales used to assess the conservation status of coastal habitats. 222 
Multiple Correspondence Analysis (MCA) of the records classified according to “Spatial Scale” [Natura 2000 site, 223 
Biogeography], “Types of surveys” [Quadrat, Transect, Floristic relevés, Phytosociological relevés, Landscape relevés, 224 
Mapping], “Parameters [Range, Area, Structure and functions and Future prospects] and “type of contribution” [Assessment, 225 
Monitoring]. Time-period: 1994-2019. Number of records: 225. Values in brackets refer to the amount of variance explained 226 
by MCA axes 1 and 2. 227 
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Two approaches with different characteristics are highlighted (Figure 4). Each approach corresponds to 228 
an ellipse: the first ellipse (leftmost) represents an approach at the regional scale based on phytosociological and 229 
landscape relevés; the second ellipse represents an approach at the local scale in a context of monitoring and 230 
management of coastal habitats. This second ellipse (rightmost) highlights a diversity of survey types to assess 231 
the conservation status of the four parameters: mapping is used to assess the "Range" and "Area" parameters, 232 
while quadrats, transects and floristic relevés are used to assess the "Structure and functions" and "Future 233 
prospects" criteria. Early studies focused on reflections on assessment systems and more specifically on the 234 
criteria that could be taken into account to evaluate the degree of artificialization and naturalness (e.g. Loidi, 235 
1994). Nowadays, methodological approaches are more oriented towards numerical and statistical models to 236 
assess the conservation status of coastal habitats. This is particularly the case on the Adriatic coast where 237 
mapping data and analyses of floristic and phylogenetic composition have been carried out to understand the 238 
impact of tourism on dune habitats (e.g. Šilc et al., 2019).  239 

Range represents the envelope within which the areas actually occupied by a habitat type occur. The 240 
aim of this parameter is to describe and detect changes in the extent of the distribution. 114 records discuss 241 
range: 42% (48 records) focus on the biogeographic level and 58% (67 records) of them at the Natura 2000 site 242 
level. The most commonly used method for obtaining habitat range maps is geo-referenced phytosociological 243 
relevés (52% - 60 publications) followed by mapping methods (Habitat maps and remote sensing; 36% - 41 244 
records). From our research, 55% of the records (63 records) use the EUNIS typology, followed by Annex I 245 
(17.5% - 20 records) and syntaxonomic (16.6% - 19 records) typologies. Dune systems (80% - 92 records), salt 246 
meadows (61 records) and cliffs (44 records) are the coastal habitats most frequently studied. This parameter has 247 
to be assessed at the biogeographic scale (Del Vecchio et al., 2017). Our results showed that the methods for 248 
assessing the Favourable Reference Range of coastal habitats are based on two approaches: (i) an historical 249 
approach based on diachronic analysis. This approach studies the historical range of a habitat at a time when it 250 
was supposed to be in a favourable conservation status. (ii) A modeling approach based on "species range 251 
models" (SDMs). This approach allows the relationship between habitats and abiotic variables to be analyzed to 252 
predict their range where in situ data are missing. 253 

Area represents the occupied surface in km2 of a habitat type. 81 records (36% of all selected records) 254 
discuss "Area". 33% (27 records) on the parameter at the biogeographic scale and 67% (55 records) at the Natura 255 
2000 site scale. The most commonly used method to obtain habitat area is mapping (53% - 43 publications) or 256 
by remote sensing (26% - 21 records). To monitor the changes in area over time and space, diachronic analysis 257 
are mainly used (21% - 17 publications). From our research, 48% of the records (39 records) use the EUNIS 258 
typology, followed by Natura 2000 (24.6% - 20 records) and syntaxonomic (17.3% - 14 records) typologies. 259 
Dune systems (72.8% - 59 records), salt meadows (60.5% - 49 records) and cliffs (43% - 35 records) are the 260 
coastal habitats whose distribution has most frequently been studied.  261 

Structure is defined by the physiognomy of the dominant species that make up the habitat and abiotic 262 
features: Function is defined by the essential ecological processes that occur internally and may include physical 263 
processes (e.g. dune formation and erosion). This parameter is the most studied (205 records), its evaluation is 264 
carried out, essentially at the level of Natura 2000 sites (68% - 140 publications). Figure 4 shows three main 265 
approaches to assess the conservation status of the "Structure and functions" parameter: (i) the first ellipse 266 
(leftright) represents dynamic-geomorphological approach (to study ecological erosion and landscape 267 
fragmentation); (ii) the second ellipse (bottom left) concerns phytosociological scale (to identify plant 268 
communities contained in habitat and their dynamic trajectories; (iii) the third ellipse (top left) represents a 269 
species scale (to define the typical species, the presence or absence of alien species, the floristic composition or 270 
functional traits).  271 

 272 

Two approaches with different characteristics are highlighted (Figure 4). Each approach corresponds to 273 
an ellipse: the first ellipse (leftmost) represents an approach at the regional scale based on phytosociological and 274 
landscape relevés; the second ellipse represents an approach at the local scale in a context of monitoring and 275 
management of coastal habitats. 276 
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 277 

Figure 4. Distribution of the criteria used to evaluate the parameter “Structure and functions”. Multiple Correspondence 278 
Analysis (MCA) of records classified according to "Plant landscape", "Plant communities composition", "Functionnal 279 
traits", "Vegetation cover", "Alien species", "Floristic composition", "Typical species", "Fragmentation", "Ecological 280 
process", "Ecological erosion". Time period: 1997-2019. Number of records: 191.  281 

 282 

Future prospect is not defined in the Directive but it is recommended to be assessed by considering the 283 
future trends and likely future status of the three other parameters (Range, Area, Structure and functions). 138 284 
records (61% of all selected records) cover the parameter "Future prospects". Future prospects of each of the 285 
three parameters (Range, Area, and Structure and functions) should mainly reflect the future trends which are 286 
based on a comparison of pressures and conservation measures (DG Environment, 2017). However, in most of 287 
the records in our review the method used is based on two main approaches: (1) the typology based on a list of 288 
threats observed on studies areas and (2) diachronic analysis to define past and current trends in habitat evolution 289 
(Valentini et al., 2015; Diez-Garretas et al., 2019). 290 
 291 

4. Discussions 292 

We have reviewed the literature on aspects related to the application of the Habitats Directive in assessing 293 
the conservation status of coastal habitats. Our aim was to identify important trends and research gaps. Our 294 
results showed (1) an increase in the number of publications on conservation status assessment over time, mainly 295 
from 2011 onwards; (2) a bias according to the coastal habitats studied as 80% of the publications focus on dune 296 
systems ; (3) a strong geographical bias, most of the scientifically published research being carried out in two 297 
biogeographical regions (Atlantic and Mediterranean) and in two countries (Italy and France); (4) that the 298 
conservation status is based on the assessment of 4 parameters recommended by the guidelines (Range, Area, 299 
Structure and functions, Future prospects); (5) that the definitions of these 4 parameters lack clarity and imply a 300 
diversity of methodological approaches which are against a standardised protocol; (6) that even if there are tools 301 
and methods (e.g. numerical classification and remote sensing) which would favour the standardisation of a 302 
protocol, the current procedure is essentially based on expert judgements and the summaries on a 303 
biogeographical scale are only a partial synthesis of the reality on the ground. 304 
 305 

One of the most striking results is the lack of comparability in the definition of concepts and especially 306 
for the definition of the reference state (Bijlsma et al. 2019). The European Commission asks each Member State 307 
to define the reference state of habitats and the criteria used to assess the conservation status parameters. Thus, 308 
each European country defines its own reference states, thus creating two major problems: on the one hand, the 309 
lack of conceptual and methodological coherence between European countries, methodological transposition 310 
problems from one country to another and a non-standardized habitat assessment on a biogeographic region at 311 
European scale. Reference states will be unique to each country but it is necessary that the methods used to 312 
define them are compatible.  313 

In France, for example, the reference state can be defined from a "natural" or “semi-natural” state, i.e. 314 
not disturbed by human activities, but it can also mean the best existing or achievable state in a given space 315 
where man is considered as a whole in the ecosystem (Maciejewski et al., 2016). Given the anthropogenic 316 
activities that have significantly altered natural environments, the definition of the reference state is delicate, a 317 
widely applied solution is to do the opposite, i.e. define a state of degradation (Janssen et al., 2016). 318 

Although Art. 17 uses the term 'Favourable Conservation Status' and it is to be used for Art 17 319 
reporting, multi-scale and temporal monitoring of habitats is an approach that would allow us to move away 320 

Manuscrit accepté



8 
 

from the concept of a reference state and evaluate "favourable" or "unfavourable" conservation status while 321 
having an assessment of the changes taking place in the plant landscape. The development of partnerships 322 
between academics and managers will facilitate the implementation of monitoring protocols adapted to the scale 323 
of Natura 2000 sites and according to the habitats of Community interest. From these various follow-ups, it will 324 
then be possible to identify trends and changes at the biogeographic scale when the Natura 2000 network covers 325 
most of the habitat within the region being assessed. The feasibility of this approach will depend on time, 326 
available data resources (manpower, finance …). 327 
 328 

The definitions of the four parameters and their methodologies remain fairly fuzzy. This lack of clarity 329 
favours the multiplication of methodological approaches that make it difficult to standardize a protocol. 330 
Moreover, the syntheses for assessing the conservation status of these four parameters at the biogeographic scale 331 
come from syntheses of data produced at local scales (sites) that differ from one habitat to another, from one 332 
country to another and from one biogeographic region to another. This synthesis is therefore a partial evaluation 333 
of the conservation status and not very representative of all the regions. 334 

Many authors note the difficulty of assessing “Range” for two reasons: (i) the lack or absence of data on 335 
certain habitats (Gigante et al., 2016); (ii) the need to have survey data to assess this parameter (Prisco et al., 336 
2012; Chytrý et al., 2016). The spatial range of habitats is generally represented by maps of plant communities at 337 
different scales. The combination of ecological modelling and remote sensing offers many advantages over field 338 
investigations and image interpretation, thus harmonizing and standardizing maps of current and potential habitat 339 
range within biogeographic regions (Álvarez-Martínez et al., 2017). Field mapping of habitats remains an 340 
expensive and time-consuming method that can only be carried out at a large scale. The other problem with the 341 
field maps currently being produced is based on the share of subjectivity in habitat delineation: each observer has 342 
his or her own vision. This observation implies the need to promote mapping methods that can be transposed and 343 
repeated from one site to another (Ichter et al., 2014). Remote sensing is increasingly used to automate habitat 344 
mapping, especially when combined with other datasets (eg geology, digital terrain models), but these 345 
techniques, which are currently being developed, are not widely used (Borre et al., 2017; Agrillo et al., 2018). 346 
This method should be more objective and repeatable than field mapping. Some authors propose to use old 347 
satellite images to establish a surface reference state (Cabello et al., 2018) and to do diachronic analysis in time 348 
and space (Valentini et al., 2015) but these approaches are carried out at coastal site scales (Tomaselli et al., 349 
2012).  350 

The definition and the assessment of Structure and functions is based on expert knowledge. At present, 351 
there is no standardised protocol for its assessment at local level and comparison at national and biogeographic 352 
levels. This standardization is difficult to achieve because each state agency uses its own criteria (Figure 5). 353 
"Typical species" is considered as one of the main criteria for assessing the status of Structure and functions. 354 
There is no agreement on the definition of typical species, no univocal vision of the situation currently exists but 355 
this notion is often discussed in the publications. Typical species for Art 17 reporting are those which mainly 356 
occur in a habitat type or at least in a subtype or a variant of a habitat type (European Commission, 1992; DG 357 
Environment, 2017). In this context, the concept of ‘diagnostic species composition’, a kind of ‘reference state’ 358 
(Gigante et al., 2016), becomes central. Two approaches can be distinguished to define “Typical species”: the 359 
first is based on the definition of "faithful" or "diagnostic" species that are strictly linked to one habitat and 360 
cannot be found in another (Chytrý et al., 2002); the second is based on "sentinel" species which constitute a 361 
criteria of artificialization or environmental degradation (Caro, 2010). Gigante et al. (2018) propose to integrate 362 
the entire floristic pool into the assessment of the conservation status of the "Structure and function" parameter 363 
in order to have a vision that is as representative as possible of the habitat. However, DG Environment (2017) 364 
specifies that typical species indicate favourable habitat quality. Thus, by definition, typical species cannot 365 
include those that indicate degradation. On the other hand, the development of databases allows a better 366 
understanding of the structure and functioning of habitats (Chýtrý et al. 2016) and facilitates the crosswalks 367 
between the different typologies (Rodwell et al. 2018). 368 

Future prospects is the parameter with the most variation in approaches. In most studies, the evaluation 369 
of this parameter is based on a qualitative analysis based on a typology of threats to habitats (Pakeman et al., 370 
2017; Bezzi et al., 2018). Several indexes have been set up to assess the vulnerability of habitats (Williams et al., 371 
2011; Ciccarelli et al., 2017), their naturalness (Boteva et al., 2004), their resilience (Garcia-Lozano et al., 2018) 372 
or their degree of artificialisation (Pinna et al. 2015; Tsiripidis et al., 2018). Future prospects requires 373 
consideration of future trends in all three parameters: range, area, structure and functions, in relation to the 374 
current conservation status (DG Environment, 2017). This parameter should best reflect management methods in 375 
favour of the conservation of coastal habitats but also anticipate global changes (climate change, land-use 376 
scenarios and trends in certain policies) which are aspects that will influence future trends and which will 377 
involve their deterioration. The assessment of this parameter takes time and on coastal areas the time required for 378 
the survey depends on several variables such as the morphological complexity of the area, its accessibility, the 379 
complexity of the vegetation mosaic and the competence of the field operator (Del Vecchio et al., 2019). Future 380 
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prospects must be developed to detect the level of pressure currently exerted on the habitat but also to quickly 381 
detect potential impacts to support management measures to mitigate and treat impacts on habitats. Innovative 382 
technologies such as remote sensing could be used to assess changes in critical habitat functions related in part to 383 
species distribution. Overall, these contributions of remote sensing are of the utmost importance not only to 384 
monitor invasions, but also to mitigate, restore and improve environmental quality, adapt to their potential 385 
impacts (Simberloff et al., 2013). Moreover, the functional traits of species are increasingly being used to 386 
highlight changes and functional divergences between coastal habitats (eg embryo dunes vs fixed dunes) (Torca 387 
et al., 2019). In particular, the functional traits of typical species are studied to better understand functional 388 
characteristics (plant height, specific leaf area, leaf dry matter content, leaf size, leaf thickness, seed mass, seed 389 
shape) and the strategies adopted by plants in response to disturbances (Jiménez‐ Alfaro et al., 2015; Mahdavi 390 
and Bergmeier, 2016). Plot monitoring to follow changes in specific composition can be used to quantify 391 
temporal changes in species composition (Sperandii et al., 2019). Despite being challenging and time 392 
consuming, revisitation studies are highly recommended tools for analyzing temporal dynamics in plant 393 
communities (Del Vecchio et al., 2019). 394 

Finally, approaches to assess the conservation status of these four parameters should draw from the Red 395 
Lists of species and habitats, particularly to assess and monitor habitat loss and fragmentation (Brooks et al., 396 
2019) but also from Essential Biodiversity Variables, which aim to monitor ecosystems based on standardized 397 
variables (Pettorelli et al., 2016). 398 

 399 
Our results show that there is a real disparity in studies concerning coastal habitats. Indeed, among all 400 

coastal habitats, dunes are the most studied environments and the most taken into account in conservation status 401 
assessment studies (80% of the studies we examined concern dune systems), particularly within the Atlantic and 402 
Mediterranean biogeographical regions. Dunes are the most vulnerable habitats to human and natural pressures. 403 
In general, dunes have an essential buffer role against storms and inland habitats (McLachlan & Brown, 2006), a 404 
role that can be limited when they are disturbed (frequentation, alien species...). Thus, given the important 405 
conservation issues, numerous legislative measures have been implemented to protect them on a global scale 406 
(Heslenfeld et al., 2004). Assessment of Range and Area are the two most studied parameters for all coastal 407 
habitats. However, for the parameters Structure and function and Future prospects, disparities exist between 408 
habitat types. Indeed, the analysis of the literature shows that the trend is more towards a phase of learning and 409 
understanding the structure (physiognomy, dynamics) and functioning (ecological and anthropogenic processes) 410 
of habitats than an evaluation phase. This trend is largely explained by the recent increase (since 2012) of 411 
methodological approaches that are being implemented to improve knowledge on the different types of coastal 412 
habitats, especially on the most threatened habitats. It is on the basis of this knowledge and long-term monitoring 413 
data that it will be possible to determine the optimal state of structure and functioning of each habitat. A 414 
rebalancing of studies on all habitats (salt steppes, lagoons, cliffs, etc.) would provide an overall picture of the 415 
conservation status of all coastal habitats. Our review shows the need for interdisciplinary work: most studies 416 
focus either on ecological processes or on floristic and vegetation aspects (floristic and phytosociological 417 
approach) or on range and area aspects (spatial approach). No current studies have combined all of these aspects 418 
for the same habitat. The development of a multidisciplinary approach would make it possible to integrate all the 419 
knowledge needed to assess the conservation status of habitats in an integrated and effective way. This approach 420 
can improve preventive actions against threats to habitats that contribute to maintaining their functionality 421 
(Attorre et al., 2018; Rodwell et al., 2018).  422 

 423 

5. Conclusions 424 

We have reviewed and discussed the methods and tools that are used in the literature to assess the 425 
conservation status of coastal habitats in Europe. Indeed, although HD implies assessing of 4 parameters (Range, 426 
Area, Structure and functions, Future prospects) it does not require any agreed methodological approaches, 427 
which raises real difficulties for the actors who are led to assess the conservation. The procedure currently being 428 
implemented is essentially based on expert judgements and is carried out by each country. Thus, the assessment 429 
of the state of conservation at the biogeographic scale is a synthesis of these partial assessments. The application 430 
of HD currently remains very disparate from one biogeographic region to another, from one country to another 431 
and from one habitat to another. Many studies have been carried out in the Atlantic and Mediterranean regions, 432 
mainly in Italy and France, and most of them concern dune systems representing the most threatened 433 
environments. These divergences are closely linked to the lack of clear and precise definitions of the main 434 
concepts (reference status, typical species and parameters in particular) which are still debated among scientists 435 
but also to the lack of available data. Most of the methods currently used in the literature are limited by the 436 
available data, which do not currently allow a multi-scalar and spatial view of the assessment of the conservation 437 
status of coastal habitats.  438 
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Despite the constraints we have identified, interest in assessing the conservation status of coastal 439 
habitats has become prevalent over the past decade. There has been a significant increase in work on various 440 
types of coastal habitats (cliffs, lagoons, salt steppes, salt meadows, dunes), advancing interdisciplinary 441 
strategies for more effective protocol implementation and habitat conservation status monitoring. With regard to 442 
all the records analysed, the aims are to promote (i) recent and innovative methods for automatic and objective 443 
modelling of habitat range and area; (ii) pragmatic protocols applicable by all Natura 2000 site managers for 444 
assessing and monitoring the conservation status; and (iii) a concerted and multiscalar management strategy. 445 
Measures could be taken to change this situation: for example, the use of databases would help to structure and 446 
standardise data and promote exchange between actors ; experimental monitoring investigations should be 447 
encouraged to gain a more accurate picture of changes and trends in habitats, particularly in the context of global 448 
changes.  449 
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Appendix A. Conservation status of coastal areas publications of ecological, interdisciplinary 632 
and other foci included in our in-depth review (225 publications, period 1992-2019). 633 
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P., De Vries, Y.  

Twenty years of salt marsh 

succession on a Dutch coastal 
barrier island 

Journal - Article 
Journal of Coastal 

Conservation 
1997 1-9 - 1 3 en 

Acosta, A., 
Blasi, C., & 

Stanisci, A. 
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Dijkema, K. S., 
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atlantiqueCoastal dune fields in 
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Journal - Article 
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Research 

2007 1-17 - - - en 
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Schubert, H. 

 The definition of a new plant 

diversity index ‘‘H0 dune’’ for 
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Ecological 

indicators 
2007 1-21 - 1 7 en 
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Ecological 
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2007 44197 - 1 7 en 
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Journal - Article 
European 

Environment 
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Normand, S., 

Svenning, J. C., 
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Journal - Article 
Journal for Nature 

Conservation 
2007 41-53 - 1 15 en 

Rodwell, J S, 

Morgan, V, 
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Acosta, A., 
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Acosta, A., 
Carranza, M. 

L., Di Martino, 
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A., Izzi, C. F., 

& Stanisci, A. 
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Journal - Article Plant Invasions 2008 235-248 - - - en 

Carranza, M.L., 

Acosta, A.T.R., 

Stanisci, A., 
Pirone, G., 
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Ecosystem classification for EU 
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application in central Italy 
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2008 99-107 - 1-3 140 en 

Carreño, M.F., 

Esteve, M.A., 
Martinez, J., 

Palazón, J.A., 

Pardo, M.T. 
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wetlands associated to hydrological 

changes in the watershed 

Journal - Article 
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and Shelf Science 
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imagery 

Journal - Article 
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Hardegen, M., 
Bougault, C., 
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La cartographie des habitats dans 
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Gallica 
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Hardegen, M., 
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Kutnar, L., 
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E., Gruber, B., 
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3339 
- 14 17 en 
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Appendix B - Keywords selection protocol and literature search criteria  637 

The selection of keywords was carried out according to the PICO (Population-Intervention-Comparison-Outcome) 638 
strategy, which allows for highlighting thematic groups of words and identifying records for an overview (Higgins 639 
and Green, 2011).  640 
 641 
An initial list of potential keywords for the components of the PICO (Population-Intervention-Comparison-642 
Outcome) approach was developed from a list of reference articles on the topics. In our study, "Habitats Directive" 643 
was defined as "population", "conservation status" as "intervention", "methodology" as "comparison" and 644 
"management" as "outcome". From the first list of keywords, searches were made on the SciVerse Scopus 645 
database. New potential keywords identified during the literature search were added. This list of keywords was 646 
improved as the searches progressed using an iterative approach. After checking a first list of the records found, 647 
we highlighted keywords relevant to the literature search. We then checked the results of this new search and 648 
verified the inclusion or exclusion of pre-identified and new keywords. In a third step, we restarted the search from 649 
the new selection of keywords. Since the list of keywords may differ from one publication to another, we selected 650 
the most common keywords. The literature search is based on keywords and Bolean operators (AND, OR and 651 
NOT). Each keyword was inserted in a hierarchical manner, according to its relevance, and for each term added, 652 
we evaluated the relevance of the first 20 references obtained. 653 
 654 
Our final database contained 225 records: 208 articles, 8 reports, 6 books, 2 theses and 1 conference paper 655 
(Appendix A). For each study, we recorded a number of information such as year of publication, type of records, 656 
type of research, country and biogeographic regions (Continental, Atlantic, Boreal, Mediterranean, Black sea) in 657 
which the studies were conducted. Several studies came from several biogeographic regions and/or countries, they 658 
were also taken into account and classified. We also sorted the records according to the scale they used to assess 659 
the conservation status : (1) at the scale of the Natura 2000 site; (2) or at the biogeographic scale. We then classified 660 
the coastal habitat types recognized by the Annex I of the Habitats Directive: Cliff, dune, stuary, Lagoon, Salt 661 
marshes, Salty steppes. Some studies took into account several habitat types, they were classified in accordance. 662 
In order to meet our two research objectives, we analyzed the content of the records selected to identify the most 663 
frequent words used in the record summaries (Tab. 1). 664 
In order to examine the extent to which European countries have built their methodology to assess and monitor 665 
conservation status of coastal habitat, we have classified the typologies used to describe habitats: (1) CORINE 666 
biotope which is a catalog of identifiable biotopes, biotopes formed by flora and fauna in connection with a certain 667 
abiotic environment, with relationships between these various elements; (2) EUNIS which is a classification of 668 
natural, semi-natural and anthropogenic habitats of terrestrial and marine areas of Europe; (3) Natura 2000, i.e. the 669 
list of habitats of Community interest listed in Annex 1 of the Habitats Directive; (4) Phytosociology, i.e. the 670 
typology of syntaxons or taxonomic units of indeterminate rank (association, alliance, order, class and their sub-671 
units); (5) Corine Land Cover corresponding to a biophysical inventory of land use and its evolution. Several 672 
studies were based on different typologies and were classified accordingly.  673 
The types of methods were also recorded for each publication, either quantitative or qualitative and analytical 674 
methods. Some studies used both approaches and were classified accordingly. We also classified the types of 675 
surveys to determine the field methods used: (1) mapping (field mapping and remote sensing); (2) floristic surveys; 676 
(3) Phytosociological surveys; (4) Landscape surveys; (5) Transect; (6) Quadrat. Some studies were based on 677 
several types of surveys and were classified accordingly. Finally, we recorded the context in which the study was 678 
conducted: (1) assessment; (2) monitoring. 679 
 680 
Our second aim was to examine what parameters and categories have been taking into account by european 681 
countries to assess and monitor conservation status of coastal habitat. To address this issue we classified the records 682 
according to whether they dealt with the parameters recommended by the Habitats Directive (range, area, structure 683 
and functions, future prospects). For the parameter Structure and functions, we classified the criteria as follows: 684 
(1) Ecological erosion/ecological process; (2) Landscape fragmentation/plant landscape; (3) Plant communities 685 
composition; (4) Typical species; (5) Floristic composition; (6) Alien species; (7) Vegetation cover; (9) Functional 686 
traits. Some studies took into account several criteria and were also categorized consequently. 687 
Finally, for the Future prospects parameter, we have classified the approaches as follows: (1) Typology, which 688 
consists of a list of threats observed in the field or that would be likely to alter the habitat in the long term; (2) 689 
Indexes used to quantify anthropogenic impacts; (3) Diachronic analyses to identify dynamic habitat trends; (5) 690 
Human pressures, which consists of identifying threats that are solely anthropogenic in origin; (7) Vulnerability is 691 
the assessment of the long-term vulnerability of the habitat; (8) Naturalness is the assessment of the naturalness of 692 
the habitat; (9) Artificialisation is the quantitative and qualitative assessment of the anthropogenic impacts of the 693 
habitat. Some studies have considered several criteria and have been categorized consequently. 694 
 695 
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We also sorted our records according to the PICO (Population-Intervention-Comparator-Outcome) components. 696 
Our target population included records that focused on all applications of the Habitats Directive in assessing the 697 
conservation status and monitoring of habitats. In 1992, the European Union adopted the European Habitats 698 
Directive (92/43/EEC) recognizing the importance of habitat types and species to be conserved. A set of habitats 699 
that require specific conservation measures by Member States is listed in Annex I of the Directive. The list of 700 
habitats was compiled by experts who selected habitat types whose main concern is conservation under the 701 
European CORINE Biotopes Programme, recently reclassified in the EUNIS classification (Davies et al. 2004). 702 
The intervention component focused on the assessment of conservation status, defined as the assessment of the 703 
floristic, faunistic and functional state of the habitats defined in Annex 1 of the Habitats Directive (Evans and 704 
Arvela 2011). The Habitats Directive has defined 4 parameters to assess the conservation status of a typical habitat: 705 
range, area, structures and functions, future prospects. The "comparison" part focused on the methodologies used 706 
to evaluate the 4 parameters mentioned above. The "results" component focused on habitat management, 707 
assessment and monitoring. 708 
 709 
We took into account records written in English, French, Spanish or Portuguese (when English keywords were at 710 
least mentioned in the title of the notice). 711 
 712 
 713 
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Table 1. Aim of the study, hypotheses, with respective categories and subcategories, and classes 

used in the literature review. 

Hypotheses Categories Description 
Sub-

categories 
Aim Classes 

Aim 1. to examine the extent to which european countries have build their methodology to assess and monitor conservation status of 

coastal habitat 

H1 - Typologies to 

define "habitat" are 

diversified 

Typology 

Accuracy of the 

"habitat" (sensu 

biotope, sensu 

floristico-ecological) 

- 

To track down what 

typologies are used to 

describe habitat types 

CORINE Biotope, EUNIS, 

EUR 28, Phytosicology, 

CORINE LAND COVER 

H2- The whole of 

coastal habitats are 

studied 

Type of coastal 

habitat 

Type of coastal 

habitats studied 
- 

To track down what 

habitat types are 

studied 

Cliff, Dune, Estuary, Salt 

marshes, Salty steppes, Lagoon 

H3 - Conservation 

status are assessed at 

different scales 

Biogeographica

l region 

Biogeographical scale 

of the study 
- 

To track down what 

biogeographical 

regions are concerned 

by studies on 

conservation status of 

costal habitats 

Alpine, Continental, Atlantic, 

Boreal, Mediterranean, Black 

sea 

Spatial scale 

Accuracy scale in 

assessing the 

conservation status 

criteria 

- 

To track down what 

scales are used to 

assess and monitor 

conservation status 

Natura 2000 site, Biogeography 

H4 - Types of methods 

and criterias used to 

assess conservation 

status are not 

standardized 

Type of 

research 
Type of contributions - 

To track down what are 

the type of research that 

authors used to assess 

conservation status 

Quantitative study, Qualitative 

and analytical approach 

Types of 

surveys 

Methods used to 

evaluate criterias 
- 

To track down what are 

the methods and tools 

that authors used to 

assess conservation 

status 

Mapping, Floristic relevés, 

Phytosociological relevés, 

Landscape relevés, Transect, 

Quadrat 

Conservation 

status  
Type of contributions - 

To track down the 

purpose for which the 

authors assessed the 

conservation status 

Assessment, Monitoring 

Aim 2. to examine what parameters and categories have been taking into account by european countries to assess and monitor 

conservation status of coastal habitat 

H5 - The research 

geographically (per 

european coutries) and 

methodologically 

changed along time 

Range 

Range of habitat 

within its 

biogeographical area 
- 

To track down how 

assess the current and 

potential distribution of 

habitats within their 

biogeographic region 

- 

Area Habitat area (in ha) - 
To track down how 

map areas of habitats 
 - 

Structure and 

fonctions 

Structure corresponds 

to the physical 

organization, the 

arrangement of the 

elements within the 

habitat, its biotic 

characteristics, its 

environment (soil, 

geomorphology, 

macro and micro-

climate, etc.). 

 

Ecological 

system 

To track down hiw 

assess the changes of 

ecological process , 

landscape, vegetation 

and Flora 

Ecological erosion, ecological 

processus 

Landscape 
Landscape fragmentation 

Plant landscape 

Vegetation 

and 

syntaxon 

Plant communitis composition 

Flora 

Typical species 

Floristic composition 
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The function 

corresponds to the 

intrinsic functioning of 

the habitat, i.e. all the 

biological actions and 

processes that occur 

naturally in the habitat 

and result from the 

interaction between all 

these compartments: 

exchanges. 

Alien species 

Vegetation cover 

Functionnal traits 

Prospective 

trends 

Prospective trends 

include criteria and 

indicators to assess the 

long-term viability of 

a habitat 

Methods 

To track down how 

authors have 

beeargeting methods, 

threats types and 

environment quality 

Typology 

Index 

Diachronic analysis 

Threats 

types 

Human pressures 

Natural pressures 

Environmen

tal quality 

Vulnerability 

Naturalness 

Artificialization 
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Appendix C. Typology and distribution of the number of publications concerning coastal 

habitats by biogeographic region and by European countries. 

 

Table. C.1. List of coastal habitats that are considered in the records reviewed in this paper. 

According to the habitats of the European Environment Agency (2019), all coastal habitats have 

been studied. They have been grouped by major types of coastal habitats. 

Habitat 

types 

Definitions Number of publications 

Cliff Vegetated sea cliffs of the Atlantic, Baltic, Mediterranean 

and Macaronesian coasts 

70 

Dune Sea dunes of the Atlantic, North Sea, Baltic and 

Mediterranean coasts 

181 

Lagoon Shallow coastal salt water of Atlantic, Black sea, Boreal, 

Continental, Mediterranean and Macaronesian coasts 

50 

Estuary Atlantic and continental salt marshes and salt meadows 52 

Salt marshes Mediterranean and Atlantic salt marshes and salt meadows 98 

Salty steppes Salt and gypsum inland steppes 41 
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Fig. C.1. Distribution of the number of records among coastal habitat types within EU 

biogeographic regions: a) Atlantic, b) Boreal, c) Continental, d) Mediterranean, e) Black Sea. 

Papers covering several biogeographic regions (44 records) have been included here. There were 

no publications entirely confined to the Alpine, Macaronesian and Steppic biogeographical 

regions only. Nested circles allow to represent hierarchies and compare values. This visualization 

is particularly effective to show the proportion between elements through their areas and their 

position inside a hierarchical structure. 

 

 

 

 

 

 

Fig. C.2. Distribution of the number of records among coastal habitat types by European country. 

Among European countries comprising coastal habitats, no publications were found in Romania, 
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Bulgaria, Slovenia, Cyprus, Malta, Latvia and Lithuania. This bar chart presents grouped data 

with rectangular bars with heights proportional to the values that they represent. 
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Appendix D. Supplementary analysis 

 

 

 
Fig. D.1. Temporal trends in the number of published records resulting from our search on parameters (Range, Area, Structure 

and functions, Future prospects) used to assess conservation status for coastal habitat. Emergence of steep increase of 

publications on four parameters since 2007. 
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Highlights 
 

 The implementation of HD remains complicated today to assess and monitor the conservation status. 

 Methodological disparities exist between coastal habitats, between countries and between biogeographic 

regions. 

 Currently, methodological approaches remain mainly based on expert judgments. 

 Recent and innovative methods for automatic and objective modelling can help to assess habitat range 

and area. 

 Concerted and multiscalar approaches can help to improve knowledge on structure, fonctions and future 

prospects. 

 

Highlights
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