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Influence of nitrogen deposition on plant 
biodiversity at Natura 2000 sites in Spain 

Worldwide scientific evidence has been accumulated showing that anthropogenic 

emissions of nitrogen compounds to the atmosphere are affecting terrestrial 

ecosystems, thus threatening the world’s biodiversity. In this work (Ariño et al., 

2011) we have used the GBIF database to extract information about the spatial and 

temporal evolution of nitrophilous herbaceous plants (186 taxa), mosses (44 taxa) and 

lichens (78 taxa) in Spain from 1900 to 2008. GBIF (www.gbif.org/) provides access 

to millions of scientific data records supplied by a wide range of institutions and 

organizations from all over the world. The strength of the data shared by the GBIF 

network (species occurrence records and names and classifications of organisms) 

relies on their potential to be represented geospatially, as geographical coordinates 

of the records are usually provided.

The bioindicator index developed (number of records of nitrophilic plants divided 

by the total number of records of plants in the GBIF dataset per year) showed a 

continuous increase of nitrophilous plants for the period 1900-2008 (Figure 1), 

thus suggesting a change in biodiversity composition related to N enrichment in 

ecosystems. This increase seemed to peak in the 1970 and 1980 decades, decreasing 

slightly in the last decade of the 20th century, and increasing again in the first decade 

of the 21st century.

The results suggest that a number of Natura 2000 sites, especially in the northeast 

(Figure 2) could be suffering N-induced shifts in natural vegetation. Under these 

conditions, the Favorable Conservation Status (FCS) of a habitat is considered to 

be endangered, as the natural range of the species seems to be changing for the 

foreseeable future.

Figure 1 Variation of the plant nitrophilic index through 20th and 21st centuries in Spain.
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Nitrogen deposition in ES02 Bertiz

The bulk nitrogen load in the catchment ranged from 4.86 to 9.47 kg ha-1 year-1 during 

the 2007-2010 period, with an average value of 7.34 kg ha-1 year-1. Despite the fact that 

the current values can not be considered as too high, recent evidence has shown that 

the changes in moss diversity recorded during the last century in the catchment could 

be linked to an increase on the N load (Ederra and Villarroya, 2009).

ICP IM: EM: Progress on Biodiversity Assessment

Work for the Edaphic Microarthropod (EM) subprogramme has continued in two 

areas: design and test of the standardisation systems, and actual data collection 

from the site. Building on the previous extensive design and build work, and on the 

results of the first EVE prototype for automated soil fauna extraction, we successfully 

put in operation the EVE-II production system, which increases from 60 to 216 the 

sample extraction capability; allows for three simultaneous extraction batches, each 

with its own independent extraction parameters, and fully automates the variable-

environment sequence. In addition, we are designing an automated classification 

system based on bioinformatics, to be added later to the procedure.

Figure 2 Left: Map of nitrophilous index (NI) for the period 1990-2008. Right: Map of anomaly of 
NI for the same period against the 1900-1989 baseline. Cells with increased NI in shades of gray; 
cells with decreased NI in dot patterns. Cells including one or more SPA marked with a black 
cross (increased NI), white cross (decreased NI), or gray cross (unchanged NI). Half-degree cells.
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Figure 3 Bulk nitrogen deposition values in ES02 Bertiz for the period 2007-2010; monthly average 
values expressed as the sum of nitrate- and ammonia-nitrogen (left) and, evolution of nitrate- and 
ammonia-nitrogen expressed as monthly values (right). 
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Mobility of heavy metals and distribution coefficients in ES02 Bertiz soils

This work aimed to evaluate the soil-liquid phase interaction through the analysis of 

the soil solution by classical statistical methods and by multivariate analysis to know 

the hypothetical response of acid soil front an increase of metal air pollutants. Whole 

profile samples were extracted from 21 soil sites located within the experimental basin 

at Bertiz and then analyzed for basic soil parameters (Table 1).

Table 1 Chemical properties of all studied horizons in 21 profiles (means and ranges, n=77).

Profile % OM pH % N % Clay CEC 
meq/100g

% SAT �tf
(g cm-3)

Mean 3.8 5.0 0.2 33.1 12.8 12.0 0.9

Min 0.5 4.3 0.04 6.4 4.6 1.6 0.6

Max 14.6 7.8 0.8 49.9 37.8 72.1 1.2

SD 3.1 0.7 0.1 8.6 5.2 15.5 0.1

These soils were poorly developed, with little genetic differences. The soil samples 

were packed in experimental methacrylate columns and treated with a solution 

that contained Mn, Cr, Cu, Pb, Zn, Ni, As, and Cd, in a concentration four times 

higher than the average deposition values typically expected for a remote location 

in the region. The dose system used mimicked rainfall conditions (precipitation 

values and average pH).

The results (Table 2) showed that the heavy metal retention capability of these 

soils is low for most of the studied metals; marginal differences in the response were 

found between soils on acid or basic parent material. A significant increase in the 

deposition of these elements would have a direct impact on the chemical composition 

of groundwater in the catchment.

Table 2 Mean distribution coefficients (Kd) calculated for the total experimental irrigation 
treatment. The soil-water distribution coefficient (Kd) is expressed as the ratio of sorbed to 
dissolved contaminant under equilibrium conditions (Carlon et al. 2004). High values of Kd, 
indicate that the metal has been retained by the solid though sorption reactions, while low values 
of Kd indicate the most of the metal remains in solution where is available for transport and 
biological or geochemical reactions (Anderson & Christensen 1988).

Element Cr Mn Ni Cu Zn As Cd Pb

Kd 2.8 - 13.6 - 3.28 13.3 - 11.9 8.1 - 5.5 4.2

Variation of plant diversity in ES02 Bertiz (Gazol and Ibáñez 2010)

The spatial patterns of vascular plant diversity were studied in the ES02 Bertiz 

catchment. Diversity in 102 plots of 400 m2 was analysed against environmental and 

spatial variables. The Principal Coordinates of Neighbor Matrices method was used 

to create spatial variables that represent spatial structures on multiple scales. Variation 

partitioning on multiple regression was used to discover pure environmental and 

spatial fractions and their joint effects on diversity. Additionally, we created maps of 

the response and some explanatory variables to interpret their patterns. The results 

show that diversity is heterogeneously distributed in the basin and is explained mainly 

by environmental factors. Leaf litter cover proved the most important environmental 

factor. The spatial variables play an important role in structuring the environment but 

the low amount of variance explained by these when the effect of the environment is 

removed points to the lesser importance of neighborhood relations to the distribution 

of diversity values.
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Chemical characterization of PM10 in the 
Natural Park of Señorío de Bertiz

24-h samples of PM
10

 were collected at Bertiz Natural Park onto quartz fibre filters 

every three days from January 2009 to December 2009 using a high-volume sampler 

(Digitel DAH-80). After weighting the filters, they were analyzed for inorganic and 

organic compounds. The Positive Matrix Factorization model (PMF) was used to 

identify PM
10

 sources and estimate source contributions. 

The annual mean PM
10

 levels at Bertiz reached 15 μg m-3, concentration clearly 

below the limit value established by the European Directive 2008/50/EC (40 μg m-3). 

The limit for daily PM
10

 levels (50 μg m-3) was exceed only once, far away from the 

maximum number of exceedances (35) indicated by the European Directive 2008/50/

EC. 

The major components of PM
10

 (Figure 4) were organic matter and elemental carbon 

(OC+EC), and secondary inorganic compounds. The contributions of those elements 

to total mass of PM were similar to those reported for Southern European countries.  

Concerning the trace elements, the highest concentrations were shown by P, Ti, Cr, 

Mn, Ni, Cu, Zn, Sr, Sn, Ba and Pb, although the contribution of total trace elements 

to total mass of PM was quite low (1%).

The application of the PMF model allowed identifying four sources of PM
10

: 

secondary sulphate, secondary nitrate, crustal (determined by characteristic soil 

elements like Al, Ca, Ti and Mg) and sea salt.

PAH concentrations were also very low, being benzo(b)fluoranthene the most 

abundant organic compound. Based on the diagnostic ratios of PAH and PCA 

analysis, traffic emissions were the major contributors to the total concentration of 

PAHs, although wood and biomass combustion was also identified as a common 

source of PAHs in this area.

Micropatterns of soil moisture determines the availability of microsites for a forest 

riparian species (Carex remota)

Riparian zones provide space for high biological diversity compared with adjacent 

upland forest because of their high and constant soil moisture values. However, 

headwater streams in mountainous areas are more variable in water flow, making 

them very sensitive to dry periods, so the definition of a riparian buffer is necessary 

to conserve and manage those habitats properly.

Within the ES02 Bertiz catchment three surveys in different months were 

conducted. Soil moisture was measured in 385 sampling points across 35 transects 

perpendicular to first-order streams. Each sampling point was also described by the 

distance from and the height above the stream banks and by the presence of Carex 
remota, a characteristic riparian species. Relationships between soil moisture and 

both the distance from and the height over the stream banks were modelled using 

nonlinear regression techniques.

Figure 4 Chemical composition of PM10.

�



57The Finnish Environment  18 | 2011

Soil moisture showed a sigmoid trend and allowed us to define the limits of a 

wet riparian zone at 1.25 m of distance from and 0.55 m in elevation above stream 

banks. Compared with other studies, our riparian zone is narrower because of the 

steep slopes (25%) of the mountainous area studied. We also provide evidence that 

elevation above stream banks is more influential than distance in defining the limits 

of the riparian zone. Moreover, while in the riparian zone values of soil moisture are 

high and constant even at the end of a dry period due to the continuous water flow, 

in the adjacent upland forest soil moisture varies according to rainfall. These high and 

constant soil moisture values allow the establishment and development of a riparian 

plant species (Carex remota) associated to those streams.
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