


Figure 10. Dunes of Punta Umbria in 2001 (left) and in 2015 (right).

La Antilla has sectors that are different enough for the dunes to be dealt with separately. In the eastern
sector dunes were neither observed in 2001 nor in 2015, as the site where coastal dunes should be,
when considering a transverse profile of the beach, was occupied by housing. In 2015, however, some
peculiar management interventions were observed, as artificial embryonic-type dunes have been gene-
rated on non-developed plots (Fig. 11).

Figure 11. Detail of the micro-dunes of La Antilla in 2015.

The central sector of La Antilla beach shows clear signs of degradation of the dune ridge, with negative
values both for morphology- and vegetation-related variables in most of the re-photographed areas (Fig.
1). Profound changes (Fig. 12 and 13) have been observed in the western sector following the construc-
tion of a sea promenade for pedestrians in the place of the road that existed in 2001. This has led to a
regeneration of the dune and the development of an abundant herbaceous layer on top of it.
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Figure 12. La Antilla in 2001 (left) and in 2015 (right).

Figure 13. La Antilla in 2001 (left) and in 2015 (right).

In the La Redondela section more significant changes are appreciable and have coincided with
management tasks designed to protect the dunes and to regenerate native vegetation, which here
is Ammophila arenaria (Fig. 14). All the repeat photographs in this zone have very high values for
both variables, and it is here where the most positive changes of all the areas studied have been
identified. The photograph from 2001 shows a micro-dune that had recently been closed off with
a fence, with Ammophila arenaria newly introduced and sown at an angle of 45° to ensure greater
uptake of sand, as it was located perpendicular to the direction of the prevailing winds. Now, in
2015, this management measure has yielded results that are so significant that dunes of more than
1 m higher than in 2001 have formed. There is also more vegetation cover and a significantly more
complex variety of plants, with the presence of shrubs and even trees in the inter-dune areas behind
the coastal dune (Fig. 14 and 15).
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Figure 14. Dunes of La Redondela in 2001 and in 2015.

Figure 15. Dunes of La Redondela in 2001 and in 2015.
On Isla Cristina, the reference photograph was taken in 1986 and not in 2001. It nonetheless shows one

of the most extreme changes that were observed: the total destruction of a dune of over 5 m in height
and its replacement with a sea promenade (Fig. 2).
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H.Conclusions

In the recent evolution of different types of dunes significant differences have been observed with refe-
rence to two variables: first, management policies applied during the period of analysis and, second, the
presence or absence of cliffs behind the dunes.

It is significant that in the groups of dunes studied, the main agent of erosion identified is the movement
of people, as positive values are obtained both on protected dunes and on dunes where there is no mo-
vement of beach users. Dune management policies are therefore extremely important for the protection
and regeneration of this land form in the stretches of the coast of Huelva analysed.

The lack of linear relationship between the dune’s stability values and coastal erosion is not the result of
a disconnection between the erosion processes to which the beaches and the coastal dunes of Huelva
are still subject, but rather of an efficient management capable of transforming the evolution of a dune,
even in conditions of sparse sediment input into the system. It is also necessary to study whether the
retention of sand on the coastal dune has led to a decrease in the sedimentary volume of the foreshores,
midshores and backshores in the sections analysed.

From a methodological perspective, it has been demonstrated that repeat photography techniques are
useful for analysing spatial processes even if the periods are relatively short. Such methods, however,
should be put to the test in other areas and for different lengths of time in order to determine their scope
in less dynamic areas.
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1. Abstract

The purpose of this work is to present the latest results obtained from Gatseau beach (island of Oléron,
France) with regard to the severe erosion it is suffering. A coastline that has been retreating over 17 m/
year in the 2006-2014 period threatens the continuity of a zone preserved by the Natura 2000 network
that seems to be on the verge of disappearance. The work also discusses the potential triggers (dykes,
breakwaters and other engineering works) and the need for coastal planning that involves a series of not
only coastal but also fluvial areas.

2. Introduction and objectives

The island of Oléron rises from the Atlantic and closes off the small, approximately 3,000-hectare bay
of Marennes-Oléron, just 3 km from the French coast. More specifically, it is located on the northern
edge of the department of Charente-Maritime. Covering over 174 km2, it forms a rhombus shape the
upper diagonal (or length) of which measures some 33 km, and the bottom (width) some 11 km, at
their longest parts. It has a coastal perimeter of 90 km, most of which is sandy, although in the north
there are rocky cliffs from the Mesozoic and Pleistocene. The sands that cover it, which form some
significant dune and beach systems, on the whole have many source areas that notably include the
fluvial systems of the Seudre, Charente, Sévre Niortaise and Garonne rivers. The strait between the
island and continent and the confluence of the sediments carried by currents from more northerly
sectors with those from the mouth of the Garonne River to the south culminate in the formation of
spectacular dune complexes that juxtapose even current-subrecent dunes with other ancient-origin
fossil dunes from the Holocene. There is also, meanwhile, a very characteristic marsh area that for
centuries —since Roman times and particularly during the Napoleonic period— was used by people
for the extraction of salt. These marshes also favour the breeding of prawns and oyster farming, the
latter being one of Oléron’s main sources of income.
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Figure 1. Location of Gatseau beach on the island of Oléron (France) and transects studied.
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The island has an estimated residential population of around 21,700 inhabitants (CCIO - Communauté
de communes de I'lle d’Oléron, 2009). Although its income originates mainly from activities associated
with shellfish (oysters and mussels), it also comes from fishing, and from wine and spirits (Pineau des
Charentes, cognac), hunting and, since the second half of the last century particularly, tourism. Its
cultural and natural heritage is highly attractive because of its rich and varied nature: citadels built by
Cardinal Richelieu and designed by the Sun King’s exceptional architect, Vauban, World War Il bunkers
from what was known as the “Atlantic Wall”, etc. These have given rise to a tourist appeal that was
boosted in 1966 by the construction of a bridge joining the island to the mainland.

The island of Oléron has an oceanic climate, with annual rainfall ranging between 710 mm and 1,000
mm. Temperatures are very mild, with a yearly average of around 13 °C; in January they are therefore
not excessively cold because of the thermoregulatory effect of the sea (around 6 °C), while summers are
relatively hot (over 20 °C in August). There are scarcely ten days of frost a year and dense fogs are frequent
because of the thermal differences between the sea and the air above. In summer, moreover, there are
significant thermal contrasts between the island and the nearby continental domain, with differences of up
to 10-12 °C (IGN-INF, 20183; Infoclimat, 2015). This circumstance is significant because it facilitates very
violent storms that, as will be seen later, can prolong coastal erosion processes beyond winter.

The island also has some significant protected natural areas —ZNIEFF (Zone naturelle d’intérét
écologique, faunistique et floristique), Natura 2000, Site classé, etc.—, which are managed by different
bodies such as the Conseil général, ONF (Office national des foréts), the Conservatoire du littoral, etc.
This is the situation, in the south of Oléron, of the beach discussed in this work: Gatseau. Whereas, as
mentioned above, the north is rocky, the southern fringe of the island is extremely sandy and ends in a
coastal spit that has undergone significant changes in recent centuries. On the leeward side of the sandy
spit is a small bay called Maumusson, a name that appears to have come from the expression “difficult
way” in reference to the dozens of shipwrecks that have occurred at this point since time immemorial.
Gatseau is currently one of the Natura 2000 reserves within the “Dunes et foréts de I'ile d’Oléron” (‘Dunes
and forests of the island of Oléron’) protected area, which covers an area of nearly 2,000 hectares and
the management of which is the responsibility of the ONF. It includes not only a dune system-estuary
and bay, but also a forest of pines and oaks currently of high ecological value.

Oléron is a unique setting in which to understand the effectiveness of the phytostabilisation methods
favoured by people to counter the constant threat of coastal erosion. In fact, over 130 years ago a
series of rows of maritime pines were planted in its north-western (forest and dunes of Domino), west-
southwestern (forest and dunes of Saint-Trojan) and north-eastern (forest of Saumonards) flanks, and
until the nineteen-eighties their success at phytostabilisation was remarkable. As a result of this work,
2,800 hectares were reclaimed from sea, land that has been very carefully preserved by the managing
bodies.

The situation since then, however, particularly since the nineteen-nineties, has reversed dramatically and
there has been a very pronounced coastal retreat that has affected virtually the entire island (Arteaga,
2007). Indeed, the beaches of Oléron have the world’s highest rates of erosion, which are only comparable
to others in Namibia, the United States and Brazil (Arteaga, 2011). Over the last 10-20 years almost
everything gained in the previous century has therefore been lost. Gatseau is the most characteristic
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example of this phenomenon: since 2000 we have effectively tracked or monitored the evolution of the
island’s coastline (Arteaga, 2007) and the extent of deterioration and retreat at Gatseau beach has been
truly significant. The purpose of this work is therefore to provide new data and to update, for the 2008-
2014 period, the evolution of this beach, which in the past was a true example of dune protection and
regeneration.

Historically, this beach has in some ways been a perfect laboratory for different issues explored in this work.

3.Methodology and objectives

The initial phase mainly involved:

1. Fieldwork with GPS support, involving identification of several recognisable points on maps and satellite
images for which access was available. The purpose of this was to locate and monitor the evolution of the
coast in relation to buildings close to the beach: World War Il bunkers, housing, crossroads and roads, etc.

2. Given that the island is a 13-km continuous stretch of sand until it connects with Gatseau, it was
decided to investigate the most sensitive and variable section of approximately 1.2 km, which coincides
with the final spit and southernmost point of the island.

The cartographic and documentary information dates from the seventeenth century —in the form of
different historical maps— to the present day and was processed and georeferenced in AutoCAD initially
and thereafter in ArcGIS 9.2. The methodology can be found in the publication from 2007 (Arteaga,
2007). However, as we were focusing on the beach of Gatseau because of its great interest, we explored
the dune system in greater depth, inventorying the major plant species, its degree of phytostabilisation
and its area by analysing transects more or less perpendicular to the beachfront. Unfortunately, it was
impossible to conclude this work because of rapid disappearance in all the zones inventoried.

In this 2006-2014 study, the existence of World War Il bunkers or blockhduser proved very helpful for
monitoring. The great utility of these buildings had already been observed in work on other parts of the
Atlantic and the Mediterranean coast (Migniot and Lorin, 1979; Petit-Maire and Marchand, 1993; Regnauld
et al, 2004; Poulain et al, 2011). Here, the Gatseau bunkers had been covered and concealed by the dune
masses and phytostabilisation of the forest. The existence of only one was known until 2006, when erosion
uncovered two further bunkers to coincide with the start of the fieldwork. Their location at the extreme
southern tip of the beach where the waves are generally less active on account of their north-south orientation
(perpendicular to the predominant wave orientation) suggested that it would be a good idea to monitor them.

The help of such a useful tool as Google Earth, and its “historical imagery” option proved of great value,
as shown by the 116 known and georeferenced points (mapping, GPS and Google satellite images from
2006 and 2014) that were juxtaposed with an error of less than one metre.

To study the beach we meanwhile differentiated two zones of analysis with three monitoring transects,
established on the basis of dissimilarities in the rate of the erosion process observed in past studies

(Fig. 1):



- The north beach, the smallest portion monitored, has a NW-SE orientation and is some 300 m in
length. As shall be seen later, it has the lowest erosion rates. It stretches from the station of the tourist
railway, which is the only way of reaching the beach (besides walking), to the intersection of the beach
with the northern path that crosses the forest of Saint-Trojan. Monitoring will take place from transect 1.

- The south-central beach is around 900 m in length and stretches from the tourist railway station to
the very tip of the island. In this segment two transects (transects 2 and 3) and the retreat of the beach
with regard to the bunkers will be monitored.

4. Gatseau beach, characteristics and
sedimentary balance

4.1. Status of the nearby coast

Gatseau beach is exceptionally located as a recipient of sediments. Of the different coastal currents that
converge in its vicinity and that encourage deposition, two are of some importance: the island’s north-
south drift current and the coastal current that runs along the mainland in a S-N direction, which originates
at the mouth of the Garonne River. Both are rich in sediments, especially the S-N current, which has a
sediment concentration of between 10 and 40 mg (Omer and Pajot, 2000). The coastal bathymetric depth
of Oléron is very low and may occasionally descend to 10 m, which favours water temperatures that can
even exceed 25-26 °C in summer and very pleasing microclimatic conditions for tourists.

80% of the incident waves on Gatseau is WNW, and very secondarily, N, NW and W (Bertin et al, 2004;
Billeaud et al, 2005; Musereau et al, 2007). Average wave height is 1.5 m, and 75% of waves are less
than 2 m. It is estimated that in situations of very active storms, waves reach a maximum height of 6 m,
although some authors recorded waves of up to 10 m for the explosive cyclogenesis Xynthia in 2010.
The predominant wave direction encourages the formation of coastal drift from the north. The tidal
range meanwhile fluctuates between 2 and 5 m while tides are semidiurnal, although in the exceptional
circumstances of very strong spring tides, the water level may rise up to 6 m.

4.2. The Gatseau beach-dune complex

The Natura 2000 document on the dunes and forests of the island of Oléron (Natura 2000, 2013)
determines that the coastal area of the island is marked and protected by significant massive dunes
of a type that when fully developed is described in figure 2a. The conservation managers of the
coastline of the regions of Landes and Charente-Maritime, as in other places, have established a
system of classification based on phytostabilising species. Using their criteria, we shall now focus
on Gatseau beach and inventory the characteristic species for each dune field drawn up in the
2006 study. From the seashore to the interior of the dune system, the following sequence can be
established (Fig. 2):
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- First, the area of emerged beach or berm. In the nineteen-eighties and -nineties, Gatseau beach still
had a width of over ten metres of berm and its sands were exposed at high tide, except during spring
tides. The berm, however, now only emerges at times of falling and low tides, both in the southern
section and in the northern sector of the beach. In other words, at high tide the waves impact the dunes
directly to form cliffs by erosion, which are then dismantled by sapping. The very sparse vegetation is
predominated by Cakile maritime, which has now been relegated to small protected areas not reached
by the waves.

- Next are the embryonic dunes that, because of their exposure and proximity to the sea, are occasionally
impacted by waves during the most aggressive storms (overwash). They generally form a transversal
“step” to the prevailing winds. On Gatseau, like other beaches on Oléron, this space has, however, been
significantly reduced. The vegetation observed consists of species such as Elymus farctus, Agropyron
junceiforme and Elytrigia juncea.

- There are then the white dunes (dunes blanches), which are larger. On Gatseau, these dunes measured
up to a height of 10 to 15 m in the nineteen-eighties. Although they are still moving, this space can be
breached by more penetrative waves, leaving furrow-like scars and erosive depressions with overwash
morphologies. Where this phenomenon has not arisen it is possible to find Ammophila arenaria in the
zones most exposed to wind and Euphorbia paralias, Eryngium maritimum and Calystegia soldanella in
areas sheltered from the wind or downwind. In the transition section between the shifting and the fixed
dunes (semi-fixed dunes), in addition to these species, there are also others such as Festuca juncifolia,
Galium arenarium, Medicago marina and Artemisia campestris ssp. maritima.

- Meanwhile, scarcely any sand reaches the fixed dunes, also known as grey dunes; these have greater
coverage and variety of flora, with species such as Helichrysum stoechas, Dianthus gallicus, Koeleria
glauca, Juncus acutus, Pancratium maritimum, Tuberaria guttata, Cistus salvifolius, etc. In the past, people
favoured the grey dunes of Gatseau to reclaim land from the sea to use them for different purposes.

There are other species of particular value located in the immediate surroundings of the Natural Reserve
of Saint-Trojan and Gatseau. They are less common and are associated with the transition space of
fixed-semi-fixed dunes (species listed in appendix Il of Directive 92/43/EEC and other important Natura

2000 species of flora): Omphalodes littoralis, Liparis loeselii, Anacamptis coriophora, Arctostaphylos
uva-ursi, Asparagus maritimus, Cistus inflatus, Epipactis phyllanthes, Hornungia procumbens, Linaria

arenaria, Ononis reclinata, Pyrola chlorantha, Serapias parviflora, Spiranthes aestivalis, Dianthus gallicus
and Silene uniflora ssp. thorei.

- Lastly, there come the dunes phytostabilised by tree formations. On Gatseau beach, this is a
domain that has been completely developed by people for over 180 years with the plantation of
Pinus pinaster (which already existed) for resin farming and for reclaiming land from the sea. On
account of the protection and shelter afforded by this forest mass, however, over time clearings in
the forest have been colonised by other arboreal species such as Quercus ilex and Quercus suber.
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Figure 2. a) Type of fully developed dunes on the island of Oléron, and b) erosion in transect 2 of Gatseau beach with the
disappearance of the berm at high tide.

4.3. The system “inputs”: origin of the sands

The sands that arrive on Gatseau spit-beach have many origins. There are some that originate in the
sea and river currents, which are mentioned above, and others that come from the destruction of the
Mesozoic cliffs in the north of the island, which supply the beaches of Oléron on a minority basis with
calcareous sands, gravel and stones. The other quartz-rich sediments, with average particle sizes of 0.2-
0.3 mm, meanwhile, are brought by currents associated with the continental margin. In short, there are
four river enclaves of some importance external to the island: to the north, the river Sévre Niortaise and
the Charente river; to the west, materials dislodged by the river Seudre; and to the south, those evacuated
by the Garonne estuary, one of the rivers with the highest sediment loads in Europe (Froidefond, 1977).
Hence, until recently, when the sediments transported by sea reached the strait between the mainland
and the southern part of the island (Pertuis de Maumusson), they tended to accumulate in this sector.
This process encouraged progradation that lasted for over a century and at least until well into the
twentieth century.

Between the seventeenth and nineteenth centuries, large volumes of sand came to the island, brought
by the wind, and penetrated its interior. This clearly threatened to bury towns such as Saint-Trojan,
which forced urgent measures to be taken. It is known, for example, that in the fifteenth century the
town of Saint-Trojan had to be relocated on account of the invasion of the dune field. The measures
that were taken include the construction of fences and planting of pines for the phytostabilisation of the
advancing dunes. This meanwhile allowed for the recovery of resin farming, which had disappeared from
the island (Calonnec, 2006). Different infrastructures and plantations were installed in four consecutive
phases, specifically in 1820, 1876, 1881 and 1948, the year of the last intervention involving not only the
construction of a new fence, but also the recovery of others which had been seriously affected by the
bombings of World War Il.
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Dune fixation was based on the technique of Vasselot de Régné, a water and forest officer (see Fig. 3);
after constructing the fence and its subsequent concealment by sand over time, he then built another
fence on top and so on, consecutively, until the dune reached a height of around 10 m. While this
process was being undertaken, pine saplings were planted in the shelter of the fences.

Fence/Palisade «

|
Berm
Pines Plantation

Accreting sand

il o

Figure 3. Vasselot de Régné fencing system.

This all meant land reclaimed from the sea, with values approaching one kilometre in width of the beach-
dune system (Bourgueil and Moreau, 1972; Guinet, 2001; Arteaga, 2007). In short, until a few years ago
Gatseau represented a zone of sedimentary accumulation of great importance for the island. Controlling
or monitoring occurrences in this sand system helps to diagnose what is happening in the sedimentary
evolution of Oléron. It should not be forgotten that the deposition of sand on this spit currently provides
a protective barrier and a refuge for several plots of crops of oysters and mussels that play an important
role in the economy of the island’s inhabitants.

4.4. Erosion: results of monitoring and causes

Until 2005, supporting maps, GPS and different satellite and aerial images showed three phases of
erosion on Gatseau beach (Arteaga, 2007): a) 1959-1972, with significant rates of retreat of the beach
of around 27 m/year; b) 1972-1999, with rates of retreat of around 10 m/year; and c) 1999-2005, with
retreats of 18 m/year.

Other researchers have obtained very similar values. Prat (2004), after several field experiments,
estimated the volume of sand arriving from the berm to the dunes at between 10 and 25 m3/linear m/
year, while that lost to the waves and erosion is much greater: 40-140 m3/linear m/year. Hence, the
alignments of marram grasses cultivated on the dune ridge in the nineteen-nineties to curb degradation
had disappeared completely by the end of that decade. Even the site that the tourist railway station
occupied in the nineteen-seventies (PTST, 2015) currently lies under the waters of the Atlantic, 800
m west of the current dune field (equivalent to transect 2 of the study). Bertin et al (2004) determined
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that sediment transport to the SE of the island is extremely variable and estimated that the mobility of
the sand fluctuates between 50,000 and 170,000 m3 (3 to 10 times lower than that observed by other
authors). This transport is conditioned not only by the most intense waves, but also, and particularly, by
the capacity of the swell to impact the beach frontally or perpendicularly.

There follows an update of the data for the 2006-2014 period, which is the main contribution of this
work. It was collected on the basis of the space occupied by embryonic dunes, white dunes and grey
dunes with regard to the current framework of erosion. Monitoring the Gatseau berm was ruled out, as it
is scarcely visible and emerges only at low tide and on some days in the summer period with a low tidal
coefficient (Fig. 4 and 5).

Transect 1 - North beach. 194.12-m WSW-ENE segment. Affected mainly by perpendicular or frontal
waves. In 2006, after the measurements taken in the field, in the transect the embryonic dunes covered
a linear extension of around 11 m, the white dunes of around 33.30 m, and the grey and fixed dunes of
some 149.82 m up to its edge or to the border with the forest area. By 2014, the progression of erosion
could be observed and was visible even on Google Earth. There were now embryonic dunes located
where the grey dunes had been, and the system of white dunes had disappeared completely. In other
words, the sea has engulfed over 136 linear metres. The new embryonic dunes cover an area of a little
over 22 m and are defined and cut by the effect of overwash resulting from strong waves in storms. The
distance between the grey dunes and the forest is now scarcely 51.9 m. The result therefore is that, in
this transect, the beach has receded by an average of 17 m/year, a value that is very similar to the values
monitored for the period 1999-2006.

Transect 2 - Tourist railway station. 215.65-m segment chosen on account of the broad assortment of
landmarks that can be used for reference purposes (crossroads and roads, fences, etc.). The west-east
section that in 2006 had a small embryonic ridge of some 8.7 m; the sands of this section fossilised the old
railway line that ran to a stop currently covered by the sea. The space occupied by the white dunes that
flanked the railway on the right (or northern) side covered around 39.3 m, while the grey dunes stretched
some 167.75 linear metres up to the initial line of forest. By 2014, the situation was no less dramatic than
in the previous transect: a retreat of over 157.78 m and erosion of the beachfront. Although, once again,
the white dunes have disappeared, even more spectacular is the total disappearance of the grey dunes,
which have been replaced by embryonic sandy masses that cover them, encouraged by the action of
the wind and the waves. In total, there remain just over 54 metres of dunes, a figure that represents a
linear retreat of 19.7 m in this sector.

Transect 3 - Gatseau spit or head. SW-NE section of 153.39 m. In 2006, this section still conserved
the entire catalogue of dunes described and was therefore even then an exception on the southern
stretch of the beach, which was very much affected by erosion and where the dunes phytostabilised by
pines were generally being washed away by the waves. It is also surprising that this is the sector where
sedimentation and growth has been greatest since the seventeenth century. The result of measurements
taken in 2006 showed that the embryonic dunes had a width of 32.64 m, the white dunes a width of
34.44 m and the grey dunes (with some patches of pines) a width of 86.31 m. Very recently (2014),
only 29 m of the transect remained. In eight years, therefore, some 124 linear metres of profile have
disappeared from a total of 153.39 metres. This represents an erosion rate of 15.54 m per year.
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Monitoring of the bunkers. In 2006, a World War Il bunker was located 32.34 m from the beach, within
the dune system and under some trees. In 2011, as a result of coastal erosion, three more came to
light. After the review of summer 2015, these were determined to have been submerged in the beach’s
surf zone. The waves beat against them beyond the high tide mark and over 7 m from the dune erosion
escarpment (Fig. 5d and 5e). In other words, the first of these constructions indicates a coastal retreat
of 40 m in nine years, which amounts to around 4.4 m per year.

06 " “Transect 1

Transect 1 Transect 2 Transect 3

Figure 5. a, b and c¢) Photographs of the transects researched among the embryonic dunes, the white dunes and the grey dunes;
d) Bunker from World War | when it was over 30 m from the beach, in 2006; e) The same bunker, which nine years later had been
affected by action of the waves; f) Overwash scar in transect 3. Note that the pines are dead because of the onslaught of the waves
and saltpetre. Ten years ago, these pines were over 200 m from the sea.
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In Spain, comparable losses have only been observed on the Bay of Biscay coast, specifically on the
spit of Liencres (Arteaga and Gonzalez, 2005), where a 20 m/year decrease in the length of the head was
observed, even though erosion to the beachfront was not so noticeable because disintegration of the
spit transferred sediment to the other sandy zones.

Over the last eight years the area researched has lost an area of over 20 hectares, even though it is
common for beaches to undergo erosion in one section and for deposits to be received in another. At
Gatseau, however, such a process ceased long ago and along its whole length there is now only loss.
It should therefore be assumed, first, that it has not accumulated the same volume of sand as for the
1820-1950 period and, second, the eroded material has been deposited in areas outside the system.
This leads to the question of what factors might be contributing to the loss of sand.

5. Potential factors of erosion

Erosion on Oléron is not exclusive to Gatseau beach. It is also an urgent matter on all its other beaches,
particularly because of the most violent storms, which have a major impact on account of the flatness
of the island. The regression is ongoing and there is no chance that beaches and dunes will recover,
as happened in the relatively recent past. We should therefore address the new elements that have
appeared and have been influential since the second half of last century, the moment when the intensity
of this erosive phenomenon became more noticeable. As Arteaga observed (2007), a distinction can be
made between natural and anthropogenic factors:

5.1. Natural factors

Although there are several, we shall emphasise two major factors that are currently on the increase. First
is the rise in sea level, albeit associated with the indirect factor of climate change. The information here
is from buoys and the tide gauges closest to the island, analysed by the ONERC (Observatoire national
sur les effets du réchauffement climatique; in Various Authors, 2014; Various Authors-ONERC, 2015; and
Gouriou et al, 2013). These are installed in the bay of Pertuis Charentais, in the port city of Rochefort. The
results obtained confirm a gradual rise in sea level of 2.1 mm/year during the period from 1944 to 2013.
There is a marked increase after 1944, compared to the rates for the 1824-1909 period, when the sea
rose at 0.4 mm/year. If we base our calculations on the Bruun Rule (1962), which is the criterion applied
to certain beaches to which Gatseau can be likened, for each millimetre of rise in sea level a retreat of 1
m may occur. Although the application of this rule was brought into question by Bruun himself (1988), we
shall use it because of the absence of other possible variables and formulations that may be applicable
to Oléron. The linear decline in Gatseau Beach in the past 59 years would amount to 145 m, a figure very
much less than that observed (almost 1,000 m) and not always consistent with that observed on other
nearby mainland beaches (Arteaga, 2009).

The other element to consider is the erosion caused by a potential increase in violent storms, which

is also a phenomenon related to climate change. In the last sixteen years there were three particularly
extreme events: the storm of 27 December 1999 (which was even initially considered a hurricane); the
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explosive cyclogenesis Xynthia of 27-29 February 2010; and the recent storm of 31 January to 2 February
2014. All of these affected the French and English Atlantic and the Bay of Biscay coast in Spain. Prat
(2004) shows that some of these extreme events can cause the beach to retreat by values of close to 50
m on just one occasion. Xynthia wiped out 60% of the forest of Saint-Trojan adjacent to Gatseau beach
and also destroyed the former phytostabilisation fencing.

There are also records of other historical extreme events on the island (Various Authors, 2013), one
of which occurred on 29 January 1645 and about which we have very little information; another,
which occurred on 2 February 1702, destroyed all the protective dykes of the southernmost part of
the island; the storm of 8 January 1924, in which the sea level rose by 1.66 m; the gale of 22 February
1935, accompanied by hurricane force winds of over 245 kph, also known as “the Cataclysm” by the
islanders; and, lastly, the event of 16 November 1940, which submerged the area closest to the sea
on the coast of Oléron. Of the eight major gales of the past three centuries, three took place over
the course of 15 years. However, according to the French meteorological agency (Météo-France,
2015), in the last 30 years, there has been no appreciable increase either in the number of storms
with winds in excess of 110 kph or in their intensity. In terms of frequency, in the decade from 1980
to 1990 there were 15 episodes, 12 which occurred from 1990 to 2000 and 14 from 2000 to 2010.
Even so, the agency’s graphs show that the windstorms of 1999 and 2010 were the most violent of
the past 30 years.

Despite the island’s wind history, these extreme events should not be considered the main cause of the
continued erosion. Remember that two centuries ago, in the period between one storm and the next,
the affected beaches recovered, although this should not belittle the impact of these phenomena as the
size of the waves that accompanies them is a major factor in their retreat.

It should be noted, lastly, that that these highly aggressive phenomena, so unpleasant for the island’s
inhabitants, tend to occur in the months of January and February. Oléron, moreover, is extremely sensitive
to these storms on account of the altimetry of its coast. During these episodes the sea can therefore
occupy thousands of hectares around its perimeter and can even immerse areas in towns.

The subsequent factor, the waves, accompanies the effects of the windstorms. Official bodies in France
and bodies responsible for investigating wave variations (Various Authors, 2011: 31) have concluded
that, for the time being, there are no significant variations on past periods, yet they have however
acknowledged that the data series available from 1973 are biased and feature significant gaps. Although
the role of natural factors is important, it should be assumed that those resulting from human activity are
no less so. The most significant are detailed below.

5.2. Anthropogenic factors:

Roland Paskoff (1998) warned of the role played by different coastal infrastructures and of their direct
and indirect relation to coastal geomorphological changes. The island of Oléron is not free from such
constructions, some of which date all the way back to ancient times.



An initial group consists of those on the island itself. The largest is the port of La Cotiniere, located 13
km north of Gatseau beach. Its docks have scarcely been altered since they were built in the nineteenth
century and historical records make no mention of significant subsequent erosive changes or processes
(which would obviously have their consequences). The process of growth of Gatseau beach after the
installation of the fences to stabilise the dunes even happened to take place at the same time as the
building of the port. The proliferation of dykes, together with the existence of other works of engineering,
has been directly responsible for the interruption of coastal sand mobility and has therefore affected
the sediment transported. Adjacent to our area of study, there is, notably, a series of structures that
were installed successively from the second half of last century, including embankment and breakwater
protection dykes and the installation and recovery of fish traps (écluses a poissons) from the Middle
Ages articulated by stone enclosures.

Fieldwork revealed a large number of measures on the western shore of the island the purpose of
which was, precisely, to prevent coastal erosion in the areas close to the small fishing villages and
the housing developments created for emergent tourism. There is a total of 38 dykes perpendicular
to the beaches of the west coast, eight of which are relatively close to Gatseau, and 18 locks and
fish traps, facilities that interfere with the main current for transporting sediments that runs along
the coastline of the island from one end to the other, and that ends at Gatseau. In fact, as can be
observed in figure 6, inside the traps it is common to see sandbars that have been captured by the
system. In addition, around 3 km of protective breakwaters adjacent to the beach have upset the
natural beach-dune dynamics, and impaired the sediment transport cycle.

L ecluse
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Trapped
.. sands

Dykes and fish
traps

Figure 6. Tidal fish traps and old etching with a diagram showing how they work.

A second group consists of those buildings that potentially capture materials arriving on the island
from allochthonous effluent areas —the rivers Sévre Niortaise, Charente and Seudre and Garonne,
mentioned previously — and the construction of dykes and breakwaters on the mainland coast. Although
it is extremely hard to estimate the exact value of these alterations, in the nineteen-seventies Froidefond
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(1977) asserted the direct relation and interference of the dykes and dredging in the estuary of the
Garonne River (Gironde), one of the main suppliers of sediments to Marennes-Oléron bay (Benaouda,
2008), with erosive processes and a resulting reduction in the volume of sediment transported by its
waters.

Indeed, in the Garonne River estuary it has initially been estimated that over 4,000 tons of sand and
clay sediments (of the 5 million tons carried by the river system in the estuary zone) are dislodged
and introduced to the coastal and marine area. Although the exact amount is unknown, a very high
percentage has been found to reach the beaches of the island of Oléron. The main threat to this is
possibly the 336 km of breakwaters and dykes that theoretically prevent the task of sapping-erosion,
transport and subsequent sedimentation along the riverbank, which is over 500 km in length from its
source. If a further 500 km that line the coast of Aquitaine are added, the possible alterations caused
cannot be ignored. Similar constructions can, moreover, also be found in the mouths of the Seudre for
the protection of the oyster marshes, of the Charente and the Sévre Niortaise.

Some of these defences are historic as reclamation of the coastline in the bay has been ongoing
since the twelfth century (D’Hollander, 1961). These are zones that today, with extreme storm
events, are quite easily submerged by the sea and this causes a whole series of problems. To date,
the only response to this circumstance has been the reconstruction and the introduction of more
breakwaters.

It should lastly be mentioned that this coast is home to five ports of different sizes. Although exactly how
they affect the sedimentary balance of the bay-estuary system of Marennes is unknown, the implications
of these infrastructures should not be forgotten.

6. Discussion and conclusions

The island of Oléron and, particularly, Gatseau beach constitute a veritable natural laboratory, and
present a long history of practices and measures to counteract the onslaught of the sea, with some
highly contrasting responses by the coast.

Almost two centuries ago, the people of Oléron not only overcame the retreat of the entire beach-
dune system of Gatseau, but reclaimed land from the sea in a very short space of time. The use
of measures that could be considered “soft”, with a low impact on nature, subsequently yielded a
rich and new ecological territory of flora and fauna. In fact, until that time, the beach and forest of
Gatseau were clear examples of good dune phytostabilisation practice and measures. This was very
similar to what is being done in other parts of the world, with priority application of measures that
do not entail complex engineering involving construction work predominated by the use of stone.
This led to the formation and extension of what was later to be acknowledged as one of the most
interesting and acclaimed protected areas of the coast of the Charente-Maritime, which covers
almost 2,000 hectares.



This success appeared to change in the mid-twentieth century and, perhaps by chance, coincided with
a boom in tourism on the island after the opening of the bridge that joined the island to the mainland,
and the resulting proliferation of new urban developments close to the coast in order to meet the needs
for sun and sand of the new seasonal inhabitants.

The choice of location for new constructions in the west and centre of the island’s coast and in
areas that tend to suffer more frequently from the onslaught of the waves because of their greater
openness and exposure to the Atlantic forced managers to protect homes. To do so, they opted for
the construction of dykes and breakwaters, which may have been temporarily effective but in the
long term had dramatic consequences for the southernmost sectors of Oléron and only served to
shift the problem.

This, together with the difficulties and problems of a bay subject to considerable human pressure,
does not give much hope for the future. In light of what has occurred in the storms of recent years,
particularly Xynthia, the solutions proposed by different authorities rather involve resorting once again to
breakwaters and dykes. This is established in the Programmes of Measures for the Prevention of Floods
(PAPI), which are new coastal protection plans involving different regional and state organisations and
institutions with a view to the year 2030 and with a planned investment for the island of nearly 20 million
euros (PAPI, 2013).

All this raises some very unsettling questions that can be extended to other beaches in the world:
first, why has it not been possible to preserve a properly managed system like Gatseau beach, which
until the nineteen-fifties maintained a succession of dunes that had attained a certain balance, nor
to withstand the attack of marine agents, even with additional measures of support (the increased
plantation of marram grasses and the unsuccessful construction of new fences)?; and second, in
connection with the first, why do beaches dependent on the arrival of allochthonous-origin sediments
appear to be extremely fragile given that the specific measures of conservation and recovery, if not
properly addressed to other factors that may arise between the point of origin of the sediment and
the specific beach, have zero or minimal effectiveness?

Once again there is a need for genuine coastal management that not only covers large areas of
coast that research has shown to be related to one another, but also takes into account the rivers
responsible for the sediment. Coastal planning should involve more than just small regions and
towns. The sea is a “huge conveyor belt” of sediment, fauna and flora, and is just as responsible
for the workings of climate as the atmosphere. Care for it should start on the shore, where human
presence is greatest.

Lastly, we wish to contemplate a future scenario that we hope will never happen because of its
inherent consequences. Perhaps the future of Gatseau was marked out with the building of the
infrastructures to meet the demands of tourism. It is foreseeable, at this rate, that the deterioration
of the beach will continue and in a few years the entire spit of the island of Oléron (or of Maumusson)
will have been lost, as well as wetlands of high ecological value and zones used for farming oysters,
which were previously sheltered from the waves. This would be truly economically dramatic for
the islanders, as 72 hectares could disappear in less than 24 years. The southern morphology of
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Oléron would, however, return to the original shape of the seventeenth century. Meanwhile there
are questions referring to not too distant a time in the future: How long and how much can Oléron,
which is 11 km wide, resist this erosive onslaught? Will it end with a system of dykes and beaches
that are accessible only at low tide?
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1. General characteristics of the coast of
the Canary archipelago

The Canary archipelago consists of seven main islands and four smaller islands of volcanic origin
that are located in the eastern sector of the mid-Atlantic and on the African tectonic plate. The group
of islands covers an area of some 515 km from east to west. The closest distance from the African
continent to the Canary Islands is between the island of Fuerteventura and Cape Juby (Western Sahara)
with a distance of scarcely 95 km. It is the most extensive archipelago of Macaronesia (7,447 km2) and
covers 50.87% of the region’s total area (Fernandez-Palacios and Dias, 2001). As they are islands their
coastal perimeter (1,553 km, ISTAC, 2012) is considerable in comparison to the area they cover. Given
the insular nature of the Canaries, there are differences with the rest of the Spanish coast related to their
volcanic-type geomorphology and geology, oceanography, climate, biodiversity and the history of their
human occupation.

The volcanic formation of the Canary Islands has occurred from the Miocene to the present day, although
each island has materials of different ages (Fig. 1).
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Figure 1: Age of the Canary Islands. The age of each island, in millions of years (Ma), corresponds to the start of the subaerial phase
of the shield stage of development (Carracedo et al, 2008). The top images (GRAFCAN S.A., 2012) represent stretches of coastline
with different degrees of erosion and belong to islands ranging from a lesser to a greater age.

The oldest island is Fuerteventura (20.2 Ma), with subaerial eruptive phases between the Lower and Middle

Miocene (up to 12 Ma), while the islands of La Palma (1.8 Ma) and El Hierro (1.2 Ma) are the archipelago’s
youngest, as their shield stages of development occurred during the Pliocene and the Quaternary
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respectively (Hernan, 2001). There has been less study of the submarine eruptions that formed these
islands, although on Fuerteventura submarine basalts have been dated from the Oligocene (some 33.4
Ma, Anguita et al, 2002).

The age of each island determines its morphological characteristics, and significant differences can be
observed between the eastern and western islands (Fig. 1). The coast of the western islands, the most
recent in the archipelago from a geological perspective, is therefore characterised by its ruggedness. The
presence of coastal projections and the scant marine insular shelf prevent the existence of long longshore
drifts. The beaches formed tend to be small coves (100-300 m in length), associated with the mouths of
gorges or with retreating cliffs. They are generally formed by coarse black sand and rounded stones or
boulders (Gracia et al, 2009)

The eastern islands, meanwhile, are geologically older, have been exposed to erosive processes for
longer, and have straighter coastlines and longer littoral and marine shelves. On these platforms there
are significant accumulations of sand-size grains with a high percentage of organogenic-origin elements
(Gracia et al, 2009). Larger, rectilinear beaches and occasional associated dune systems are typical
features of these islands. Tenerife and Gran Canaria, on the other hand, have mixed coastal landforms
that are apparent in a combination of different-sized cliffs, on the northern and western coasts, and a
gentler terrain in the coastal sections in the south of these islands, with beaches of varying length and
sedimentology (Haroun, 2001).

The particular features of the foredune systems of the Canary Islands are the result not only of the islands’
volcanic nature. Other aspects that also determine how they are shaped and their dynamics include the
climatic characteristics, oceanographic factors (currents, tides and swell), relief and types of vegetation.
In the archipelago, these systems are the result of successive processes of aeolian reactivation over
geological time, from the Miocene until the present day. Currently, however, a feature common to all the
aeolian systems of the Canaries is a loss of sand on account of the reduction in supply, thus encouraging
the stabilisation of mobile dune fields.

1.1. Unique features of foredunes in the Canary Islands

Some sectors of the coast of the Canary Islands, particularly in the eastern islands, have a significant
formation of dune systems associated with different landforms such as fan-deltas (at Maspalomas, on Gran
Canaria), sedimentary tombolos (Guanarteme), or mixed volcanic-sedimentary platforms (Corralejo, Jables
de Lanzarote and La Graciosa). The area covered by dune systems in the Canary Islands is, however, very
low. This is because 70% (ISTAC, 2012) of the perimeter of the Canary Islands consists of rocky landforms
that in most cases contain narrow beaches associated with cliffs and the mouths of gorges. The scarcity
of insular shelves (subtidal zones and continental shelf) is a factor that limits the generation of extensive
aeolian sedimentary systems in the archipelago (Hernandez-Calvento et al, 2009).

The aeolian sedimentary systems found in the Canaries are in different states of activity (Fig. 2) that depend
on the amount of available sediments, on the extent of vegetation cover, and on the surrounding land uses
that have developed.
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Figure 2: Main aeolian sedimentary systems of the Canaries (updated by Hernandez-Calvento et al, 2009).

It is therefore possible to come across fossil dune fields like those at Puntallana (La Gomera), Punta
de Las Arenas, Banaderos, Tufia-Gando and Arinaga (Gran Canaria), Lajares, Vigocho and Jandia
(Fuerteventura) and Guatiza (Lanzarote), dune fields that have disappeared on account of urban
development of the space they occupied (Guanarteme, on Gran Canaria), or that are now stabilised
(Arenas Blancas, on El Hierro; EI Médano, on Tenerife; Majanicho, on Fuerteventura; the systems on the
Island of Lobos, and Jable Sur, on La Graciosa). Lastly, there are some that are active (Jable Norte, on La
Graciosa; Famara, on Lanzarote, and El Cotillo, on Fuerteventura), and others with mobile dune systems
such as Maspalomas (Gran Canaria) and Corralejo (Fuerteventura).

Unlike in temperate and tropical regions, when the appropriate sedimentary conditions (abundance of
sand) arise, the Canary Island dune systems exhibit quite high rates of mobility, a circumstance that is
related to low rainfall, a frequency of winds of =5 m/s (considered the threshold speed of sedimentary
mobility typical of these systems, according to Pérez-Chacén et al, 2007, Mayer et al, 2012), and a
scarcity of plant species capable of colonising the foredunes. Some dunes that move over 30 metres
a year have thus been identified (Pérez-Chacoén et al, 2007). These, therefore, are arid transgressive
systems, the deposits of which occasionally reach sections of the coast away from the sources of
sediments to yield marine-aeolic systems, as occurs on other older islands such as Boa Vista on the
Cape Verde archipelago (Hernandez-Calvento and Suarez, 2006).

Plant species that favour the formation of foredunes also vary between temperate and arid regions. While
Ammophila arenaria (herbaceous plant) performs this function in European temperate regions, Traganum
moaquinii (shrub) does so on the Canary Islands and in its surrounding geographical area (Gracia et al, 2009)
(Fig. 3).

The difference in the reproductive system (sexual vs. asexual) and cover and behaviour of the two
species yield different aeolian morphologies. Foredunes formed from Ammophila arenaria therefore
have a characteristic continuous ridge. This is because this herbaceous plant has a system of asexual
reproduction based on rhizomes, often grows to a uniform height and is arranged linearly parallel to
the coast.
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Figure 4: Example of retentive and transgressive dune systems in the
Canary Islands.

Foredunes formed by Traganum moquinii
are, meanwhile, characterised by the
creation of a group of hummock dunes of
variable height (Hernandez-Cordero et al,
2012). These are fragmented foredune, with
deflation corridors interspersed between
the hummocks, which allows for greater
transport of sand towards the interior of the
system. In this latter case, the width of the
foredune is variable, as it depends on the
arrangement of individual shrubs and on
input of sand into the system (Hernandez-
Cordero et al, 2015).

From a morphodynamic perspective,
the foredunes of the Canary Islands are
associated with dune systems that can be
classified as retentive or transgressive (Rust
and lllenberger, 1996) (Fig. 4) depending
on their characteristics. Stabilised or
retentive dune systems are those in which
the accumulation of sand is generated by
the presence of vegetation, which acts
as a dispenser by retaining and releasing
sediments according to the aeolian activity
in each period of the year, an aspect that
dominates other processes. In this case,
landforms such as hummock dunes,
shadow dunes and remnant dunes have
been identified in an environment widely
characterised by the presence of a sand
sheet of variable power, in which ripples are
identified, thus indicating some superficial
aeolian sediment dynamics. Transgressive
dune systems, meanwhile, are those in
which aeolian sand mobility is the process
that shapes the dune system. In the Canary
Islands, such systems are characterised by
hummocky foredune as the primary landform

generated by the interposition of isolated plant specimens in the aeolian sediment dynamic. Behind this
front, a field of free dunes with scant vegetation is generated. The main landforms are barchan dunes,
barchanoid ridges, sand sheets, deflation surfaces and interdune depressions (slacks).
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1.2. Environmental problems of the dune systems of the Canary Islands

The tourism sector in the Canaries has become a major economic driving force and thus exerts significant
influence on financial, and therefore, political and territorial decision-making. The power groups that have
controlled this sector since the nineteen-sixties until the present day have therefore very much influenced
measures of planning and territorial management, particularly those implemented in the coastal areas that
are both the most attractive for tourists and also the most fragile, such as beaches and dunes. The impacts
of activities on the environment are, however, evident (Fig. 5).

Figure 5: Examples of impacts associated with pressure exerted through use. A: pressure from visitors on the foredune of Maspalomas;
B: occupation of the environment by specimens of Traganum moquinii as elements that protect against the wind and aeolian transport;
C: windbreak (goro) and human-made corridor affecting a specimen of Traganum mogquinii on the foredune of Caleta de Famara; D:
windbreaks (goros) on El Inglés beach (Maspalomas) made with rounded stones from paleobarriers; E: disturbance of input of sand
caused by obstruction of the Famara housing development (Caleta de Famara); F: movement of vehicles on the beach; G: measures

to manage El Inglés beach (Maspalomas); H: disturbance of the aeolian sedimentary dynamics caused by a kiosk on the upper beach
of Corralejo.
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Significantly, these include the disappearance of the Guanarteme dune system (Las Palmas de Gran
Canaria, Gran Canaria) on account of the urban development of the city of Las Palmas de Gran Canaria
(Santana et al, 2014); the disturbance of the aeolic sediment dynamics by housing developments
(Hernandez-Calvento, 2006; Hernandez-Calvento et al, 2014) and the loss of plant communities such
as the reducing of populations of Traganum moquinii at Maspalomas (Hernandez-Cordero et al, 2012)
caused by human disturbance, and the occupation of mobile dunes by private facilities (Annex I
Shopping Centre at Maspalomas, Hernandez-Cordero, 2012). These impacts, which alter the original
natural conditions of these systems, are sometimes considered by the public as necessary in order to
yield economic benefit, yet are strongly opposed by other sectors.

Not even the measures established to protect the natural heritage have helped to solve the existing
dilemma between development and conservation in the Canary Islands, set against a background
of insularity, in which resources are limited and used intensively and few sustainability criteria are
implemented.

2. Analysis of the vulnerability of the dune
systems of the Canary Islands as socio-
ecological systems

The foredune systems not only owe their existence to the presence of sand and vegetation and to the
incidence of the wind and waves, but are also influenced by human activity in their vicinity. They can
therefore be defined as socio-ecological systems or, in other words, systems involving interaction between
the bio-physical system and social (human) system (Gallopin, 1991) that may be affected by external
forces relevant to their dynamics (Fig. 6).

In these socio-ecological systems, “resources”, which in this case are the foredunes (Fig. 6: A), are used
by “users” (Fig. 6: B), although users can also act as “providers of public infrastructures” (Fig. 6: C).
“Public infrastructures” (Fig. 6: D) are meanwhile defined as capital of a physical or a social kind, created
by human beings: physical capital is associated, among other things, with engineering works (dams,
jetties, ports, etc.) while social capital refers to the regulation, management and use of socio-ecological
systems.

In a socio-ecological system (Fig. 6), vulnerability is the relation between the factors of exposure to which
the system is subject, its susceptibility or intrinsic characteristics, and its resilience (Cardona and Barbat,
2000; IPCC, 2007). The vulnerability of foredunes is related to factors of external exposure, which may
disturb their dynamics. On one hand there are disturbances of bio-physical origin (Fig. 6: arrow 7), which
affect infrastructures and beach and beach-dune systems. These are disturbances of a natural origin
(climatic, tectonic, volcanic, etc.) that can alter the marine and fluvial dynamics of these coastlines, and
yield impacts that cause an increase in geomorphological vulnerability. On the other, there are disturbances
of a socio-economic origin (Fig. 6: arrow 8), associated with changes in demographic, economic and
political patterns that mainly affect the users of resources and providers of infrastructures. In this latter case,
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modification of these elements would particularly affect the quality (in terms of recreation and conservation)
of these spaces and, therefore, the measures taken to manage them. This aspect also involves changes in
the management of natural resources and in their dynamics.

8
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- Visitors
- Companies associated with
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- Living being intalled

C: Public infrastructure
suppliers
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Governmental institutions je——
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D: Public infrastructures
4 - Engineering works
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- Services
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Figure 6: Diagram showing the elements of beach-dune systems and their interactions, as socio-ecological systems (adapted from
Anderies et al, 2004).

The disturbances and the interactions that arise within this model generate a state in the system that
indicates its capacity to maintain itself properly. Variations depend on the degree of susceptibility the
beach-dune resource (A) has, from a geomorphological perspective, to deal with the disturbances to
which it is exposed (Fig. 6: arrows 7 and 8). A resilient system would therefore be one able to adapt to
disturbances, to absorb impacts and to remain functioning. Resilience is thus linked to the maintenance of
the resource or, in other words, the basic (geomorphological) structures of foredunes.

In this analytical context there is a need for all the stakeholders involved to take active part in
planning and monitoring the management of foredunes (Defeo et al, 2009). Numerous works have
therefore been dedicated to the development of indicators for the environmental evaluation of
beach-dune systems (Williams et al, 1993b; Klein et al, 1998; Garcia-Mora, 2000; Martinez et al,
2006; Gracia et al, 2009; Chousa et al, 2014), with a view to determining their capacity to respond
to natural or anthropogenic disturbances. These works were preceded by that in 1991 of Boderé
and collaborators, who developed a vulnerability index for dune systems (Boderé et al, 1991).
This research was conducted using a list of indicators that included geomorphological, biological,
marine, anthropogenic and aeolian aspects.

Since this work, dune vulnerability indices have been adapted to the particular features of dune
systems in different parts of the world such as eastern France (Williams et al, 1993a), the United
Kingdom (Williams et al, 1993b ), southeast Portugal (Alveirinho-Dias et al, 1994), south and southeast
Spain (Garcia-Mora et al, 2000; Chousa et al, 2014), and the Gulf of Mexico (Martinez et al, 2006).
These experiences have shown the validity of these lists of indicators in identifying the source of
impacts suffered by these systems.



In Spain, the national government has promoted a series of measures, based on studies,
recommendations and strategies for managing these spaces. The work conducted by Garcia-Mora
et al in the 2000s (Garcia-Mora et al, 2000; Garcia-Mora et al, 2001) provided a benchmark with
which to compare the problems of the dunes in Spain with reference to the Manual de restauracién
de dunas costeras (Ley et al, 2007). The purpose of this document, which was commissioned by the
Ministry of the Rural and Marine Environment (currently the Ministry of Agriculture, Fisheries and the
Environment), was to establish a basis upon which to analyse problems, and to monitor and manage
foredunes in Spain.

To date, studies on the vulnerability of foredunes in the Canaries have concentrated on research by
scientific (Hernandez-Calvento, 2006; Alonso et al, 2006; Medina et al, 2007; Cabrera, 2010; Pérez
-Chacén et al, 2010; Hernandez-Cordero, 2012) and government institutions (Gobierno de Canarias,
2004; Gobierno de Canarias, 2006a; Gobierno de Canarias, 2006b).

Since these studies were undertaken, it has been noted that the “Manual de restauracion de dunas
costeras” (Ley et al, 2007) is not directly applicable to the aeolian sedimentary systems of the Canary
Islands, as they differ significantly from those of mainland Spain and the Balearic Islands on account of
their geological (intra-plate hot spot volcanic islands) and climatic conditions (Hernandez-Calvento et al,
2009).

As regards geological circumstances, each Canary Island is an individual insular structure (except for
Lanzarote and Fuerteventura, which form a single structure) that rises from the oceanic lithosphere
(Carracedo et al, 2008). The stock of sediments that supplies these systems is located on shallow
or non-existent submarine insular shelves. There is thus a greater abundance of sandy sediments
on the older eastern and, therefore, more eroded islands. The climatic conditions of the Iberian
Peninsula and the Balearic Islands are temperate, as in other regions where these indices have
previously been applied, while the dune systems of the Canary Islands are located in arid and semi-
arid climates. This factor has a key impact on the vegetation characteristics of these systems and,
therefore, on aeolian sediment transport and its associated landforms. The insular nature of both
the Canary and the Balearic Islands also exerts a strong influence as, unlike in the Iberian Peninsula,
there are no major continuous rivers and therefore the source and type of sediments, as well as
the way in which they are transported, are different. Upon the basis of this evidence, many of the
recommendations made in this handbook are therefore clearly not applicable to the foredunes of
the Canary Islands.

It is therefore necessary to establish a system to evaluate vulnerability applicable to arid sandy coastal
systems, which also allows for analysis of the phenomena to which these systems are exposed and the
intensity with which they may be affected.



3.Methodologicaladaptationandapplication
to the Canary Islands

With reference to previous work on this subject, vulnerability is defined as the state of coastal systems,
given their sensitivity to the impact of the agents to which they are exposed.

The methodology used is an adaptation of the method proposed in the handbook of the Ministry of
Agriculture, Food and the Environment for the management of foredunes in Spain (Ley et al, 2007). Hence
the design of the “vulnerability index for foredunes in arid regions (IVDRA)”, adapted to the specific nature
of Canary Island dune systems. It allows for evaluation of the current capacity of beach-dune systems
to respond to the processes shaping them, and the degree to which their main landforms have varied
since the nineteen-fifties and -sixties. Evaluation of these processes reveals the behaviour of the Canary
beach-dune systems. The sub-indices considered to estimate vulnerability are exposure, susceptibility
and resilience.

Of these sub-indices, the sub-index related to susceptibility is the one that defines the degree of internal
fragility of systems for dealing with a threat and/or receive a possible impact resulting from the occurrence
of an adverse effect (ISDR, 2009). This is an opposite aspect to the resistance to change of a system
exposed to modelling agents (Klein et al, 1998). When extrapolated to coastal environments, this definition
refers to a system’s elements of intrinsic weakness (Fussel, 2007). In this case, the “geomorphology-
sedimentology” and “characteristics of vegetation cover” (the latter sub-index only considered in the
“vulnerability index for foredunes in arid regions — IVDRA”) have been selected as components (secondary
sub-indices) of the main sub-index.

This work analyses the susceptibility of Canary Island foredunes as part of a study of their vulnerability,
while allowing for classification of their intrinsic elements and comparing them among the foredunes of
the Canaries. One of the aspects analysed is the existing vegetation of the immediate shoreline as this
explains the formation of primary dunes (derived directly from the beach). The other concerns landforms,
which indicate the degree of sediment mobility in the foredunes area. The higher the volume of sediment
entering the system, the greater is the system’s capacity to absorb impacts and, therefore, its resistance.
In developing the original method (Boderé et al, 1991) 100-m2 plots were established as units with which
to work. For the dune systems on the Canaries, this area was extended to 200 m2 on account of the
surface area of the foredunes, which in most cases stretches a distance of around 200 metres inland with
respect to the shoreline. Definition of the size of the plots included consideration, as a common criterion,
of the direction of prevailing winds in every area of study, in order to ensure consistency of the plots from
a geomorphological perspective.

The variables established (table 1) are the result of adapting the initial methodology (Ley et al, 2007) to the
peculiarities of the foredunes of the Canary Islands, a process in which some variables have been removed
and modified and new variables have been introduced. The specific evaluation of each variable is based
on a rating system from 0 to 4 in which the value “0” means a low or zero value, while the “4” represents
maximum susceptibility.



Table 1. Variables for evaluating susceptibility in foredunes of the Canary Islands.

% of vigorous plants on the windward primary frontal foredunes
Max. vegetation cover by strata on first frontal hummocky foredunes
Max. vegetation cover by strata on hummock foredunes

% of the area of windward first frontal foredunes with vegetation
Average cover of plant individuals

Vegetation cover (VC)

Vegetation cover on dry beach

% of area of the plot covered with wet slacks

Relative area of foredunes with escarpments or erosion
Quantity of hummock dunes on the plot

Average height of the foredunes

Particle size of the windward slope of the foredunes ()

SUSCEPTIBILITY

% of the dry beach line occupied with embryonic dunes

% of the dry beach with shells

% of the dry beach with gravel

Particle size of the dry beach sediment ()

Width of the dry beach

Number of submerged or emerged sandy or rocky embankments.
Width of the intertidal zone

Modal state of the beach

% of the foredunes zone without vegetation

Geomorphology-sedimentology(GS)

% of the area of the plot occupied by deflation areas

Maximum distance of plant individuals from first frontal hummock dunes

The value of the sub-indices (Is) is calculated by dividing the sum of the values assigned per variable (Vi)
by the sum of the possible maximums obtained in each sub-index (Vpmax) (eq. 1). The result of the sub-
indices (VC and GS) is standardised with values between 0 and 1 (where 0 equals no susceptibility and 1,
maximum susceptibility).

Is =Vi/Vpmax (eq. 1)
After performing this exercise, the susceptibility (Sus) of each plot is evaluated as the mean value of the

results of VC and GS. The variable evaluation procedure is based on field and laboratory work, and on
spatial analyses performed with geographical information systems (GIS).

4. The susceptibility of foredunes In the
Canary Islands

To evaluate susceptibility, three plots were selected in Maspalomas (Gran Canaria), four in Corralejo
(Fuerteventura), four in Caleta de Famara (Lanzarote) and one in Las Conchas (La Graciosa) (Fig. 2).
These systems are representative of the types defined by Rust and lllenberger (1996), with those
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at Caleta de Famara and Las Conchas being retentive, and those at Maspalomas and Corralejo
transgressive. Given these characteristics, this work presents analysis of the foredunes, as it is an
area of interaction between marine and terrestrial processes that determines the condition of each
dune system. The geographical, geomorphological and ecological characteristics and dynamics of
each system are different, and therefore the cases selected are a representative sample of the types
of dunes of arid regions.

These systems also exhibit different eco-anthropogenic characteristics related to the performance
of tourism-related activities (vehicular traffic on the beach, construction of perimeters to the dune
systems, installation of kiosks and loungers, etc.). These attract a large number of users to the
foredunes analysed, with the exception of Las Conchas (La Graciosa), where the protection measures
in place are observed and the site is some distance from urban nuclei. This procedure is accompanied
with a comparison of the processes that determine the current dynamics in the selected plots. The
characteristics of the plots marked off in the foredunes under study are as follows:

MASPALOMAS
The plots are located to the east of the system, along El Inglés beach, sediments input area (Fig. 7).
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Figure 7: General view of Maspalomas and location of the plots.
Human impact on this coastal strip is high, although a graduation of its intensity from north to south

can be observed. The plot located in the north (Maspalomas 1) is surrounded by a consolidated urban
environment. There are many direct accesses from the urban zone, which is a fairly busy area with
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many services (bars, restaurants, cafes, ice-cream shops, mini-markets, clothes stores and kiosks) and
facilities (showers and footbaths, parasols and loungers) offered as part of the leisure available. On
the Maspalomas 2 plot, the housing development is about 750 metres away. Despite the distance, the
zone is widely used, although the presence of users is lower than that of the Maspalomas 1 plot as
there are no kiosks or loungers. Although the last plot, Maspalomas 3, is the farthest from the housing
development, it is the site of a nudist zone and there are therefore a fair number of users, albeit smaller
in number than in plots 1 and 2.

The foredune vegetation consists of the Traganum moquinii species of shrub. In the northern plot
(Maspalomas 1) the vegetation has the greatest substance and cover of all the plots selected. This
circumstance decreases gradually towards the south, as the distance between plant specimens grows.
The vegetation located in the southern part of the foredunes is subject to stress on account of the
force exerted by the wind in this zone. The vegetation pattern observed influences the morphology of
the hummock dunes that form this foredune and also those entering the system (Hernandez-Calvento,
2006).

Lastly, as far as its natural dynamics are concerned, this coastal strip is oriented east-southeast and the
north-easterly prevailing wind therefore enters perpendicular to the system. There is evidence of some
sedimentary deficit as there are deflation surfaces downwind to the foredunes, in the direction of the
prevailing winds (Hernandez-Calvento et al, 2007; Diaz-Guelmes and Hernandez-Calvento, 2004). In the
southern zone (Maspalomas 3), the foredunes are fragmented. The hummock dunes that form them are
small and, on the leeward side, large deflation surfaces have been identified (Hernandez-Calvento, 2006;
Diaz-Guelmes and Hernandez-Calvento, 2004; Hernandez-Cordero et al, 2012).

CORRALEJO
As in Maspalomas, the foredunes of Corralejo are located at the east of the system (Fig. 8) and vary in
characteristics from north to south.

The selected plots are exposed to constant pressure from users. Behind the strip of foredunes runs one
of the main roads of the island of Fuerteventura (FV-1), upon the shoulder of which it is possible to park
and to access the sea. The path leading to and from the beach is not marked out and therefore users can
freely access the entire zone, thus exerting constant pressure. It is only the central plots (Corralejo 2 and
3), however, that are directly influenced by different facilities (beach kiosks, loungers, parasols, etc.) and
hotel buildings. The Corralejo 2 plot is located to the north of the Riu Tres Islands hotel and the Corralejo
3 plot to the south of the Riu Oliva Beach hotel. On these, user traffic is even higher. On the plot in the
south (Corralejo 4) there are no facilities yet the presence of human activity is evident in the windbreak
structures installed by users (“goros”), located on the upper beach and very often attached to specimens
of Traganum moquinii. As regards vegetation cover, along the entire coastal strip it is common for the first
plant individuals that impede the entry of sand from the sea to be of the species Traganum moquinii. This
species coexists with others that vary according to the plots selected. They include Euphorbia paralias,
Ononis hesperia and Launaea arborescens, which are common in areas with an active aeolian process
(Fernandez-Cabrera et al, 2011). On the central plots there is a more widespread presence of herbaceous
plant communities and, in this environment, where the hotels are sited, this fact indicates greater system
stabilisation, thus facilitating their germination and survival, particularly in the internal zone of the plots
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furthest from the sea. On the southernmost plot, only Traganum moquinii is observed, indicating greater
transport of sediments, which prevents the development of the herbaceous plants.
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Figure 8: General view of Corralejo and location of plots.

The wind is mainly N-NW (Malvarez et al, 2013), an aspect that influences the landforms that appear
along the foredunes. In the first two plots analysed, landforms typical of deficit processes, such as
deflation surfaces, were not identified. However, in the north of the Corralejo 3 plot there is a hotel
zone, the buildings of which could be acting as an obstacle to the free transport of sediments. No
deflation surfaces have been observed on this plot, although outcrops of Pleistocene sedimentary
rock deposits have been found in the intertidal zone (Garcia, 2013), which could indicate that the plot
has a negative sediment balance (Alonso et al, 2006). To the south, on the Corralejo 4 plot, there are
paleosols (Garcia, 2013), which also indicate a negative sediment balance, a fact confirmed by the
recent appearance on the shoreline of a coastal shelf made of volcanic and sedimentary materials that
correspond to the Middle and Upper Pleistocene and to the Holocene. This plot is located in a mixed
area where there occurs not only the entry of sediment on the beach, but also the movement of sand
from the north of the system to the sea (Malvarez et al, 2013).

CALETA DE FAMARA

This system is the zone with the highest available sediment and greatest rate of effective transport of what
is known as Jable de Lanzarote. It is the entry zone for marine-origin sediment to the system (Cabrera,
2010). The selected plots in these foredunes are arranged from west to east (Fig. 9).

Human occupation of this coastal strip is associated with the town of Caleta de Famara, to the west,
and the Los Noruegos housing development to the east. Two major roads run between both areas:
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the LZ-402, from N to S, which connects the town of Caleta de Famara and southern Lanzarote; the
second, which runs across the first (E to W), crosses the plot through the middle and joins the town
of Caleta de Famara to Los Noruegos. The shoulders of this second road are used as a parking area
for vehicles from which users access the beach. Although it is a very busy area, there are no beach
facilities such as loungers or parasols. However, the construction by users of windbreaks (goros)
along the first line of vegetation has been observed. The availability of round stones on the beach
favours the construction of these structures. The easternmost plot (Caleta de Famara 4) is the least
affected by human disturbance, as there are no roads or housing developments in the immediate
surroundings, although it can be accessed on foot from the Los Noruegos tourist development, 100
metres to the west.

As regards vegetation, the western plots (Caleta de Famara 1 and 2) are characterised mainly by the
presence of specimens of Traganum moquinii and Launaea arborescens, which form the foredunes
(Cabrera, 2010).
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Figure 9: General view of Caleta de Famara and location of the plots.

The substratum is sandy throughout the plot, except in the zone closest to the sea, where there
are outcrops of rounded stones. On the Caleta de Famara 4 plot a higher percentage of colluvial
sediments from Riscos de Famara (Cabrera, 2010) can be observed and in intertidal zones there are
sands and rounded stones alike, the proportion of which varies according to the period of the year.
The hummock dunes can reach two metres in height, although this varies among the plots selected.

LAS CONCHAS

In the dune system associated with the beach of Las Conchas a single plot was established because of this
system’s small stretch of waterfront (Fig. 10). This plot is located in a place with little human disturbance,
away from the island’s two towns.
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On the plot there are no facilities of any type and access is only possible on foot, by bicycle or using
one of the taxis that travel around the island. The rules governing the protected area (Gobierno de
Canarias, 2006a) prohibit cars from travelling on the beach and access has been cut off about 200
metres from it. On the beach in general and the plot in particular there is therefore no great influx of
people, except in summer.

The plot’s vegetation consists of herbaceous communities formed by Cakile maritima, Lotus
lancerottensis and Euphorbia paralias, as well as subshrub communities of Astydamia latifolia. The
individuals in these communities have given rise to small hummock dunes, which run to the foot
of Montafna Bermeja, the adjacent volcano. Also significant is the presence of some specimens of
Traganum moquinii (Pérez-Chacén et al, 2010), which provide fairly extensive coverage and are
located on the plot’s waterfront.
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Figure 10: General view of Las Conchas and location of the plot

Significant from a geomorphological perspective is the presence of the Montafia Bermeja volcanic structure,
which acts as an obstacle for the westward transport of sediment. In some parts it encourages the accumulation
of sediments, while in others it helps to channel the flow of wind from the north thereby facilitating the creation
of a N to S corridor in which this aeolian sedimentary system occurs. The supratidal zone of the plot has a
one-metre layer of reddish sandy-loam paleosol, containing the shells of marine molluscs, land gastropods,
ichnites of Hymenoptera and black and reddish lapilli. This paleosol provides a base for the foredunes, the
limits of which are not easily defined, as the vegetation is distributed homogeneously towards the interior of
the selected plot. Hummock dunes of different sizes can be observed. There are currently neither inputs into
the system significant enough to maintain a mobile dune field (Pérez-Chacédn et al, 2010) nor signs of erosion.
It may therefore be considered a system in dynamic equilibrium.
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5. General diagnosis of the susceptibility of
foredunes on the Canary Islands

The selected dune systems have geomorphological and vegetation characteristics that differ from plot
to plot yet have a state of moderate susceptibility. Plots with extreme susceptibility values are located on
the foredunes of Maspalomas. The least susceptible plot is Maspalomas 1, while Maspalomas 3 has the
highest susceptibility.

The results of “geomorphology-sedimentology” variables were similar among plots, except for those
related to the number of hummock dunes, average height of foredune, percentage of beach with
shells and gravel and maximum distance of plant individuals on the first frontal hummock dunes.
These variables therefore identify the geomorphological-sedimentological elements that differentiate
foredune.

Of the values indicative of a high degree of susceptibility, significant are the variables related to the particle
sizes (¢) of the windward slope of the foredune and of the dry beach, presence of embryonic dunes,
submerged or emerged sandy or rocky embankments, and proportion of foredune without vegetation.
Results that suggest low susceptibility are related to the presence of wet slacks, the lack of erosion
escarpments on the foredune, the width of the beach, dissipative modal states and scarcity of deflation
surfaces.

“Vegetation cover” was analysed in three zones within each plot: dry beach, first frontal hummock dunes
and foredune zone. On the dry beach, the results show there is no vegetation on any of the plots analysed.

On the first frontal hummock dunes,
the state of vegetation vigour yields
susceptibility on the Maspalomas
3 plots, where the foredunes are
fragmented and vegetation is sparse,
and on the Caleta de Famara 2 plot,
which has been disturbed by the
presence of “goro” windbreaks built
by users and by the drying of the
branches exposed to incident wind.
The maximum vegetation cover by
strata of height and the percentage
of the area of the initial line downdrift
of foredune with vegetation are
variables that determine generally
scant susceptibility on the plots.

Figure 11: Significant landforms on the foredunes analysed. GS-A: area of
stones on the dry beach of Caleta de Famara; GS-B: embryonic dunes among
the foredunes of Las Conchas; GS-C: zone with scant sand cover in the south
of El Inglés beach (Maspalomas).
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Figure 12: Vegetation on the foredunes analysed. VC-A: embryonic dunes associated with Cakile maritima and, in the background,
foredunes with Traganum moquinii (Corralejo); VC-B: specimens of Launaea arborescens (Las Conchas); GS-C: low hummock dunes
formed by specimens of Astydamia latifolia and Salsola vermiculata (Caleta de Famara); GS-D: hummock dune of moderate height
formed from a specimen of Traganum moquinii (Caleta de Famara).

The values of the remaining variables refer to vegetation throughout the plot. The variable related to
maximum vegetation cover per stratum on hummocky foredune only yields susceptibility in Corralejo 2
and Las Conchas 1, on account of the widespread presence of herbaceous plants. The variable related
to average cover of the plant individuals of the plot reveals that susceptibility is significant on the plots
analysed, except for the Maspalomas 1 plot, where the specimens with greater coverage among the
selected plots are located.

As afinal conclusion of the diagnosis based on the susceptibility of the foredunes analysed, it was observed
that among the plots located within each foredune, there are significant differences resulting from the state
of conservation of the landforms and the vegetation. In general, however, the foredunes of Las Conchas
and Caleta de Famara are more susceptible while those of Maspalomas and Corralejo are less so.

In addition to this analysis, it is also important to study the natural and anthropogenic agents to which these
systems are exposed, as well as changes undergone by structural landforms over time, which indicate
their resilience. These dimensions provide a broader context for the vulnerability analysis proposed in this
work, which is based on adaptation to the specific characteristics of the Canary Islands as an example of
an arid region. They are therefore considered useful tools for the bodies that manage these spaces.
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1. Abstract

Coastal dune systems are highly sensitive and fragile types of coast that fulfil functions in the natural
defence of coastal areas against erosion, have a biodiversity mainly shaped by species (most of which
are cosmopolitan) that are highly adapted to sandy soils and temperature and humidity fluctuations,
play an important role in nutrient recycling, act as a buffer to seawater intrusion, have considerable
scenic value and are recreational areas of great social and economic interest. These systems
require sustainable management that entails consideration of the maximum number of variables and
stakeholders involved in their function and evolution. The paper is intended to associate such coast
types with the theoretical concepts of Integrated Coastal Zone Management (ICZM), Marine Spatial
Planning (MSP) and Global Change. Although these are very common and versatile concepts, here
they are defined and related to the coastal dune systems as they point the way for science-based
sustainable management of these systems.

Key words: Coastal Dune System, beach, ICZM, MSP, Management.
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2. Introduction

The coastal zone is an environment in its own right located between the land and the sea. It is a
transitional zone that exists on all the world’s shores in zones in which the terrestrial or continental
environment comes into contact with stabilised water masses. Its transitional nature makes its
boundaries unclear and dependant on local and regional conditions, and it is therefore a space
defined by relatively dynamic thresholds (both in theory and in practice). This zone’s complexity
increases with the incorporation of socioeconomic components. It has therefore historically been
considered as a strategic area both with regard to aspects associated with territorial defence and to
aspects connected with the opportunities yielded by its location, which prompt considerable trading
activity and economic growth.

A high coincidence of natural, socioeconomic, historical-cultural and legal-administrative factors makes
the coastal zone an environment with different degrees of fragility, the management of which requires
consideration of all its constituent elements. Changes to any of the factors in a given coastal area could
influence factors in another area and cause changes (often unwanted) over an indeterminate space of
time that could range from short- to long-term.

Globally, coastal zones experienced considerable change over the twentieth century, with an average
rise in sea level of around +17 cm (Church et al, 2010); in the Mediterranean area, this rise was greater
and measured between +20 and +30 cm (EEA, 1999). These variations, which are attributed to climate
change (EEA, 1999, 2000; Church et al, 2010), suggest that we are immersed in a process of global
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change in which the climate changes that affect the biosphere and the geosphere are affecting how
socioeconomic structures function. 10% of the world’s population currently lives in coastal areas less
than +10 m from sea level (McGranahan et al, 2007; Nicholls et al, 2008). The Fourth Assessment Report
of the Intergovernmental Panel on Climate Change (IPCC, 2007) predicted a rise of between +0.20 and
+0.80 m for the period 1980-2100; the Fifth Assessment Report maintained these predicted rates and
indicates that in the 1900-2010 period highs of close to +0.20 m were observed (IPCC, 2014). Some
studies indicate that the rise in sea level has recently been accelerating and is even higher than the +3
mm/year described in the report by Church et al (2010).

The coastal dune systems represent a type of coastline that combines all the features described
above. Spatially, they are highly variable systems (hence the limits to the coastal zone can therefore
vary a great deal), highly dynamic (with a constantly changing shoreline owing to the active
dynamism in the sedimentary distribution both in the terrestrial and in the marine environment),
with a high socioeconomic value (both in built-up beach systems and in beaches and in beach-
dune systems with their natural values intact), and inherently extremely fragile (on account of the
associated biodiversity and the balance between the different external agents acting upon them)
and very vulnerable to allochthonous elements, usually deriving from human activity, which may
arise within the system itself or originate from changes that occur or are caused in other coastal
sections or units. The importance of these systems lies in their role in defending the coast against
sea storms. Such types of coast have a greater capacity to adapt to changes in sea level than
rocky coasts and coasts where there has been considerable human intervention. Adaptability is
determined by the availability of sediment, both in the submerged and in the emerged zones, which
ensures progressive adaptation of the shape of the coastline against rises in sea level, and also
guarantees the biogeographical and ecological features typical of these areas.

This paper is intended to establish a context for the concepts of sustainable management and
development of the coastal zone (Integrated Coastal Zone Management, Marine Spatial Planning) and
their relation with coastal dune systems. In keeping with the general characteristics of such coasts,
the incorporation of sustainable management concepts is felt to be necessary both to understand
the characteristics and processes acting and also to establish proper channels to attain a rational
balance among the different interests created, based on scientific knowledge as a tool for supporting
decision-making.

3. General description of the coastal dune
systems

The coastal dune systems and shorelines are composed mainly of unconsolidated materials: usually
sand-sized sediment (with a grain size diameter of less than 2 mm). They have varying degrees of
sensitivity and fragility in their different constituent sectors (Fig. 1). The general pattern of these
coast types consists of a nearshore submerged zone of sandy beds, a coastline with a beach,
foredunes located at the rear of the beach and a dune surface formed by dunes that shift to a larger
or lesser extent depending on the degree of vegetation cover and the availability of sediment (Fig.
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1). A wet zone at the rear of the foredunes or dune field occasionally develops. The coastal dune
systems are very important in the provision of certain ecosystem services, as the foredunes act as
a natural defence for the shoreline against swells and coastal erosion (Koutrakis et al, 2011), play
a role in accelerating nutrient recycling (Nel et al, 2014), provide a habitat for species adapted to
extreme conditions and to a broad variety of wildlife (Nordstrom, 2008), have considerable scenic
value on account of their relief and unique habitats and ecosystems (Pinté et al, 2013), are important
for tourism and recreation (Garcia de Lomas et al, 2011) and act as buffer against saltwater intrusion
into freshwater aquifers (Bonnet, 1989; Ley et al, 2007). They constitute a type of coast for which all
factors (natural and anthropogenic) should be considered in interpreting their origin and evolution
so that the most suitable management measures can be implemented to make sure that they last
and can also remain a place for public enjoyment and economic development in a manner that befits
the environment.

In the European continent as a whole, around 25% of the area occupied by coastal dune systems was
lost during the twentieth century; 45% are currently in good state of conservation, a figure that only
amounts to 25% in the Mediterranean area (Salman & Koijman, 1998). In Spain, in 2007, coastal dune
systems represented 40% of the coastline while 45% remained in their natural state, according to Ley et
al (2007). These data, however, are generalised mean data and, on the island of Mallorca, for example,
authors such as Schmitt (1994) consider that there are still around 50% (33 systems) of the original
coastal dune systems, of which 14 can be considered to have been completely destroyed because of
overbuilding and intensive use of the beach.

From a morphodynamic and geomorphological perspective, it is necessary to consider the submerged
zone (tidal flat/subtidal zone) to the most distal part of the system in the backshore zone (Sherman &
Bauer, 1993; Servera, 1998; Woodroffe, 2002) (Fig. 1). The arrangement of sediment and the physical
characteristics of the coast (morphology and maritime climate) are essential elements that determine
the existence of the beach-dune systems. The main sources of sediment supply are: erosion of cliffs,
river inputs, biogenic inputs, inputs from the continental shelf, aeolian inputs and human inputs
(regeneration, dumps, etc.). The major sediment sinks or losses, meanwhile, are due to: sedimentation
in estuaries, ports, sedimentation on the backshore and in inland areas of the system, leakage of
sediments to the continental shelf, decomposition of sand and human extraction (Ley et al, 2007).
According to Sherman & Bauer (1993), the establishment of a coastal dune system (beach-dune) is
very closely linked to the dynamics of beaches and depends on three basic factors:

1) availability of inputs of sand-sized sediments,
2) existence of winds from the sea landwards, and
3) existence of marine currents and suitable swell.

Broadly speaking, the general structure of the coastal dune systems in their natural state, according
to the description by Servera (1998) for the Balearic Islands, is considered to define types of coast as
it covers both the submerged and the emerged zones. A brief description of the different sub-zones is
therefore given below (Fig. 1):
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1) Submerged zone

In the submerged zone, the offshore sector, which is the deepest and furthest from the
coastline (up to approximately -40 m) up to the point where the seagrass meadows grow,
can be differentiated from the nearshore sector, which is closest to the shoreline and where
sediment is continuously redistributed. It is an area of considerable dynamism and fragility,
characterised by the formation of underwater bars of sediment, where processes of sediment
exchange initiate in order to ensure maintenance of the beach-dune system (Komar, 1998)
(Fig. 1). The origin of the sediment supply is perhaps the factor with the greatest influence
on most coastal dune systems, as its continuity depends on supply not being altered by any
factor at all. It is this area where processes of sediment transfer from the submerged zone
to the beach constitute the main variable to be taken into account, and where most of the
sources of sediment are located.

In the systems of the Mediterranean, seagrass meadows play an important role in the
production of sediment, which is of biological origin in over 80% of cases (Servera, 1998;
Rodriguez et al, 2000; Roig-Munar et al, 2011). The development of homoclinal coastal
platforms, the absence of turbulence from river inputs and the environmental conditions
allow seagrass meadows to develop (Servera, 1998; Diaz et al, 2009). Elsewhere on the
Mediterranean coast of the Iberian Peninsula, sediment supply is largely conditioned by the
inputs of rivers (Pint6 et al, 2013; Marqués et al, 2011; Sanjaume and Pardo, 2011a; Barjadi
et al, 2011). For the Mediterranean coastal dune systems near the Strait of Gibraltar, periodic
exposure of tidal flats also provides a source of sediment. The dune systems located in the
SW of the Iberian Peninsula and on the Bay of Biscay coast depend on fluvial origin inputs,
on sedimentary prisms immersed in estuaries, on tidal flats and on the influence exerted
by longshore drift currents (Gracia et al, 2011; Rodriguez-Ramirez, 2011; Flor et al, 2011).
These same factors, in addition to the erosion of granitic alteration mantles and the erosion
of sediments accumulated during the cold phases of the Quaternary, are the main sources of
sediment for the Galician systems (Pérez-Alberti and Vazquez-Casado, 2011). In the Canary
Islands, riverine inputs are limited and the main source is the erosion of coastal reliefs and
packs of Pleistocene relict sediments (dunes and packs of fossil conglomerates), the erosion
of rocky coasts and cliffs and, to a lesser extent, aggregates from canyons and aeolian
inputs from the west coast of Africa (Criado et al, 2011).

2) Beach zone
The beach zone is the area most commonly frequented by the general public, particularly in
the summer months, and it is where many of the management and maintenance measures
are usually undertaken with a view to ensuring the beach is in good condition for the use and
enjoyment of users. It is the zone in which the sedimentary balance of the submerged area
with the exposed sectors (subaerial sectors) is most apparent (Woodroffe, 2002). The lower
beach sector, or foreshore, and the backshore are differentiated (Fig. 1). On the foreshore,
in zones with tidal regimes, in this subzone there develop tidal flats (foreshore), which are
exposed to the air, flooded in alternate periods and play an important role in supplying
sediment to the exposed beach zone (backshore) and to the dune system (Sanjaume et
al, 2011). The swash area is located in this subzone. From a morphodynamic perspective,
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marine and aeolian processes alternate in this subzone. The backshore zone is characterised
by predomination of aeolian and accumulation processes and is only affected by marine
processes during exceptional wave episodes. In this subzone the first ephemeral aeolian
landforms appear (embryonic dunes) with pioneer vegetation (shadow dunes, nebkas)
(Servera, 1998), a feature also observed in many altered coastal dune systems and even on
beaches affected by urbanisation (Pinté et al, 2013).

3) Foredune zone
The foredune zone is the area immediately after the backshore and the zone with the first
permanent dune formations (foredunes), which are formed as sediment is transported by the
wind and trapped by herbaceous vegetation (Fig. 1). Any alteration to the vegetation cover in
this area can lead to its rapid destabilisation and the disappearance of the sediment, which
results in blowouts (Hesp, 2002). These dune accumulations, as sediment reservoirs, can
ensure the equilibrium of the beach in severe storms and when the waves reach their base,
thus enabling recovery of the beach area; they also dampen the force of the wind and reduce
the transport of sea spray into the system, which allows for the development of vegetation at
their rear (Martinez-Taberner, 1983; Martin Prieto and Rodriguez-Perea, 1996; Servera, 1998).

4) Shifting and semi-stabilised dune zone

Between the foredune zone and the shifting and semi-stabilised dune zone there is normally
a depression known as a dune slack (Ley et al, 2007). This area is also known as a secondary
dune or grey dune zone (Fig. 1). The conditions for plant growth are more suitable and the
development of vegetation allows for the production of a layer of humus, which helps the
formation of soil (Ley et al, 2007). The size of this zone is not uniform and usually depends on
the state of conservation/degradation of the foredunes, which conditions the development
of different types of dune shapes (parabolic, hummock, shadow, nebkas).

5) Stabilised dune zone

This zone can also be defined as a zone of tertiary dunes or shrub and forest zone (Ley
et al, 2007) (Fig. 1). The formation of edaphic soil increases as one enters further into this
zone. Aeolian deflation processes are rare, and dunes (normally parabolic) are completely
stabilised by vegetation. Vegetation cover is of a shrubby and arboreal nature. The supply of
sand is scarce and only occurs in strong winds. Vegetation in these zones is often limited by
human intervention and natural vegetation is hard to find (Ley et al, 2007).

There are also fields of coastal dunes that are non-vegetated because rainfall is insufficient for the
development of plant cover. These are formed of dunes with morphologies similar to those that
develop in desert areas with a high mobility (Ley et al, 2007). Mention should also be made to the
influence of erosive forms in dune systems: such is the case of depressions, or blowouts, which
may eventually condition the structure of the entire system (Mir-Gual, 2014) system. One clear
example is the blowout of Cala Mesquida (Mallorca, Balearic Islands), which stretches up to the area
of stabilised dunes. These morphology types should therefore be considered in the classification
criteria for coastal dune systems.
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Figure 1. General diagram of coastal dune systems and their different degrees of sensitivity in accordance with the geographical
area in which they develop. According to Brown and McLachlan (1990), Rodriguez-Perea et al (2000) and Roig-Munar and Martin-
Prieto (2006). 1: seagrass meadows; 2: embankments/berms with vegetation formed by seagrass meadows (mainly Posidonia
oceanica); 3: backshore and foredune herbaceous vegetation; 4: shrub-type vegetation; 5: arboreal-type vegetation; and 6:
substrate upon which the coastal dune system develops.

4. The concept of integrition in coastal zone
management

From a management perspective, the coastal zone should be understood as a space with a variety
of natural (defined as those combining physical-geomorphological factors and biodiversity as a
whole) and socioeconomic (resulting from human activity) factors and determinants. There follows
a definition of the concepts of: 1) Integrated Coastal Zone Management, 2) Marine Spatial Planning
and 3) Global Change, which are mentioned in most scientific works on coastal management
(particularly on beaches and coastal dunes) and on management and planning initiatives in the
coastal zone (Ley et al, 2007).
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A brief explanation of these concepts may help to clarify the objectives pursued and their complementary
nature, and assist both users of the coastal zone and managers and researchers in establishing a context
for the different management plans and measures being implemented constantly along the coast and,
particularly, in zones of beaches and beach-dune systems.

1) Integrated Coastal Zone Management

As its name suggests, it would be ideal for the coastal zone to be managed, insofar as possible,
on the comprehensive basis of the concept of Integrated Coastal Zone Management (ICZM), also
sometimes referred to as Integrated Coastal Management (ICM). ICZM is a concept in which a
management process or initiative should be a continuous and dynamic process that involves: a)
government institutions and social spheres, b) science and management and c) public and private
interests, with a view to designing and implementing a comprehensive plan for the protection and
development of coastal zone ecosystems and resources (Olsen et al, 1997). Cicin-Sain & Knetch
(1998) specify that it should be a process involving rational decisions that take into account the
conservation and sustainable use of resources and the coastal and marine area. Doménech et
al (2010) define the concept of ICZM as a process that must be dynamic, multidisciplinary and
iterative with a view to encouraging the sustainable development of coastal zones, and that must
embrace the entire cycle ranging from the initial gathering of information and diagnosis to planning
(in its broadest sense), decision-making, active and effective management and the monitoring of
implementation. Barragan (2004) agrees with the above definitions but adds some nuances and
also defines Integrated Coastal Management as an iterative process addressed to encouraging
the sustainable development of coastal zones by integrating policies, objectives, strategies and
sectoral plans in space and time and including the terrestrial and marine components of the coast,
as an instrument of public policy based on cooperation and participation.

ICZM should not only provide a way to encourage the conservation of natural heritage and economic
development, but also prove effective in solving a broad range of conflicts of uses and exploitation
of resources in the coastal environment (Clark, 1997). It is a process of participation and cooperation
including all parties for the evaluation of the objectives and approaches of the different stakeholders
involved (economic and social) and is oriented at achieving sustainable development in the coastal
zone. ICZM seeks a long-term balance of environmental, economic, social, cultural and recreational
objectives within the limits established/permitted by the natural environment. It is important to note
that the concept of integration refers both to the objectives established and to the tools necessary
to achieve those objectives; integration should affect all levels (policy, planning, economic sectors)
and terrestrial and marine spatial elements, both in time and in space. The concept of ICZM must
therefore be a cyclical and ongoing process (Olsen et al, 1997; IOC-UNESCO, 1997) (Fig. 2).

The implementation of management plans based on ICZM is challenging, as their cyclical and
comprehensive nature requires sufficient time for them to become cyclical iterative processes (Fig. 2),
rather than the typical four-year terms of conventional initiatives. ICZM initiatives should not be bound
by completion dates but, rather, dates should only be set for targets to be met in their different phases
(Fig. 2). The concept should not be answerable to any interest other than the sustainable development
of the coastal zone and should not be subject to any political, personal and economic interests that
may hinder it.
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2) Marine Spatial Planning

The initial steps in Marine Spatial Planning (MSP) date back 30 years. It is a practical process intended to
establish a rational organisation of the marine environment and an objective balance among the different
uses made of it (Ehler & Douvere, 2009). MSP should be a public process of analysis and localisation
of the temporary and spatial distribution of the activities that people undertake in marine environments,
with a view to meeting goals of an ecological, economic and social nature that an area or region should
establish through a political process (ibid.). In coastal areas, MSP initiatives must be complemented by
ICZM measures, which in many cases focus their attention more on the terrestrial environment than on
the coastal zone. ICZM also requires the management of coastal resources (both in marine and terrestrial
environments) to be fully integrated, just as the ecosystems that belong to these areas.

More sustainable forms of coastal
development

1.- Issue identification and
assessment.

2.- Program preparation.
3.- Formal adoption and funding.
4.- Implementation.

5.- Evaluation.

time

Figure 2. Continuous cycle of policies and plans in accordance with a concept of Integrated Coastal and Marine Management
(ICMM). According to Olsen et al, 1997.

The overlapping of the zones subject to study or analysis in ICZM and MSP brings us to the term
of Integrated Coastal and Marine Management (ICMM), which “officially” incorporates the marine
environment in the coastal zone as a complementary and obligatorily connected element (Cicin-Sain
& Belfiore, 2005). For beach-dune systems, this notion is considered essential because determinants
such as the system’s dynamics or the source or origin of sediment require in-depth understanding
of the marine environment of the coastal zone (Fig. 1). Hence, spatial classification and rational and
coherent management of coastal dune systems and the modelling agents acting thereupon require
understanding of the (marine and terrestrial) areas that exert a direct influence on them.

MSP is a priority for the EU and involves some important scientific teams and groups. Achieving
optimal environmental status and a sustainable use of marine ecosystems and resources are the
main objectives of the European Union’s Marine Environment Policy through the Marine Strategy
Framework Directive (MSFD, Directive 2008/56/EC) and, retrospectively, of the Water Framework
Directive (Directive 2000/60/EC) and the directives on Habitats and on Birds (Directive 1992/43/EEC
and Directive 1979/403/EEC, amended in Directive 2009/147/EC, respectively). Directive 2008/56/
EC (MSFD) is intended to optimise the state of the EU’s marine waters, on the basis of an integrated
approach and of common consensus regarding their management, with the Ecosystem Approach
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as a framework guide for reference. The Ecosystem Approach can be defined as an approximation
involving the integrated management of resources and an acknowledgement of the connection
among marine, terrestrial and atmospheric environments and all their living components (including
people, economic activities and institutions). The coastal zone and, specifically, coastal dune
systems (Fig. 1) represent the geographical connection among the areas under study both in MSP
and in ICZM, which implies that both processes are necessarily intended to merge and to identify
with one another.

3) Global Change

According to the 1990 US Global Change Research Act, “‘Global Change’ means changes in
the global environment (including alterations in climate, land productivity, oceans or other water
resources, atmospheric chemistry, and ecological systems) that may alter the capacity of the Earth
to sustain life”.

The coastal zone can be defined not only as a complex, but also as a fragile area, in which the fragility
increases as the natural habitats of which it is formed become more unique. The fragility of coastal
habitats and ecosystems and their socioeconomic fabric is evident when referring to forecasts of climate
change and, consequently, global change (Ricketts, 2009).

Coastal zones, and coastal dune systems particularly, are extremely sensitive to possible future
changes concerning climate inheritance and eustasy. Forecasted Global Change will influence the
future of coastal zones while requiring measures of integrative management capable of bringing
together all factors and processes and all authorities (as far as jurisprudence is concerned) and
stakeholders. Integrated Coastal and Marine Management (ICMM) is not simply another way of
managing the coastline, but rather an “essential” need that should apply to all coastal environments
without exception (Ricketts, 2009).

Of all the functions of coastal dune systems, it is the defence of coastal zones that is jeopardised most
by a scenario of Climate Change-induced Global Change.

5. Coastal dune systems vs. conservation
and sustainable management

Coastal dune systems are contained within coastal units that transcend the boundaries of the dune
systems. Management based on the concept of integration (ICMM) can therefore consider and take
appropriate proactive, corrective or reactive measures if sediment sources and sinks are well known.
Very often, sediment sources and sinks are altered by imbalances arising from changes that have
occurred in other coastal areas and these ultimately affect the development of the coastal dune systems.

As described in previous chapters, the natural and socioeconomic significance of dune systems
currently makes their management and conservation one of the main environmental priorities at national
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and international level (Bonnet, 1989; Garcia de Lomas et al, 2011). Any study which describes and
analyses a dune system helps to generate a better understanding of these systems and, therefore,
assist in the design of effective and sustainable management. Greater knowledge of these systems
will help to establish the origin of many of the impacts and imbalances that affect them, which will
encourage a transition from management approaches focused on users to approaches focused on
how the system works by integrating the highest number of factors and variables. From a theoretical
perspective, management based on a concept of integration will avoid measures involving the short-
term solutions (mechanised beach cleaning) that are usually implemented on urban beaches (Iribas,
2002), and will seek sustainable measures befitting natural dune systems (Jiménez and Valdemoro,
2003; Roig-Munar, 2010).

Knowledge of the beach sediment balance is essential to understand the development of coastal
dune systems and this will help to determine whether the system is regressive, neutral or progradient
(Ley et al, 2007). Proper management of coastal dune systems requires adequate knowledge of the
morphodynamic processes taking place and of the impact of human action on landforms and on the
stability of the systems; the ICMM concept must therefore be contemplated in any management initiative.
Supplies of artificial sediment (artificial regenerations) provide extraordinary sediment input that
in some cases may not be effective because of subsequent leakage of sediments on account of
longshore currents and swell, if the grain diameter of the transported sand is not large enough (Medina
et al, 2001), or it may cause seagrass meadows to be buried (Gacia and Duarte, 2001; Rodriguez
et al, 2000), thus further compromising the supply sources of sandy sediment (of a biogenic type in
this case). Seagrass meadows form part of the submerged zone of the coastal dune systems on the
Mediterranean coast. Study of different impacts to which they are subjected is therefore necessary.
The effect of anchors and the mooring of boats (most of which are recreational) on Posidonia oceanica
beds represents a threat as they break up these types of bed and have an irreversible impact (Milazzo
et al, 2004; Diaz and Marba, 2009); management measures should therefore include regulation of
anchorages through the use of fields of mooring buoys and, most importantly, campaigns to raise
awareness about moorings on sand (Roig-Munar, 2003, Balaguer et al, 2011; Diedrich et al, 2013).

Spanish Coastal Law (Law 2/2013 on the protection and sustainable use of the coast and amending
Law 22/1988) and subsequent amendment of its Regulations (Royal Decree 876/2014 approving the
General Coastal Regulations) do not show sufficient commitment to dune systems in accordance
with studies on the management of these types of coast (Garcia de Lomas et al, 2011). Article 3 of
the Regulations of Law 2/2013 considers coasts consisting of beaches and coastal dune systems
to be part of the maritime-terrestrial public domain and includes them as coasts of the utmost
importance on account of their role in natural defence. The same article defines six types of dunes:
1) developing or embryonic, 2) shifting or evolving, 3) primary, 4) secondary, 5) stabilised and 6)
relict. Article 4 describes the controversial arguments of this Law insofar as coastal dune systems
are concerned, and the way in which it excludes stabilised dunes and relict dunes from the maritime-
terrestrial public domain (Fig. 1) on the grounds that “they are not necessary to guarantee stability
of the beach and defence of the coast except in exceptional cases in which the best scientific
evidence available demonstrates that a stabilised dune is necessary to guarantee the stability” of
the system. From a critical perspective, Spanish Coastal Law 2/2013 can therefore be described
as defining these coast types with a somewhat sectoral and not very integrative approach, as all
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efforts at protection are based on ensuring the existence of the beach as an element of defence,
while ignoring its role as an impediment to saltwater intrusion and their functions as a reservoir of
biodiversity and a source of ecosystem services. As its name indicates, this law and royal decree
are intended to regulate the use and exploitation of the coast and its resources, despite the fact
that their rigid definitions of different types of coast may enter into conflict with integrated and
sustainable approaches to coastal management. Article 4 of the Regulations of Spanish Coastal
Law 2/2013 points to a need for the performance of quality scientific studies showing that they are
dynamic areas or that their preservation is essential in order to preserve the coastal dune system as
a whole. Consideration of the coastal dune systems within a framework of integration would have
helped in classifying all dune fields as maritime-terrestrial public domain.

The mainimpacts affecting the coastal dune systems further support the need for proper management
of these types of coast and coastal areas in general, which should be linked to the concept of
integration not only locally but also regionally (large bays, estuaries, long coastal areas highly
influenced by longshore drift, subtidal zone, continental shelf, etc.). The determination of coastal
zone thresholds in accordance with an integrated approach and in keeping with the ICMM has been
dealt with in works like that by Balaguer et al (2008), which includes a proposal for a classification of
the coast in Coastal Units, differentiated according to the type of land use, protection of natural areas
and the types of coasts (soil, height), with determination of the areas of influence (complementary
and adjacent zones) in which any factor may affect how both the coastal unit itself and nearby and
even more distant units function (e.g. drainage basins that drain into the unit itself or the subtidal
zone). Explanation of the main impacts and problems of management in general that affect the
dune systems in accordance with Ley (2012) shows that the proper functioning of these systems
depends on factors beyond their limits, and their conservation could be jeopardised both by action
taken in other coastal areas of a very different nature and also by human action (e.g. building of
infrastructures, dumps or moorings on seagrass meadows). The main impacts and problems of
conservation affecting coastal dune systems, based on the proposals of Ley et al (2007), Garcia de
Lomas et al (2011), Sanjaume and Pardo (2011b), and Ley et al (2011) are:

1) Dredging of sand
The dredging of sand, both from the submerged shelf opposite the dune system and in
any nearby coastal sector can jeopardise the supply of sandy sediment that provides
stability to the beach and to the foredunes. These impacts can complicate management
strategies as the main input of the system may disappear and, meanwhile, threaten the
seagrass meadows (as well as other habitats and ecosystems of interest) of the coastal
dune systems.

2) Extraction of aggregates in the dune system
The extraction of aggregates from the dune zone and from the beach itself for the provision
of building material throughout the twentieth century has proved to be an unsuitable
practice as far as conservation of the dune system is concerned, as the values of diversity
and scenic uniqueness are lost while the structure of the system is changed irreversibly.
Use of coastal dune systems for this purpose has historically been closely linked to a low
appreciation of these spaces, which are regarded as wastelands and/or unhealthy.
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3)

Extraction of groundwater

The extraction of groundwater from aquifers connected to the coastal dune systems leads to
salt water intrusion and causes wetlands areas located in the backshore zone (if they exist)
to dry up. In such cases, the system’s biodiversity and even its geomorphological stability
(disappearance of vegetation and reactivation of dune migration) will become a challenge for
management initiatives. Note that Spanish Coastal Law 2/2013 does not cover impact that
coastal dune systems exert in “buffering” seawater intrusion.

Agricultural use

Transformation of the dunes into fields of crops completely changes the landscape and the
geomorphic dynamics of the system. Climax vegetation is eliminated thus jeopardising the
associated fauna and modifying the natural structure of the soil and the aquifer, and pesticides
and fertilisers are introduced. These processes cause a loss of diversity, elimination of natural
disturbances and loss of landscape value (Garcia de Lomas, 2011).

Use for livestock

Grazing can lead to the disappearance of vegetation, soil compaction and cause increased
erosion. All these processes give rise to a reduced capacity to intercept sand, even though
controlled grazing may help to increase diversity.

Forest plantations

Stabilisation of coastal dune systems through forestry plantations in order to stop fields of
crops being invaded by dunes has been a common process all over the world and also in
Spain since the eighteenth century (Granados et al, 1984; Garcia-Novo and Marin, 2005;
Roig-Munar et al, 2009;. Mir-Gual et al, 2010). The arboreal vegetation introduced (usually
Pinus sp.) causes a loss of diversity and reduces indigenous communities and species. For
the authorities, these forest masses introduced are often defined as coastal forests and they
are usually an obstacle that requires consideration in management initiatives seeking to
restore indigenous communities.

Urbanisation

According to the literature consulted, the processes of urbanisation and transformation of the
territory undertaken within the dune system itself not only adversely affect the urbanisation
of nearby areas, but they also lead to the disappearance of natural zones associated with the
system, to the detriment of the biodiversity and geomorphology of these coastal systems.
Transformation of coastal zones (housing estates, ports, etc.) during the twentieth century
has conditioned the existence of most coastal dune systems. The construction of ports,
military defences and maritime protection structures such as dykes and breakwaters can alter
currents and jeopardise the supply of sediment. As far as governance is concerned, regional
planning policies (e.g. general urban development plans, subsidiary legislation, sectoral
development plans) should be coordinated in order to respect these natural areas by not
developing them, by attempting to maintain their values and even by helping to regenerate
any that so require.
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8) Recreational activities

Coastal dune systems in our country are highly appreciated and much visited recreational
areas. User excesses and breaches of instructions displayed on panels for the conservation
and restoration of coastal dune systems lead to their gradual degradation. This section
also includes the activities of beach maintenance and cleaning, which is considered a
necessity given the large number of daily visitors, particularly during the summer months.
To this end, in natural coastal dune systems the least mechanised possible techniques
should be used in order not to alter the structure of the system and to prevent the
leakage of sediment (Rodriguez-Perea et al, 2000; Roig-Munar, 2010). The building of
walkways to provide users access to the beach that interfere as little as possible with
dune field development, the restoration of dune slacks, the installation of barriers to trap
sediment in the backshore and the foredune zone, and policies to control the mooring of
boats addressed to preserving seagrass meadows are some of the general contingency
measures associated with coastal dune system management plans.

9) Construction of dams and extraction of aggregates from riverbeds

The construction of dams provides a clear example of the need to consider the concept of
coastal zone integration in river basin planning policies. Dam-building and the extraction
of aggregates from the riverbed generate changes in the transport of aggregates from
drainage basins, a fact that has jeopardised numerous beach and beach-dune systems
as the supply of sediment ends. The coordination of initiatives to manage coastal dune
systems with water policies (which are necessarily of general interest) is certainly one of
the most sensitive issues on coasts where sediment supply depends on river inputs. The
decrease in sediment supply from river systems may also be due to a decline in rainfall,
associated with climate change. S’Abanell beach (Blanes, Catalonia) is a good example,
as it has almost disappeared on account of the elimination of the dune system resulting
from urbanisation processes and a decrease in sediment supply from the Tordera River
(Sarda et al, 2013).

In conclusion, management of coastal dune systems should be based on integrative initiatives
and should very often feature consideration not only of the coastal zone but also of any activity
or initiative in the territory that may impact this zone. Coordination and adaptation of territorial
development policies are required to ensure the integrated management of these systems, both in
space and in time, and to determine the ecosystems and habitats that may be affected in order to
guarantee their sustainability over time, to maintain their essential characteristics, to prompt a good
state of conservation and to guarantee the coast’s function as a natural defence against climate
change.
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