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Abstract
Monitoring of habitat types conservation status is an essential task in the frame of the European policy for biodiversity con-
servation. The parameters to be assessed for the purposes of habitat types’ conservation status assessment are described in 
several European documents, but the methodology for their determination has not yet been standardized or optimized. This 
study presents methods for the assessment of the actual status and the future prospects of structure and functions of habitat 
types. Specifically, it presents a bottom–up approach for the assessment of these two parameters at different spatial scales. 
In the proposed method, conservation status assessment is based on a classification of habitat types to subtypes, with the 
latter representing the basic monitoring entities. The conservation status is assessed by recording: (i) the presence/absence 
of specific indicators of structure and functions per habitat type, and (ii) the presence/absence, abundance, and vitality of 
the typical species of the habitat subtypes. The typical species are determined objectively using algorithms and fidelity 
coefficient values. The conservation status and future prospects of structure and functions (including the typical species) 
are estimated quantitatively with the help of numerical methods and algorithms, but their assignment to conservation status 
classes is based on thresholds defined by experts. Assessments are made at the local scale, but can be upscaled to coarser 
ones (up to the national level). The proposed methods have been applied in Greece and were effective both in terms of results 
obtained and costs needed.
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1 Introduction

All EU Member States (MS) should monitor and assess the 
conservation status of habitat types of community inter-
est according to the 92/43/EEC Directive (Habitats Direc-
tive); and for this reason, a large number of specialists are 
occupied in various monitoring projects at regional level to 
national level (Lengyel et al. 2008a). We assume that readers 
are familiar with the terms and procedures of the conserva-
tion status assessment, as they are set by the Habitats Direc-
tive (92/43/EEC) and are presented in European Commis-
sion (2011) and in Evans and Arvela (2011); for this reason, 
we present here only the basic principles. The assessment of 
the conservation status of habitat types is based on the evalu-
ation of three parameters, namely ‘Structure and Functions’, 
‘Area’, and ‘Range’. The parameter ‘Structure and Functions’ 
includes the assessment of ‘Typical Species’. Each of these 
parameters is assessed regarding its current and future status 
and its future trend. From the combination of the current and 
future status, as well as of future trend, a fourth parameter 
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is developed, namely ‘Future Prospects’. Every MS has to 
quantify these four parameters to assess the conservation 
status of habitat types. Approaches and examples for the 
assessment of each parameter are presented in Evans and 
Arvela (2011) and in European Commission (2011).

These general principles allow for a great variation of 
methodologies that can be applied. In addition, indeed, 
different MS quantified these parameters using different 
approaches. This variation of monitoring methodologies 
throughout Europe has been already identified a decade 
ago (Cantarello and Newton 2008; Lengyel et al. 2008a; 
Schmeller 2008); yet, still today, objective (e.g., numeric and 
quantitative) methods to assess each parameter are lacking, 
allowing for different interpretations. Differences arise at all 
stages of monitoring implementation: from sampling design 
to data analysis. The issue of comparability of the monitor-
ing methods is also mentioned in the report of European 
Environment Agency (2015), about the results from report-
ing under the nature directives for the period 2007–2012, 
as a cause of bias that complicates the comparison of con-
servation status assessment between MS, as well as among 
different reporting periods.

The reliability of any monitoring project is largely based 
on the standardization of methods and the development of 
a ‘standard operating procedure’ (Hill et al. 2005). This 
standardization should accurately describe each step of the 
monitoring procedure, from data collection to data analy-
sis and reporting, to reduce subjectivity and discrepancy 
among observers and among years during the implementa-
tion of a monitoring project (Hill et al. 2005). Furthermore, 
another important issue in the monitoring projects is the 
implementation of quantitative methods and the avoidance 
of assessments by expert judgment (Carignan and Villard 
2002; Kovač et al. 2016; Yoccoz et al. 2001). The applica-
tion of quantitative methods is considered as crucial in all 
the steps of a ‘systematic conservation planning’ (e.g., the 
measuring of biodiversity surrogates, the setting of conser-
vation targets), since this is the only way to deal with the 
uncertainty which is involved in all the steps of conservation 
planning and to improve conservation planning through an 
optimization procedure (Margules and Pressey 2000).

To standardize monitoring methods, the definition 
of monitoring parameters should first be standardized. 
Although the Habitats Directive was adopted in 1992, 
a clear definition regarding the parameter structure and 
functions as well as of typical species is still missing 
(Evans and Arvela 2011). Structure includes all the physi-
cal components of a habitat type formed by species (both 
living and dead) and functions concern the ecological 
processes occurring at a number of temporal and spatial 
scales within a habitat type (Evans and Arvela 2011). This 
parameter should include characteristics of the habitat type 
that indicate healthy ecosystem (e.g., diversity of dominant 

species age classes and rich understory plant diversity) or 
lack of indications of anthropogenic degradation (e.g., no 
apparent signs of logging or planted species). There is a 
plethora of publications describing with more or less detail 
some structural characteristics of habitat types (Carli et al. 
2016; Davis et al. 2014; Del Vecchio et al. 2016; Hill et al. 
2005; Joint Nature Conservation Committee 2013; Kovač 
et al. 2016; Søgaard et al. 2007), yet this parameter still 
remains abstract.

The second component of structure and functions in 
Habitats Directive is the typical species. Likewise, there is 
no clear definition of typical species neither in the Habitats 
Directive nor in the explanatory notes and guidelines that 
have been published for the assessment and the reporting 
under article 17 of the Directive (European Commission 
2006; Evans and Arvela 2011). Typical species may include 
all species groups; for example, vascular plants, lichens, 
bryophytes, as well as all animal groups. Different MS used 
different approaches to define typical species. For example, 
in France, typical species were considered as indicative 
species of ecosystem’s functions, thus focusing on species 
functional traits (Maciejewski 2010). However, in European 
Commission (2006), typical species are related to indica-
tor species according to the phytosociological approach and 
thus to the characteristic and/or the differential species of the 
associations as well as of the higher level syntaxa (alliances, 
orders, and classes) (e.g., Braun-Blanquet 1964; Dierschke 
1994; Leuschner and Ellenberg 2017a, b). According to both 
versions of the explanatory notes and guidelines (European 
Commission 2011; Evans and Arvela 2011) and other ref-
erences (e.g., Carignan and Villard 2002), typical species 
should reflect the favourable structure and functions of the 
habitat type and should be sensitive to changes to comprise 
early warning indicators. Furthermore, according to Carig-
nan and Villard (2002), the most important characteristics 
that indicators may possess are: (i) to provide early warning 
for changes, (ii) to indicate the cause of changes rather than 
just the existence, (iii) to represent the full gradient of pos-
sible changes, and (iv) to be cost-effective and measurable 
even from non-specialists.

The conservation status assessment is not based only on 
structural and functional characteristics (including typical 
species) of a habitat type. Parameters regarding the area 
and the range of a habitat type are equally important. These 
are mainly assessed at the regional to national scale apply-
ing methods of vegetation mapping and habitat modeling, 
including the use of remote sensing (Buchanan et al. 2008; 
Nagendra et al. 2013; Spanhove et al. 2012; Vanden Borre 
et al. 2011). However, structure and functions, typical spe-
cies, and the identification of the occurrence of pressures 
and threats are better evaluated at the local scale (Søgaard 
et al. 2007). Therefore, it is essential to upscale and aggre-
gate the outputs obtained at the local-scale assessment to 
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combine them with other parameters already assessed at 
broader spatial scale.

During 2014–2015, in the framework of a national moni-
toring project of habitat types, a great effort was invested in 
Greece to develop and apply a harmonized procedure for 
the standardization of the conservation status assessment 
methods. Specifically, standardized numerical methods have 
been developed and tested for the assessment of structure 
and functions (including typical species) of habitat types and 
their future prospects. In addition, a bottom–up methodol-
ogy was developed: (i) to take advantage of the synchro-
nous in situ data collection over the entire NATURA 2000 
(N2000) network in Greece for the estimation of the conser-
vation degree at the local scale, and (ii) to aggregate the data 
to assess the conservation status of the habitat types at the 
national level. The term conservation degree is used hereaf-
ter for the conservation status assessment at the local scale 
(e.g., sampling locality) or regional (e.g., N2000 sites) scale, 
while, for the national scale, the term conservation status 
is applied. This need for differentiation in the terminology 
has been proposed by Evans and Arvela (2011) as well as 
by Chrysopolitou et al. (2015) for Greece to distinguish the 
assessments made in local/regional scale for the completion 
and/or update of Standard Data Forms, from those made at 
the national scale or biogeographical scale for the purposes 
of monitoring according to Article 17 of the Directive 92/43/
EEC. The methods described in this study cover the entire 
assessment procedure, from the preparation of data collec-
tion, up to the analysis for the final assessment of the con-
servation status, including the methods applied to transfer 
the assessment of parameters through different spatial scales.

The aims of this paper are: (i) to present the methods 
implemented in Greece for the conservation status assess-
ment of structure and functions of habitat types, (ii) to pre-
sent the approach used for the aggregation of the assessment 
from the local to the national scale, and (iii) to discuss the 
rationale of the methods selection, their characteristics and 
benefits, but also their pitfalls and aspects that need to be 
improved.

2  Data collection planning

The adoption of a bottom–up scheme for the assessment of 
the conservation status allows for and requires the collection 
of data at the local scale usually by different researchers. 
However, even when the same methods are applied, various 
vegetation properties can be estimated with high uncertainty 
when different researchers collect data (Archaux 2009; 
Bergstedt et al. 2009). It is safe to assume that bias, uncer-
tainty, and subjectivity in the conservation status assess-
ment increase with the absence of a standardized protocol 
designed for the collection of the appropriate data. To put 

it in other words, properly designed field data sheets assure 
consistency and decrease time needed for in situ observa-
tions (Hill et al. 2005). The design of the field data sheets 
should be compatible with the database structure and should 
allow for the collection of all required data to fulfil the needs 
for the habitat types monitoring and reporting (Article 17, 
Dir. 92/43/EEC).

2.1  Determination of typical species of habitat 
types

The diagnostic species of the vegetation units (syntaxa) 
included in each habitat type are considered as typical spe-
cies of the habitat type. We determined de novo the typical 
species of the habitat types occurring in Greece applying a 
series of analyses, as shown in Fig. 1 and described below.

We classified approximately 18,000 vegetation plots from 
all over Greece, representing all the habitat types recorded 
so far in the country, by means of cluster analysis using 
the Ward’s linkage method (Ward 1963) and the Lennon 
et al. (2001) index as distance measure. The latter index was 
introduced as an index of beta diversity to measure species 
turnover among plots but taking into account the differences 
in species richness among plots (Koleff et al. 2003). The 
use of this index was preferred after comparing the classi-
fication results obtained with other distance measures (e.g., 
Bray–Curtis, Euclidean). The better performance of the Len-
non et al. (2001) index may be attributed to the fact that the 
database includes plots of different sampling effort. After 
inspecting the classification results, 229 vegetation groups 
representing 85 habitat types of Community or national 
interest were distinguished. Most of the habitat types were 
represented by more than one cluster and two of them were 
represented by more than ten clusters.

After the classification, we determined the differential 
taxa of each cluster by using the algorithm introduced by 
Tsiripidis et al. (2009). The advantage of this algorithm is 
that it performs multiple comparisons between all possible 
combinations of clusters in a data set, and consequently, it 
determines the diagnostic species of syntaxa of different 
hierarchical levels. For the differential species, we calcu-
lated the phi coefficient using the percentage frequency of 
taxa in the distinguished clusters. The phi coefficient was 
calculated for the clusters differentiated positively against 
the ones that were differentiated negatively or not being 
differentiated. As the calculation of the phi coefficient by 
the above-mentioned way results in one value for all the 
clusters differentiated positively, we relativized this value 
by multiplying it by the ratio of the frequency of each 
taxon in each cluster to its maximum frequency in the 
table of clusters. Finally, we also calculated the phi coef-
ficient following the way proposed by Chytrý et al. (2002), 
using the percentage frequencies of taxa in the clusters. 
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The latter compares the frequency of each taxon in each 
cluster with the corresponding frequency in all the other 
clusters. This gives more weight to the ‘absolute differen-
tial species’, i.e., the ones occurring almost exclusively in 
one or at most in very few clusters. To take into account 
both types of differential species (those differentiating a 
large number of clusters and those differentiating one or 
few clusters), we calculated the average value of phi coef-
ficient calculated using the former two methods, for all the 
taxa found as differential by the algorithm of Tsiripidis 
et al. (2009).

Thus, a list of typical species was created for each clus-
ter. Experts in each vegetation type reviewed this list to 
exclude taxa which exhibit preferential occurrence in cer-
tain vegetation types, but they cannot be used as indicators 
of favourable conservation status. An example of such a 
species is Amorpha fruticosa, which, although occurring 

only in riparian habitat types, it is an alien species often 
indicating intense disturbance in these ecosystems.

As an example, the typical species of the three subtypes 
determined for the priority habitat type 91E0 [Alluvial for-
ests with Alnus glutinosa and Fraxinus excelsior (Alno-Pan-
dion, Alnion incanae, Salicion albae)] are shown in Online 
Resource 1.

As all the vegetation plots in the database included also 
information about the sampling locality, the final lists of 
typical species correspond not only to certain plant com-
munities but also to certain geographical areas (see Online 
Resource 2).

Therefore, the field evaluators used a specific prede-
fined list of typical species depending on the habitat type 
and the geographical area which they sampled. However, 
the field researchers had to verify that the suggested list of 
typical species was appropriate for each sampling locality, 
especially in cases where more than two lists of typical 

Fig. 1  Steps to determine 
typical species for the habitat 
types occurring in Greece. 
Background colour legend: light 
green fading towards down indi-
cates data, blue fading towards 
right indicates analyses or 
procedures, and light red fading 
towards left indicates outputs 
(colour figure online)
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species were obtained for the same habitat type in adjacent 
areas. Furthermore, in cases of doubt, the field researcher 
was advised to check the presence–absence of taxa using a 
general typical species list which was the union of all the 
species lists of the subtypes of the habitat type.

2.2  Specific structure and functions

Unlike typical species, we consider that structure and 
functions have a more ‘global’ character and that the same 
list of indicators of structure and functions can be applied 
for a habitat type throughout its distribution within the 
country. Furthermore, some indicators of structure and 
functions can be shared among different habitat types.

We developed lists of specific structural characteris-
tics and functions for each habitat type that can serve as 
indicators of favourable conservation status taking into 
account relevant publications where similar structural and/
or functional indicators have been proposed (Cantarello 
and Newton 2008; Carli et al. 2016; Davis et al. 2014; Del 
Vecchio et al. 2016; Hill et al. 2005; Joint Nature Con-
servation Committee 2013; Kovač et al. 2016; Søgaard 
et al. 2007). An example of such a list for the habitat type 
91E0 is given in the Online Resource 3. Field evaluators in 
each sampling locality were asked to check which of these 
indicators of structure and functions are present or not.

2.3  Pressures and threats

Regarding pressures and threats, we adopted the methods 
proposed in (Evans and Arvela 2011), taking into con-
sideration the list of pressures and threats available in 
the Web page of the European Topic Centre on Biologi-
cal Diversity (http://bd.eione t.europ a.eu/activ ities /Natur 
a_2000/refer ence_porta l, assessed on March 2014). Pres-
sures are past or present ongoing impacts that threaten 
the long-term viability of a habitat type, while threats are 
similar impacts but refer to the foreseeable future. The 
importance of pressures and threats identified in the field 
was graded using the three-grade ordinal scale (‘high’, 
‘medium’ and ‘low’), depending on their intensity and 
extent of occurrence. Furthermore, if management meas-
ures (e.g., restoration of natural flooding regime in ripar-
ian areas) have been applied in an area to deal with spe-
cific pressures or threats, they were recorded as positive 
impacts on the conservation degree of a habitat type. The 
positive impacts were considered if they can counterbal-
ance the negative effect of certain existing pressures or 
threats. Pressures and threats as well as positive impacts 
were used for the estimation of the future trend of the 
habitat type’s conservation status and, consecutively, for 

the estimation (on the basis of expert judgement) of the 
habitat type’s future conservation degree.

2.4  Field sheets

Different field sheets were prepared for each habitat (sub)
type. The field sheets included: (i) the habitat (sub)type’s 
list of typical species, (ii) the habitat type’s list of indica-
tors of structure and functions, and (iii) fields to record the 
observed pressures and threats alongside their intensity, as 
well as any positive impact. In addition, in the field sheets, 
evaluators recorded information regarding the sampling 
locality. This information included: (i) position of sampling 
locality (e.g., geographical coordinates, name of locality), 
(ii) general ecological and structural features (total cover of 
each vegetation layer, elevation, exposition, inclination, and 
soil properties), (iii) data regarding the evaluator identity, 
and iv) general remarks (e.g., occurrence of invasive species, 
disturbances, and adjacent vegetation types). Finally, each 
sampling locality was accompanied by at least two photo-
graphs depicting aspects of the sampled area. An example 
of such field sheet for the subtype C of habitat type 91E0 is 
given in the Online Resource 4.

3  Assessment of the conservation degree

Having collected the data with a standardized approach, next 
step includes the application of methods for the objective 
assessment of each parameter at the local scale. Namely, 
hereafter, we present the methods adopted for the evaluation 
of the actual conservation degree of structure and functions 
(including typical species) and the future prospects of struc-
ture and functions.

3.1  Assessment of actual conservation degree 
of typical species

The analysis of sampled data for the assessment of the con-
servation degree of typical species consisted of three distinct 
steps, each including a series of analyses, as shown in Fig. 2.

3.1.1  Assignment of sampling localities to habitat 
subtypes

The assessment of the conservation degree of typical spe-
cies is based on the comparison of the species recorded at 
each sampling locality with the list of typical species of a 
certain habitat subtype. Therefore, it is essential to check if 
all sampling localities were classified in the correct subtype 
(this was necessary especially for the cases that the field 
researchers used the general list of typical species for a habi-
tat type). For this purpose, we summed the fidelity values of 

http://bd.eionet.europa.eu/activities/Natura_2000/reference_portal
http://bd.eionet.europa.eu/activities/Natura_2000/reference_portal
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the typical species recorded in each sampling locality. The 
sums calculated for each sampling locality were as many as 
the subtypes of the habitat type in which the sampling local-
ity was assigned. For each of these sums, only the common 
taxa between those recorded in the sampling locality and 

each subtype were taken into account with the fidelity values 
that the taxa present in the specific subtype. The use of fidel-
ity in the calculation of the sums aimed to take into account 
the ecological and geographical affinity of species with the 
habitat subtypes. The sum for each habitat subtype was then 

Fig. 2  Actual conservation 
degree assessment of typical 
species. Background colours 
indicate the same as in Fig. 1 
(colour figure online)
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divided by the sum of fidelity values of all typical species of 
the subtype. This type of relativization was applied to make 
the sums of species fidelity values independent from the 
number of typical species per habitat subtype. Each sam-
pling locality was eventually assigned to that subtype for 
which it presented the maximum relativized sum. Actually, 
the above calculations correspond to a Jaccard similarity 
coefficient weighted by the species fidelity values for the 
habitat subtypes. However, the species recorded in the sam-
pling locality but not included in the typical species of the 
subtype are actually omitted from the denominator of the 
formula of Jaccard index, because they have a zero fidel-
ity value in the habitat subtype. An example of the above-
mentioned calculations is given in the Online Resource 5.

3.1.2  Estimation of index of actual conservation degree 
of typical species

For the assessment of the actual conservation degree of the 
typical species in each sampling locality, the fidelity value 
of each taxon was multiplied by coefficients related to its 
abundance and vitality. Thus, field evaluators were advised 
to record (i) the abundance of the typical species found in 
each sampling locality using the AFOR scale (A = Abun-
dant, F = Frequent, O = Occasional, and R = Rare), and (ii) 
their vitality (Braun-Blanquet 1964; Dierschke 1994) using 
three categories [1: feeble plants that cannot reproduce 
(either by seeds/spores or vegetatively) and be developed in 
all the phenological (e.g., develop flowers or seeds) or grow-
ing stages (e.g., develop normally in height) in comparison 
with their biology, 2: plants with a poor reproduction or 
development of certain phenological or growing stages in 
comparison with their biology, and 3: well developed and 
reproduced plants in comparison with their biology].

The abundance coefficient was calculated by comparing 
the abundance of each taxon occurring in each sampling 

locality with its average abundance in the subtype, as it was 
calculated on the basis of the plots of the database classi-
fied in the subtype. The average abundance of each taxon 
in the subtype was transformed in the scale AFOR and the 
values 4, 3, 2, and 1 were given for the four grades (A, F, 
O, and R) of the scale. If the abundance of the taxon in the 
sampling locality differed for more than one grade from that 
in the subtype, the coefficient was equal to the ratio of the 
abundance in the sampling locality to that in the subtype. 
For example, if the abundance of the taxon in the sampling 
locality was 1 and its average abundance in the subtype was 
3, then the coefficient was equal to 1/3. If there was no dif-
ference in the abundance or it was up to one grade of the 
AFOR scale, the coefficient was set to 1.

The vitality coefficient value was set equal to 1, 0.66, 
and 0.33 for the vitality categories 3, 2, and 1, respectively.

For each sampling locality, we summed the products of 
the species fidelity values with the abundance and vitality 
coefficients values and the sum was relativized by dividing 
it with the sum of fidelity values of all the typical species of 
the habitat subtype to which the sampling locality was clas-
sified. This value was considered to represent the conserva-
tion degree of the typical species in each sampling locality 
and it is named hereafter as the index of conservation degree 
of typical species (ICDTS).

3.1.3  Assessment of the actual conservation degree 
of typical species

The values of ICDTS were calculated for all sampling locali-
ties, which were more than 10,000. Habitat types were then 
divided in 11 categories (Table 1) which correspond to a 
great extent to the categories identified in the Habitats Direc-
tive. Within each of these 11 categories, the average and 
standard deviation of the ICDTS values were calculated. For 
each sampling locality, we calculated the difference of its 

Table 1  Habitat types grouped 
in categories on the basis of 
their physiognomy and ecology. 
The average and the standard 
deviation (SD) of the index of 
conservation degree of typical 
species are presented for each 
category

Category Average of 
ICDTS

SD of ICDTS Habitat type codes

1 0.291 0.143 1210, 1240, 1310, 2110, 2120, 2190
2 0.275 0.138 1410, 1420, 1430, 1510, 2220, 2230, 2250, 2260
3 0.232 0.205 3130, 3140, 3150, 3170, 3240, 3260, 3280, 3290
4 0.204 0.112 4060, 4090
5 0.295 0.144 5110, 5210, 5330, 5420, 5430
6 0.207 0.151 6170, 6220, 6230, 62A0, 62D0, 6420, 6430, 6510
7 0.263 0.136 7140, 7210, 7230
8 0.211 0.182 8140, 8210, 8220, 8320
9 0.325 0.131 91E0, 91F0, 92A0, 92C0, 92D0
10 0.374 0.164 9110, 9130, 9140, 9150, 9180, 91CA, 91M0, 

9250, 9260, 9270, 9280, 9410, 9530, 9560, 
95A0

11 0.536 0.238 2270, 9290, 9310, 9320, 9340, 9350, 9540
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ICDTS value from the average of the category of the habitat 
type which it belongs. This difference was then divided by 
the standard deviation (SD) of the ICDTS of the habitat type 
category. In this way, we calculated how many SDs each 
sampling locality’s ICDTS differs from the average of the 
category of the habitat type which it belongs. These values 
are comparable between the sampling localities regardless 
the habitat type which they belong. The distinction of dif-
ferent categories of habitat types and the calculation of aver-
ages and SDs per category was applied, because the range 
of ICDTS index values differs according to the habitat type 
ecology and the number of typical species. Ideally, the aver-
age and SD of ICDTS values should be calculated for each 
habitat type, but, in our data set, there were some habitat 
types with a relatively low number of sampling localities. 
Furthermore, increasing the number of sampling localities 
used to calculate the above-mentioned statistics reduces the 
effects of outliers.

Finally, after testing with different threshold values, the 
ones presented in Table 2 were chosen to classify the three 
classes of conservation degree (FV, U1, and U2) related to 
the typical species. The specific thresholds were chosen, 
after inspecting the percentage of sampling localities which 
were classified in each of the three classes of conservation 
degree, as well as comparing the classification in conserva-
tion degrees that the thresholds produce, with the empirical 
estimations of the conservation degree of sampling localities 
during the field sampling.

3.2  Assessment of the actual conservation degree 
for specific structure and functions

The conservation degree for specific structure and functions 
was assessed on the basis of the proportion of indicators 
present in each sampling locality from the total number of 
indicators for each habitat type and the thresholds chosen to 
be applied are presented in Table 3.

3.3  Assessment of actual conservation degree 
of structure and functions (including typical 
species)

The actual conservation degree of structure and functions 
(including typical species) was assessed after combining the 
assessment of its two sub-parameters: specific structure and 
functions and typical species (Table 4).

The actual status of structure and functions (includ-
ing typical species) is a parameter appearing in the habi-
tat’s report. Therefore, the assessment of the conservation 
degree at the sampling locality level should be upscaled to 
the national level using the methodology described in the 
respective parts of this paper.

3.4  Estimation of future prospects of structure 
and functions

The future trend of conservation degree of structure and 
functions was estimated using the number and importance 
of the pressures and threats recorded in each sampling local-
ity. The trend is considered as favourable (FV), when up to 
one pressure/threat of medium importance and no pressure/
threat of high importance is recorded or positive impacts 
(e.g., management measures) balance higher number or 
importance of pressures/threats. If there is more than one 
and up to three pressures/threats of medium importance, and 
none of high importance or positive impacts balance higher 
number or importance of pressures/threats, the trend is con-
sidered as unfavourable-inadequate (U1). If there are more 
than three pressures/threats of medium importance or at least 
one pressure/threat of high importance, the trend is assessed 
as unfavourable-bad (U2). The future conservation degree 
was estimated by expert judgment at each sampling local-
ity taking into consideration the number and importance of 
pressures and threats, the actual conservation degree, as well 
as any applied or planned conservation measures in the area.

The future prospects of the conservation degree of 
structure and functions are then estimated on the basis of 
the actual degree and the future trend for every sampling 
locality, following the suggestions described in Fig. 6 and 
Table 2, pages 33 and 34, respectively, in Evans and Arvela 
(2011).

Table 2  Key to assessment of conservation degree of typical species 
at the sampling locality level

Conservation degree Value of ICDTS

Favourable (FV) Plot’s ICDTS > average − 1 × SD
Inadequate (U1) Average −1 × SD ≥ Plot’s 

ICDTS > average −1.5 × SD
Bad (U2) Plot’s ICDTS ≤ average −1.5 × SD

Table 3  Key to assessment of conservation degree of structure and 
functions at the sampling locality level

Conservation degree Proportion of 
indicators marked as 
present

Favourable (FV) ≥ 50%
Inadequate (U1) < 50% but ≥ 25%
Bad (U2) < 25%
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4  From the conservation degree 
to the conservation status assessment

At the spatial scale of sampling locality, we have esti-
mated: (i) the actual conservation degree of structure 
and functions (including typical species), and (ii) the 
local prospects of the conservation degree of structure 
and functions. To assess the conservation status of each 
habitat type at the national level, two procedures are 
required: (i) the upscaling of these parameters at the 
national level and (ii) the combination of these parameters 
with the ones related with the area and the range that have 
been assessed at the regional to national scale. The latter 
is already described by Evans and Arvela (2011), and 
thus, we will not discuss it in this paper, yet the former 
requires the development of a specific methodology. A 
broad schematic representation of the transition between 
spatial scales and the combination of parameters in each 
step is shown in Fig. 3.

Our proposed method leads to the evaluation of the con-
servation degree at a specific locality and, in turn, one or 
more sampling localities are included in a single unit of 
broader geographical scale (i.e., European Environment 
Agency (E.E.A.) reference grid cells, N2000 site, biogeo-
graphical region, MS).

The transition among spatial scales from the local 
(sampling locality) to the national could include one or 
more intermediate steps, as shown in Fig. 4. In Greece, 
the assessment of the conservation status was evaluated 

using the intermediate step of assessing the conservation 
degree of each habitat type at the Ε.Ε.Α. 10 km reference 
grid cell. The field evaluators were instructed to sample at 
least one locality, if possible, in every E.E.A. 10 km grid 
cell that a habitat type was known to occur within each 
N2000 site.

To estimate the actual conservation degree of each habitat 
type at each E.E.A. 10 km grid cell, we applied the rules 
presented in Table 5 to the data from all sampling localities 
within each grid cell.

The next step includes the aggregation of outputs from 
the E.E.A. cell to national scale. This aggregation followed 
the ‘majority’ rule. Specifically, the actual conservation sta-
tus of a habitat type at the national level was set to the same 
class with that of the conservation degree found in most 
E.E.A. cells in which the habitat type’s conservation degree 
was assessed. In the case of tie (lack of majority), the worst 
conservation degree was applied.

The final choice of rule sets for the aggregation of the 
assessment outputs at broader scales was based on expert 
opinion. Alternative assessments of the conservation status 
using different combinations of rules for the intermediate 
steps were performed and the outputs were subjected to the 
opinion of a series of experts to define the combination of 
methods that best depicts the condition of habitat types in 
Greece. It was concluded that a strict ‘75-25’ rule for the 
aggregation at the E.E.A. grid cell followed by the ‘majority’ 
rule was the best combination for the final assessment of the 
conservation status at the national scale.

Table 4  Key to assessment of 
conservation degree of structure 
and functions (including typical 
species) at the sampling locality 
level

Conservation degree Combinations of conservation degree of sub-parameters

Favourable (FV) Typical species and structure and functions FV
Inadequate (U1) Typical species and/or structure and functions U1, but none U2
Bad (U2) Typical species and/or structure and functions U2
Unknown Typical species and/or structure and functions Unknown, but none U2

Fig. 3  Conservation status assessment parameters and transition 
among spatial scales. Data collected in sampling localities (light 
green background fading towards down) can be combined at the same 
spatial scale to result in the assessment of certain parameters (red 
background fading towards left) and further combined with param-

eters derived from expert judgment (orange uniform background) 
before they are upscaled and combined again with parameters of area 
and range. Data on blue background fading towards right are reported 
(article 17 of Habitats Directive) at the national scale (colour figure 
online)
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The same procedure was applied for the estimation of the 
prospects of structure and functions, i.e., we estimated the 

‘future degree of structure and functions’ at the sampling 
locality level, and then, we applied the rules presented in 

Fig. 4  Bottom–up approach allows for the consideration of (sub)parameters evaluated at different spatial scales and the aggregation of (sub)
parameters assessment at broader scales, using objective algorithms (colour figure online)

Table 5  Key for the upscale of the conservation degree from the local to the E.E.A. grid cell level

Conservation degree at 
E.E.A. 10 km grid cell

Rule

Favourable (FV) ≥ 75% of sampling localities included in the E.E.A. grid cell evaluated as FV in actual conservation degree of structure 
and functions

Inadequate (U1) Any other combination
Bad (U2) > 25% of sampling localities included in the E.E.A. grid cell evaluated as U2 in actual conservation degree of structure 

and functions
Unknown More than 25% of sampling localities included in the E.E.A. grid cell with unknown actual conservation degree of 

structure and functions but less than 25% of sampling localities evaluated as U2 in actual conservation degree of 
structure and functions
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Table 5 to estimate the future degree of structure and func-
tions at the E.E.A. 10 km cell level and then the majority 
rule to assess the future prospects of habitat type, taking into 
consideration the prospects of the area and the range. The 
same procedure was also applied to estimate the conserva-
tion degree at the N2000 site, but in this case, only using the 
E.E.A. cells in which the site is included.

5  Discussion

5.1  Characteristics and advances of the proposed 
methodology

During the Greek monitoring project (2014–2015), we 
developed a methodological approach for the conserva-
tion degree/status assessment of structure and functions 
of habitat types based on quantitative methods (i.e., as 
objective as possible), which is, furthermore, flexible (e.g., 
leading to different types of analysis depending on the 
different scales), prone to optimization and improvement 
in its future implementations, and cost-effective, realis-
tic, and as easy to use as possible (e.g., appropriate to 
be implemented by evaluators with a moderate level of 
specialization).

The first critical step towards the implementation of the 
described methodology was the classification of subtypes 
within habitat types, at least in the habitat types with con-
siderable geographical and/or ecological differentiation in 
Greece, by means of numerical methods. In most cases, 
habitat types can be considered as distinguishable and 
repeatable assemblages of species (Henry et al. 2008). The 
distinction of different assemblages within habitat types 
representing their geographical and ecological variation 
is recommended by the explanatory notes and guidelines 
for the monitoring under Habitats Directive (Evans and 
Arvela 2011), as well as in the relevant literature (Henry 
et  al. 2008; Kovač et  al. 2016). The procedure which 
we have followed (classification of habitat subtypes and 
assignment of each sampling locality in a habitat subtype) 
ensures that species composition and abundance will be 
compared between ecologically and floristically similar 
vegetation types.

The second step was the selection of typical species for 
the identified habitat subtypes. The adopted methodology 
satisfies most of the characteristics that typical (indica-
tor) species should have according to Carignan and Villard 
(2002). Specifically, we have chosen to use as typical spe-
cies a rather long list of vascular plant taxa which can be 
considered as diagnostic of habitat types and their subtypes 
and were determined using objective methods. Subjectiv-
ity in choosing indicator species is considered as a primary 
limitation in their implementation (Siddig et al. 2016). The 

typical species chosen are the characteristic or differential 
taxa of the syntaxa (from the association to the class level) 
in which each habitat subtype is assigned. Such taxa may be 
considered as specialists, and may be sensitive to environ-
mental changes and thus able to provide an early warning of 
changes (Carignan and Villard 2002; Hutto 1998).

The use of a long list of typical species (on average 
approximately 32 taxa) may be criticized, because it 
requires a lot of time during fieldwork (Bendali and Nellas 
2016) and, in addition, it does not allow the collection of 
many detailed measurements (e.g., measurement of plants 
dimensions or of species densities). On the other hand, the 
use of a large number of typical species allows for more 
robust (based on larger samples) comparisons between 
areas or monitoring periods. Moreover, it ensures that var-
ious types of changes (e.g., response to management prac-
tices, environmental changes, and ecological succession) 
can be detected and that the causes of such changes can be 
investigated by means of appropriate analysis and ecologi-
cal interpretation. Recording the complete floristic compo-
sition in each sampling locality would offer more oppor-
tunities to analyze the data, detect possible changes, and 
interpret the results (Yoccoz et al. 2001), but the choice 
to record only indicator species actually is a compromise 
to reduce the time and cost needed for field sampling, and 
to allow people with less floristic knowledge to contribute 
to field sampling. Actually, even citizen scientists could 
collect the relevant data, even though the citizen scientists 
are likely to detect less species in the field than the experts 
(Kallimanis et al. 2017).

Furthermore, the proposed method is not only based on 
the presence/absence of typical species, but it also includes 
additional information regarding their abundance and vital-
ity. The estimation of the vitality of taxa is a fast but effective 
approach to assess if these species grow within their zone of 
ecological optimum or if they are subjected to stress. Pres-
ence/absence, abundance, and vitality are the main attributes 
of indicator species that are expected to reflect the cumula-
tive effects of environmental changes (Siddig et al. 2016). 
Recording these attributes at the sampling locality allows 
for the synthesis–analysis of the data at higher spatial levels 
and thus capturing the multi-scalar patterns and processes of 
biodiversity (Rondinini and Chiozza 2010). Moreover, the 
record of presence/absence and abundance data for indica-
tor species throughout Greece can also support the distribu-
tion modeling of the habitat types and thus resulting in the 
determination of their potential distribution. The latter is 
a useful parameter for the estimation of the habitat types’ 
reference values concerning their area and range. Culmsee 
et al. (2014) pointed out that prediction of forest habitats 
is possible when it is based on indicator species with close 
association to these habitats.
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Yoccoz et al. (2001) argue convincingly that the use of 
non-quantitative state variables in monitoring should be 
avoided. Thus, in the described approach, the conservation 
status assessment of the sub-parameter of typical species 
was based on the estimation of a continuous quantitative 
index (the ICDTS index). The latter index is useful to deter-
mine thresholds between the three different conservation 
degrees/statuses. Neither the Habitats Directive nor the 
explanatory notes and guidelines or any other publication 
answers to the question of how many of the typical species 
should be present with a favourable conservation status in 
an area to classify the conservation degree/status of a habitat 
type in a specific category (i.e., FV, U1, and U2). Further-
more, the surface of the area in which the above typical 
species should be present remains unspecified. The use of a 
continuous index helped us to search for thresholds and to 
deal with the uncertainty regarding the answer to the above-
mentioned issues.

One critical issue about selecting indicators of structure 
and functions is the amount of effort and time needed to 
measure or estimate them during field sampling. We selected 
indicators which can be estimated relatively fast by evalua-
tors that have undergone an appropriate training to attain a 
common understanding. Measurements of indicators such 
as those presented by Kovač et al. (2016) for forest habi-
tat types (e.g., patch size, standing volume, and deadwood 
volume) would be surely more objective and accurate, but 
it would not be feasible and effective in terms of available 
time and budget to make such measurements in all (or in a 
large proportion) of the sampling localities. We consider 
that less accurate estimations in a considerable large number 
of sampling sites can reflect better the spatial variation of 
structure and functions of habitat types. In addition, they 
could be applied reliably by non-experts, like citizen scien-
tists (Kallimanis et al. 2017).

The use of checklists for typical species, indicators of 
specific structure and functions, and pressures and threats 
alongside the application of numerical methods for the 
analysis of the collected data ensure that the final assess-
ment will be independent—as much as possible—from the 
evaluator or the year of observation (Hill et al. 2005).

To test whether the proposed evaluation scheme was suc-
cessful regarding its level of objectivity, we applied a Multi-
ple Correspondence Analysis (MCA), an ordination analysis 
analogous to principal component analysis but for categori-
cal variables (for more details, readers should refer to Bor-
card et al. (2011)). We included the outputs of assessment 
of each sampling locality (approximately 10,000 localities) 
in a database. More specifically, the assessment of (i) typi-
cal species, (ii) specific structure and functions, (iii) future 
trend, (iv) future status, (v) conservation degree (estimated 
at the N2000 site level), and (vi) head field evaluator was 
included in the database; and the sampling localities were 

grouped on the categories presented in Table 1. If the final 
assessment was highly subjective, one would expect that the 
‘conservation degree assessment (estimated at the N2000 
site)’ and the ‘head field evaluator’ would be located very 
close in the MCA plot.

Instead, the conservation degree assessment was located 
closer to the variables ‘typical species’ and ‘specific struc-
ture and functions’, indicating that these had a stronger influ-
ence on the final assessment (Fig. 5).

The collected data using the proposed method can build 
a pressure-response scheme in the sense of Smeets and 
Weterings (1999), as they can be used for the description of 
the relationships between the origins and consequences of 
environmental problems. The data about the typical species 
as well as the specific structure and functions can be con-
sidered as indicators of biodiversity responses to environ-
mental drivers, while the latter can be explored by analyzing 
the relationships between the indicators and the pressures/
threats, as well as the environmental parameters collected in 
each sampling locality. According to de Bello et al. (2010), 
monitoring schemes should incorporate the assessment of 
both biodiversity indicators and drivers to be able to provide 
answers not only about the status of biodiversity, but also 
about the reasons behind this status. This is important for 
providing the appropriate data to policy makers to select 
effective measures to conserve biodiversity. Furthermore, 
the existence of data on both biodiversity indicators and 
drivers gives the possibility to develop modeling techniques 
for quantifying the effect of pressures and environmental 
factors on the conservation status of species and habitat 
types and thus to predict the conservation status under dif-
ferent scenarios of policy decisions (de Bello et al. 2010).

The application of a bottom–up evaluation approach pro-
vides the ability to analyze data at different spatial scales. 

Fig. 5  MCA plot of riparian forest habitat types (habitat type cat-
egory 9; Table 3). Variables: head_evaluator: head field evaluator of 
the sampling locality; FINAL_ASSESSMENT: conservation degree 
assessment of habitat type at the N2000 site level, future_status: 
assessment of future status; future_trend: assessment of future trend; 
str_fun: conservation degree of specific structure and functions, typi-
cal_species: conservation degree of typical species (colour figure 
online)
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For instance, this approach results in specific knowledge at 
a local scale regarding the conservation degree or the occur-
rence of pressures and threats. This supports the elaboration 
of local management plans that are based on more localized 
or regional conservation objectives (Louette et al. 2011). To 
exemplify, the number and intensity of pressures and threats 
can be expressed in a pressure/threat index. This index is 
the transformation of the qualitative variable ‘pressures and 
threats’ into an ordinal scale. The transformation takes place 
using the following rules: A pressure/threat of low intensity 
obtains the value 1 in the ordinal scale, of medium intensity 
the value 2, and of high intensity the value 3. These are 
summed to the sampling locality level (if more than one 
pressure/threat has been recorded in the sampling local-
ity) and then averaged to the E.E.A. grid level or directly 
interpolated over broader scales to represent areas with high 
values (many or intense) of pressures and threats (Fig. 6).

The bottom–up approach can partially counterbalance 
the negative effects of a spatially imbalanced sampling 
design through its potential to aggregate outputs using 
intermediate spatial scales, like the E.E.A. grid cell. 
Clustered sampling localities can distort the conservation 

status assessment if a disproportionally large number of 
sampling localities are located on small areas in which the 
habitat type exhibits a conservation degree which is dif-
ferent from that in extended areas that are under-sampled, 
when the aggregation of assessment is made directly from 
the sampling localities to the biogeographical region. Indi-
cations of irregular spatial arrangement of sampling locali-
ties should lead to the adoption of a stepwise aggregation 
procedure as it was done in Greece. For example, let us 
consider a habitat type that occurs in 6 N2000 sites (each 
being included in one E.E.A. 10 km grid cell), covering 
equal surface area in each site. In one of the sites, due to 
intense pressures and threats, the conservation degree of 
the habitat type is unfavourable-bad (U2), thus evaluators 
decide to sample 5 localities to depict the occurrence of 
various pressures and threats of high intensity. In the other 
sites, the habitat type is in favourable conservation status 
(FV) and field evaluators decide to sample one locality in 
each. Thus, for a total of ten sampling localities, five are 
evaluated as U2, and five as FV. Considering all sampling 
localities without further spatial aggregation, the conser-
vation status assessment would result in U2 (more than 

Fig. 6  Pressure/threat index 
values distribution over Greece 
interpolated (inversed distance 
weighting) from the mean pres-
sure/threat index per sampling 
locality (colour figure online)
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25% of sampling localities assessed as ‘U2’). A spatial 
aggregation in the E.E.A. 10 km grid cell would result in 
six grid cells, from which five would have been evaluated 
as ‘FV’ and only one (16%) as ‘U2’. In this case, the con-
servation status of the habitat type would result in ‘FV’, 
better representing the overall status of the habitat type in 
the country. This spatial aggregation provides some free-
dom to field evaluators to oversample localities in which 
the habitat type is facing problems without largely affect-
ing the overall conservation status of the habitat type.

Among the major advances of the development of a 
standardized monitoring scheme is the enhancement of 
resources (both time and capital) efficiency of the monitor-
ing project (Lengyel et al. 2008a). The use of site-based 
species’ checklists significantly restricts the time needed 
by evaluators to collect data in the field, and, additionally, 
decreases the required time for the identification of plant 
specimens in the laboratory.

5.2  Considerations and improvements needed

The distinguished habitat subtypes and the determination 
of their typical species are based on a database of approxi-
mately 18,000 vegetation plots. It is unknown if this data set 
represents the full range of variation (in terms of ecological 
conditions and floristic composition) of the habitat types 
occurring in Greece. Classification of vegetation data and 
determination of typical species should be repeated in the 
future and as long as a significant amount of new vegetation 
data will be available.

The thresholds for the classification of the typical spe-
cies and the structure and functions in the three conserva-
tion statuses were chosen on the basis of best expert judg-
ment. The use of indices to quantify the quality of structure 
and functions of habitat types is very useful (Kontula and 
Raunio 2009), but the choice of objective thresholds, espe-
cially for a high number of habitat types, is a very difficult 
task. More research is needed to this direction to establish 
ecologically meaningful thresholds concerning the typical 
species and the structure and functions. This possibly could 
be done by setting reference sites that represent different 
levels of conservation status (see Kovač et al. 2016). How-
ever, taking into account the ecological variability of habitat 
types, a high number of reference sites may be needed to 
find applicable thresholds. In addition, many habitat types 
are pioneer or intermediate stages of natural succession that 
have been developed after natural or human-caused distur-
bances (Halada et al. 2011). In such cases, the choice of 
reference sites is more difficult as they should represent cer-
tain ‘points’ in the continuum of ecological succession. Ref-
erence sites usually concern ecosystem types representing 
final stages of succession, with no or minimal disturbances. 
Another way to deal with the problem of threshold definition 

is an optimization procedure. In this case and through the 
accumulation of data, the already defined thresholds can be 
tuned to represent better the three conservation degrees. Fur-
thermore, the optimization procedure should also concern 
the improvement of the lists of structure and functions, as 
well as of typical species. Although, for the sake of compa-
rability between monitor periods, these parameters should be 
kept steady, a tuning of them would be most probably neces-
sary on the basis of tests of their effectiveness to reflect habi-
tat types conservations status as well as of new knowledge 
that would be produced (Yoccoz et al. 2001). In addition, the 
assessment of conservation degree of habitat types would be 
more complete if the lists of typical species included other 
groups of organisms (i.e., lichens, bryophytes, fungi, and 
animals) (Evans and Arvela 2011). More research is needed 
towards the identification of other groups of organisms that 
could be considered as indicators of the conservation degree 
of habitat types. An additional difficulty to integrate other 
groups of organisms in the typical species lists is that field 
researchers should have taxonomic and ecological knowl-
edge for different groups of organisms.

6  Conclusions

In the frame of the Habitats Directive, all EU MS are obliged 
to establish a monitoring scheme and report the conservation 
status of habitat types and species of community interest 
every 6 years. This obligation should be taken as an oppor-
tunity to enhance the development of scientific methodology 
and research for biodiversity monitoring and conservation 
(Lengyel et al. 2008b) and to overcome the insufficient com-
munication between scientific research, policy, and practice 
(Davis et al. 2014; Yoccoz et al. 2001). Monitoring programs 
aiming at the investigation of the effects of management 
actions to biodiversity surrogates can be considered as simi-
lar to the investigations of competing scientific hypotheses 
(Yoccoz et al. 2001). Here, we presented a methodology for 
the conservation status/degree assessment of habitat types 
structure and functions which (i) is largely based on quanti-
tative methods, (ii) provides data that can be analyzed with 
different methods and at different spatial scales, (iii) is rela-
tively cost-effective and realistic, and (iv) can and should be 
optimized in the future.
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