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Extending the interpretation of Natura 2000 habitat types beyond their 
definition can bias their conservation status assessment: An example with 
species-rich Nardus grasslands (6230*) 
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A B S T R A C T   

In this study, taking as an example the species-rich Nardus stricta grasslands (habitat 6230*) within the Natura 
2000 network of the Lombardy region (northern Italy, central southern Alps), we evaluated i) whether the spatial 
distribution of the habitat 6230* corresponded to essential features for its identification, and ii) whether a broad 
habitat interpretation could affect its regional conservation status assessment. 

We analysed the spatial distribution of habitat 6230* regarding the elevation, geological substrate, forest 
treeline, land use types and other habitat types. Using the regional database of habitat relevés, we calculated the 
threshold values of conservation status for a range of indicators of structure, functions and future prospects. To 
this end, we used a subset of relevés of the subalpine sub-type of habitat 6230*, as it corresponds to plant 
communities where habitat interpretation can easily be extended beyond its definition. 

The mapped distribution of habitat 6230* did not entirely match the essential features required for its 
identification. Some polygons were located at the ecological extremes of habitat 6230*, on carbonate substrates 
and in the alpine belt. In those conditions, the habitat showed an Unfavourable-bad (U2) conservation status, 
decreasing species richness and typical species dominance and frequency. Our findings highlighted that plant 
communities representing ecological extremes of the habitat type 6230* should no longer be referred to the same 
habitat type. 

The proposed indicators can help identify habitat sub-types more conducive to successful restoration mea-
sures, thereby ensuring favourable conservation status. In turn, this guarantees sustainable agricultural land use, 
which simultaneously promotes biodiversity and high-quality food products. Furthermore, the procedure could 
be extended to other habitat types for early identification of priority monitoring areas, especially when their 
interpretation has gone beyond their definition, with little consideration given to the consequences on the 
regional conservation status assessments.   

1. Introduction 

The European Union’s Habitats Directive (EU’s HD; 92/43/EEC) 
defines natural habitats as terrestrial or aquatic, natural or semi-natural, 
areas that possess unique geographic, abiotic, and biotic features. 
Among them, natural habitat types of EU Community interest (hereafter 
“habitat”) are included in the HD Annex I when they: i) are in danger of 
disappearance in their natural range, ii) have a small natural range 
following their regression or because of their intrinsically restricted 
area, ii) present outstanding examples of typical characteristics of one or 
more EU biogeographic regions. The HD requires the designation of 

Special Areas of Conservation (SACs) to protect and manage Annex I 
habitats and species of EU Community interest listed in the HD Annex II. 
The EU network of SACs, together with Special Protection Areas (SPAs), 
designed under the Birds Directive (79/409/EEC), is called the Natura 
2000 (N2K) network. 

After the implementation of the HD, habitats interpretation has 
received legislative significance (Rodwell et al., 2018). Substantial ef-
forts have been made to clarify habitats interpretation (EC, 2013), even 
at the national (see Evans, 2010) or regional scale (e.g., Brusa et al., 
2017a). The habitat definition typically involves plant communities 
defined at the phytosociological alliance level (Evans, 2006). However, 
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habitats interpretation has been broad rather than strict. As a result, 
some plant communities or environmental features that were not strictly 
related to the official definition may have been included in the same 
habitat to protect ecosystems that did not qualify as Annex I habitats 
(Evans, 2006; 2010), potentially giving rise to misleading assessments of 
conservation status. Extensive habitats interpretations and extreme sit-
uations should be carefully checked and identified prior to comparing 
them to Favourable Reference Values (FRVs) set for the correct standard 
of the same habitat. 

As a case study, we considered the species-rich Nardus stricta grass-
lands (habitat 6230*), which interpretation raised several issues in 
many EU countries and regions (Evans, 2010). This priority habitat type 
is widespread in the EU, occurring in 24 Member States (MS), as well as 
in Norway, Switzerland and the United Kingdom (Delarze et al., 2015; 
Fremstad, 2002), and six biogeographic regions (Galvánek and Janák, 
2008). Among the MS, Italy shows the largest habitat 6230* area within 
the N2K network, mainly in the Alpine biogeographic region (https 
://nature-art17.eionet.europa.eu/article17/habitat/summary/?perio 
d=5&group=Grasslands&subject=6230&region=), greatly referable to 
the Lombardy administrative region, which occupies a central position 
in the southern Alps (https://eunis.eea.europa.eu/habitats/10122). 
Despite its wide distribution, habitat 6230* is undergoing a decrease in 
area across various biogeographic regions (Peppler-Lisbach et al., 2020) 
and European mountain ranges (Macdonald et al., 2000; Prévosto et al., 
2011). The habitat 6230* conservation status is Unfavourable-bad (U2) 
in five biogeographic regions and Unfavourable-inadequate (U1) in the 
Alpine region (EEA, 2021a), and it is listed as “vulnerable” in the Eu-
ropean Red List of Habitats being threatened by management intensifi-
cation and land abandonment (Janssen et al., 2016; https://forum. 
eionet.europa.eu/european-red-list-habitats/library/terrestrial-habi-
tats/e.-grasslands/e1.7-lowland-submontane-dry-mesic-nardus-grass-
land-1/). 

Habitat 6230* is officially defined as “Species-rich Nardus grass-
lands, on siliceous substrates in mountain areas (and sub-mountain 
areas, in Continental Europe)”. The interpretation manual of EU habi-
tats (EC, 2013) provides further details, defining it as “closed dry or 
mesophile, perennial Nardus grasslands occupying siliceous soils in 
Atlantic or sub-Atlantic or boreal lowland, hill and montane regions”. 
The geographic discrimination of habitat 6230* is of lesser concern, 
given its wide distribution across many MS and biogeographic regions. 
Strict compliance is necessary for correctly identifying abiotic and biotic 
features, especially substrate, elevation, and species richness. Therefore, 
it is presumable that if the definition of the habitat is excessively 
extended concerning one or more of these points, the assessment of its 
conservation status is likely to be compromised. 

Although referring only to siliceous substrates, it is now widely 
accepted that the habitat 6230* can also occur on leached carbonate 
substrates (Leuschner and Ellenberg, 2017), as has been reported in 
different MS (Bensettiti et al., 2005; Lüth et al., 2011; Stanová and 
Valachovič, 2022), including Italy (Biondi et al., 2012; Gennai et al., 
2014). However, it is worth remembering that maintaining habitat 
6230* on carbonate substrates is at risk since this kind of grassland 
might quickly evolve into more eutrophic meadows (Carroll et al., 
2003), which can no longer be included in the definition of this habitat. 
The occurrence of habitat 6230* should be limited to sites located below 
the potential treeline (Galvánek and Janák, 2008), as indicated by terms 
such as “montane”, “submontane”, “hill”, and “boreal lowland”. Its 
frequency should at least be conspicuous only in lowlands of Atlantic 
and Boreal Europe or in mountain areas of Continental Europe, 
including the major mountain ranges (e.g., Alps, Pyrenees, Apennines, 
Dinarides, Carpathians and Scandinavian mountains). Hence, grazed 
grasslands of the alpine belt, commonly of primary origin, should be 
referred to other habitats (e.g., habitat 6150 “Siliceous alpine and boreal 
grasslands”), even if Nardus is present or dominant (Ellmauer, 1993; 
Grabherr, 1993). Lastly, species richness is another remarkable feature 
of the habitat 6230*; therefore, over-grazed grasslands notoriously 

associated with Nardus dominance and floristic degradation (Armstrong 
et al., 1997; Gennai et al., 2014) should not be included in this habitat. 
Moreover, pastures which have become irreversibly damaged through 
over-grazing should also be excluded (EC, 2013). 

Based on such considerations, the Italian Alps’ subalpine grasslands 
straddling the treeline are more prone to a misleading habitat 6230* 
interpretation, potentially worsening the outcomes of regional conser-
vation status assessment. In this region, the treeline varies greatly due to 
continentality, geomorphology and land use (Caccianiga et al., 2008). At 
higher elevations, substrates can often be calcareous with shallow soils, 
as opposed to lower elevations where acidic soils may come from pre-
vious deforestation followed by long-lasting grazing activities other than 
from acidic bedrock. Moreover, over-grazed grasslands are now mainly 
located at higher elevations due to land use changes linked to a gener-
alized dereliction of the lower areas. Therefore, the present study aims, 
focusing on the subalpine habitat sub-type at the regional scale, 1) to 
evaluate whether the spatial distribution of habitat 6230* within the 
N2K sites of the Lombardy region (northern Italy, central southern Alps) 
corresponds to the abiotic features (substrate and elevation) that are 
essential for its identification, and 2) to quantify the effects of inter-
pretation extensions beyond its definition on outcomes of regional 
conservation status assessments. Specifically, we analyzed the habitat 
6230* spatial distribution regarding the elevation range, the geological 
substrate, its position concerning the treeline, its coherence with her-
baceous physiognomy and its contacts with other habitats. We then 
tested the effects of habitat interpretation extensions beyond its defini-
tion on outcomes of conservation status assessments by calculating a set 
of indicators concerning structure and functions, using floristic- 
vegetation relevés referable to the habitat 6230* reported in the liter-
ature before the entry into force of the HD (years 1950–1980), which 
potentially can be the base to derive FRVs. 

2. Methods 

2.1. Spatial distribution analysis 

Spatial analysis was carried out using QGIS software (version 
3.10.11). The HD Art. 17 requires MS to draw up a six-yearly report on 
the measures taken under the HD, including updates about habitat 
occurrence. We thus used the most recent habitat occurrence map of the 
Lombardy administrative region (northern Italy, central southern Alps) 
based on the results of the IV report ex-art. 17 (available online at https 
://www.geoportale.regione.lombardia.it/) and on a modelling 
approach (Dalle Fratte et al., 2019), respectively, within and outside the 
N2K network. All other maps we used were available online at the 
geoportal of Lombardy (https://www.geoportale.regione.lombardia. 
it/): i) the digital elevation model of Lombardy (raster; 20 × 20 m res-
olution); ii) the map of lithological substrates (shapefile; 6 classes: sili-
cate rocks, carbonate rocks, alluvial deposits, recent western moraines, 
recent eastern moraines, other moraine deposits); iii) the regional map 
of land use types (DUSAF v.6, shapefile; 78 classes based on Corine Land 
Cover classification); iv) the map of forest types (PIF v.2019, shapefile; 
231 classes). All maps were retrieved on 20/11/2021, and shapefiles 
were converted into raster format (20 × 20 m resolution) for the sub-
sequent analysis. 

For each polygon attributed to the habitat 6230* within the N2K 
network, we calculated the average elevation, area, and the most 
widespread lithological substrate using the function “zonal statistics”. 
To compare the distribution of habitat 6230* with the forest treeline, we 
created for each polygon of habitat 6230* a 100 m buffer that we 
intersected with the map of forest types. We considered the polygons 
placed within 100 m of forested areas to be below the current forest 
treeline. We classified the other polygons considering their elevation: 
below the forest treeline if lower than 1300 m a.s.l. and above the forest 
treeline if higher than 1800 m a.s.l.. We further checked by photoin-
terpretation the remaining polygons between 1300 and 1800 m a.s.l., 

M. Dalle Fratte and B.E.L. Cerabolini                                                                                                                                                                                                      

https://nature-art17.eionet.europa.eu/article17/habitat/summary/?period=5%26group=Grasslands%26subject=6230%26region=
https://nature-art17.eionet.europa.eu/article17/habitat/summary/?period=5%26group=Grasslands%26subject=6230%26region=
https://nature-art17.eionet.europa.eu/article17/habitat/summary/?period=5%26group=Grasslands%26subject=6230%26region=
https://eunis.eea.europa.eu/habitats/10122
https://www.geoportale.regione.lombardia.it/
https://www.geoportale.regione.lombardia.it/
https://www.geoportale.regione.lombardia.it/
https://www.geoportale.regione.lombardia.it/


Ecological Indicators 156 (2023) 111113

3

which is the elevation range with the highest forest treeline dynamics 
(Caccianiga et al., 2008). We then intersected the habitat 6230* map 
with the regional map of land use types to calculate, for each polygon of 
the habitat 6230*, the percentage of land use types with herbaceous 
physiognomy, i.e. corresponding to one or more of these classes: 2311 - 
permanent meadows without trees and shrubs, 2312 - permanent 
meadows with sparse trees and shrubs, 3211 - natural high altitude 
grasslands without trees and shrubs, 3212 - natural high altitude 
grasslands with sparse trees and shrubs, 333 - sparse vegetation. We 
calculated classes of herbaceous physiognomy using the 20 % in-
crements. Finally, we added a 10 m buffer to each habitat 6230* polygon 
within the N2K network and intersected it with the habitats map of 
Lombardy to analyse contacts with other habitats. 

2.2. Threshold values identification and conservation status assessment 

The habitat database of the Lombardy region contains 142 floristic- 
vegetation relevés referred to the habitat 6230* (Brusa et al., 2017b). In 
the regional territory of Lombardy, the habitat 6230* has been divided 
into three habitat sub-types according to their floristic variation with 
elevation and considering the associated syntaxa (Bonari et al., 2023; 
EC, 2013): 6230*-A, lowland and hill grasslands (n = 16); 6230*-B, 
montane grasslands (n = 22); 6230*-C, subalpine grasslands (n = 104) 
(Table 1). 

We investigated the effects of interpretation extensions beyond 
habitat definition on outcomes of conservation status assessment 
focusing on plant communities at the ecological extremes of the subal-
pine habitat sub-type 6230*-C (hereafter “plant communities at the 
extremes”). These plant communities are prevalent in northern Italy, 
making an extension of habitat interpretation more likely (Bonari et al., 
2023). We identified only the relevés of Nardetum alpigenum on silicate 
substrates (=Geo montani-Nardetum) (n = 40; Giacomini et al., 1962) as 
target relevés of the habitat sub-type 6230*-C (EC, 2013). We compared 
indicator values (Table 2) of different sets of relevés belonging to plant 
communities at the extremes with thresholds calculated on the target 
relevés of the habitat sub-type 6230*-C. We considered as plant 

communities at the extremes: i) subalpine Nardus grasslands on car-
bonates substrates (Nardetum alpigenum on carbonate substrates, n = 8; 
Andreis and Rodondi, 1982); ii) subalpine Nardus grasslands on 
nutrient-rich soils (Nardetum alpigenum trifolietosum, n = 11; Gerdol and 
Piccoli, 1980); iii) high-grazed alpine Nardus grasslands (Festucetum 
halleri nardetosum, n = 25; Giacomini and Pignatti, 1955); iv) low-grazed 
alpine Nardus grasslands (Caricetum curvulae nardetosum strictae, n = 7; 
Caccianiga et al., 2000). 

For each plant community at the extremes, we calculated structure 
and functions indicators of the habitat 6230* based on the floristic- 
vegetation relevés (Table 2), like those determined for other habitats 
(Del Vecchio et al., 2016; Carli et al., 2016; Kovač et al., 2016). We 
associated each species with its corresponding life form (Pignatti et al., 
2017), eutrophication and conservation value. We considered species 
indicators of eutrophication to be those with N-Landolt value ≥ 4 
(Landolt et al., 2010). We selected species important for conservation 
value based on their listing on Annexes II and IV of the HD, Red List of 
threatened vascular plants in Italy (Orsenigo et al., 2021), and list of 
regional protected species (Lombardy region law n. 10/2008). 

We defined the list of typical species, including early warning in-
dicators, through the functional-based diagnostic species approach 
using Grime’s CSR and dark diversity (Grime, 2006; Dalle Fratte et al., 
2022). To this aim, we assembled Grime’s CSR plant strategy scores of 
each species using the existing database of functional traits of Northern 
Italy (Cerabolini et al., 2010; Dalle Fratte et al., 2021). We excluded 
trees and shrubs, i.e., (nano)phanerophytes, and species with N-Landolt 
≥ 4 for calculating floristic richness, frequency and dominance of typical 
species, since we used these species as indicators respectively of woody 
encroachment and eutrophication (Table 2). 

Since plant communities at the extremes refer to specific sites, their 
assessment should use the term “degree of conservation” according to 
the explanatory notes to the N2K Standard Data Form (http://eur-lex. 
europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32011D0484:EN: 
NOT). Yet, we used here the protocol and terminology from the regional 
assessment as our goal was to identify the potential effects on the 

Table 1 
Overview of habitat 6230* subtypes of Lombardy region in relation to CORINE 
Biotopes and EUNIS 2021 classification codes (Devillers et al., 1991; EEA, 
2021b). The syntaxa refers to the classification of Mucina et al. (2016).  

Subtype Description Syntaxa CORINE 
Biotopes 

EUNIS 2021 

6230*-A Meso- 
subxerophytic 
oligotrophic 
grasslands in the 
lowland to 
submontane belt 
of the sub-Atlantic 
regions of western 
and central 
Europe, subject to 
grazing or regular 
mowing without 
fertilization 

Violion caninae 
Schwickerath 
1944 

35.11 Mat- 
grass swards 

R1M1 
Nardus 
stricta 
swards 

6230*-B Dry and 
oligotrophic 
pastures in the 
montane belt of 
the Alps 

Nardo-Agrostion 
tenuis Sillinger 
1933 
Nardo-Agrostion 
caninae Cortini- 
Pedrotti et al. 
1973 

35.11 Mat- 
Grass 
swards 

R1M1 
Nardus 
stricta 
swards 

6230*-C Chionophilous 
grasslands in the 
subalpine belt of 
the Alps, usually 
subject to grazing 

Nardion strictae 
Br.-Bl. 1926 

36.311 
Pyreneo- 
Alplne 
mesophile 
mat- 
grasslands 

R4311 
Pyreneo- 
Alpine 
mesophile 
mat-grass 
swards  

Table 2 
List of indicators for structure, functions, and future prospects of the habitat 
6230*.  

Type Indicator Description 

Structure Total coverage (%) Sum of the coverage of all species present 
in each relevé.  

Floristic richness (n) Number of species present in each relevé 
(excluding trees, shrubs, and species with 
N-Landolt ≥ 4).  

Dominance of typical 
species (%) 

Ratio between the sum of the coverage of 
typical species and the sum of the 
coverage of all species in each relevé. 

Functions Frequency of typical 
species (%) 

Ratio between the number of typical 
species and the number of all species in 
each relevé.  

Early warning species 
(n) 

Number of early warning indicator 
species in each relevé.  

Significant species for 
conservation (n) 

Number of significant species for 
conservation present in each relevé: i.e., 
those reported in Annexes II and IV of the 
Habitats Directive, in the Red List of 
threatened vascular plants in Italy ( 
Orsenigo et al., 2021), and in the list of 
regional protected species (Lombardy 
region law n. 10/2008). 

Future 
prospects 

Woody encroachment 
(%) 

Ratio between the sum of the coverage of 
trees and shrubs, and the sum of the 
coverage of all species.  

Eutrophication (%) Ratio between the sum of the coverage of 
species indicators of eutrophication (N- 
Landolt ≥ 4), and the sum of the coverage 
of all species.  

Floristic degradation 
(%) 

Coverage of Nardus stricta in each relevé.  
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assessment of the regional conservation status when including such 
extreme situations. Following the methodologies proposed for the hab-
itats of France (Carnino, 2009; Maciejewski et al., 2016), we calculated 
the threshold values of conservation status by dividing the score distri-
bution of each indicator in percentiles (Fig. 1) to get three intervals 
corresponding to Favourable (FV), Unfavourable-inadequate (U1), 
Unfavourable-bad (U2). FV indicates that the habitat can thrive without 
management changes; U1 and U2 indicate that the habitat require 
management policies changes, respectively, not being or being at risk of 
extinction (EC, 2023). We set the 50th percentile threshold to discrim-
inate FV from U1, and the 10th percentile to differentiate U1 from U2, or 
the 90th percentile, in case of future prospect indicators. 

We identified more thresholds for the floristic degradation indicator 
(i.e., Nardus coverage), considering that Nardus coverage is essential for 
identifying habitat 6230* but also indicates habitat degradation when 
dominant (Galvánek and Janák, 2008). Therefore, we assigned FV to the 
Nardus coverage within the interquartile range (25th – 75th percentiles), 
and we used both the 10th and 90th percentiles to discriminate U1 from 
U2 (Fig. 1). 

Prior to analyses we converted cover-abundance data to percentage 
using the mean values of the interval classes as follow: r = 0.1, + = 0.5, 
1 = 6.75, 2 = 18.75, 3 = 37.5, 4 = 62.5, 5 = 87.5 (Zanzottera et al., 
2020). The nomenclature of each taxon in the dataset was standardized 
according to Bartolucci et al. (2018). 

2.3. Statistical analysis 

All the statistical analyses were performed using the R software (R 
core team, 2021). We evaluated the differences in polygons average 
elevation and area between siliceous and calcareous substrates, as well 
as above and below the treeline through the Wilcoxon test, using the 
“wilcox.test” function of the base R package “stats”. We then compared 
the differences in area and elevation along the classes of herbaceous 
physiognomy of polygons through Dunn’s test multiple comparisons, 
using the function “dunn.test” of the package “dunn.test” (Dinno, 2017). 

To compare plant communities at the extremes with the target rel-
evés of habitat subtype 6230*-C, we used the Wilcoxon test with the 
following sequence: 1) we checked whether the values were signifi-
cantly higher than the FV threshold, 2) if they were not, we checked 
whether they were significantly lower than the FV threshold and higher 
than the U1 threshold, 3) alternatively, we verified whether they were 
significantly lower than the U2 threshold. 

3. Results 

3.1. Spatial distribution analysis 

Within the N2K network of the Lombardy region, there were 
significantly more polygons of habitat 6230* on siliceous substrates (n 
= 1364) than on carbonate ones (n = 62), the latter being placed at 
significantly lower altitudes (Fig. 2a). At the same time, the number of 
polygons below the treeline (n = 1178) was four times greater than 
those placed above the treeline (n = 248), which average elevation 

significantly differed as expected (Fig. 2b). The average area of polygons 
did not differ concerning substrate type and forest treeline (Fig. 2c and 
2d). 

The two land use classes that best matched the surface covered by the 
habitat 6230* were “3211 - permanent grasslands of high elevation 
without shrubs and trees” (59.1 %) and “333 - sparse vegetation” (15.5 
%) (Fig. 3a). Other herbaceous land use classes were less represented, 
such as “2311- permanent meadows without shrubs and trees” (4.4 %) 
and “3212 - permanent grasslands of high elevation with shrubs and 

Fig. 1. Identification of threshold values of conservation status along the score distribution of the indicators of structure and functions, and future prospects 
(represented by pressures and threats and the Nardus coverage). 

Fig. 2. Average elevation (a, b) and area (c, d) of polygons of the habitat 6230* 
within the N2K network of Lombardy region in relation to substrate (a, c) and 
forest treeline (b, d). The significance of the Wilcoxon test comparison is re-
ported in each figure (ns = not significant). Boxplots indicate the mean (dia-
mond), median (line in the middle of the boxes), interquartile range (boxes), ±
1.5 times the interquartile range (whiskers) and outliers (circles). 
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trees” (4.3 %). Moreover, the habitat 6230* overlapped with a rather 
significant percentage of woody land use classes, such as “3221 – 
shrublands” (6.9 %), “3121 - medium and high-density coniferous for-
ests” (4.4 %), “3241 - shrubland with tall shrubs and trees” (2.2 %), and 
also non (or scarcely) vegetated land use classes, i.e., “332 - debris and 
rocky outcrops without vegetation” (3.2 %) (Fig. 3a). 

Most of the habitat 6230* polygons were characterized by high 
herbaceous physiognomy (>80 %) (n = 813; Fig. 3b). Fewer polygons 
showed moderate or low herbaceous physiognomy: between 60 % and 
80 % (n = 173), between 40 % and 60 % (n = 88), and between 20 % and 
40 % (n = 59) (Fig. 3b). On the contrary, we observed many polygons 
with a poor herbaceous physiognomy (<20 %) (n = 293) (Fig. 3b). 

Polygons with poor herbaceous physiognomy had a significantly 
lower average elevation than the others, contrary to those with high 
herbaceous physiognomy, which showed the highest elevation (Fig. 4a). 
Polygons with intermediate values of herbaceous physiognomy (be-
tween 20 % and 80 %) had a similar average elevation (Fig. 4a). At the 
same time, polygons with poor herbaceous physiognomy were signifi-
cantly smaller than the others, which average area was almost similar to 
each other (Fig. 4b). Only the polygons with high herbaceous physiog-
nomy were significantly smaller than those characterized by moderate 
herbaceous physiognomy (between 60 % and 80 %) (Fig. 4b). 

The habitat 6230* was mostly in contact with habitats 6150 “Sili-
ceous alpine and boreal grasslands” and 4060 “Alpine and Boreal 
heaths”, respectively for 19.4 % and 24.8 % of cases (Fig. 5). Most of the 
remaining contacts were with other shrubland and forest habitats (31.7 
%), in particular with forests of the habitats 9410 “Acidophilous Picea 
forests of the montane to alpine levels (Vaccinio-Piceetea)” (11.8 %) and 

9420 “Alpine Larix decidua and/or Pinus cembra forests” (15.2 %), and to 
a lesser extent with habitats 6430 “Hydrophilous tall herb fringe com-
munities of plains and of the montane to alpine levels” (5.7 %) and 7140 
“Transition mires and quaking bogs” (4.6 %) (Fig. 5). Finally, the habitat 
6230* emerged to be in contact with siliceous screes or rock outcrops, 
such as habitats 8110 “Siliceous scree of the montane to snow levels 
(Androsacetalia alpinae and Galeopsetalia ladani)” (8.6 %) and 8120 
“Calcareous and calcshist screes of the montane to alpine levels (Thlas-
pietea rotundifolii)” (5.1 %) (Fig. 5). 

3.2. Conservation status of plant communities at the extremes 

The list of typical and early warning indicator species for the target 
relevés of the habitat sub-type 6230*C in Lombardy is reported in 
Table 3. Overall, we derived 48 typical species, among which nine were 
early warning indicators. As it could be expected, the plant communities 
at the extremes never displayed the whole list of typical species 
(Table 3). However, subalpine Nardus grasslands on carbonate sub-
strates and high-grazed alpine ones (Festucetum halleri nardetosum) 
showed more typical species, respectively n = 22 and n = 32. On the 
contrary, subalpine Nardus grasslands on nutrient-rich soils (Nardetum 
alpigenum trifolietosum) and low-grazed alpine ones (Caricetum curvulae 
nardetosum strictae) displayed a lower number of typical species, 
respectively n = 17 and n = 19 (Table 3). The number of observed early 
warning indicator species was always low in all plant communities at the 
extremes, ranging from two to three (Table 3). Finally, only four typical 
species, other than Nardus, were common to all plant communities at the 
extremes: Geum montanum, Lotus corniculatus subsp. corniculatus, 

Fig. 3. Main classes of land use types (>2 %) corresponding to the habitat 6230* occurrence within the N2K network of Lombardy region (a), and relative frequency 
of polygons for the classes indicating increasing percentage of land use types representing herbaceous physiognomy of the habitat 6230* (b). The dashed line in-
dicates the first decile. 
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Potentilla aurea subsp. aurea, Soldanella alpina subsp. alpina (Table 3). 
The threshold values of conservation status identified for the in-

dicators of structure, functions, and future prospects for the target rel-
evés of the habitat sub-type 6230*-C are reported in Table 4. According 
to the precautionary principle, the global conservation status was U2 for 
all plant communities at the extremes (Table 5 and Fig. 6). However, the 
conservation status showed different patterns for each indicator and for 
each plant community at the extremes. The indicators of total coverage, 
presence of significant species, and woody encroachment showed a FV 
conservation status in half of the plant communities at the extremes (n 
= 2; Table 5 and Fig. 6). Only two indicators (i.e., early warning species 
and eutrophication) never showed FV conservation status; the conser-
vation status resulted as U1 for all plant communities at the extremes 
(Table 5 and Fig. 6). The dominance and frequency of typical species had 
the worst performances, indicating U2 conservation status in three plant 
communities at the extremes. Remarkably, none of the indicators 
showed FV or U2 conservation status for all plant communities at the 
extremes (Table 5 and Fig. 6). The subalpine grasslands on carbonate 
substrates showed the highest number of indicators with U1 conserva-
tion status (n = 5) and the lowest number of indicators with U2 con-
servation status (n = 2) (Table 5 and Fig. 6), while those on nutrient-rich 
soils showed the highest number of indicators with FV conservation 
status (n = 4) (Table 5 and Fig. 6). The low-grazed alpine grasslands 
showed the worst conservation status represented by seven indicators 
with U2 and none in FV conservation status (Table 5 and Fig. 6). 

4. Discussion 

Concerning our first aim, we observed a distinct pattern of the 
habitat 6230* spatial distribution within the N2K network of the Lom-
bardy region that did not fully correspond to substrate and elevation 
features that are essential for identifying it. Most polygons were located 
on siliceous substrates and below the forest treeline, in accordance with 
the habitat 6230* definition (EC, 2013). However, several polygons 
were located on carbonate substrates and above the treeline, repre-
senting plant communities at the extremes. The presence of polygons in 
situations beyond a rigorous definition of the habitat 6230* can be likely 
due to its difficult ecological interpretation combined with several 
syntaxonomic drawbacks (Bonari et al., 2023; Evans, 2010). The 
phytosociological classification of Nardus grasslands has long been 
problematic due to their wide variation. These are anthropogenic plant 
communities that can origin in different ways across their geographical 
and altitudinal range while preserving floristic traces of their original 
natural composition (e.g., Gennai et al., 2014; Lüth et al., 2011; Mucina 
et al., 2016). 

Fig. 4. Average elevation (a) and area (b) of polygons of the habitat 6230* 
within the N2K network of Lombardy region in relation to the percentage of 
herbaceous physiognomy. Small letters indicate the results of the Dunn test 
post-hoc comparisons at p < 0.05. Boxplots indicate the mean (diamond), 
median (line in the middle of the boxes), interquartile range (boxes), ± 1.5 
times the interquartile range (whiskers) and outliers (circles). 

Fig. 5. Main contacts (>2 %) between the polygons of the habitat 6230* within the N2K network of Lombardy region and other habitats.  
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Nardus grasslands referred the habitat 6230* are typical semi-natural 
grasslands on acidic soils in most of temperate Europe, so that they are 
included in the “acidic grasslands” (e.g., Duprè et al., 2010). However, 
in some countries, this habitat is also found on leached calcareous 
substrates, where the calcium content is low in the upper layers of the 
soil because of high precipitation (Bensettiti et al., 2005, Biondi et al., 
2010; Galvánek and Janák, 2008; Stanová and Valachovič, 2022). 
Although we can’t certainly state whether the polygons of habitat 6230* 
on carbonate substrates were subject to leaching, our work can help 
detect areas for more targeted verification and monitoring. Our results 
underlined that floristic richness, dominance and frequency of typical 
species are lower on carbonate substrates compared to the target sub-
alpine grasslands, resulting in U2 conservation status. Such differences 
should be related to the highest proportion of calcicolous species on 
carbonate substrates. Contrary to Pittarello et al. (2017), we haven’t 
found a higher floristic richness on carbonate substrates, likely because 

Table 3 
List of typical and early warning indicator species (marked with an asterisk) of 
the target relevés of the habitat sub-type 6230*-C (Geo montani-Nardetum) and 
their presence in the plant communities at the extremes: subalpine carbonate 
(Nardetum alpigenum on carbonate substrates); subalpine high-nutrient (Narde-
tum alpigenum trifolietosum); alpine high-grazed (Festucetum halleri nardetosum); 
alpine low-grazed (Caricetum curvulae nardetosum strictae).  

6230*-C target 6230*- 
C 
target 

Subalpine 
carbonate 

Subalpine 
high 
nutrient 

Alpine 
high- 
grazed 

Alpine 
low- 
grazed 

Achillea erba- 
rotta subsp. 
moschata 

X     

Agrostis rupestris 
subsp. rupestris 

X   X X 

Ajuga pyramidalis X     
Antennaria dioica X X X X  
Campanula 

barbata 
X X X X  

Carex pallescens X X X   
Carex 

sempervirens 
subsp. 
sempervirens 

X X  X X 

Cerastium arvense 
subsp. strictum 

X  X X  

Daphne striata X   X  
Euphrasia hirtella X     
Euphrasia minima X X  X X 
Festuca rubra 

subsp. rubra 
X X X X  

Galium 
anisophyllon 

X X  X  

Gentiana acaulis X X  X X 
Geum montanum X X X X X 
Hieracium 

alpinum 
X   X  

Homogyne alpina X X  X X 
Leucanthemopsis 

alpina subsp. 
alpina 

X X  X X 

Lotus corniculatus 
subsp. 
corniculatus 

X X X X X 

Luzula spicata 
subsp. 
conglomerata 

X  X X  

Luzula sudetica X   X  
Mutellina 

adonidifolia 
X   X X 

Nardus stricta X X X X X 
Omalotheca 

sylvatica 
X     

Phyteuma 
hemisphaericum 

X X  X X 

Pilosella lactucella X X X   
Plantago atrata 

subsp. atrata 
X  X   

Potentilla aurea 
subsp. aurea 

X X X X X 

Scorzoneroides 
helvetica 

X X  X X 

Sempervivum 
montanum 
subsp. 
montanum 

X   X  

Sibbaldia 
procumbens 

X   X X 

Silene acaulis s.l. X   X X 
Silene nutans 

subsp. nutans 
X  X   

Silene vulgaris s.l. X     
Soldanella alpina 

subsp. alpina 
X X X X X 

Thymus praecox 
subsp. 
polytrichus 

X  X X   

Table 3 (continued ) 

6230*-C target 6230*- 
C 
target 

Subalpine 
carbonate 

Subalpine 
high 
nutrient 

Alpine 
high- 
grazed 

Alpine 
low- 
grazed 

Trifolium alpinum X X  X X 
Trifolium thalii X     
Veronica 

bellidioides 
X   X  

Early warning 
indicators  

Cardamine 
resedifolia 

X   X  

Deschampsia 
cespitosa 

X  X X X 

Festuca rubra 
subsp. 
commutata 

X     

Gentianella 
campestris 
subsp. 
campestris 

X     

Helictochloa 
versicolor 
subsp. 
versicolor 

X X  X X 

Leontodon 
hispidus subsp. 
hispidus 

X X X   

Pilosella 
hoppeana 

X X    

Potentilla crantzii 
subsp. crantzii 

X     

Veronica fruticans X      

Table 4 
Threshold values of conservation status identified for the indicators of structure, 
functions and future prospects according to the percentile analysis (see also 
Figure 6) for the target relevés of the habitat sub-type 6230*-C (Geo montani- 
Nardetum). The full description of each indicator is reported in Table 2. Legend: 
U2 = Unfavourable-bad, U1 = Unfavourable-inadequate, FV = Favourable.  

Type Indicator U2 U1 FV 

Structure Total coverage (%) < 101 ≥ 101 ≥ 123  
Floristic richness (n) < 27 ≥ 27 ≥ 38  
Dominance of typical species 
(%) 

< 61 ≥ 61 ≥ 81 

Functions Frequency of typical species 
(%) 

< 49 ≥ 49 ≥ 57  

Early warning species (n) = 0 > 0 ≥ 2  
Significant species for 
conservation (n) 

< 2 ≥ 2 ≥ 3 

Future 
prospects 

Woody encroachment (%) ≥ 9 ≥ 1 < 1 
Eutrophication (%) ≥ 15 ≥ 4 < 4 
Floristic degradation (%) < 19 ∪

≥ 88 
< 38 ∪
≥ 63 

≥ 38 ∩
< 63  
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Table 5 
Conservation status of the plant communities representing ecological extremes of the subalpine habitat sub-type 6230*-C: subalpine carbonate (Nardetum alpigenum on 
carbonate substrates); subalpine high-nutrient (Nardetum alpigenum trifolietosum); alpine high-grazed (Festucetum halleri nardetosum); alpine low-grazed (Caricetum 
curvulae nardetosum strictae). The full description of each indicator is reported in Table 2. Legend: U2 = Unfavourable bad; U1 = Unfavourable inadequate; FV =
Favourable.  

Type Indicator Subalpine carbonate Subalpine high nutrient Alpine high-grazed Alpine low-grazed 

Structure Total coverage (%) FV U2 FV U1  
Floristic richness (n) U1 FV U2 U2  
Dominance of typical species (%) U2 U2 U1 U2 

Functions Frequency of typical species (%) U2 U2 FV U2  
Early warning species (n) U1 U1 U1 U1  
Significant species for conservation (n) FV FV U2 U2 

Future prospects Woody encroachment (%) FV U1 FV U2  
Eutrophication (%) U1 U1 U1 U1  
Floristic degradation (%) U1 FV U1 U2 

OVERALL  U2 U2 U2 U2  

Fig. 6. Comparison between the threshold values of conservation status identified for the indicators of structure, functions and future prospects of the target relevés 
of the habitat sub-type 6230*-C (Geo montani-Nardetum) and those calculated for plant communities at the extremes: subalpine carbonate (Nardetum alpigenum on 
carbonate substrates); subalpine high-nutrient (Nardetum alpigenum trifolietosum); alpine high-grazed (Festucetum halleri nardetosum); alpine low-grazed (Caricetum 
curvulae nardetosum strictae). The full description of each indicator is reported in Table 2. Boxplots indicate the median (line in the middle of the boxes), interquartile 
range (boxes), ± 1.5 times the interquartile range (whiskers) and outliers (circles). 
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they included a broad set of plant communities with different degrees of 
leaching and acidification. At the same time, Nardus grasslands on car-
bonate substrates showed a higher degree of eutrophication, confirming 
the importance of this driver of floristic change for calcareous grasslands 
(Newton et al., 2012). 

Furthermore, habitat 6230* has a high variability with elevation 
since it can be present from the lowlands in Atlantic Europe to subalpine 
areas in European mountains (Galvánek and Janák, 2008). In Italy, 
Nardus grasslands are mostly found in the Alps (Gennai et al., 2014; Lüth 
et al., 2011), but this should not justify the presence of habitat 6230* in 
the alpine belt. The Nardus grasslands of the lower alpine belt should be 
carefully treated since they are mainly natural grasslands which keep 
their primary origin (habitat code 61xx). When these grasslands are used 
as pastures, Nardus can often determine the physiognomy of the vege-
tation (Fischer and Wipf, 2002), even if they should not be regarded as 
proper semi-natural grasslands (habitat code 62xx). Our results suggest 
that this difference may have been overlooked, which could lead to 
overestimating the distribution of habitat 6230* at a higher elevation. 
Concerning the floristic richness indicator, the alpine sets of relevés 
indicated U2 conservation status, thus confirming that, in Nardus 
grasslands, the species richness negatively correlates with elevation 
(Parolo et al., 2011). On the contrary, in the subalpine belt, the species 
richness is higher, probably because there is an overlap between the 
montane and alpine species pool (Maurer et al., 2006). This evidence 
highlights the importance of excluding alpine plant communities from 
habitat 6230* to preserve the high species richness that characterizes 
this habitat, especially in the case of more or less intense grazing (EC, 
2013; Evans, 2010; Galvánek and Janák, 2008). 

Considering our second aim, we found clear evidence that including 
plant communities at the extremes negatively affected the regional 
conservation status assessment. Through the indicator analysis, we were 
able to evaluate the effects on the floristic richness, which is a funda-
mental feature of the habitat 6230*, and consequently also on the fre-
quency and dominance of typical species, including early warning ones 
(Dalle Fratte et al., 2022). Only for subalpine high-nutrient Nardus 
grasslands, the indicator of floristic richness resulted in FV conservation 
status, likely because under high-nutrient conditions, an initial increase 
of species richness could be expected due to the entry of nitrophilous 
plant species associated with livestock dejection (Parolo et al., 2011). 
However, eutrophication is one of the main threats to the habitat 6230* 
(Galvánek and Janák, 2008), and can have severe negative impacts, 
leading to species-poor or common eutrophic vegetation communities 
no longer attributable to the habitat (Peppler-Lisbach et al., 2020; 
Stevanović et al,. 2008; Tasser and Tappeiner, 2002). Other adverse 
effects on the regional conservation status assessment were observed for 
species significant for conservation, woody encroachment and floristic 
degradation in alpine grasslands, especially low-grazed facets. There-
fore, their conservation status should be evaluated using indicators 
based on focal relevés of other habitats to which they most likely belong, 
such as those most frequently contacted (e.g., 6150 “Siliceous alpine and 
boreal grasslands”). 

With a specific example based on the subalpine habitat sub-type 
6230*-C, we could quantify the negative effects on the regional con-
servation status assessment on different indicators when a habitat 
interpretation is extended beyond its definition, thus highlighting the 
importance of an accurate habitat interpretation (Biondi et al., 2012; 
Evans, 2010; Rodwell et al., 2018). We observed a different pattern 
among indicators and plant communities, suggesting that indicators’ 
sensitivity can change according to habitat ecology. Therefore, it is 
essential to use more than a single indicator for evaluating the habitat 
conservation status and to consider more than just floristic indicators, 
especially for other habitat groups, such as forest habitats, where age 
structure and dead wood are very important (e.g., Cantarello and 
Newton, 2008; Kovač et al., 2020; Tsiripidis et al., 2018). A compre-
hensive monitoring campaign should include multiple surveys within an 
area to ensure an accurate assessment of the regional habitat 

conservation status. This is necessary to avoid misinterpretations caused 
by local variations within the same plant community. For instance, 
while Nardus may be absent in a single survey, it may be present in 
subsequent surveys of the same area, thus providing a more complete 
picture of the plant community. 

The overall regional assessment of the habitat conservation status 
considers simultaneously considers range and area, structure and func-
tions necessary for its long-term maintenance, and future prospects of 
survival (EC, 2023). Our procedure did not consider all the parameters 
needed for the conservation status assessment as required by the HD. 
However, compared to the habitat range and area, directly linked to the 
available suitable area, the structure, functions, and future prospects 
parameters might be more affected by any extension of the habitat 
interpretation, being based on species composition (Kirchmeir et al., 
2013; Maciejewski et al., 2016), which can ultimately result in a nega-
tive assessment of the overall habitat conservation status at regional 
scale. Therefore, although extreme or misleading identification of the 
habitat can be avoided using more detailed habitat maps (e.g., Carli 
et al., 2020; Dalle Fratte et al., 2019; Mücher et al., 2009), this pro-
cedure might be helpful for policymakers and N2K site managers in 
identifying areas of priority monitoring. 

Although indices to quantify the habitat structure and functions are 
much more advantageous (Kontula and Raunio, 2009), choosing 
objective thresholds of conservation status is challenging. One option 
could be to set reference sites representing different levels of conser-
vation status (see Kovač et al., 2016). However, considering the 
ecological variability of habitats, many reference sites may be necessary 
to find applicable thresholds. A reference set of relevés of a specific 
habitat type or sub-type represent the ground for developing standard-
ized tools and identifying accurate reference values for monitoring 
habitat conservation status at regional scale (Angelini et al., 2018; 
Delbosc et al., 2021). The evaluation of structure, functions and future 
prospects (including typical species) can be estimated quantitatively 
(Angiolini et al., 2021; Dalle Fratte et al., 2022; Kovač and Grošelj, 2018; 
Tsiripidis et al., 2018); however, their assignment to different classes of 
conservation status is still based on country-specific threshold values 
often defined by experts (Delbosc et al., 2021; Ellmauer, 2005; Søgaard 
et al., 2007; Tsiripidis et al., 2018; T’jollyn et al., 2009). A critical issue 
for developing robust and replicable conservation status assessment is 
thus the implementation of quantitative methods that avoid expert- 
based evaluations (Carignan and Villard, 2002; Kovač et al., 2016; 
Lengyel et al., 2008). Here, we have given an example of the calculation 
and application of standardized FRVs using percentiles thresholds 
(Bijlsma et al., 2019; Maciejewski et al., 2016). The approach described 
here could be used for other habitat groups and elsewhere in Europe 
when similar assessment methodologies are needed (e.g., for Emerald 
sites under the Berne Convention in non-EU countries). 

Our findings highlighted that a remarkable portion of the habitat 
6230* area is currently highly threatened by inadequate management 
(Kurtogullari et al., 2020). Smaller polygons at lower elevations are 
those experiencing a high rate of woody encroachment, which is one of 
the main threats at the European scale (Galvánek and Janák, 2008). 
Habitat 6230* in the lowlands deserves special attention due to the 
faster abandonment of traditional grazing activities and land-use 
intensification (Leuschner and Ellenberg, 2017), often resulting in 
high risk of eutrophication in the proximity of more intensive agricul-
tural activities (Kurtogullari et al., 2020; Galvánek and Janák, 2008). 
According to our data, in the central southern Alps, a high number of the 
habitat 6230* polygons are currently located in the subalpine belt, and 
thus, restoration actions should be more focused on low-elevation pas-
tures (Korzeniak, 2016; Kurtogullari et al., 2020). Despite this, MS 
implemented several conservation measures for all the habitat 6230* 
sub-types (Galvánek and Janák, 2008), which success might rely, in any 
case, on the correct habitat interpretation and mapping. 
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5. Conclusions 

In this study, we evaluated the spatial distribution of the habitat 
6230* within the N2K network of the Lombardy region (northern Italy, 
central southern Alps) concerning the main features essential for its 
definition: geological substrates, elevation and species richness. We 
found that the habitat 6230* interpretation also included plant com-
munities on carbonate substrates and in the alpine belt, which identify 
plant communities at the extremes of its distribution. Focusing on the 
subalpine habitat sub-type (6230*-C), we could observe that plant 
communities at the extremes have a lower species richness, dominance 
and frequency of typical species. Therefore, their inclusion in habitat 
6230* decreased its regional conservation status. 

Our results suggest that Nardus grasslands at the extremes or beyond 
habitat definition should no longer refer to habitat 6230*. Otherwise, 
their monitoring would require specific thresholds case by case to fall 
inside FV conservation status. However, this way of proceeding would 
complicate things considerably, considering that habitat 6230* is 
widespread throughout the EU, and had troubled interpretative events. 

Moreover, these semi-natural grasslands are crucial for both biodi-
versity conservation and high-quality dairy or livestock production. It is 
thus essential to identify projects and areas that can support successful 
restoration measures to reach FV conservation status, combined with 
sustainable agricultural land use, i.e., which safeguards both biodiver-
sity and high-quality food products. A crucial step to achieve this 
objective would be identifying unique thresholds and robust indicators 
for monitoring the conservation status and developing incentives linked 
to good practices (e.g., result-based payments). 

Although we considered the species-rich Nardus grasslands (habitat 
6230*) as a case study, this procedure could fit other habitats for which 
identification took place with a broad interpretation or at least little 
considering the consequences on the regional conservation status 
assessments. 
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