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ABSTRACT  

The European Union’s Natura 2000 (N2000), is one of the largest international networks of 

protected areas. One of its aims is to secure the status of a pre-determined set of (targeted) bird 

and butterfly species. However, also non-target species may benefit from N2000. We evaluated 

how the terrestrial component of this network relates to the abundance of non-targeted, more 

common bird and butterfly species using data from long-term volunteer-based monitoring 

programs in 9,602 sites for birds and 2,001 sites for butterflies. In almost half of the 155 bird 

species assessed, and particularly among woodland specialists, abundance increased with the 

proportion of N2000 sites in the landscape. The corresponding positive relationship was found 

for 27 of the 104 butterfly species, although most of these species were generalists. These 
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positive relationships disappeared for most of the species when land-cover covariates were 

taken into account, hinting that land-cover is a primary factor defining the positive effects of the 

N2000 network. The increase in abundance with N2000 was correlated with the specialization 

index for bird species, but not for butterfly species. Although the N2000 network supports 

higher abundance of a large spectrum of species, the low number of specialist butterfly species 

showing a positive association stresses the need to implement management plan improving the 

quality of habitats of N2000 areas potentially harboring openland butterfly specialists. For a 

better understanding of the processes involved, we advocate for a standardized collection of 

data on N2000 sites. 
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INTRODUCTION 

Large networks of protected areas are the cornerstone of conservation strategies to avert the 

loss of biodiversity. With its 27,700 designated sites distributed across the 28 European Union’s 

(EU) member states, the Natura 2000 (N2000) network is one of the world’s largest coordinated 

efforts to preserve biodiversity at a continental scale (Figure S1). The network, a key part of the 

EU’s conservation strategy, is formed by sites designated under the EU Birds Directive or the EU 

Habitats Directive and covers 18% of the EU’s land area (Kati et al. 2014). N2000 is directly 

targeted at conserving an extensive range of habitats and species considered interesting due to 

their rarity, vulnerability or characteristics typical of their region. While the phase during which 

member States designate areas to protect is now nearly complete, management plans still have 

to be implemented for slightly less than half of the sites (Kati et al. 2014; Milieu et al. 2016). 

While conservation efforts like N2000 target a selected set of endangered species, more 

common (non-targeted) species play a crucial role in ecosystem structure and functioning 

(Gaston 2010) and their declines could have important evolutionary and ecological 

consequences by disrupting food webs and altering macro-ecological patterns (Gaston 2011). 

Recent studies (Lisón et al. 2013, 2015; Maiorano et al. 2015; Kukkala et al. 2016) showed that 

the N2000 network overlaps with an important part of many vertebrate species distribution, 

including species are not specifically targeted by the directives, highlighting a potential for 

N2000 designated biodiversity features - species or habitats - to act as surrogates for a wide 

range of species (Margules & Pressey 2000).  

Studies conducted at the national level in France showed that the abundances of the majority of 

non-target bird (Pellissier et al. 2013) and bat species (Kerbiriou et al. 2018) tended to be 
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higher in N2000 areas than in the wider countryside, and that animal communities are more 

specialized, with longer trophic chains in such areas .Even though Van Der Sluis et al. (2016) 

showed that a greater proportion of targeted and non-targeted plants, birds, butterflies, 

mammals, reptiles and amphibians species occurred inside N2000 than outside, little is known 

about the relative abundance of non-target species inside vs. outside N2000 as this study mainly 

focused on species richness 

In this paper we assess the state of biodiversity, as reflected by the abundance of non-target 

species, within and around the designated areas of the network. This study focuses on two 

taxonomic groups, birds and butterflies as these taxa comprised, a large number of endangered 

or declining species and are well surveyed with the aim of assessing whether the designation of 

N2000 areas are also beneficial for non-target species.The hypothesis behind that aim is that 

species and habitats targeted by N2000 act as surrogates for biodiversity at large, and hence 

incidentally represent other species, i.e. capture known or unknown features of conservation 

interest by protecting focal features (Bridge et al. 2016) and define management requirements 

(either under the Birds and Habitats’ Directives or under the Common Agricultural Policy) that 

benefit a larger range of species. While birds and butterflies are not necessarily the best 

surrogate species for other taxa (Billeter et al. 2008), here we only considered the target species 

as surrogates from the non-target species. As most of the N2000 sites are not regularly surveyed 

for their biodiversity, our analyses are not restricted within the specific borders of the N2000 

sites, but cover monitoring sites within and around the network, asking whether landscapes - 

i.e. the 1km-radius area around monitoring sites - with larger areas under the N2000 

designation show better ecological status from the bird and butterfly perspective. We also 
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investigated whether species-specific ecological characteristics could explain which species 

were positively correlated to the amount of N2000 areas.  

Using abundance data from systematic long-term monitoring schemes, we first evaluated the 

relationship between the N2000 coverage in the landscape and the abundance of different 

species. Second, we evaluated to what extent the variability in abundance could be explained by 

species characteristics. Finally, as Europe encompasses a large variety of climate and 

geographical features, we examined the variation across Europe’s biogeographical regions (EEA 

2016). 

 

METHODS 

Bird and butterfly survey 

We selected bird and butterfly species using all the following criteria: (i) species not listed in the 

Annex 1 of the Bird directive or in the Annex 2 of the Habitat directive, because the main focus 

of the article are non-target species, (ii) species with their distribution range (Kudrna et al. 

2011; BirdLife International & NatureServe 2013) overlapping with at least 30 monitoring sites, 

in order to have enough data points to model species abundance, and (iii) species occurring at 

least in 10% of the monitoring sites located inside their distribution range, to avoid an excessive 

number of zeros. 

Bird data were provided for 155 species by 14 Bird Breeding Surveys (BBS) established in 

Austria, Catalonia, Czech Republic, Denmark, Finland, France, Germany, Italy, Latvia, 

Netherlands, Poland, Spain, Sweden and the United Kingdom (Figure 1). These monitoring 
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schemes covered 9,602 sites from 2001 to 2011, a monitoring site being defined as a location in 

which the abundance was monitored in at least two different years. Depending on the scheme, 

three types of field survey were used: point count, line transect or territory mapping (see 

PECBMS 2018 for more details on the bird data). In each monitoring site, we used the 

aggregated count, i.e. the abundances summed across points or transect, or the total abundance 

mapped.  

Butterfly data were gathered from six Butterfly Monitoring Schemes (BMS) established in 

Catalonia, France, Finland, Germany, The Netherlands and UK. From the BMSs, we extracted 

butterfly counts for 104 species collected across 3,439 monitoring sites from 2001 to 2012, 

restricted to 2006-2012 in Germany and France. From weekly butterfly counts, we derived local 

abundance indices, using the regional GAM method, an extension of the two-stage modelling 

approach described by Dennis et al. (2013), accounting for variation in species phenology 

across years and climatic regions (see details in Schmucki et al. 2016). We further restricted our 

analysis to monitoring sites where at least 70% of the active flight period was covered 

(Schmucki et al. 2016). This led to the removal of all monitoring sites from the French BMS and 

reduced the butterfly dataset to 2,001 BMS sites (Figure 1). 

Bird and butterfly species were classified according to their habitat preferences. For birds, the 

preferences were retrieved in the list defined by the European Bird Census Council (PECBMS 

2007). For butterflies, we used the division of butterflies into grassland and woodland 

specialists from Van Swaay et al. (2006). 

 

Spatial data 
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N2000 boundaries were taken from the 2012 spatial database provided by the European 

Environmental Agency (EEA 2012a). We measured the area covered by N2000 in a buffer 

around the centroid of each monitoring site. The radius of the buffer was set to 1000m 

(Pellissier et al. 2013) but we conducted sensitivity analyses using 500m and 200m buffers. We 

assessed the land-cover around monitoring sites, using the CORINE Land-Cover 2006 database 

version 16 (EEA 2012b). The 44 land-cover classes were reclassified into six broader categories: 

farmland (arable land only), grassland, woodland, urban areas, wetland and water bodies. In 

order to reduce the collinearity between land-cover variables, we performed a PCA using the six 

above mentioned categories. We kept the first 4 principal components which explained 82% of 

the land-cover variability for the bird dataset and 82% of the land-cover variability for the 

butterfly dataset (see Figure S2 and S3 for details). 

 

Statistical analyses 

To test the effect of the coverage of N2000 on the abundance of each of the 155 bird and 104 

butterfly species, we estimated the relationship between the abundance of each species and the 

coverage of N2000 around the monitoring sites. We used one generalized linear mixed effects 

models (GLMM) per species with the species abundance averaged across years (in order to 

avoid pseudo-replication issues due to a repeated sampling) as the dependent variable using the 

following modelling approach: 

 

Y ~ %N2000 + offset(log(effort)) + (1|scheme)     eq. 2  
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Y ~ %N2000 + PC1 + PC2 + PC3 + PC4 + offset(log(effort)) + (1|scheme) eq. 3 

 

With Y the abundance of the species, PC1 to PC4 are descriptors of the land-cover, %N2000 the 

proportion of N2000 around monitoring site, and effort a measure of the sampling effort added 

as an offset. This metric allows accounting for the variability in the duration and the surface of 

the surveys (see Appendix 3 for a detailed explanation). We added the scheme name as a 

random effect in order to account for remaining variation due to different sampling schemes. 

The first model (eq. 2) allowed us to determine whether the abundance of a given species is 

determined by the amount of N2000 in the landscape. The second model (eq. 3), by adding land-

cover descriptors as covariates allowed us to determine whether land-cover could account for 

the role of N2000 coverage as an explanatory variable. As the coverage of N2000 is not 

correlated with longitude (r = 0.08 for the BBS dataset and r=0.04 for the BMS dataset) and 

exhibit a low correlation with latitude (r = -0.19 for the BBS dataset and r = - 0.24 for the BMS 

dataset) we did not account for latitudinal and longitudinal effects. 

 

Abundance data often have zero-inflated distribution, making it crucial to use models with 

suitable distributions to tackle this issue. Here, averaging abundance data across years 

generates continuous data rendered the use of zero-inflated Poisson distribution impossible. 

The models were fitted using a Tweedie compound Poisson distribution and a log-link. The 

Tweedie compound Poisson distribution is a mixture of a degenerate distribution at the origin 

and a continuous distribution superior to zero and is used in situations where continuous data 

with exact zero occurs. It has been shown to outperform other zero-inflated models (Lecomte et 
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al. 2013) and offers the advantage of providing a single estimate, while zero-inflated models 

model presence and abundance separately. 

To examine the potential differences in the effect of N2000 on bird and butterfly abundance 

across regions, we performed a second set of analyses focusing on four distinct biogeographic 

regions, i.e. the Atlantic, Boreal, Continental and Mediterranean, (EEA 2016, Figure S1) and 

using subsets of monitoring sites and species (120, 108, 118 and 104 bird species and 33, 28, 55 

and 72 butterfly species, respectively. The Alpine, Black Sea, Steppic and Pannonian regions 

were excluded from the two sets of analyses because of the low number of sites monitored. 

 

Ecological characteristics of species 

To assess whether the ecological characteristics of the species influence the relationship 

between their abundance and N2000, we tested how the relationship between abundance and 

N2000 coverage was related to their level of habitat specialization measured by the Species 

Specialization Index (SSI; Julliard et al. 2006). Species with higher SSI are characterized by 

narrower niche and restricted to fewer habitats and are therefore considered to be habitat 

specialists. For birds we used the SSI measured by Le Viol et al. (2012) for European species and 

defined as the coefficient of variation of the abundance across habitats. The SSI for butterflies 

was based on the biotope profiles which were calculated for each European species in Van 

Swaay et al. (2006). A group of national butterfly experts classified the main biotopes for each 

species in their country using level 1 CORINE biotope classes (Moss et al. 1991). Then, for each 

species, the number of times each biotope was mentioned was computed as a percentage and 

the SSI zqs computed as the variance of these percentages. We modelled slope of the 
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relationship between abundance and N2000 coverage (eq. 2) as a function of their SSI values 

with a generalized additive model (GAM). We used a GAM to account for potential non-linear 

relationships. To account for variation in the precision of the slope of the relationship of species 

abundance with N2000 coverage for each species, we weighted each estimate with the inverse 

of its standard deviation.  

All statistical analyses were computed using R 3.4.0 (R Core Team, 2017) with the cplm 

(Zhang 2013) and mgcv packages (Wood 2011) . 

 

RESULTS 

Bird and butterfly abundance 

The results were qualitatively similar for the different radii used to assess the N2000 coverage 

around each site so only the results for the 1000m radius are presented (Figure S4-S7). 

The abundances of 47% of the 155 bird species (n = 73 species) were positively associated (P < 

0.05) with the coverage of N2000 around the monitoring site (Figure 2, Table S5), of which 24 

are woodland (such as Dryobates minor or Anthus trivialis) and 5 are farmland species. 40 bird 

species showed a negative association with the N2000 coverage. Out of the 104 butterfly 

species, 25% (n = 27 species) showed a positive relationship with N2000 coverage, of which 2 

are distinctive grassland species (Melitaea trivia and Cyaniris semiargus) and 2 are woodland 

species. (Figure 2, Table S6). 16 butterfly species showed a significant negative association with 

the N2000 coverage. 
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After accounting for the land-cover, fewer species showed a relationship between abundance 

and N2000 coverage but the overall pattern remained largely identical to the analyses not 

accounting for land-cover, with more bird species than butterfly species exhibiting a positive 

relationship (resp. 32% and 11%, Figure 2, Table S7-S8). 

The Atlantic and Continental patterns were similar (Table S9; Figure S8 and Figure S10) with 

46% and 39% of bird species having a positive relationship between abundance and N2000, and 

21% and 13% of butterfly species exhibiting a positive relationship. Again, the number of 

species with a positive relationship dropped after including land-cover covariates (Table S11). 

In the Boreal region, a very low number of bird and butterfly species exhibited a positive 

relationship between abundance and N2000 (respectively 5% and 7%, shifting to 6% and 4% 

after including covariates, Figure S9). The Mediterranean region had a similar pattern for birds 

and butterflies, with 18% and 19% of bird and butterfly species exhibiting a positive 

relationship between their abundance and N2000, dropping to 11% and 4% after including 

land-cover covariates (Figure S11). 

 

Abundance variations and specialization 

Bird species characterized by higher level of habitat specialization also had a stronger positive 

relationship with N2000 coverage (Figure 3; F1, 146 = 11.8 P = 0.001) but not butterflies (F1.9,104 = 

2.7, P = 0.08). In the Atlantic region, abundance was highest in N2000 sites for species with 

intermediate levels of habitat specialization (Figure S12, F3.2,116 = 3.9, P < 0.01). The relationship 

was not significant for butterflies (Figure S12, F1.7, 33 = 0.8, P = 0.56). In the Continental region, 

the bird and butterfly species characterized by higher level of habitat specialization also had a 
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stronger positive relationship with N2000 coverage (Figure S14; Birds: F1,114 = 3.9, P = 0.05; 

Butterflies: F1,55 = 13.2, P = 0.001). Finally, no relationships were found in the Boreal and 

Mediterranean regions, except for birds in the Boreal region (Boreal: Birds: F1,98 = 5.5, P = 0.02; 

Butterflies: F1,29 = 0.77, P = 0.39; Figure S13. Mediterranean: Birds: F1,123 = 2.9, P = 0.09 

Butterflies: F1,72 = 0.30, P = 0.59; Figure S15). 

 

DISCUSSION 

Abundance variations with N2000 coverage 

N2000 sites, designated because of the presence of targeted species and habitats, also harbor a 

substantial number of non-target bird and butterfly. We found that the abundance of half of the 

non-target bird species observed increased with the coverage of N2000 in the surrounding 

landscape. The abundance of only a quarter of the butterfly species had a positive association 

with the coverage of N2000 in the landscape. Van Der Sluis et al. (2016) already showed the 

incidental effect of N2000 on the species richness of non-target species, with more non-target 

species inside N2000 than outside. Here, we go further and show that N2000 can also benefit 

non-Annex species populations by providing a similar incidental effect i.e. capturing features of 

conservation interest by protecting focal features. While such a designation effect has been 

shown at the national level by Pellissier et al. (2013) and Kerbiriou et al. (2018) for birds and 

bats, it is to our knowledge the first time that it is shown at a pan-European scale. The 

designation of areas as areas of ecological or natural interest can drive changes beneficial to 

biodiversity even in the absence of legal protection tools. For exemple, Mimet et al. (2013) 

showed that the designation process can influence the urbanization rate of an area. Similarly, 
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designation for protection may halt road expansion and with it a cascade of factors leading to 

habitat degradation (Ibisch et al. 2016). 

 

Habitat specialization and Natura 2000. 

The bird species with higher relative abundance on N2000 areas are more likely to be habitat 

specialists, with the specialization index increasing with the slope of the relationship between 

abundance and N2000 coverage around the monitoring sites. When considering the whole 

network across the EU, woodland bird species often exhibit the strongest relationship with 

N2000 coverage – for instance the Lesser spotted woodpecker (Dryobates minor) or the Tree 

pipit (Anthus trivialis). Increase in abundance for woodland specialists, combined with the 

increase in specialization with the slope of the relationship between abundance and N2000 

coverage as well as the bias in N2000 toward woodland sites thus hint that the N2000 network 

has the potential to be an efficient tool to help mitigating the overall decline of bird woodland 

specialists (Devictor et al. 2010; Le Viol et al. 2012).  

In contrast, only a few farmland specialists had higher abundances when the proportion of 

N2000 area increased in the surrounding landscape. It should however be noted that this does 

not pertain to the capacity of N2000 to reverse the decline of farmland species in Europe. Even 

though habitat preferences may exhibit regional variations, a closer look at the ecology of 

species reveals that the species having a positive association with the N2000 coverage are far 

from being dependent on typical farmland (mosaic of cropland and grassland or extensive 

grassland). For example, the Meadow pipit (Anthus pratensis) can be found in grass moor or 

extensive grassland, while the Cattle egret (Bubulcus ibis) or the Whinchat (Saxicola rubetra) are 
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closely associated with wetland or wet pastures. The Northern lapwing (Vanellus vanellus) can 

be found in wet pastures or mosaic of cropland and grassland (BirdLife International 2018). As 

N2000 farmland habitat exhibit features close to High Nature Value Farmland (high proportion 

of semi-natural vegetation, low intensity mosaic farming ; Paracchini et al. 2008), these 

particular species are thus far more likely to be selected in the farmland located inside N2000 

than species typical of arable land (Rock sparrow - Petronia petronia- and Common linnet - 

Carduelis cannabina). 

The abundance of only two butterfly grassland specialists - the Lesser spotted fritillary 

(Melitaea trivia) and the Mazarine blue (Cyaniris semiargus) - increased with N2000 coverage. 

These results for grassland butterflies offer a spatial dimension concurring with other temporal-

oriented studies, both on the national and EU level. Studies indicate a severe decline of 

grassland butterflies throughout Europe (Van Swaay et al. 2007; Thomas 2016), of insect 

biomass in protected areas in Germany (Hallmann et al. 2017), and recent and ongoing decline 

in butterflies in Germany not limited by N2000 (Rada et al. 2019). Even though the negative bias 

toward grassland in N2000 sites (Figure S16) may partly drive the under-representation of 

grassland butterflies in N2000, these grassland are also poorly conserved (EEA 2015). This 

under-representation of grassland butterflies thus likely relates to insufficient implementation 

of good-practice standards for grassland management, both within and outside N2000 areas 

(see e.g. Konvicka et al. 2008). In this context it should be noted that grassland management in 

the EU and hence in N2000 is largely determined by the Common Agricultural Policy (CAP). 

Insufficient budget allocation to N2000 and Agri-Environment-Climate Schemes (Pe’er et al. 

2017) under the CAP may prevent the implementation of appropriate management practices. 
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Forest butterflies did not show high abundances even when N2000 coverage is high. One 

possible explanation is that even the butterfly species most associated with forest are not 

specialists of deep, closed forest, which are found in proportionally greater frequency within the 

N2000 network (Figure S16) but more with clearing and edges. Kadlec et al. (2018) showed that 

trait richness decreased in native European forests, following a closure in canopy due to 

forestry activities, hinting that close forests might harbour less specialized butterfly species. In 

addition, the lack of good management practices at the European scale is leading to an increase 

in forest closure, especially in protected areas (Maes et al. 2013b).  

Finally, the surrogate approach used here - how can the protection of a taxa protect other taxa - 

has been shown to be sensible to differences in ecological requirements between the surrogate 

and the target taxa, but also to the diversity of the surrogate taxa (Bladt et al. 2008). Even 

though N2000 has shown efficiency in protecting some butterfly species (Verovnik et al. 2011) 

the effect of N2000 on the abundance of non-target butterfly species might be lower than 

expected due to the low number of N2000 sites covering the typical habitat requirements of 

butterflies. For non-target butterflies at least, this implies that the ability Habitat and Birds 

directives ability to represent other conservation features in a surrogacy framework is limited. 

It been argued that some improvement might be achieved by re-visiting the rules for site 

selection to give more attention to the taxa with specific habitat requirements such as 

butterflies or by altering the target species list (Hochkirch et al. 2013). Modifying the Annexes 

could however divert the attention and resources that could otherwise be invested toward 

better sites management. As a lot of threatened butterfly species are absent from the Annexes 

using Red-Lists to identify management priorities and funding the implementation of necessary 
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management measures should be a priority before revising the designation criteria for N2000 

sites (Maes et al. 2013a). 

 

Geographic variations 

The abundance patterns for birds are identical in the Atlantic and Continental regions and fairly 

similar to the overall pattern, while the abundance patterns are markedly divergent from the 

Pan-European pattern in the Boreal and Mediterranean region. Moreover, only in the Atlantic 

and Continental region, and to a lesser extent in the Mediterranean region, are woodland bird 

specialists more abundant in N2000. This discrepancy between the biogeographic regions might 

be caused by differences in landscape composition across the various regions. Indeed, in the 

Continental region (as in the whole of Europe), the coverage of forest increases with the 

coverage of N2000. This accrued abundance of woodland species is less clear in the 

Mediterranean region, where the forest coverage is the lowest. In contrast, in the Boreal region 

where the pattern was not detected either, the forest coverage is very high (Figure S16). Thus, 

this lack of variation in forest coverage might explain the lack of positive association between 

forest specialists and N2000. Furthermore, the N2000 coverage in the Boreal region is much 

higher in the species-poor northern areas than in the species-rich southern areas (Figure S17). 

This could reduce the importance of the N2000 sites for many non-target species in general 

since systematically selected census sites are more likely to be situated next to the N2000 area 

in the north which holds in general fewer non-target species than southern ones. This highlights 

the unequal coverage of N2000 sites within different biogeographic regions and the importance 
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of strengthening the protected area network in the southern part of the Boreal region (Virkkala 

& Rajasärkkä 2007).  

 

Limitations 

It is important to keep in mind that the sampling design is far from complete for the butterfly 

monitoring scheme.Boreal and Mediterranean regions are underrepresented in our data set, 

which might hamper our ability to draw firm conclusions for these regions. Further, in the 

Boreal region the number of monitoring sites including a part of a N2000 area is quite limited 

(Figure S17). Though we found a relationship between SSI and the response of species 

abundance to N2000, one should keep in mind that the relation is mostly driven by a small 

number of species having a high SSI. The bird’s and butterfly’s SSI were computed using expert 

based assessment of the frequency of land-cover (Le Viol et al. 2012), introducing some 

subjectivity in the computation of the SSI. Computing these indices using actual habitat data 

from the monitoring sites might allow us to gain a deeper insight in the relationship of bird and 

butterfly species abundance in relation to N2000 in the future. While we accounted for the 

variation in sampling effort, the nature of our data did not allow us to account for the variation 

in detection probability in our model. Even though this could lead to systematic errors, we are 

only interested in the variation of single species abundance and not in the comparison of the 

abundance between species, making us confident confident in the broad patterns demonstrated 

in our results (Pellissier et al. 2013).  
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Conclusions 

Here we show for the first time at the European scale that the N2000 network can incidentally 

represent non-focal biodiversity. Non-focal bird species - and butterfly to a lesser extent - were 

also being captured in landscapes with high N2000 coverage and incidentally represented. As 

the incidental protection was rather low for butterfly species, future research should focus on 

accounting for the different response of butterflies to N2000. Our analysis only encompassed 

specialisation and abundance as metrics of biodiversity, but future research should focus on 

various metrics – mortality, age structure, reproductive rate… - to be able to see the bigger 

picture. As a matter of fact, our results do not yet integrate the effects of the management of 

N2000 sites. Even though N2000 often overlap with areas protected by previous national or 

regional laws (Evans 2012), meaning that active management is already in place in countries 

where all nature reserves or national parks were turned into N2000 areas (Sweden, Estonia), 

there are still many sites which are not managed (Milieu et al. 2016). In order to pursue the 

evaluation of the efficiency of the N2000 network and get a bigger picture, it is important to 

integrate a temporal aspect and management information into future analyses. Temporal 

analyses will allow us measuring the effect of any management on biodiversity while accounting 

for any lag between the management and actual effect on biodiversity (Donald et al. 2007). To 

this end, expansion of monitoring efforts, and its support by policy, is essential. Insofar, the 

monitoring network is based primarily on volunteer work and poorly supported by European 

policies, while butterflies are not even acknowledged as an official indicator despite well-

founded literature to support their use as such (e.g. van Swaay et al, 2007). Furthermore, as 

information on the management of N2000 site are not readily available in a single dataset, we 

advocate here for the establishment of a standardized collection of information about the 
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management of N2000 sites, in order to increase our knowledge on the efficiency of Europe’s 

protected are network.  
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SUPPORTING INFORMATION 

Appendix 1. The Natura 2000 network 

Appendix 2. Results of the PCA carried out on land-cover data 

Appendix 3. Bird and butterfly species sampling efforts 

Appendix 4. Sensitivity analyses of the radius size 

Appendix 5. Species specific relationships between abundance and the N2000 coverage 

Appendix 6. Results per biogeographic regions. 

Appendix 7. Description of the land-cover and N2000 coverage around monitoring sites. 

Butterfly data can be requested through national scheme coordinators (http://www.butterfly-

monitoring.net/ebms), for data access policy of bird data see https://pecbms.info/use-of-the-

results/data-access-policy/.  
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FIGURE CAPTIONS 

Figure 1 Centroids of monitoring sites used in this study, from (a) national Breeding Bird 

surveys (BBS) and (b) Butterfly Monitoring Schemes (BMS). 

 

Figure 2. Number of bird (upper panels) and butterfly (lower panels) species showing a positive 

(Pos.) or negative (Neg.) relationship between abundance and the Natura 2000 coverage in a 

1000m radius around the monitoring sites. The relationship between N2000 and species 

abundance was tested without and with land-cover covariates to identify whether the 

designation effect was due to broad landscape characteristics. Colour represents affiliation of 

the species to woodlands, farmland, grassland specialists, or non-specialists. Transparent 

colours indicate non-significant (P > 0.05) relationships. 

 

Figure 3. Relationship between the species specialization index (SSI) of bird and butterfly 

species and the slope of the relationship between their abundance and the coverage of Natura 

2000 in a 1000m radius around monitoring sites (eq.2).  
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