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Summary 

 

Study into the effects of atmospheric nitrogen 

deposition on rich fens and poor fens 

For the benefit of the maintenance and 

restoration of habitat type H7140 (Natura 2000) 

 

 
Introduction 
 
This is a summary of the results of the OBN study 'Effects of atmospheric nitrogen deposition in rich 

and poor fens’, that took place in the period 2015 – 2017. 

 

Among NW-European lowlands, the Dutch peatlands inhabit a relatively large share of rich fens 

(H7140A) and poor fens (H7140B). Most of these Dutch peatlands are indicated as Natura 2000 

areas. Both the national and European goal of Natura 2000 is to maintain or increase the surface 

and quality of habitat types (e.g. H7140) and associated species. One of the reasons for the 

deterioration of both rich and poor fens in the Netherlands is the excessive atmospheric nitrogen 

(N) deposition load. The PAS policy (Programmatic Approach to Nitrogen) was aimed to stop and, 

where possible, to restore the decline of biodiversity and protected habitat types in Natura 2000 

areas by reducing the atmospheric N-deposition and adopting additional restoration and 

management measures in the nature reserves. Due to several national and local efforts, the 

atmospheric N-deposition has declined considerably in the Netherlands since the 1980s. However, 

the N-deposition values are still currently far too high. The critical deposition values (KDW Kritische 

Depositie Waarde) determined for the sub-habitat types ‘rich fens’ and ‘poor fens’ (respectively 17 

kg N/ha/year (1214 mol N/ha/year) and 10 kg N/ha/year (714 mol N/ha/year)) are still being 

exceeded (Van Dobben et al., 2012).  

 

Atmospheric nitrogen deposition can influence the biosphere in a number of ways, through the 

acidification of the soil, eutrophication and/or ammonium (NH4) toxicity in vegetation. This study 

attempts to gain insight into the significance of these processes (and the effect of the N-deposition 

on these processes) in relation to the current quality and development of rich and poor fens in the 

Netherlands. In addition, it examines how these effects relate to local conditions, such as hydrology, 

nutrient concentrations and the management of habitat type H7140. The study included a large 

number of fens in the Netherlands, as well as a number of reference regions abroad. The goal is to 

provide recommendations concerning specific management measures and to optimize the 

possibilities for the recovery and development of both of these sub-habitat types. 

 

The first step concerned a field inventory of the present quality of the vegetation in the transitional 

fens and rich fens in the Netherlands. The categorization of the 110 locations that were selected and 

analyzed for this study is based on a Twinspan cluster analysis on the grounds of the total species 

composition. Six different vegetation groups could be distinguished, in which a clear succession from 

base-rich to base-poor fens was found. These groups can roughly be divided into young succession 

groups (brown moss-dominated vegetations) that include the sub-habitat type poor fens, and older 
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succession groups (peat moss-dominated vegetations) that include the sub-habitat type peat-moss 

(reed beds). We not only observed distinct differences in the local conditions further to this 

categorization of the groups, but also in the effects of the deposition of N (figure 1 below). 

Current status rich fens in the Netherlands 

Two of the vegetation groups found using the Twinspan cluster analysis are in keeping with that 

which is characteristic of brown-moss dominated fens. The rich fen group with the best biotic 

quality (group 6) is characterized by Bryum pseudotriquetum, Campylium stellatum, Calliergon 

giganteum, Scorpidium scorpioides, Scorpidium cossonii and Calliergonella cuspidata, many sedges 

and several red list species. The other rich fen group (5) represents a moderate vegetation quality, 

and is mainly characterized by the dominance of Calliergonella cuspidata. Compared to European 

rich fen references in Poland, Sweden and Ireland, the Dutch rich fens are often of relatively poor 

quality. Particularly due to a relatively high cover of Calliergonella cuspidata and the loss of 

characteristic species that used to occur in Dutch rich fens. The past decades have seen a strong 

decrease in these characteristic species, including Sphagnum contortum (twisted bog moss), 

Scorpidium scorpioides (hooked scorpion moss) and Carex diandra (lesser tussock sedge). Rich fen 

moss species such as Cinclidium stygium (lurid cupola moss), Meesia triquetra (three-ranked hump 

moss), Paludella squarrosa (tufted fen moss) and Tomentypnum nitens (woolly feather moss), that 

are commonly found in the reference fens abroad are not even found in the Netherlands anymore. 

This means that the Dutch rich fens of which the biodiversity is currently classified as “good” are 

actually in decline. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Sub-type H7140A Transitional and poor fens 

 

Current status transitional and peat-moss dominated (poor) fens in the Netherlands 

 

This OBN-study yielded four peat-moss dominated vegetation groups in the situation in the 

Netherlands based on cluster analysis. Two groups concern poor fens and two concern transitional 

fens. All are strongly influenced by the soil pH. The pH in the peat-moss dominated vegetations 

that were found decreases from pH 6 in the group with base-rich transitional fens (group 4, figure 

1) to ultimately pH 4.5 in the acidic poor fens (group 1). The latter sub-habitat type ‘poor fen’ is 

characterized by Phragmites australis, Sphagnum palustre and Sphagnum fallax.  To a lesser 

extent, poor fens also occur in the base-poor group 3. This group is characterized by species that 

are also common in group 1, in combination with a few slightly base-rich, but also eutrophic, 

species such as Eupatorium cannabinum, Carex acutiformis and Lycopus europaeus. Group 2 

(acidified transitional fens) and group 4 (base-poor transitional fens) consist mostly of acidified and 

From left to right: Hooked scorpion moss; Fen orchid; Bogbean, Purple marshlock and Water horsetail; 

Southern moss orchid with Six-spot burnets (photos: G. van Dijk) 
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acidifying fens. Vegetation group 2 is characterized by Calliergonella cuspidata, Agrostis canina and 

Hydrocotyle vulgaris and group 4 by a high cover of Sphagnum fallax, Calliergonella cuspidata and 

Phragmites australis, in combination with more base-rich species such as Potentilla palustris and 

Mentha aquatica. Good European reference sites for poor fens could not be found, as this 

vegetation type (in larger surface areas) seems typical for Dutch peatlands. Maintaining a good 

quality of these fens in the Netherlands is therefore significant on a European level. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Sub-type H7140B Transitional and peat-moss dominated fens 

 

All of the peat-moss dominated groups are virtually only buffered through cation exchange in the 

soil and no longer through HCO3 (as is the case with brown moss dominated fens). Acid is 

exchanged for adsorbed calcium (and magnesium). The transition from early succession stages 

(brown moss dominated fens) to the older succession stages (peat-moss dominated fens) goes 

mainly hand in hand with subsiding groundwater levels and a significant increase of the peat-moss 

cover. This results in acidification, particularly in combination with a limited supply of HCO3 and Ca 

via ground- and/or surface waters. The buffering capacity decreases further and further as a result 

and the HCO3 that is still present is subsequently consumed. A groundwater level decline of 7 cm 

results in a 30% decrease in the buffering with HCO3 (based on vegetation group 4). Low HCO3 

buffering (<2000 µmol/l) also triggers the buffering via cation exchange for protons (H+), as a 

result of which Ca may leach out. This renders the peat-moss dominated vegetation groups (Group 

1 through 4) extremely sensitive to factors that facilitate acidification even further, such as the 

atmospheric deposition of N. 

 

Given the relatively high share of acidified rich- and poor fens in the Netherlands and the observed 

increase of Sphagnum growth at higher N-deposition values, it seems plausible that the vegetation 

succession in the Netherlands has been accelerated by a high N-deposition. Nevertheless, the rate 

of succession towards more acidic vegetations is also influenced by e.g. differences in soil 

buffering. Therefore, other factors such as hydrology, water quality, and management are just as 

important for vegetation development, in addition to high N-deposition levels (far above the critical 

deposition values). 

 

Concerning the actual N-deposition per peatland included in this study, the different regions do vary 

(figure 3). Despite the uncertainties concerning the degree of detail and the reliability of the current 

deposition values, the data resulting from the individual models in AERIUS and EMEP do, largely, 

show the same trends, with the exception of the tip of the province of Noord-Holland (Ilperveld and 

Wormer-Jisperveld) and Overijssel (Olde Maten, Stadsgaten van Hasselt & Wieden). The data from 

AERIUS is, however, available on a smaller scale (km2) compared to the EMEP data (on a provincial 

scale), which is why the data obtained via AERIUS has been used in this study with respect to the 

current N-deposition values for the research locations within the Netherlands. The modelled N-

deposition values obtained via EMEP were used only for a comparison of the Dutch locations with the 

European reference locations, as only EMEP values are available for the European reference locations.  
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Figure 3: Actual N-deposition values (mol/ha/year) as measured for the different peatlands included in this study 

(source: AERIUS and EMEP) (AERIUS shows averages values of the locations in each peatland). The straight red 

line shows the critical value for rich fens, the red dotted line for poor fens.  

 

 

The effect of N-deposition on (rich) brown moss dominated fens 

 

The comparison with the reference fens abroad that were included in this study show that the high 

N-deposition in the Netherlands may have contributed to the decline in the quality of poor fens, 

particularly as a result of accelerated acidification. Acidification has resulted in the absence of 

poorly buffered poor fens in the Netherlands, whereas these were present in the past and can still 

be generally found, to a reasonable extent, abroad (Ireland, Sweden, Poland). Many of the fens in 

the Netherlands and Ireland are calcium-poor, whereas the fens in Poland and Sweden are 

generally richer in calcium. Given a comparable N-deposition, calcium-poor fen systems require a 

larger supply of buffering agents such as bicarbonate (HCO3) and calcium (Ca) via the ground- 

and/or surface water to compensate for the acidification as a result of N-deposition. The geo-

hydrological characteristics render the Dutch poor fens relatively sensitive to acidification. In view 

of the high N-deposition, this means that the Dutch poor fens are continuously subjected to the 

negative effects of acidification. 

 

The pH is maintained around 6.5 in brown moss dominated fens as a result of buffering with 

bicarbonate (HCO3) (figure 4). Not surprisingly, keeping the HCO3 buffering of the system up to 

standard and a high (ground) water level have been found to be the most important factors where 

it concerns maintaining and developing poor fens, certainly in view of the continuous acidifying 

effect further to the high N-deposition. As the high atmospheric N-deposition results in an increase 

in the acidification in brown moss dominated fens, which decreases the buffering capacity of the 

soil, this acidifying effect should in any event be compensated for. Seeing that the influence of the 

groundwater (seepage) no longer exists in the majority of the fens in the Netherlands and this was 

never present in some areas, infiltration is quite common in these areas. And so the supply and the 



Study into the effects of atmospheric nitrogen deposition on rich fens and poor fens   5 

soil infiltration of surface water with sufficient HCO3
- (and Ca) is essential to the buffering capacity 

of the soil. The Ca-concentrations can be considered a measure for the HCO3 concentrations, as 

HCO3:Ca concentrations in the surface water are found in the ratio 2:1. In this study, more than 

90% of the locations were found to have a surface water Ca-concentration that was lower than 

1500 µmol/l (at an average pH of 6.5), whereas the optimal concentration is around 2000 µmol/l 

(80 mg Ca/l) in order to ensure sufficient buffering in poor fens up to an average pH of 7 (Cusell et 

al., 2013). What is essential in this respect is that the buffering water must actually infiltrate the 

soil, a process that is strongly connected with the local hydrology, the season and the rainfall in the 

period concerned. 

 

 

Figure 4. Schematic overview of the vegetation groups in this synthesis and controlling processes and factors 

related to acidification and eutrophication, with the critical values for N-deposition. Bicarbonate buffering (brown 

moss dominated rich fens) requires a sufficiently high water table swampy conditions (virtually) year round and 

HCO3-(and Ca-) rich water. Base-saturation buffering (in peat moss (Sphagnum) dominated poor fens and peat 

moss reed beds) requires a sufficient (incidental) supply of Ca by Ca-rich water. Succession gradually changes 

from right to left, with an increasing decline of the water table (relative in respect of ground level).  

 

Overgangsvenen = Transitional and poor fens 

Trilvenen = Rich fens 

KDW = Critical Deposition Value - 10 kg N/ha/year – 17 kg N/ha/year  

Groep = Group 

Dominantie = Dominance – peat mosses – brown mosses 

Buffering – Fe/Al cation exchange (base saturation) – bicarbonate buffering (Ca-HCO3 concentrate) 

Nutrientlimitatie = Nutrient limitation 

Grondwaterstand = Groundwater level – Subsiding - Swampy 
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Besides its acidifying effect, the deposition of N also leads to eutrophication. Poor fens do however 

seem to be less sensitive to the potential eutrophicating effect of N-deposition compared to many 

other vegetation types. The reason is that the vegetation in buffered and mesotrophic poor fens are 

generally limited by phosphorus (P). The lower P-availability in the soil of these poor fens suggests 

that P plays a larger role in maintaining the most buffered, mesotrophic poor fen vegetations than 

the availability of N (Kooijman & Paulissen, 2006). Because of the constant supply of extra N via 

atmospheric deposition, it is extremely important that the limitation as a result of P be maintained 

through the supply of P-poor water, such in order to counteract overgrowth and to prevent the 

establishment of quickly developing peat mosses in the poor fens that are still present. Previous 

research shows that the geographical position and the local hydrology are decisive factors for the 

type of growth limitation within the hydrological system (Cusell et al., 2014). For example, in N-

limited peat vegetations, the extra N-deposition does lead to the excess growth of grasses and a 

decline in the biodiversity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Cumulative atmospheric N-deposition values (period 1980-2015) in 9 provinces in the Netherlands 

where habitat type H7140 occurs. Source: RIVM. 

 

 

Possible management measures despite a high N-deposition 

 

Management aimed at restoring the hydrology and buffering of the soil should potentially stimulate 

the maintenance, or development, of young succession stages, even under the current 

circumstances of a high N-deposition. However, in order to maintain or develop the desired biotic 

quality, a sufficiently high supply of bases such as Ca (>2000 µmol/l), HCO3 (>4000 µmol/l) and K 

(>50 µmol/l) must be taken into account, but also a sufficiently low P-concentration of the water 

supply. If the P-limitation is to be maintained, then it is important that the P-concentrations in the 

(surface) water that is supplied are lower than 2 µmol/l, but it is preferable that these remain 

under 1 µmol/l (0.03 mg/l PO4-P). The soil of poor fen vegetations show a P-concentration (water 

extraction) lower than 3-5 µmol/l (0.09-0.15 mg/l) fresh soil. 

  

More than 66% of the N-deposition in the Netherlands is present in the reduced form (NHx). 

Another negative effect of N-deposition is possibly directly related to the increased ammonium 

(NH4) concentrations. Moss species that are characteristic of base-rich environments are extremely 

sensitive to NH4
 toxicity (Paulissen et al., 2004; 2014; Kooijman & Paulissen, 2006; Verhoeven et 

al., 2010). As long as bash-rich conditions are maintained, part of the NH4 will be converted into 

nitrate (NO3), as nitrification is stimulated by a high pH. However, NH4 toxicity may take on a 

greater role if acidification occurs and the pH decreases. 
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When purposely increasing the water level, with a view to increasing the buffering capacity of the 

fen, not only must the P-concentration in the surface water be low enough (and comply with the 

values above), but the possibility of P-mobilization must also be taken into consideration. 

Depending upon the chemical features of the soil (Ca-, (Fe)- or(S)-richness), an increase in the 

water level may lead to the undesired mobilization of P. A water level increase may lead to P-

mobilization in S-rich fens, whereas toxic substances such as NH4 or dissolved Fe may come about 

in Fe-rich fens due to the anaerobe circumstances (Mettrop et al., 2015). Prudence is certainly 

called for if this takes place on a large scale within an area, as surface water can be enriched with P 

due to mobilization in (former) highly drained Fe-rich banks (Emsens et al., 2016). P-mobilization 

is not much of an issue in Ca-dominated fen soils, because P can largely bond to the Ca that is 

present and therefore is not released under anaerobe conditions.  

 

(Re) increasing the water level in fens as a method to restore the hydrology is already being applied 

in a variety of ways in various Dutch fens, such as local inundation with surface water via trenches, 

the supply of surface water and flooding plots by means of local irrigation or by means of increasing 

(ground) water levels (Beltman & Barendregt, 2007; Van Dobben et al., 2010ab). That hydrological 

measures (including incidental and local measures) have the most influence on the development of 

vegetation in poor fens became evident from both the analysis of the field locations, as well as from 

the conducted GIS-study that showed that the association of Scorpion moss and Lesser tussock-

sedge can come about again from a slightly dried form of peat-moss reed beds. The latter is basically 

a reset from older to younger succession stages. The above means there is reason to be optimistic 

concerning the restoration and maintenance (and possibly expansion) of the poor fens still present. 

 

 

Another possible measure is top soil removal, which may lead to relatively higher groundwater levels 

and thus more buffered conditions in the soil, and immediately resets the vegetation succession into 

pioneer stage. The open conditions that are created by this measure may be beneficial for mosses, 

and the supply of sufficiently buffered, relatively nutrient-poor water may potentially lead to the 

development of young successional stages. However, variable long-term results on effectiveness 

have been found in field experiments. Furthermore, no clear conclusions about the effects of top soil 

removal can be drawn from this correlative study as this requires specific experiments. 

 

 

Effect of N-deposition on peat-moss dominated fens 

 

Contrary to the brown moss dominated fens, the series of peat-moss dominated vegetation groups 

show an immediate negative effect of the acidifying effect of atmospheric N-deposition: the buffering 

capacity and the pH in the top layer of the soil are significantly lower at locations with higher N-

deposition values in the Netherlands. An increase in the N-deposition of 100 mol N/ha/year (1.4 kg 

N/ha/year) results in an average decrease of 6% of the cation buffering in the transitional fens. The 

acidifying effect of the N-deposition adds to the acidification that already occurs as a consequence of 

the lower groundwater levels (groundwater depletion, along with natural succession) and an 

increasing dominance of peat mosses that acidify their habitat internally. Anaerobe redox processes 

no longer occur when the groundwater level is low, but rather aerobe oxidation processes take place 

under the influence of oxygen, the byproduct of which is always acid. The establishment of peat-

mosses, which are less sensitive to subsiding water levels than scorpion mosses, appears to be 

stimulated for the most part by the lowering of the groundwater levels with the accompanying 

‘natural’ acidification and therefore a reduction in pH. Increasing the water level in the peatland up 

to a level in which the top layer of the soil is saturated with water will therefore be an important 

compensating measure for the extra acidification as a result of high N-deposition values in dry peat-

moss dominated vegetations. Moreover, most peat-mosses do not do well when the HCO3 

concentrations are higher (Van den Elzen et al., 2016), as a result of which the dominance of peat-

moss vegetations will decline and the succession is reinstated. 
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In addition to the acidifying effect of N-deposition, it appears that N-deposition may furthermore 

lead to eutrophication in peat-moss dominated peatlands. The peat-moss dominated vegetations 

are no longer limited by P, probably due to the dissolution of Ca-bound P as a result of the lower 

pH (Lamers et al., 2015). A high N-deposition appears to stimulate the vertical growth and the 

biomass of the peat-mosses in the transitional fens. Moreover, the N:P and N:K ratios in peat-

mosses show a strong increase when the N-deposition is high. The extent of N-deposition also 

stimulates the cover of various moss species, such as Hair moss. And so there appears to be a 

direct effect of eutrophication further to a high N-deposition for (peat) mosses, that are relatively 

independent of the underlying soil. For vascular plants, that root in the soil, the eutrophication 

effect due to N-deposition is more indirect, particularly as a result of the high availability of P in the 

peat soil. This applies to a lesser extent to plants that root superficially, such as the bog cranberry, 

Vaccinium oxycoccus. All four of the transitional fens have relatively high P-concentrations in the 

soil and soil moisture and higher N:P-ratios in vascular plants and this indicates a high availability 

of both N and P, partially as a result of mineralization due to diminishing groundwater levels. The 

high P-availability renders it possible to make the best of the N-deposition, stimulating the growth 

of the vegetation as a whole. 

 

Possible management measures despite a high N-deposition 

 

It is evident that the transitional fens (including peat-moss reed vegetations) are being subjected 

to both extra acidification and eutrophication as a result of the high N-deposition. These effects 

must be compensated for. The majority of the commonly used effect-oriented measures are, for 

the most part, aimed at counteracting the effects of eutrophication and not, or to a lesser degree, 

at counteracting acidification in the peat-moss dominated vegetations. A higher water level is 

essential in counteracting acidification in fens, preferably combined with a larger supply of Ca and 

HCO3. Additional management measures aimed at limiting nutrients are a logical next step once 

the hydrological conditions are as they should be. A lower availability of the nutrients N and P will 

mainly influence the development of the vegetation and the species composition. One of the 

options for managing the limitation of nutrients that is applied virtually everywhere concerns 

mowing in summertime. This also prevents the development of tree shoots. Mowing in the summer 

and late summer, meaning the period July through September, results in a higher removal of 

nutrients from the system compared to mowing in wintertime. Moreover, it appears that summer 

mowing is most beneficial to the biomass of the moss layer,  as the vascular plant biomass stays 

under 500 gram/m2. This can benefit the quality of the vegetations, provided that it does not lead 

to the dominance of a limited number of peat-moss species (under the influence of N-deposition 

that is still too high and/or groundwater levels that are too low and acidification). Mowing alone, 

however, does not appear to have any effect on the developments in terms of succession and the 

speed of acidification. 

 

 

A measure that aims to both limit the supply of nutrients and to increase the relative water level in 

peatlands is removing the top soil, which immediately sets the succession of the vegetation back to 

an earlier stage. The moss layer can benefit from the (temporary) open structure that is created in 

this way. This could potentially lead to the development of young succession stages, most certainly 

if combined with a supply of buffered, nutrient-poor water. The effects of removing the top soil on 

the development of the vegetation are, however, variable. Moreover, it remains to be seen how 

just long the effects remain favorable. Based on the study in hand, it is not possible to come to any 

conclusions concerning the effectiveness of removing the top soil in relation to the specific 

environmental factors. That requires specific experiments at multiple contrasting locations using 

measures that are aimed at a combination of limiting nutrients and acid buffering. 

  



Study into the effects of atmospheric nitrogen deposition on rich fens and poor fens   9 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Diagram of management options to restore Dutch rich fens and poor fens 

 

Compensatie N-depositie tbv Trilveen en Veenmosrietland = Compensation of N-deposition for the benefit of Poor 

and Rich fens 

Uitgangssituatie (Wat is de huidlge groundwater stand?) = Baseline (What is the current groundwater level 

(GWL)?) 

GWL up to ground level (> 0 cm) GWL < -5 cm under ground level 

Possibilities (ground) water level increase? 

Via peilopzet = Via man-made structures 

Via (tijdelijke) inundatie door bevloeiing of m.b.v. greppels = Via (temporary) inundation through irrigation or 

using ditches 

Leidt vernatting tot afname kwel? = Does water level increase result in decrease seepage? 

Sprake van kwel? = Seepage present? 

Kan vernatting met OW compenseren voor het gebrek aan basenaanvoer? = Can water level increase with surface 

water compensate for the lack of a supply of bases? 

Bodemvocht = soil moisture 

Aanvoerwater = water supply 

Kan verzuring/succession nog worden geremd? = Can acidification/succession still be inhibited? 
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Bekalken Veenmos trekken = Liming Peat moss removal 

Is er mogelijkheid verschraling bodem? Nutrient removal soil possible? 

Via plagen toplaag = removal top soil layer 

Is er sprake van P-mobilisatie in de bodem na vernatting? = Does P-mobilization occur in soil following water 

level increase? 

Verbeteren opp. Water kwaliteit m.b.t. P? = Improvement surface water quality in relation to P? 

Accepteren oudere successiestadia of mogelijkheid voor afgraven bodem onderzoeken = Acceptance of older 

succession stages or examine possibilities for soil removal 

Trilveen ontwikkeling = development of poor fens 

Veenmosrietland  ontwikkeling = development of peat-moss reed  vegetations 

 

 

 

Conclusions and recommendations concerning management 
 
In view of the accelerated acidification observed in both brown moss dominated fens (poor fens) as 

well as peat-moss dominated fens (transitional fens and peat-moss reed vegetations) as a result of 

a higher N-deposition, it is extremely likely that an increase in the atmospheric N-deposition 

facilitates and accelerates succession. A decrease in the surface area of good quality young 

succession stages of the habitat type poor fen (H7140A) can still be observed in the Netherlands. 

Moreover, the majority of the habitat type H7140B vegetations in West Europe are found in the 

Netherlands. Which is why it is essential to counteract the accelerated succession as a result of the 

N-deposition by effectively reducing the atmospheric deposition of N in the Netherlands even 

further with source-oriented measures. There are however other factors (hydrology and water 

quality, among others) in addition to the current high N-deposition levels (that grossly exceed the 

critical deposition values), that are decisive for the development of vegetation in poor fens and 

peat-moss reed vegetations. Effect-oriented measures further to these other factors should be 

considered on a local/regional level. This study aimed to assess these factors separately in order to 

come to adequate recommendations in terms of management. 

 

The minimum objective with respect to the brown moss dominated, mesotrophic poor fens (group 6) 

that are still present in the Netherlands is that these are maintained, despite the high N-deposition. 

This is only possible, however, if the hydrological conditions are adequate or are optimized, ensuring 

a sufficient supply and infiltration of buffered and P-poor surface water or groundwater. An increase 

in (local) seepage can in some situations lead to an improvement of the buffering capacity, provided 

that this entails the supply of buffering agents and not extra nutrients. There are examples in the 

Netherlands in which increasing the water level (in an absolute sense and relatively through top soil 

removal) and improving the water quality has led to maintaining and even expanding existing poor 

fen vegetations. Prior to proceeding to increase (surface) water levels, it should be assessed on a 

regional or landscape level whether such a measure may have a possible negative influence on the 

(local) seeps that may still be present.  

 

The poor fen vegetations need a continuous supply of bases in order to compensate for the 

additional acidification and to remain within the HCO3 buffer range (around pH 6.5), but – because 

of the limitation of P in these systems - they are less sensitive to eutrophication resulting from an 

increased N-deposition. An important condition in this respect is that the low P-availability is 

maintained by means of (1) keeping the P-concentrations in the surface waters that are supplied 

low and (2) limiting the mineralization of peat material by maintaining water levels at the surface 

level. In addition, high Ca-concentrations often go hand in hand with fens that are highly limited by 

P (Mettrop et al., 2015). Moreover, mowing in summertime is found to result in nutrient limitation 

in the soil, which is favorable. Phosphorus remains a limiting factor for the growth of the vegetation 

and the extra supply of N is not a major problem. A combination of measures aimed at maintaining 

or creating P-limitation and a sufficient water level increase and sufficient buffering offers good 
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opportunities for maintaining the current poor fens. Because of the very small area of buffered, 

mesotrophic poor fens in the Netherlands, one could furthermore opt to use part of the area of 

acidified (‘poor quality’) peat-moss reed vegetations for the (re)-development of poor fens on older 

kraggen, certainly as long as no new poor fen vegetations are being formed because of the limited 

or lacking succession in open water (Loeb et al., 2017). The latter is one of the largest bottlenecks 

with respect to the current management of poor fens in the Netherlands. 

  

Adequate hydrology is also very important to transitional fens (including peat-moss reed 

vegetations), which are very sensitive to a high N-deposition, particularly where it concerns 

increasing the water level in order to compensate for the extra acidification and to restore base-

rich transitional fens. The peat-moss dominated vegetations, including the peat-moss reed 

vegetations, are not (no longer) P-limited. And so N-deposition not only leads to acidification 

(which often immediately results in a pH decrease due to the low buffering capacity), but it also 

leads to an accelerated growth of vascular plants, peat mosses and/or hair moss. The acidification 

is intensified by the lower water levels in the soil, which are in part a consequence of the enhanced 

growth of the peat-moss layer as a result of a high N-deposition. Combined, these factors render 

transitional fens and peat-moss reed vegetations sensitive to atmospheric N-deposition and 

eventually results in a decline in bio-diversity. Measures such as summer mowing appear to be 

insufficient, as these measures are only aimed at the eutrophication component of then N-

deposition, whereas the acidifying component also requires counteracting measures. This can be 

achieved by increasing the buffering capacity of the peatland, for example by increasing the water 

level, a temporary inundation or (temporary) supply of bases via the groundwater, in order to once 

again recharge the base saturation of the soil complex.  

 

Possible management solutions for the purpose of guaranteeing the supply of sufficiently base-rich 

and nutrient-poor (surface) water and increasing the water level in the peatland, are strongly 

connected to the hydrology and the positioning of the area within the landscape – meaning the 

larger system in which the poor or rich fen lies. It is essential to acquire thorough knowledge of 

this regional component before implementing management measures relating to the water level 

and water quality (Cusell et al., 2013; Mettrop et al., 2015). The effect of a certain measure will 

differ per situation and the actual effectiveness can only be determined with a good understanding 

of the functioning (both in a bio-geochemical and an eco-hydrological sense) of the area. Figure 6 

shows a management diagram with important choices and factors that can be taken into account 

when assessing whether (and how) the negative effects of N-deposition can be compensated for 

with a view to maintaining poor fens and peat-moss reed vegetations. 

 

The results presented in this OBN-report can be useful to estimate effective and possible measures 

for future management of Dutch rich fens and poor fens by performing research at a local and 

regional level. In addition, it may help to predict which areas in nature reserves have the best 

potential for restoration or development of rich- and poor fens. In this way, management measures 

can be used in a cost-efficient manner, especially with the ongoing high atmospheric N-deposition 

levels in the Netherlands that still require additional management efforts to enhance development 

and restoration of rich- and poor fens. 
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Rapport nr. 2018/OBN220-LZ: 

Onderzoek naar de effecten van stikstof in overgangs- en trilvenen Ten behoeve van het behoud en 

herstel van habitattype H7140 (Natura 2000) 

Plot in peat-moss reed vegetation marked off for determination vegetation composition and 

sampling of meteoric water. To measure is to know! (photo G. van Dijk) 

https://www.natuurkennis.nl/Uploaded_files/Publicaties/onderzoek-naar-effecten-stikstof-in-overgangs-en-trilvenen-met-omslag-1.14a86c.pdf
https://www.natuurkennis.nl/Uploaded_files/Publicaties/onderzoek-naar-effecten-stikstof-in-overgangs-en-trilvenen-met-omslag-1.14a86c.pdf

