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A B S T R A C T   

The importance of Natura 2000 network for the conservation of natural habitats, wild flora and fauna at Eu-
ropean level is undeniable. However, it may not have reached its full potential since the loss of biodiversity 
continues to increase year on year. Further on, a third of the plant species listed in the Habitats Directive to guide 
the declaration of European Union Natura 2000 network of protected areas is not threatened and there is broad 
agreement on the need to review and update the species list. Here, the effectiveness of Natura 2000 in the 
conservation of Spanish bryophytes and vascular plants included in the Habitats Directive Annex II is analysed 
and compared with the one offered to the species included in the Spanish Red Lists. Results show a remarkable 
coverage of Natura 2000 over the distribution areas of threatened species, thus providing an umbrella effect on 
these taxa. It confirms that the number of plant species in the Habitats Directive could be significantly extended 
without altering the current configuration of the network. This would allow the incorporation of scientific ad-
vances produced since the Habitats Directive was approved almost 30 years ago, and will contribute to the goals 
of the new European Biodiversity Strategy for 2030, such as to consider impacts caused by alien species, land use 
or climate changes.   

1. Introduction 

Although the biodiversity crisis and the ongoing sixth mass extinc-
tion are facts assumed by the scientific community and international 
agencies, responses adopted to halt the loss of biodiversity have not 
increased at the same rate as the threats (Johnson et al., 2017). Both the 
Intergovernmental Science-Policy Platform on Biodiversity and 
Ecosystem Services (IPBES) report (Díaz et al., 2019) and the recent 
Global Biodiversity Outlook (SCBD, 2020) noted progress in conserva-
tion and sustainable use of biodiversity, yet this was insufficient to re-
dress the situation and meet the Convention on Biological Diversity 
Targets for 2011–2020 (Butchart et al., 2015; SCBD, 2020). For 
example, the IPBES report for Europe and Central Asia confirms that the 
situation has worsened and up to 28% of their species are threatened, 
most notably mosses and liverworts (50%), and vascular plants (33%) 
(Fischer et al., 2018). 

To address this dramatic loss of biodiversity, the Convention on 
Biological Diversity (Aichi Biodiversity Target 11) proposed to protect a 

significant percentage of the planet, at least 17% of the Earth's surface by 
2020 (CBD, 2010). Following the 5th Global Biodiversity Outlook, the 
proportion of the planet's land and oceans designated as protected areas 
has been achieved, but the elements related to the quality of protected 
areas were not (SCBD, 2020). Meanwhile, another more ambitious 
proposal has suggested protecting half of Earth to remedy the massive 
loss of biodiversity and natural habitats (Locke, 2014; Wilson, 2016). 
Complementary, organizations such as BirdLife proposed to select crit-
ical areas for bird conservation (Important Bird Areas; cf. Bennun and 
Njoroge, 2000), an initiative later followed for other taxonomic groups 
such as plants (Important Plant Areas, cf. Anderson, 2002), and finally 
extended to sites of global significance for the conservation of biodi-
versity through the concept of Key Biodiversity Areas (Eken et al., 2004). 

The European Union (EU) opted for the declaration of a coordinated 
network of natural areas, the Natura 2000 network (N2000), which is 
the largest continent-wide comprehensive framework of protected areas 
worldwide (Hochkirch et al., 2013). Nowadays, Europe has protected 
26% of its land area, of which 18% corresponds to N2000. The idea of an 
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ambitious transnational system aimed to ensure the long-term survival 
of Europe's most valuable and threatened species and habitats, which 
would later crystalize in N2000, was discussed in the late 1980s by the 
European Union, at the time with 15 Member States. This network began 
to develop in the early 1990s combining areas of interest based on two 
nature acts: i) the Birds Directive (1979), focused on protecting all Eu-
ropean wild birds and their habitats through the designation of Special 
Protection Areas; ii) and the Habitats Directive (1992), which aimed to 
protect a selection of natural habitats, plants and animals (other than 
birds) through the designation of Sites of Community Importance (SCI). 
These Sites are proposed on the basis of Habitats of Community Interest 
comprised in Annex I of the directive, or animal and plant Species of 
Community Interest listed in Annex II (no algae or fungus were selected 
for such annex). Member States must monitor the conservation status of 
such habitats and species every six years to review the progress made 
towards the level of conservation set by the Directive (EC, 2016). 

Some challenges have emerged in relation to species selection within 
Annex II to the Habitats Directive (HD Annex II). Thus, criteria for 
choosing these taxa were not explicit and deviated from selecting the 
most endangered or rare species in Europe (Cardoso, 2012; Domínguez 
et al., 1996). At the time, the information on European threatened 
species was fragmentary and governments negotiating the species to be 
included in Annex II relied mainly on their own national Red Lists. In 
addition, the annex included some regional extinctions, species of 
dubious taxonomic consistency or with no indigenous presence in 
Europe (e.g. Aránega, 2005; Maiorano et al., 2015). Therefore, some 
authors have advocated expanding and reforming this HD Annex II, 
accommodating more taxonomic groups and listing only unquestionable 
threatened species (Hermoso et al., 2019a; Hochkirch et al., 2013; 
Jantke et al., 2011). Despite these shortcomings, the Habitat Directive 
annexes have rarely been amended over the years. The reasons for this 
lack of flexibility were several, but they could be summarized in three: i) 
legal uncertainty when the implementation of the network was in 
progress; ii) possible implications for the design and extension of N2000; 
and iii) an alleged ‘umbrella effect’ of the network that made the reform 
of such annexes expendable (EC, 2016; Maes et al., 2013). 

The degree of coverage and effectiveness of N2000 as a framework of 
protected areas, not only for the listed species but also for the European 
fauna and flora, has been a matter of discussion over the years. Several 
publications found poor coverage of N2000 for some regions or certain 
taxonomic groups (e.g. Dimitrakopoulos et al., 2004; Jantke et al., 2011; 
Rossi et al., 2016). However, other works highlighted its effectiveness 
even with respect to threatened species unrepresented in HD Annex II (e. 
g. Hermoso et al., 2019a,b; Maiorano et al., 2015; Rosso et al., 2017). 
The European Union contributed to this debate by commissioning a 
report on the presumed ‘umbrella effect’, which positively supported the 
approach of N2000 (van der Sluis et al., 2016). This report was based on 
data collected at a coarse scale (50 km resolution) and handled distri-
butional information mainly on vertebrates and butterflies, but still 
concluded that threatened and rare plant species occur significantly 
more often inside than outside N2000 (van der Sluis et al., 2016). 

Nevertheless, inconsistencies in the species chosen for the HD Annex 
II have only become more apparent with the repeated six-year moni-
toring. For instance, a considerable number of bryophytes and vascular 
plants thought to be at risk in the 1980s have been shown to be non- 
threatened (Bilz et al., 2011; Hodgetts et al., 2019). The lack of regu-
lar updates and amendments for 29 years calls into question the validity 
of the HD annexes and the efficiency of funds earmarked for monitoring 
and conserving non-threatened species (Domínguez et al., 1996; Fenu 
et al., 2017). 

Spain harbours a large proportion of habitats and species included in 
the HD annexes. Leaving aside the Canary Islands (in the Macaronesian 
biogeographic region, with its own habitats and species selection pro-
cess), mainland Spain and the Balearic Islands host 113 habitats 
included in Annex I (50% of the total), and 117 animals and 113 plants 
listed in Annex II (27.4% and 19.2% of the total, respectively). These 

high proportions have led to the designation of 1257 terrestrial Sites of 
Community Importance (115,099 km2, 23% of Peninsular and Balearic 
Spain), with several Habitats and Species of Community Interest coin-
ciding at each Site. Therefore, it is an excellent example to test the 
effectiveness of the network in the conservation of protected and 
threatened species, and to determine the extensibility of Annex II in 
model groups such as plants. 

The Spanish flora comprises 1260 bryophytes (59% of the European 
flora; cf. Hodgetts et al., 2020) and over 6150 vascular plants (25–30% 
of the European total; cf. Aedo et al., 2013; Bilz et al., 2011). This 
remarkable diversity in the Mediterranean and European context faces a 
multitude of risk factors: overgrazing, land use change, trampling, 
competition (Bañares et al., 2004; Garilleti and Albertos, 2012; Moreno- 
Saiz, 2008). In addition, different climate change predictions forecast 
high risks to biodiversity (Cramer et al., 20181; IPCC, 2014), especially 
forests and threatened flora (Felicísimo et al., 2011). Despite the note-
worthy extension of Spanish protected surface, the selection of areas has 
not been efficient enough for the protection of flora, leaving a part of its 
endemic and threatened plants out of protected areas and demanding 
new sites for in situ conservation (Muñoz-Rodríguez et al., 2016). 

In this work, we analyze the percentage of representation in N2000 
sites of mainland and Balearic Spanish plant species listed in HD Annex 
II, and compare it with the percentage of endangered plants found in 
N2000 sites that are included in the Spanish Red Lists of threatened 
species (Brugués et al., 2014; Moreno-Saiz, 2008). We expect to find that 
N2000 offers significant habitat coverage for threatened Iberian- 
Balearic plants, although less than it provides for the species in HD 
annexes for which it was designed. As a second objective, we aim to 
determine whether the list of plants in Annex II could be expanded to 
include a greater number of threatened plants that may already be 
present in the existing N2000 areas. We would expect that, given the 
large protected Spanish territory included in N2000, an appreciable 
number of threatened species could be represented in this network, 
providing arguments for the expansion of HD Annex II. 

2. Material and methods 

2.1. Plant distribution data 

A comprehensive compilation of data was gathered (see Appendix A) 
to map the distribution of bryophytes and vascular plants for mainland 
Spain and the Balearic Islands to build two data sets: 1) cells occupied by 
the 9 bryophytes and 104 vascular plant species included in HD Annex 
II; 2) cells occupied by 178 bryophytes included in the Red List (75% of 
the enlisted taxa in the study area, cf. Brugués et al., 2014), and 786 
vascular plants included in the Red List (95% of the enlisted taxa, cf. 
Moreno-Saiz, 2008). All collected occurrence data were transferred to 
the scale of 10 km UTM cell resolution, which was the most detailed 
scale possible for the vast majority of threatened species (Buira et al., 
2020). 

2.2. Map of the N2000 network 

The digital map of N2000 was downloaded from the Spanish Min-
istry for Ecological Transition official site (MITECO, 2019). Areas only 
included because of their designation under the Birds Directive (Special 
Protection Areas) were not selected because their management plans 
only optionally deal with the protection and monitoring of habitats and 
species included in HD Annexes I and II (EC, 2011: 56). Protected areas 
included in N2000 are polygons frequently less than 10 km cells or with 
a different shape. To solve the mismatch between the grid of distribution 
data and N2000 polygons, following Alagador et al. (2011), we filtered 
the UTM cells considered as protected taking into account the 

1 Please, prevent the parentheses from being separated from the text 
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percentage of the cell enclosed by N2000 polygons. Five commonly used 
thresholds (10%, 20%, 30%, 40%, and 50%) were selected (cf. Alagador 
et al., 2011, and references therein), and cells covered by N2000 poly-
gons in the percentage stated or more were computed as protected. The 
results are five N2000 maps at 10 km UTM cell resolution for the 
different thresholds. 

2.3. Evaluation of N2000 representativeness 

2.3.1. Measure of species representation 
The proportion of each species' areal distribution that overlapped 

N2000 sites, that is the species' representation in protected areas for 
both datasets, was used as our measure of effectiveness. We imple-
mented a gap analysis (Rodrigues et al., 2004) to assess the level of 
protection of the Spanish plants inside N2000. We overlaid each of the 
species distribution datasets in turn with the five N2000 maps 
(described in Section 2.2), and then calculated the percentage of rep-
resentation, i.e. the number of UTM cells considered as protected by 
N2000 in relation to the total number of UTM cells where the species is 
present. 

To evaluate whether the degree of coverage of N2000 on the 
threatened Spanish plants is better than the coverage given by chance, 
we carried out a second round of gap analyses on the locations of 
threatened bryophytes and vascular plants. We randomly selected 100 
times the same number of species included in Annex II (9 bryophytes, 
104 vascular plants) within the species included in the Spanish Red Lists 
and calculated the percentage of representation by the five N2000 maps. 
The results can be considered an estimate of the percentage of repre-
sentation (i.e. effectiveness) that would be expected to be represented by 
chance (Araújo et al., 2007). 

2.3.2. Number of species protected by N2000 
Finally, we calculated how many threatened Spanish plant species 

had their distributions covered by the current design of N2000 (i.e. 
number of species protected), with equal or superior effectiveness as 
that exerted for the species listed in HD Annex II. We computed the 
percentage of representation for all taxa included in the Spanish Red 
Lists under the five N2000 maps generated, and counted the number of 
species with an equal or higher percentage of representation for eight 
different levels (30%, 40%, 50%, 60%, 70%, 80%, 90%, 100% repre-
sentation levels). 

3. Results 

The database compiled with the Spanish occurrences of the bryo-
phytes from HD Annex II amounted to 164 records spread across 147 
UTM cells. Meanwhile, the database for vascular plants in the HD Annex 
II comprised 2088 records across 1406 UTM cells. While bryophytes and 
vascular plants are unevenly distributed throughout the study area, the 
former show a certain concentration in the Pyrenees mountain range 
(border with France) and in the northern coastal areas (Fig. 1a), whereas 
cells with vascular plants are grouped following the main mountain 
ranges (i.e. Cantabrian Mountains, Iberian System, Baetic Systems, etc.) 
(Fig. 1b). 

Otherwise, the database for the 178 bryophytes included in the Red 
List comprised 1619 records across 555 UTM cells, whose distribution is 
also predominantly mountainous (Fig. 2a). The 786 vascular plants in 
the Red List reached 7309 records across 2592 UTM cells (47% of all 
peninsular and Balearic cells), without clear geographic patterns but 
distributed over a good part of the study area (Fig. 2b). 

3.1. Species representation in N2000 

In the evaluation of species representation in protected areas ac-
cording to the thresholds considered in the five N2000 maps, the group 
with widest range of coverage is the bryophyte group, with 24% to 73% 
of cells for HD Annex II species, and 35% to 77% of cells for threatened 
species, contained within N2000 sites (Fig. 3a). Regarding to vascular 
plants the representativeness is somewhat lower but still high, with 26% 
to 58% of cells with HD Annex II species, and 29% to 63% of cells with 
threatened species, covered by N2000 (Fig. 3b). 

Moreover, for both taxonomical groups the effectiveness of a 
network of the same number of cells as those contained in N2000 
distributed at random, was lower for all the overlap thresholds consid-
ered (Fig. 3), thus supporting the robustness of the results. 

3.2. Number of species protected by N2000 

A major finding was that the current design and extension of N2000 
would allow representation within protected areas of a higher number of 
threatened bryophyte and vascular plant species of mainland Spain and 
the Balearic archipelago. For any of the overlap thresholds 10–50% in 
N2000 maps, and for any of the representation levels of total distribu-
tion area (from 40 to 100%), the number of threatened species found 
within N2000 sites is greater than the number currently included in the 
HD, for both taxonomic groups (Table 1). Only when the highest 

Fig. 1. Map of continental Spain and the Balearic Islands with the outline of the Natura 2000 sites (in green) and UTM cells in which species of Habitats Directive 
Annex II are found, including (a) bryophytes, with 164 records distributed among 147 cells, and (b) vascular plants, with 2088 records distributed among 1406 cells. 
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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threshold overlap (50%) of distribution data and N2000 coverage (90%– 
100%) is combined does the coverage of threatened bryophytes covered 
by N2000 is equal to those included in Annex II, and the figures of red- 
listed vascular plants are lesser than the number of species included in 
the HD Annex II (Table 1). 

4. Discussion 

The Natura 2000 network covers a significant percentage of the 
distribution of plants included in HD Annex II, according to the results 

concerning the Spanish plants listed in that Annex. This effectiveness is 
in good measure greater for bryophytes and vascular plants included in 
the Spanish Red Lists, irrespective of whether they are part of the 
aforementioned Annex II. Our results confirm the ‘umbrella effect’ of 
N2000 (in the spatial conception of van der Sluis et al., 2016) with 
respect to the distribution areas of threatened species. 

The European Union carried out a similar study (van der Sluis et al., 
2016) at a smaller resolution (50 km), where it was found that N2000 
had a mean area coverage of 26.5% for mammals, 26.4% for amphib-
ians, 29.7% for reptiles, and 37.4% for butterflies. Except for the higher 

Fig. 2. Map of continental Spain and the Balearic Islands with the outline of the Natura 2000 sites (in green) and UTM cells in which species of the Spanish Red Lists 
are found, including (a) bryophytes, with 1619 records distributed among 555 cells, and (b) vascular plants, with 7309 records distributed among 2592 cells. (For 
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 

Fig. 3. Natura 2000 coverage for Spanish plants. The magenta line shows the percentage of representativeness according to five thresholds overlap with the Natura 
2000 network for the 113 species included in the Habitats Directive Annex II; the green line shows actual representativeness for a random selection of 113 threatened 
species (9 bryophytes and 104 vascular plants); and the blue line is actual representativeness for the same number of UTM cells within Natura 2000 distributed at 
random: a) bryophytes, b) vascular plants. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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overlap threshold (50% of the cells included in N2000), our results show 
greater coverage for Spanish bryophytes and vascular plants, both if 
they are part of HD Annex II or if they are part of Red Lists (Table 1, 
Fig. 3). In the few other gap analyses using the percentage of the dis-
tribution areas as a measure of N2000 effectiveness, the results vary but 
roughly resemble the degree of coverage obtained here: 40% for 
threatened Spanish lichens (Martínez et al., 2006), 40.8% for Spanish 
bats (Lisón et al., 2015), and 45% for Slovenian butterflies (Verovnik 
et al., 2011). 

Results are not completely unrelated to a possible bias towards 
protected areas in biodiversity studies. Nevertheless, the Spanish 
network of protected areas (i.e. national and natural parks) covers a 
large surface of the national territory and its boundaries were drawn 
taking into account the known populations of the most threatened plants 
and animals. N2000 sites were later approved matching to a large degree 
with these parks, so we think that this possible bias is lesser regarding 
threatened species. Likewise, new analyses should be carried out in the 
future as distributional data on a larger scale become available, both at 
European and Spanish context, to check the validity of this ‘umbrella 
effect’. 

4.1. The necessary reform of the Habitats Directive 

Our analysis shows that the number of plant species in HD Annex II 
could be significantly extended without altering the current configura-
tion of N2000 network (see Table 1). Thus, Spanish bryophytes could be 
increased by 66% (from 9 to 15) and vascular plants by 17% (from 104 
to 122) in the restrictive case of considering those UTM cells covered by 

at least 40% overlap with N2000 and with an representation level of 
100% of their populations. If we had not been so restrictive and accepted 
the same level of effectiveness shown by the plants of HD Annex II (over 
30% of distribution coverage, cf. Fig. 3), this annex could extend to 
101–166 bryophytes and up to 414–696 vascular plants (Table 1). 

Even without an enlargement of the current N2000 network or the 
adoption of a new set of rules for the designation of SCIs, a review of the 
level of risk faced by HD Annex II plants in the European Union and its 
Member States (Table 2) shows that this list is not a useful reference for 
the priority species in Europe. One-third of the plants listed are not 
threatened at the European Union extension (Bilz et al., 2011; Hodgetts 
et al., 2019), and this percentage is even lower in various countries 
(Portugal, Sweden), reaching to the extreme case in France, where only 
one third of such plants are threatened at a national scale. These 
disappointing statistics are in the same line as other results for European 
vertebrates listed in the annexes, 82% of which are unthreatened ac-
cording to their IUCN categories (Hermoso et al., 2019c). 

Several authors have drawn attention to the need to implement 
regular updates and amendments to the HD annexes (e.g. Cardoso, 2012; 
Domínguez et al., 1996; Hochkirch et al., 2013; Maiorano et al., 2015) 
and could almost be considered a constant among those who have 
reviewed the role of HD for various territories or taxa (but see Maes 
et al., 2013, although they opposed for circumstantial reasons at the 
time). At present, funds for research and monitoring of threatened 
species are scarce, and spending money on sexennial reporting on spe-
cies lacking immediate risks, diverting attention and resources from 
species that are currently identified as threatened (Fenu et al., 2017; 
Hermoso et al., 2016), could be deemed wasteful. 

It is thus necessary to update the lists of species in the annexes of the 
Habitats Directive to reflect new scientific information on continental 
biodiversity produced over the last 30 years through national and Eu-
ropean funds (Cardoso, 2012; Hochkirch et al., 2013; Trouwborst et al., 
2017). While the annexes of the Bird Directive have been amended, HD 
annexes have not changed except to add new habitats and species from 
new Member States. 

4.2. European challenges for the next decade 

The improvement in the selection of species in the annex not only 
affects N2000, but also the legal protection of such species in the EU 
Member States. As European directives must be transposed into national 
legislation, their annexes of protected species go to the endangered 
species act of each country. This leads to the incorporation of national 
initiatives for in situ and ex situ conservation, which several European 
countries have developed complementary to the management of these 
protected species (e.g. Campbell and Lockhart, 2017; Fenu et al., 2017). 
It therefore concerns not only protected areas, but also affects natural 
and semi-natural areas that are not part of N2000 but that can be the 

Table 1 
Number of Spanish red-listed plants protected by the Natura 2000 network 
depending on eight representation levels of their UTM cells in the Natura 2000 
network and the five N2000 maps (10%, 20%, 30%, 40% and 50% overlap 
thresholds) previously generated.  

Surface of 
N2000 in the 
cell 

Percentage of species area protected by N2000 

30% 40% 50% 60% 70% 80% 90% 100% 

Bryophytes 
10%  166  157  153  139  122  100  48  39 
20%  154  140  133  102  77  41  28  26 
30%  138  124  102  68  36  26  18  18 
40%  121  96  75  41  22  17  15  15 
50%  101  74  50  29  12  11  9  9  

Vascular plants 
10%  696  675  643  569  484  414  323  284 
20%  624  573  535  441  357  298  225  209 
30%  535  474  440  345  277  219  168  159 
40%  467  409  368  287  216  166  126  122 
50%  414  355  316  220  154  122  99  96  

Table 2 
Risk categories given to plants included in the HD Annex II for the European Union (EU) and all European countries with national red lists for vascular plants and 
bryophytes. Figures express the number of HD Annex II species present in each territory, according to the IUCN category awarded for the whole EU or for each country. 
Abbreviations for the IUCN categories are as follows: Regional Extinct (RE), Critically Endangered (CR), Endangered (EN), Vulnerable (VU), Near Threatened (NT), 
Least Concern (LC), Data Deficient (DD), and Not Evaluated (NE). *Further 62 species endemics to the Canary Islands are not included. **The percentage reflects the 
proportion between the sum of RE, CR, EN and VU with respect to the total number of HD Annex II species present in each territory. See Appendix B for red-list 
references from which the information was extracted.  

IUCN category EU Finland France Germany Greece Italy Portugal Slovakia Spain Sweden 

RE     3   1  2  3   
CR  90  9  2  11  4  16  8  9  22  4 
EN  112  14  7  10  11  25  14  5  29  7 
VU  112  10  8  1  19  7  18  8  30  12 
NT  69  8  17  3  1  10  14  10  16  19 
LC  87  5  15  2   14  28  2  13  11 
DD  85      2  3   2  
NE  34   13  4  11  5  8  2  1  6 
Total  589  46  62  34  46  80  95  39  113*  59 
% Threatened**  66.8  71.7  34.7  83.3  97.2  67  50.7  67.6  73.7  49.2  
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object of actions within the EU green infrastructure strategy (EC, 2020). 
The intent of the precautionary strategy that maintains the current 

N2000 design is to avoid substantial alteration of the management of 
approved SCIs integrated in N2000. However, as the new European 
Biodiversity Strategy for 2030 (EC, 2020) envisages that the European 
protected area will reach 30% of the Union at the end of the decade, this 
expansion provides an opportunity to include habitats and taxa 
currently absent or underrepresented in the Habitats Directive, a long- 
delayed demand (Cardoso, 2012; Rosso et al., 2017). Thus, this expan-
sion must serve to provide protection to all those threatened plant 
species that are completely absent from the N2000 protection. For 
example, in Spain, around 5% of the taxa on the Red List (62 taxa) have 
all their populations outside the network of protected areas (Muñoz- 
Rodríguez et al., 2016). Furthermore, it will provide the opportunity to 
incorporate impacts such as those caused by alien species, land use or 
climate changes into European conservation policy, factors not foreseen 
at the time the Directives were approved but which are already having a 
deep effect on the status of many European listed species (Araújo et al., 
2011). By means of modelling the future distributions of habitats and 
species from the EU Nature Directives, their range shifts could be 
anticipated and taken into account for the coverage and design of any 
expansion of the N2000 network in the future (Kujala et al., 2011). 

5. Conclusions 

Based on bryophytes and vascular plants, we confirm previous re-
sults showing that N2000 could efficiently house species of interest 
beyond those included at present in HD annexes (Hermoso et al., 
2019b). The data show that it is possible to add a greater number of 
threatened species to the critical Annex II without enlarging the N2000 
network. With its current design, the ‘umbrella effect’ could be maxi-
mized by including new species to reinforce the role of HD in the con-
servation of European biodiversity. Also, our work shows that while 
truly threatened species may be incorporated, those that have not been 
European conservation priorities can also be removed from Annex II. 
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