Summary
Restoration of grey dunes through small-scale
aeolian dynamics
Introduction
The object of the Knowledge Network for Restoration and Management of Nature (OBN) is to
develop, distribute and utilize knowledge for the benefit of conservation site managers regarding
the restoration of nature, Natura 2000, PAS, habitats and the development of new nature.
Within the framework of Natura 2000, rare species and vegetation types in the Netherlands are
protected within a European perspective. The focus of the study summarized here is on the habitat
type Grey dunes (H2130), which is a major responsibility for the Netherlands within the EU.
Aeolian dynamics (the erosion, transport and deposit of materials under the influence of the wind)
were and still are a very limiting condition with respect to the biodiversity in coastal dunes, and
also for habitat H2130 Grey dunes. The process stimulates the renewal of soils, the development of
pioneer vegetations and succession to new dune grasslands. It is assumed that moderate aeolian
dynamics can highly contribute to the quality of dune grasslands. As a result of changes in the use
and management of coastal dunes in the past century, a decrease in the extent of aeolian
dynamics is observed in many dune regions. This strongly affects biodiversity and therefore the
quality of Grey dunes as well.
The role of aeolian dynamics within the coastal dune landscape is considered to be highly important
in the PAS (Dutch Programmatic Approach to Nitrogen). In the restoration strategy of the PAS, the
reactivation of aeolian influences is seen as an evidence-based measure for the development
and/or conservation of habitat H2130A Grey dunes (calcareous) + H2130B Grey dunes (acidic) in
order to mitigate negative effects of high atmospheric N-deposition. The PAS describes numerous,
mostly small-scale, measures that are in the pipeline with an aim to restore aeolian dynamics
within the dune areas as a means to improving the limiting conditions for Grey dune habitats.
Therefore, there is an urgent need for practical and applicable knowledge regarding this subject.
Object
The objective of this study is to identify the most important factors for initiating and prolonging the
‘aeolian lifespan’ of small-scale aeolian activity in coastal dunes. The study also includes an
evaluation of the temporal and spatial effects of small-scale aeolian activity on the conservation
(‘ecological lifespan’) of the diversity of system-characteristic plants and animals in both calcareous
and acidic dunes. Moreover, we translated our findings into practical guidelines for the
conservation, restoration and new development of Grey dunes by (re)activating small blowouts.
(Blowouts are sandy depressions in a sand dune ecosystem caused by the removal of sediments by
wind. Commonly found in coastal settings and arid margins, blowouts tend to form when wind
erodes into patches of bare sand on stabilized vegetative dunes. Generally, blowouts do not form
on actively flowing dunes due to the fact that they need to be bound to some extent, such as by
plant roots.)
Research questions
The main research question is:
“How (in terms of best sites, method, timing or frequency of measures) can reactivating of smallscale dynamics contribute optimally to sustainable conservation of the habitat H2130 Grey dunes,
and its characteristic plant and animal species?”
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Additional questions include:
- What are the differences in terms of the (a)biotic factors (climate/ meteorology, N-deposition,
location of the area, soil, surrounding vegetation, the calcium concentration in the soil,
grazing, treading, rabbits et cetera) between locations that are subjected to aeolian influences
for a prolonged period and locations that quickly stabilize spontaneously?
- What is the extent of the spatial effect of small-scale aeolian activity on the soil chemistry,
vegetation and fauna?
- For how long do the soil-chemical and ecological effects of small-scale dynamics continue, once
the aeolian activity stops?
- What are the factors (quality source material, thickness of the layer, duration of the aeolian
activity et cetera) of which the spatial effects and the ‘ecological life span’ of small-scale
dynamics are dependent?
- How can the aeolian and ecological effects – and the existing variation thereof – be translated
both spatially an temporally into restoration strategies for Grey dunes on a landscape level?
Structure of the study
an inventory of knowledge requirements among nature managers and provinces;
an analysis of recent spatial patterns (2000-2014) of small-scale dynamics along the Dutch
coast in relation to environmental factors;
an analysis of temporal dynamics in aeolian activity (1975-2015) in some dune areas in
relation to environmental factors;
an analysis of the effects of small-scale aeolian dynamics on soil and vegetation;
an analysis of the effects of small-scale aeolian dynamics on plant quality and composition of
small fauna;
conclusions, guidelines for management and restoration, knowledge gaps and
recommendations for future research.
Knowledge requirements nature managers and provinces
During a well-attended workshop organized by OBN in 2015, the most recently available knowledge
on small-scale aeolian activity for nature managers was presented and an inventory of their needs
was also made at that time. The workshop fulfilled a clear and actual need for sharing knowledge
and experience on the subject. The managers put forward questions concerning the functioning of
aeolian dynamics (geomorphology, ecological effects), the planning of measures, techniques for
(re)activation, post-management, monitoring and side effects. The practical experiences of the
managers with (re)activation were shared extensively. It was found that existing (older) knowledge
of the geomorphology of small-scale dynamics is scarcely applied. There is a huge need for more
guidelines regarding where to plan reactivation measures, how to implement these and which postmanagement is useful. The regular exchange of ideas and experiences is appreciated.

Patterns and trends of small-scale aeolian dynamics along the Dutch
coast
Recent spatial patterns of small-scale aeolian dynamics
In order to gain insight into the spatial distribution and trends of blowouts along the coast, and
recent developments in that respect, all of the dune areas with aeolian activity – including the
number of blowouts and the extent of the activity - were mapped for the years 2000 and 2014.
This inventory showed major differences in the extent of small-scale aeolian activity in 2000 and
2014 and differences between recent trends on a regional coastal level.
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Figure 1: Changes in the extent of activity between 2000 and 2014 along the Dutch coast, in the
Wadden islands area and the Delta region.-4=extreme stabilization, +4=extreme dynamic activity.
The number of active blowouts in the Wadden region in the northern part of the country is low,
with an average density of 30 blowouts per km2. There is much variation along the Dutch coast and
the average density of blowouts - 50 per km2 with peaks between 100-600, is much higher than in
the Wadden region. In the Delta region in the southern part of the country, the number of active
blowouts is particularly low, with an average of 16 per km2.
The most significant contrast in terms of aeolian activity is found between the acidic Wadden
district and the calcareous Renodunaal district. What is striking is that the number of blowouts has,
for the most part, declined in the acidic Wadden district in the period 2000-2014, the favorable
exception of which is Texel. Along the calcareous Dutch coast, on the other hand, a strong increase
in the number of blowouts can be observed, particularly in high, massive dunes in zones near the
coast. However, there was less aeolian activity in the mid-dune and inland-dune zones in the wider
dune regions. The major regional differences are an indication that local factors are significant to
the spatial and temporal patterns of aeolian activity.
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Figure 2: A scheme with factors governing sensitivity for aeolian activity (green boxes), and factor
initiating aeolian activity (red boxes). Scheme above for soil erosion by water run-off, and the
scheme below for the effectivity for sand transport by wind.
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Regional differences
The continued effect of the factors described above lead to regional differences as shown in figure
4 below.
As already mentioned, the sensitivity to aeolian activity is limited in the Wadden region due to
the presence of dense vegetations that remained intact until long after the peak in the Ndeposition. Thick litter layers likely also limited the sensitivity to aeolian activity. At present, the
current N-deposition level is still unfavorable for the most important dune grass type , Habitat type
H2130B acidic Grey dunes. The current deposition still exceeds the critical deposition value and is
dominated by NH4. Calcium-poor dune soils are predominant. The sensitivity to aeolian activity is
also limited by an accelerated accumulation of organic material in and on the mineral soil profile as
a result of the previous and still existing high N-deposition. In addition, a considerable part of the
soils in the dune region are relatively old to begin with. The sensitivity to aeolian activity is
furthermore lower due to the minor height of the dune massifs and the unfavorable location with
respect to the WSW-wind. In addition, the chance that aeolian activity is initiated as a result of
water erosion is less likely compared to along the Dutch coast because of the relatively low number
of rainy days. Recent secondary aeolian activity in the Wadden region is both scarce and declining.
The combination of factors is highly advantageous to aeolian dynamics in the calcareous dunes
of the dunes along the mainland (between Bergen and Meijendel). The sensitivity to aeolian
activity is high in many areas due to the large surface area of dune grasslands of which the grass
cover has largely declined since the nineties. Moreover, the N-deposition in the calcareous Grey
dunes, habitat type H2130A, has since increased more towards the critical deposition value. In
addition, the N-deposition is dominated by NO3, which is washed out more easily to the
groundwater. The dune massifs are also high in this area. As there is no decalcification (or merely
shallow) of the soil in most areas, the soil formation may not have progressed as far compared to
the Wadden region. In addition, the region of Zuid-Holland has seen more rainy days since the end
of the eighties, creating more favorable meteorological conditions for water erosion. The
combination of high dune massifs and therefore relatively steep dunes also promotes the initiation
of aeolian dynamics through water erosion. Another advantage concerns the fact that many
calcareous dune areas were still highly active at the beginning of the nineties and so the vegetation
(in the outer dunes in any event) most likely still mainly consisted of pioneer species and mosses
around 2000 and the soil still had a relatively shallow humus profile. A local (and partially
temporary) steep increase in the number of rabbits may also be favorable to the aeolian dynamics
in sensitive vegetations and soils of that kind. Recent small-scale aeolian activity is relatively high
and shows an increase. Concerning broad dune areas, local factors are most favorable in the outer
dunes (near the coast) and less favorable in the middle and inner dunes.
Rabbits play an important role in the coming about of blowouts, particularly in combination with
the N-deposition. Based on population counts and aerial photo analyses, it is clear that the
development of blowouts often goes hand in hand with the development of rabbit populations in
some areas (Figure 3). Although a decrease in the N-deposition plays a significant role, an increase
in aeolian activity in the Dutch dunes after the year 2003 went hand in hand on a local level with
an obvious increase in the rabbit population. The high level of aeolian activity in the eighties was
also likely in part due to the then relatively large rabbit population. Rabbits are less common on
the Wadden islands, which may partially explain the lower aeolian activity. In addition, the rabbit
population/activity on the islands was not restored after 2003. The aeolian activity did not increase
after 2003, not even in areas with relatively high numbers of rabbits, such as Texel. This indicates
that rabbits promote aeolian activity particularly if the sensitivity for aeolian erosion is sufficiently
high. The vegetation is kept short locally by grazing rabbits. Rabbits also scrape away soil to access
plant roots and they dig rabbit holes. All of these activities may result in a higher sensitivity to
water erosion and wind erosion.
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Figure 3: Trends of rabbit activity and aeolian activity in the dune areas of the Wadden and the
Renodunaal district.
Small-scale aeolian dynamics in relation to the environmental factors
The differences in aeolian activity between coastal regions and dune areas seem to be mainly
caused by mutually reinforcing factors, the influences of which are independent of the current
dynamics in the front dune. Combined, these factors explain 70 and 79% of the variance in the
number of blowouts and the active surface area, respectively. The situation in the acidic dunes in
the Wadden district (figure 4, top) is relatively unfavorable due to the sum of a number of factors,
namely 1) low maximum altitude of massive dune complexes, 2) less favorable orientation of the
North Sea coast on the prevailing wind direction (WSW), 3) less precipitation and fewer wet days,
possibly leading to less water erosion, 4) low CaCO3 content and low soil pH, 5) highly advanced
soil and vegetation succession (strong encroachment of Marram grass), 6) relatively small number
of rabbits and 7) a N-deposition that is higher than the critical deposition with an excess of NH4.
The situation in the calcareous dunes of the Renodunaal district on the Dutch mainland coast
(figure 4, bottom) is much more favorable than is the case in the Wadden region. This is due to the
sum of a number of factors, namely (1) a higher maximum height of dune complexes, (2) a more
favorable location of the area with respect to prevailing winds, (3) more wet days, (4) higher
CaCO3 content and higher soil pH, (5) less advanced soil and vegetation succession (more young
dune grasslands, less grass encroachment), (6) higher number of rabbits and (7) a N-deposition
that is partially lower than the critical deposition value and that is dominated by NO3. The condition
of the current vegetation is, for the most part, disadvantageous to the young dune areas of the
Delta region. Consisting to an important extent of buckthorn shrubs, high shrubs and woodland,
the vegetation is limiting to aeolian activity. In addition, there are many dune grasslands on older
soils with a short vegetation structure. The sensitivity to aeolian processes is minor due to the high
age of the soil (centuries) with relatively deep humus profiles. In addition, the dunes here are often
low.
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Figure 4: The interaction of factors affecting the sensitivity for aeolian activity, and triggering aeolian activity.
Colours: red = promoting aeolian activity, green = inhibiting aeolian activity, blue = effect depending on the
condition. The size of the boxes indicate the relative importance.
Temporal dynamics in calcareous and acidic dunes

It is assumed based on the patterns observed that the following factors reinforce one another in
stimulating aeolian activity: (1) dunes of a high altitude, (2) a relatively high number of wet days
(days with heavy showers) that can promote water erosion, (3) open-structured and short
vegetation, (4) soils with a high calcium carbonate content and a high pH, partially because this
decreases the P-availability, (5) soils low in organic matter and with a shallow humus profile, (6) a
high density of rabbits and (7) a low N-deposition. The exposure of dune slopes is important on a
local scale due to the influence of the micro-climate: the southeast-, south- and southwest slopes
are subjected to relatively more draught stress and are therefore more sensitive to aeolian erosion.
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Access by recreational users and grazers can be important on a local scale with respect to initiating
and actively maintaining aeolian activity.
Trends of small-scale aeolian dynamics along the Dutch coast
Longer-term records were only available for the Dutch mainland coast (calcareous dunes) and
showed that the degree of secondary aeolian activity fluctuated in cycles of a few decades. The
wind force was found to be a less important factor pertaining to differences in temporal dynamics
than the atmospheric N-deposition and rabbit density. Aeolian activity increased in the calcareous
dunes in the period between 1980-1990, probably because blowouts were no longer manually
stabilized, but also stimulated by the relatively high rabbit densities as well. The N-deposition was
high at the time, but was compensated for by the large number of rabbits.
Large-scale stabilization of the dune landscape occurred between 1990 and 2003 and the
proportion of barren sand decreased strongly, even though the average wind force was similar to
that in the preceding period. The stabilization was due to the decrease of the number of rabbits as
a result of VHS, combined with the N-deposition that was still much too high. After 2003, aeolian
activity in the form of blowouts were restored spontaneously in calcareous dunes along the Dutch
coast, even though the average wind force was lower than in the eighties and the nineties.
The extent of blowouts increased due to a small increase in the number of rabbits, combined with a
significant decrease in the N-deposition down to values close to the increasing rabbit numbers, as
well as the decrease in N-deposition to levels close to the critical load for calcareous Grey dunes.
The restoration of aeolian activity in the form of blowouts mainly occurred in regions with large
numbers of rabbits. A national analysis of aeolian activity shows that the calcareous dune regions
with an abundance of short vegetation are still capable of spontaneous reactivation under the
current climate- and soil conditions. In the acidic Wadden district, however, there was no
restoration of blowouts following the stabilization phase of 1990-2003, not even in the areas with
large rabbit communities. The conditions for secondary aeolian activity are much less favorable in
the Wadden district, such in view of the unfavorable exposure of the coast to prevailing winds, the
acidic soils with a high P-availability, the N-deposition that is still much higher than the critical load
for acidic Grey dunes and the dominance of fast-growing plant species such as Ammophila
arenaria, Carex arenaria and Empetrum nigrum, which fixate the soil with an abundance of roots
and a thick humus profile. Concerning the Wadden district, an increase in the aeolian activity could
only be observed in areas that were favorably situated with respect to winds (Texel) or managed
by means of extensive grazing using goats and sheep (Terschelling).

Figure 5: Set-up of the monitoring network for soil profiles, soil chemistry and vegetation composition
measuring in active blowouts (left) and stabilized blowouts (right).

Effects of small-scale aeolian dynamics
Effects on the soil and vegetation
Based on descriptive field studies, an inventory was made of the (continuing) effects – both in the
recent past and at present – of aeolian activity on the soil conditions and the vegetation of grass
dunes. Locations along the mainland coast of the Renodunaal district and on the Wadden Sea
islands were studied to that end.
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A higher level of aeolian activity leads to a higher pH, less carbon and a lower C:N ratio in the soil
in both CaCO3-rich as well as CaCO3-poor regions. A higher level of aeolian activity also leads to
more barren sand, less above-ground vegetation biomass and a lower cover of high grass-like
varieties. The number of pioneer species, lichens and dune grassland species is higher in the case
of excess sand deposition, mainly as a result of an increased soil pH. The highest species diversity
is observed if the aeolian dynamics are moderate or in the case in which the depression zones and
strong accumulation zones have been stable for some time. Extreme secondary aeolian activity is
unfavorable to dune grasslands, as existing dune grasslands are either eroded or become buried
under a thick layer of sand.
The spatial effects on the soil and vegetation increase as the size of the depression zone increases,
the blowouts are more exposed to the wind and the calcium carbonate content (CaCO3) in the
depression zone is higher. If well-exposed to the wind, a lot of sand is eroded compared to the
surface area of the depression zone. The detailed patterns of base-rich and base-poor species in
fixed dune grasslands in the influence zone are highly influenced by the CaCO3 content of the
topsoil of the blowout: the higher the CaCO3 content, the wider the gradient of alkaline-loving
species. In the case of CaCO3-poor blowouts in the inner-dune zone of the Renodunaal district, the
effects of the surroundings on the vegetation are much more limited compared to blowouts that
erode moderately CaCO3 rich to CaCO3 rich sand. The positive influence of small-scale aeolian
activity is therefore mainly limited to the depression zone in deep decalcified dune areas and a
higher periodicity of small-scale aeolian activity is required for the continuous presence of stabilized
depression zones with dune grassland.
The effects of aeolian activity on the soil and the vegetation continue over a span of decades. A
highly decisive factor for the duration and the zones in which species-rich dune grasslands are
present concerns the differences in the CaCO3 content of the eroding sand. The effects on the
organic matter content of the soil continue for several decades in the depression zone and the
zones with a high accumulation, as new soil must develop here following stabilization. Local studies
into blowouts show the presence of soils with a low organic content in and around the blowouts 1025 years after stabilization, as well as a higher soil acidity in the depression- and accumulation
zone compared to the surroundings and ongoing effects on the structure and composition of the
vegetation.
Decalcification models show that the decalcification, and with that the acidification, of the top soil
layer lasts approx. 50-100 years following the deposition of CaCo3 rich sand. In the CaCo3 poor
dunes in the Wadden – in which the sand in the depression zone is CaCo3 poor, yet with a
relatively high pH – positive effects on the pH and the vegetation can be observed in both the
depression as well as the accumulation zones for at least 25 years. Only in the accumulation zones
characterized by Crowberry heathlands, however, the pH was found to be just as low as the stable
surroundings.
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Figure 6: Example of sampling locations (colors indicate the transects) and grid points for the analysis of the
soil and the vegetation of stable and active or reactivated blowouts. Top: de Nederlanden on Texel; bottom:
Eldorado oost on Terschelling.

Effects on plant quality and composition of small fauna
In local field studies the quality of aboveground biomass of several common plant species was
evaluated in order to have an impression of the food quality for the herbivore fauna.
The plant quality differs between species and study areas, and actual sand deposition mostly
affects the chemical composition. The Si content in grasses decreases with sand deposition, which
increases the digestibility. When measured at the end of the growing season N, C and P content
are nearly affected. However, the elements Ca an Fe increase with aeolian activity, while Mg and
Mn decrease to a lesser extent.
Generally food quality of Grey hair-grass, Crested hair-grass and Yellow bedstraw increases with
active sand deposition, because of elevated Ca and Fe content in comparison to the N and P and to
the grazing-inhibiting Si. These effects are probably depended on the soil geochemistry. The richer
the dune sand is in easily weatherable minerals like CaCO3 and iron hydroxides, the larger the
effect is. Effects in food quality appear to be short, and have disappear for most 10-15 year after
stabilisation.
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Figure 7: Distribution of the number of individuals (top) and biomass (bottom) of sampled taxonomic groups
calculated for all research areas, in an active gradient with layers with strong (A++), moderate (A+) and no
sand accumulation (A-), as well as in a stabilized gradient with layers with formerly strong (S++), moderate
(S+) or no (S-) sand accumulation.

Sand sedimentation has an effect on the fauna communities on a local level, in which the density
(biomass) of detritivores and omnivores (including a large number of species that mainly live on
detritus) experience a negative influence as a result of active sand sedimentation. This is most
likely due to a reduced accumulation of detritus. Sand sedimentation has no general impact on
herbivores and carnivores. The effects on other species groups differ for dunes poor in CaCO3 and
Fe and dunes that are rich in these minerals. There is also a strong correlation between food
quality and the biomass of invertebrates. In CaCO3 rich dunes, blowouts induce a high density and
biomass of large invertebrates, and therefore may increase food availability for insectivore bird
species as Wheatear, Tree pipit and Red-backed shrike. Moreover, the positive effects of sand
sedimentation on species composition are stronger in CaCO3 rich dunes, and nearly absent in
CaCO3 poor dunes. Therefore, the effects of geochemistry on food quality seem to affect the
invertebrate fauna. The effects of sand sedimentation appear to quickly fade some 10-15 years
after stabilisation, and so these are mainly of the short-term. There is some indication that the
effects do appear to linger longer in CaCo3 rich dunes. Consequently, it is important to have
continuously active blowouts for a high diversity of smaller fauna species. The species numbers of
grasshoppers is increased at a local scale when aeolian activity is present, because of a small-scale
pattern of dynamic and stable sites.
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Figure 8: A selection of aerial images of De Nederlanden on Texel in the course of years. The active transect is
at the center of photo along the large blowout and the stable transect lies at the northern end of the photo.
Major fluctuations in blowout activity and pioneer vegetations are visible in the active area. The large blowout
was extremely active in 2007 and 2010, and the surface area of pioneer vegetation was relatively high in 2000,
2007, 2009 and 2015.
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Relation between blowout density and favourable spatial effects on dune grassland
vegetation
In terms of the ecological restoration of dry dune grasslands, small-scale aeolian activity is not an
objective in itself, but it should enhance to some extent favourable effects in space and time on
this habitat. As far as planning measures to promote aeolian dynamics, it is useful to have an
indication of the number of blowouts that is desired in order to maintain the dune grasslands in an
acceptable status. Therefore, the relation between blowout density with spatial effects on dune
grasslands has been quantified based on the research results. This relationship is based on the size
of the depression zone and the CaCO3 content of the top layer in the depression zone. In this
theoretical exertion, the aim is to achieve such ecological effects in 10 to 15 % of the area. In the
case of dune areas with moderate CaCO3 content (0.5-1.0% DW), approx. 100-200 blowouts/km2
are needed. In the case of CaCO3 rich (> 1.0 % DW) sand, 25 to 50 blowouts/km2 will suffice,
which is comparable to currently active dune areas in South-Holland. In deeply decalcified dune
areas like in the Wadden region and North-Holland, a large number (300 blowouts/km2) is
required. That is a much higher density than the actual values that apply in these areas and so this
would seem unrealistically high. In this case, the measures taken will have to aim for lower
densities. The calculation shows that substantial spatial effects can be achieved in calcareous
dunes, but that the effects are limited in deeply decalcified dunes. Any measures for the
(re)activation of blowouts should match the realistic possibilities for small-scale aeolian activity in
the dune areas (for example, landscape type, current vegetation, infrastructure).

Guidelines for management and restoration
When planning short-time measures, it is useful to develop a long-term strategy. Such a strategy
should preferably balance the ecological ‘need’ of small-scale aeolian activity for dune grasslands
(habitat H2130 Grey dunes), the ecological potentials, and the feasibility to achieve small-scale
aeolian activity.
The strategy is developed for the long term, as the effects of aeolian activity on soil and vegetation
can be lost for a long time (50-100 years) after the stabilization of blowouts. Not only are the
effects during the aeolian activity, but also the beneficial effects occurring after stabilization. The
plans should include the soil and vegetation succession towards species-rich dune grasslands,
which takes 20-40 years. A first track is assessing the ecological ‘need’ for aeolian activity based
on the actual condition of dune grasslands and nature targets. A second track is examining the
possibilities for promoting aeolian activity with measures, and also the potential for spontaneous
activation. The outcome of both tracks are then set alongside one another. It is important that a
strategy fits the aeolian potentials of the dune landscape type/dune zone and that it not only
focusses on nature targets.
In general, the following strategies are possible:
•
Aim for spontaneous activation by increasing the sensitivity to aeolian activity with
management of the vegetation (e.g. grazing), which suppresses the development to shrub and
woodland. This strategy is to be considered for the foredune zones of the Renodunal district.
•
Plan measures for artificial activation in the short term when prospects for spontaneous
activation are low. This strategy is relevant to the mid-dune and inland dune zones of the
Renodunal district and the Wadden district.
•
Increase the input of sand by aeolian transport from the beach and beach ridge to the foredune
zones when dune areas are deeply decalcified. This strategy is important for many dune areas
in the CaCO3 poor Wadden district.
•
Do not opt for artificial activation when potentials for aeolian activation are low or measures
have major negative side effects (for example, too long work trails for machinery).
A diagram Figure 9 depicting the various steps in achieving restoration is shown below.
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current state
actual condition and trends
-> dune grasslands
-> vegetation structure
-> small-scale aeolian activity
-> topography/ altitude
-> humus profile, soil organic matter
of top layer
-> lime profile, lime content
management/ policy
-> nature targets
-> status and upcoming
measurement coastal defense/
suppletion of sediment

analyse

-> dune grassland: perspective of
size and quality?
-> pattern of aeolian activity in
space and time
-> potential for aeolian activity
-> pattern of decalcification,
calcium carbonate content

assessment
ecological need:
-> sufficient aeolian activity?
-> (more) aeolian activity needed for vegetation?
-> (more) aeolian activity needed for fauna?
-> aim for proportion eaolian active surface?
-> zones with strong potential for benifcial effects (calciumcarbonate content/ profile)?
potentions for aeolian activity:
-> sensivity for aeolian activty is high or can be increased?
-> sensivity for aeolian activty is low?
-> zones with high potential for smallscale aeolian activity?
-> possibilities for dynamic outerdunes and notches?

strategy
-> general increase aeolian sensitivity vegetation; spontanious activation blowouts?
-> choose for artificial (re)activation of blowouts?
-> increase aeolian sand deposition from beach and outerdunes; possibly to combine with activation
of blowouts in foredunes?
-> additional measures for increasing aeolian sensitivity vegetation?
-> eaolian activity would be benficial for ecological targets, but measures for aeolian activation are
omitted because of low potential for activation?
-> no artificial aeolian activation because of enough spontanious activation?

measures
-> decrease shrub and forest; grazing, mowing for short structure fixed dune grasslands
-> regular vegetation mangement (e.g. grazing)
-> artificial activation of blowouts :number/ area, specific sites
-> artificial activation/ notches in outer dunes
-> spread activation measures in time (several decades)
Figure 9. Diagram showing the various steps in achieving restoration.
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In the case of measures for activation, the following practical guidelines apply:
•
Remove vegetation and the humus top soil at sites with a high potential for aeolian (higher part
of (high) dunes) preferably at the SE, S and SW slopes. The best sites are high dunes with low
vegetation in the surroundings.
•
Although general guidelines for the size of sites to be activated are hard to give, one can adjust
this to the dune zone (foredune relatively large, mid-dune and inland dune zone relatively
small).
•
The depth to observe for sod-cutting depends on the vegetation type. The humus-rich layer
and a major part of the root profile should be removed.
•
Improve exposure to wind by removing high vegetation in the surrounding area.
•
In the case of spatial variation in the quality of the dune grasslands, plan measures in lowquality dune grasslands.
•
Zones with sand accumulation should have a short vegetation. Additional measures (mowing,
chopping) may be needed.
•
Plan the measures on a time scale of decennia. Spatial variation of different aeolian stages of
blowouts (active, ceasing, stabilized) adds more to ecological targets than an abundance of
young blowouts alone.
•
Counterbalance the benefits and adverse effects of the measures.
•
Try to avoid permanent depots of excavated soil, and - if possible – the aim should be the
removal of the material.
•
Examine the possibilities for the input of calcareous sand from the beach and sea ridge toward
the dune area.
•
Apply vegetation management such as mowing and chopping in order to maintain a short
vegetation has a high potential for spontaneous activation of blowouts.
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