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Ecological effects of reactivation of artificially stabilized
blowouts in coastal dunes

van Boxel, J.H., Jungerius, P.D., Kieffer, N. & Hampele, N.

Landscape and Environmental Research Group, University of Amsterdam, Nieuwe Prinsengracht 130,
NL-1018 VZ Amsterdam, The Netherlarn®s; +31 20 5257442; E-mail j.h.boxel@frw.uva.nl

Abstract. In an inner dune area in the Dutch coastal dunes nutrients by atmospheric deposition (eutrophication). The
several al’tIfICIally stabilized blowouts were reactivated. The nutnents Stlmulate Vegetat|0n grO\N'th and are therefore
purpose was to irivestigaie wheiher these reactivated.blowout.s thought to be responsible for the encroachment of grasses,
gould remain active despite the increased atmospheric deposi- shrubs and mosses. This encroachment leads to the
tion of nutrients, how much area would be affected by sand e .

stabilization of existing blowouts and prevents the forma-

from the blowouts, whether the vegetation would respond to .
the deposition of sand, and whether the reactivation of blow- ion of new blowouts. Another problem connected with the

outs could be a measure against the effects of acidification and increased air pollution is the acidification of dune soils,
eutrophication. which affects also the vegetation.

This paper presents the results of the first years of monitor- At present the character of coastal dune management
ing the changes in the blowout morphology and the response changes under the influence of a growing appreciation
of the vegetation. In the monitoring period (1991-1994) the fgor natural processes (Anon. 1993-1994; Anon. 1994;
blowouts remained aptive and grew slowly in size and depth. Apqn. 1995) and legal obstacles against tolerating ac-
The area which receives more than 1 cm of calcareous sand tive blowouts are being removed. However, it takes

from the blowout in three years was up to six times the area of bef the d il b tored in thei
the blowouts. Moss vegetation responded to the accumulation mainy ?/etarts efore the dunes will be restored in their
natural state.

of sandCampylopus introflexusas sparse within the deposi- o
tion area whereaBortula ruraliswas found near the contour Forced reactivation of blowouts can help to restore
of 1 cm deposition in 3 yr. No indications were found that the natural dynamics of the coastal dunes. Around ac-

shrubs or marram grass were adversely affected by the deposi-tive blowouts there is a range of deposition rates, de-
tion of sand. pending on the size of the blowout: from up to 50 cm/yr
The experiment forms part of a programme to test meas- near the edge to some mm/yr at distances up to 100 m
ures aimed at mitigating the e.ffects of air pollution on naturall from the blowout. The calcareous and nutrient-poor
Iands;apes. From the viewpoint of the programme the experi- sand deposited here can counteract the effects of acidifi-
ment IS a success. . . . .
cation and eutrophication. Vegetation type and cover
will react to the changes. The result is a very diverse
Keywords: Aeolian process; Acidification; Eutrophication;  landscape with different types of vegetation.
Management; Vegetation type. Within the framework of a programme sponsored by
the government to test measures for counteracting the
deteriorating influence of air pollution (van der Meulen
Introduction et al. 1996), experiments were carried out to investigate
whether it is possible to reactivate artificially stabilized
Active blowouts are relatively rare in the Dutch coastal blowouts, whether reactivated blowouts will remain
dunes, as a result of centuries of management practicesactive despite the increased atmospheric deposition, and
directed at stabilization (Jungerius & van der Meulen whether the blowouts help to counteract the effects of
1988). Since the dunes in The Netherlands have an impor- acidification and eutrophication in the deposition area.
tant function for protecting the low hinterland against the
sea, blowouts are only tolerated as long as they are no threat
to coastal safety. But even in areas where wind erosion is Location and Climate
allowed, there has been a decrease in the number of blow-
outs during the last decades. Although the reduced grazing  The study area, Midden Heerenduin, is located in the
pressure by rabbits due to myxomatosis cannot be ex- coastal dunes near Haarlem, The Netherlands (Fig. 1).
cluded as a possible factor, the reduction of blowout devel- The distance of the experimental area to the coast is 1.5
opment has been attributed mainly to the increased input of km. There are several high dune ridges closer to the
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Fig. 1. Location of the study area.

coast so the area has no function in respect of the safety Methods

of the hinterland. The study area is located in the lime-
rich zone of the Dutch coast, with the original sand
containing7 - 9 %calcium carbonate.

The climate in The Netherlands is humid temperate,

In the flat terrain two types of blowouts have been
reactivated: small patches with an area of 1 t& 6A®&
and F4 in Fig. 2) and medium-sized blowouts of 50 to

and precipitation exceeds potential evaporation (Wartena 500 n? (F1, F2, F5). The undulating terrain also con-
et al. 1991). The major aeolian events take place during tained small (U9 and U10) and medium-sized blowouts
storms in the winter and spring (Arens et al. 1995). (U1 through U8). Blowout F5 (Fig. 2) was the only

Summer storms do occur occasionally, and although blowout which was still active at the beginning of the
their frequency is low (Wieringa & Rijkoort 1981), they  experiment. All other medium-sized blowouts had been
can be very effective because the sand is dry (Jungerius artificially stabilized with branches cut from trees in the

et al. 1981). Wind speed and direction are highly vari-
able and there is no prevailing wind (Wartena et al.
1991), although there is a slightly higher frequency of
southwesterly winds (35 - 40 % of the time between
180° and 27C°) compared to the other directions. How-
ever, winds strong enough to move sand (> 6 m/s) do
have a prevalence for southwesterly directions (Pluis &
van Boxel 1993). The effects of the southwesterly winds
are therefore reflected in the geomorphology of the
dunes along the Dutch mainland coast.

The study area has been divided into two geomor-
phological units: flat terrain, consisting of abandoned
agricultural fields and undulating terrain with height
differences of several m.

The soil profile in the area surrounding the reacti-
vated blowouts consists of freshly deposited yellow
sand on top, followed by a thin grey band, then a second
layer of yellow sand, followed by a clearly visible
buried soil. The grey band is the start of a soil profile
formed between the artificial stabilization of the blow-
outs in the early 1970s and the reactivation in 1991. The
second layer of yellow sand was formed by accumula-
tion of sand issuing from the blowouts before their
stabilization. The clear soil profile at its base was present
before the formation of the blowouts.

surroundings. For the small patches the reason for
stabilization was not obvious. They might have been
stabilized in a more or less natural way.
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Fig. 2. Relative locations of the reactivated blowouts in the
flat terrain (F1-F5) and undulating terrain (U1-U10).
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In order to reactivate the blowouts, first of all the was calculated with the formula for an ellipse (Area =
remains of the branches used for stabilization, along - | - w/4, withl = length anav = width of the blowout).
with the vegetation that had established since then, had These results were corrected with a shape correction
to be removed. Furthermore it is essential to remove all factor, which was calculated for each blowout from the
soil material until the original yellow dune sand is results of the perimeter measurements.
exposed at the surface, because sand mixed with organic  In November 1994 a more detailed study was carried
matter is cohesive and not easily eroded by wind outinthe undulating terrain (blowouts U1-U6). In addi-
(Jungerius & de Jong 1989). By means of a gauge auger tion to thesize measurements, a gauge auger was used on
the depth of the organic sand layer was established in a 1.5 mx 1.5 m grid to map the thickness of the new sand
most blowouts to be 30 to 50 cm. In blowout U4 of the layer in the deposition area. The deposition area is defined
undulating terrain the layer of grey sand was considered as the area where the accumulation of sand.ism.
too thick (more than 50 cm) for a successful reactivation, The vegetation map produced in 1994 includes five
but it was decided to reactivate this blowout anyway. types with three types subdivided on the basis of the

The small patches were reactivated with a spade and amount of sand accumulation: ‘Marram gragghfno-
barrow, but for the medium-sized blowouts a mechani- phila arenarig with subtypes Stable (1), Semi-stable
cal shovel was used. The use of this heavy equipmentin (2) and Active (3); ‘Short grass’ (mainfestucarubra)

a natural area and the amount of sand (in this small scale with subtypes ‘Sand with short grass’ (4) and ‘Short
experiment already over 60)mthat had to be dis- grass with sand’ (5); ‘Moss’ (mainlfCampylopus
placed pose a number of problems. The amount of introflexus Hypnumcupressiformeand Tortula rura-
movements in the area has to be minimized, because thelis), with subtypes ‘Active’ (6), dominated b.
tracks will be visible in the terrain for many years. introflexusandH. cupressiformegnd ‘Stable’ (7), domi-
Therefore the sand cannot be removed by trucks and hasnated byT. ruralis; ‘Bushes’ (of sea buckthorn,
to be stocked as closely as possible. Suitable stocks haveHippophaerhamnoide}, with subtypes ‘Semi-stable’
to be found and previously removed vegetation should (8) and ‘Stable’ (9); and ‘Bare sand’ (10).

be placed on top of the stock for regrowth. For the determination of the lime content, four soil
samples were taken frodn 5 cm depth within each veg-
Monitoring techniques etation type. Depending on the reaction to a drop of 2N

HCI, five classes were recognized, from 4 (strong reaction)
Increasingly precise measuring techniques have been for calcareous soils to 0 (no reaction) for fully decalcified
applied throughout the years to record the dimensions of soils. The results were averaged per vegetation type and
the changes caused by wind activity: measuring tape in multiplied by 25 (to obtain a scale of 0 to 100 %).
1991, theodolite in 1992 and tachymeter in 1992 and
1994. The results of the measurements of the reactivated
blowouts of the flat and undulating terrain were suffi- Results
ciently systematic to warrant a first assessment of the
success of the reactivation measures. The data setis still  Fig. 3 shows the depth of the separate blowouts in
too limited for effective statistical analysis. the flat terrain (top) and the undulating terrain (bottom).
The theodolite and tachymeter data were processed Despite the different measuring techniques, the general
by means of a spreadsheet where the perimeters couldtrend is clear: the medium-sized blowouts gradually
be rotated and translated in order to fit the same coordi- increase in depth with ca. 5-10 cm/yr. The increase
nate system. This made it possible to draw maps (Figs. seems to be larger in the undulating terrain.
2, 5 and 6), compare the measurements of different The area of individual blowouts in the undulating
years and calculate the area of the blowouts and deposi-terrain is shown in Fig. 4 (top), as well as the total area
tion area. (bottom) of the blowouts in the flat terrain and the undu-
From the perimeter measurements the area of the lating terrain (only blowouts U1-U6). Although there is
blowouts and the deposition area could be determined some scatter, mainly because it was sometimes difficult
with (Stolk & Ettersbank 1987): to define the upwind edge of the blowout, the general
trend is a slow increase of the blowout area of ca. 5 %/yr.
The perimeters of the deposition areas in the flat

n

area=05 4 (Xiea Y =X Yica) @) terrain in 1994 are shown in Fig. 5, as well as the
. perimeters of the blowouts and two transects for each

wheren is the number of pointsX(,Y,) are the coordi- blowout. In this terrain unit the blowouts cover 319 m

nates of the perimeter, and the poix},{,) is equal to whereas the deposition area is 1822 so the deposi-

the point K,,,Y,). For the tape measurements the area tion area is roughly 5.¥ the area of the blowouts. The
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Fig. 3. Depth of the blowouts in the flat terrain (top) and  Fig. 4. Area of individual blowouts in the undulating terrain

undulating terrain (bottom). The method of measuring the (top) and total area (bottom) of the blowouts in the flat terrain

depth is indicated at the bottom axis. (F1-F5) and undulating terrain (U1-U6). The method of meas-
uring the area is indicated at the bottom axis.

results of the 1992 measurements were more or lessthe area with more than 1 cm accumulation during the
similar. In 1994 the blowouts in the undulating terrain  years 1991-1994. Some results are striking. The mosses
(U1- U6) covered 709 Awhereas the deposition area  Campylopus introflexusndHypnumcupressiformare
was 2810 i (Fig. 6), so the ratio is about 4.0. seldom found within the deposition area, because they do
From Figs. 5 and 6 it is clear that most sand is not tolerate burying by sand. The mdsstularuralis is
deposited rather close to the blowouts. In this terrain often found near the accumulation border. It needs some
very little sand is deposited more than 30 m away from sand in order to compete witampylopusandHypnum
the blowouts. Accumulation is strongest at the north- but too much sand will bury this short vegetation.
eastern sides of the blowouts, due to the action of the In some of the blowouts marram grass has re-estab-
southwesterly winds. Sand is also deposited at the south-lished on part of the surface. Al$eestuca rubrais
western ends of the blowouts by northeasterly winds. sometimes found within the limits of the reactivated
Although northeasterly winds are less frequent and usu- blowouts, but in general most of the surface of the
ally weaker, they have a relatively high contribution in  blowouts remains bare and active.
the aeolian transport of sand because in The Netherlands  The results of the acid reaction test for the top soil
easterly winds usually give dry weather (little rain and (0 -5 cm) inFig. 8 show that the lime content is high
low relative humidity), whereas westerly winds often  within the blowouts (bare sand). The areas which receive
carry rain and cause high relative humidity. sand from the blowouts are on average less calcareous
Fig. 7 shows the vegetation map and the contour of thanthe sand in the blowouts, although they give a positive
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Discussion and Conclusions of dune blowouts as measured with erosion pins and
sequential air photo€atenal6: 369-376.

Most of the small patches that were reactivated Jungerius, P.D., Verheggen, J.T. & Wiggers, A.J. 1981. The
stabilized spontaneously. This is not surprising, since ~ d€velopment of blowouts in “De Blink', a coastal dune
also most naturally formed blowouts stabilize in the first area near Noordwijkerhout, The Netherlartarth Sur-

. . . face Process. Landforns 375-396.
years aftgr their formation (Jungerius & van der Meu!en Pluis, J.L.A. & van Boxel, J.H. 1993. Wind velocity and algal
1989) while qnly a small perce'ntage.reaches maturity. crusts in dune blowout&atena20: 581-594.

The reactivation of the medium-sized blowouts was = sg|k, R. & Ettersbank, G. 1987. Calculating the area of an
successful. The blowouts remained active despite the  jrregular shapeByte 1987: 135-136.
inputs of nitrogen by atmospheric deposition. The area van der Meulen, F., Kooijman, A.M., Veer, M.A.C. & van
and depth of the reactivated blowouts increase slowly. Boxel, J.H. 1996 Effectgerichte maatregelen tegen

The deposition area is about four to six times the area  verzuring en eutrofiering in open droge duinen, Eind-
of the blowouts. However, this result probably depends ~ rapportfase 1, 1991-1998Measures against the effects of

on the size of the blowouts and the topography of the acidification and eutrophication in open dry dunes, Final
terrain report phase 1, 1991-1995). Department of Physical Ge-

. . ography and Soil Science, University of Amsterdam.
Most of the sand is deposited close to the blowouts. . 4o, Putten, W.H. 1988stablishment, growth and degen-

Here, most of the sand is found within 30 m of the eration of Ammophila arenaria in coastal sand dunes.
blowout. On the isle of Terschelling, where some blow- Doctoral Thesis Agricultural University Wageningen.

outs were located near the top of a high dune, sand van der Putten, W.H. & Peters, B.A.M. 1995. Possibilities for
deposition of 1 cm in three years was found more than management of coastal foredunes with deteriorated stands

100 m away from the blowouts (van der Meulen et al. of Ammophila arenaria(marram grass)J. Coastal
1996). Conserv1: 29-39.

Campylopus introflexudisappears if the accumula- Wartena, L., van Boxel, J.H. & Veenhuysen, D. 1991. Macro-

tion of sand exceeds a few mm per vear. There are no climate, microclimate and dune formation along the West
per year. European coatdandscapéEcol. 6: 15-26.

indications that shrub encroachment is prevented or Wieringa, J. & Rijkoort, P.J. 198Klimaat van Nederland 2;
limited by the sand accumulation. Probably much higher  windklimaat van Nederland<oninklijk Nederlands
accumulation rates are needed to stop sea buckthorn  Meteorologisch Instituut. Staatsuitgeverij, Den Haag.
(Hippophae rhamnoidgfom expanding. Marram grass

does not suffer from burying at all, on the contrary it

seems to need accumulation of fresh sand (van der Putten ~ Received 30 November 1995;
1989; van der Putten & Peters 1995) to remain vital. Revision received 25 November 1996;
Nevertheless marram grass was also found outside the Accepted 17 January 1997.
area influenced by the blowouts.
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