Chapter 18
Coastal Dune Hazards

Sara Munoz Vallés and Jesis Cambrollé

Abstract Coastal dunes constitute plastic systems with a recognized ecological,
geomorphological, geological, historical, archaeological, scenic, cultural, and
socio-economic value. Furthermore, coastal dunes play a relevant protective barrier
role, preventing groundwater salinization due to intrusion of sea water and preserv-
ing other natural areas and human settlements from the effects of storm waves, tides
and wind. Nevertheless, the current decline of coastal dunes has become in many
cases a serious ecologic and economic problem. Dune stabilization, expansion of
invasive plant species, anthropogenic impacts mainly associated to urban develop-
ment and tourism, and effects of climate change are identified as the main current
threats to these ecosystems. After examining the main hazards to coastal dunes, the
current paradigm of coastal dunes management and conservation focuses on
maintaining healthy, equilibrated and dynamic dunes, recovering their natural
functioning, what needs for a major scientific-based knowledge of the entire dune
systems functioning, the commitment of administrations, managers and urban and
landscape planners, and the implementation of integrated coastal zone management
programs, as well as a change of mentality toward new and more sustainable
designs of development, respecting the coastal dune frame.

18.1 Coastal Dunes: Meaning, Functions and Status

Coastal dunes are aeolian sedimentary landforms originated from the combined
action of waves and wind, that mainly develop in association with dissipative coasts
dominated by the marine winds, and with an ample supply of loose, sand-sized
sediment (Carter 1988; Martinez et al. 2004b; Van der Maarel 1993a). They are
distributed worldwide, from polar to tropical latitudes, comprising very diverse
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Fig.18.1 Generalized environmental gradients on coastal dunes (based on Brown and McLachlan
1990; Carter 1988; Ley Vega de Seoane et al. 2011; and Mufioz Vallés, non published data)

climates and biomes, and occurring on ocean, lake and estuary shorelines, leading
to a large variety of forms and dimensions related with spatial and temporal
variations in sediment supply and wind regime (Hesp 2000, 2004; Nordstrom
et al. 1990), but comprising a really limited global area. Located on the transition
between two of the great systems of the biosphere, continents and oceans, they
constitute very dynamic and plastic systems, linked to the constant sediment
exchange between the sea, the beach and the more stable landwards dunes (Carter
1988; Ranwell 1972), and they suffer both natural and anthropogenic perturbations
(Carter 1988; Hesp and Martinez 2007; Nordstrom 2008; Panario and Pifieiro 1997,
Psuty 2004).

Coastal dunes support particular, complex ecosystems, where species of fauna
and flora coexist with a harsh environment, characterized by the scarcity of water
and nutrients, substrate mobility and sand burial, incidence of salt spray and sand
blasting, high air and soil temperatures and light intensities in low and medium
latitudes, and saltwater flooding in the strandline (Carter 1988; Chapman 1976;
Heslenfeld et al. 2004; Martinez et al. 1993; Martinez et al. 2004b; Maun 1998,
2009; Ranwell 1972; Van der Maarel 1993b). Most of these factors are ordered in
gradients from the shoreline and landwards, associated to the sea and marine winds
influence (Fig. 18.1). A characteristic vegetation including unique species with
specific adaptations to the environmental conditions establish on them, closely
related with sediment dynamics and geomorphological processes of the dune, and
continuously interacting with them (Carter 1988; Martinez et al. 1993; Ranwell
1972). All this results in dynamic systems with singular functioning, subjected to
delicate equilibriums that originates, in addition, a particular type of landscape
(Brown and Mclachlan 1990; Carter 1988; Ranwell 1972).

Apart from the ecological traits, coastal dune systems have a recognized geomor-
phological, geological, historical, archaeological, scenic, cultural, and socio-economic
interest (Heslenfeld et al. 2004; Martinez et al. 2004b; Nordstrom et al. 2000; Van der
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Meulen et al. 2004). In addition, coastal dunes play a relevant protective barrier role on
the coast, dissipating energy and buffering the effects of storm waves, tides and wind,
preventing groundwater salinization due to intrusion of sea water, and acting as sand
reservoirs that preserve other natural areas (e.g. coastal wetlands) and human
settlements (Carter 1988; Gomez-pina et al. 2002; Kidd 2001), which means an
additional significant functional value.

Rates of alteration and degradation of natural ecosystems have notably increased
since the last third of the last century (Carter 1988; Martinez et al. 2004a; Nilsson and
Grelsson 1995), and this has led to the need to develop techniques and policies aiming
the protection, conservation and management of ecosystems. Among the different
coastal ecosystems, coastal dunes have suffered the highest degree of human pressure
(Carter 1988; Holdgate 1993). Many coastal dune systems worldwide are being
seriously degraded at present, some of them irreversibly altered, due to an excessive
exploitation of the natural resources and services they offer (e.g. coastal defense,
recreation, water and substrate extraction, agriculture, livestock grazing, etc.), as well
as to the human demographic expansion and urban and industrial development
(Baeyens and Martinez 2004; Carter 1988; Heslenfeld et al. 2004; Martinez et al.
20044a; Van der Meulen and Salman 1996; Williams et al. 1997; Williams et al. 2001).
In this regard, most of the existing literature on coastal dune ecology focuses any
chapter on the identification of present and potential threats and dune conservation
approaches (e.g. Brown and McLachlan 1990; Carter 1988; Garcia Novo et al. 1997,
Martinez and Psuty 2004; Maun 2009; Packham and Willis 1997; Ranwell 1972).
Different authors identify as the main current threats to these ecosystems both the
anthropogenic habitat degradation and destruction (mainly associated to urban devel-
opment and tourism), dune stabilization and eutrophication, and invasion by
alochthonous species (Isermann et al. 2007; Jgrgensen and Kollmann 2009; Kutiel
et al. 2004). According to Nordstrom (2008), changes associated with the development
of coastal areas for human use involves, among others, the loss of natural habitats and
biodiversity (Beatly 1991), landscape fragmentation (Berlanga Robles and Ruiz Luna
2002), risks to endangered species (Melvin et al. 1991), reduction of seed sources and
decrease on resilience of plant communities after storms in undeveloped areas adjacent
to developed ones (Cunniff 1985) or loss of the original aesthetic and recreational value
(Da Cruz 1996; Demirayak and Ulas 1996), and loss of natural heritage and image of
the coast, among others. The human action is compounded by the effects of global
warming and progressive sea level rise (Carter 1988; Panario and Pifieiro 1997; Tsoar
2005).

The following is an attempt to examine the main current hazards to coastal dunes
and current approaches for conservation and management.

18.2 Dune Stabilization

Dune fixation and stabilization are terms that have been indistinctly used to refer the
process involving the progressive reduction of sand movement. This reduction is
closely related to an increase on the vegetation coverage, following a positive
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feedback mechanism (Yizhaq et al. 2007), and it entails significant changes in the
dune functioning, as well as in the type of communities growing on them (Kutiel
et al. 2004; Levin and Ben-Dor 2004; Moreno-Casasola 1986; Mufioz Vallés et al.
2011b). The stabilization term has traditionally received a sense of natural process
(e.g. Lichter 1998; Martinez et al. 2001; Olson 1958) and, subsequently, it has also
been used to designate certain human actions aimed at controlling the excessive
advance of sand dunes. On the other hand, fixation has been used more frequently in
relation with those human actions.

Dune stabilization is a natural process of development in coastal dune succes-
sion, from embryo to mature dunes (see Fig. 18.1 in the Introduction section).
Nevertheless, the recent increase of sands stability in coastal dunes in different parts
of the world is becoming an important environmental problem, resulting in negative
consequences to richness and diversity of plant and animal species (Alvarez and
Cushman 2002; Avis 1995; Conser and Connor 2009; Isermann 2008b; Isermann
et al. 2007; Kutiel et al. 2004; Marchante et al. 2008; Wiedemann and Pickart
1996). The stabilization process encompasses, not only the loss of sands mobility
due to an increase on vegetation coverage, but also an increment of organic matter
in the incipient soil, which increases the availability of both soil moisture and
nitrogen (Connell and Slatyer 1977; Mufioz Vallés et al. 2011a, b; Olson 1958).
It promotes changes in the richness and diversity of the plant community species,
shifts in dominant species, and species replacement based on burial tolerance (Dech
and Maun 2005), resulting in a decrease in the abundance of sand-living flora and
fauna species that are specifically adapted to the habitat of shifting sands. At the
long term, it may lead to a significant change on the landscape and dune morphol-
ogy, and the loss of this singular kind of habitat (Kutiel et al. 2004; Levin and Ben-
Dor 2004). Furthermore, according to Lubke (1985) and Panario and Pifieiro
(1997), the immobilization of a significant portion of dune system can lead to the
loss of the protective function of coastal dunes, resulting in coastal recession in the
medium and long term by preventing natural sand transfer from dunes to the coast.

Several factors have been identified as causes of the observed increase in sand
stabilization rates. On one hand, the reduction or disruption of agricultural and/or
livestock land-uses acting as disturbance to sand dune vegetation has, in some
cases, allowed this vegetation to spread more efficiently on the dunes where they
grow, thus stabilizing them (Isermann et al. 2007; Levin and Ben-Dor 2004). In the
Mediterranean coastal dunes of Israel, e.g., Tsoar and Blumberg (2002) found a
decreasing average rate of advance of 15 dunes from 3.4 to 1.9 m/year during the
period between 1944 and 1995, following the interruption of intense agricultural
and pastoral activity, while the vegetation cover increased from 4.3 to 17%. On the
other hand, the decrease in herbivory either by domestic livestock or wild grazers
such as wild rabbit in some dunes (i.e. due to diseases such as myxomatosis) has led
to a rapid evolution of dune vegetation from open grasslands to scrubland and
woodland (Levin and Ben-Dor 2004; Ranwell 1960; Thomas 1960). Global or local
climatic changes can also lead to an increase on sand stability, mainly induced by
changes in wind pattern and power that enables the establishment and densification
of dune vegetation (Panario and Pifieiro 1997; Tsoar 2005; Tsoar et al. 2009).
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Nevertheless, the main and more immediate cause of dune stabilization in
different parts of the world has been essentially anthropogenic. The high mobility
of some coastal dunes has seriously threatened human interests such as houses,
crops and infrastructure. In attempts to prevent dune erosion, to stabilize blowing
transgressive sand sheets, and to preserve the function of dunes as a natural defense
of the coast, together with a widespread interest in expanding the beach for
recreational needs (Nordstrom and Lotstein 1989), considerable efforts have been
invested in stabilizing such systems around the world. Since the end of the eigh-
teenth century, different countries have implemented dune stabilization techniques
that included the planting of rapid-grow herbaceous and/or woody species, tolerant
to the dune environmental stressful conditions (Avis 1989; Buell et al. 1995; Kith-
y-Tassara 1946; Kutiel et al. 2004; Li et al. 2009; Pye 1983; Van der Meulen and
Salman 1996). In some cases, the plantation of species without any regard to their
exotic or native character has led to their excessive spread beyond the plantation
areas over time, sometimes displaying invasive behaviors, and causing the further
stabilization of surrounding dune systems followed by serious problems for the
ecosystem conservation (Avis 1995; Conser and Connor 2009; Isermann 2008a;
Kutiel et al. 2004; Marchante et al. 2008; Wiedemann and Pickart 1996).

The loss of functional, natural and ecological value due to coastal dune stabili-
zation is not an easy problem to solve. According to Tsoar et al. (2009), the fact is
that, once the dunes were stabilized by vegetation they could not be naturally
activated even by increased wind power (Levin and Ben-Dor 2004; Tsoar 2005;
Tsoar et al. 2009). Levin and Ben-Dor (2004) observed that military maneuvers,
and pedestrians and off-road vehicles traffic increased the dune fragmentation but
did not lead to the reactivation of the sands. In this regard, manual thinning of plant
cover may seem a suitable management strategy (Kutiel et al. 2000); in any case,
the response of fauna and flora to artificial thinning and reactivation of dune
mobility must be taken into account.

18.3 Expansion of Invasive Plant Species

Biological invasions are a worldwide problem that affects almost all ecosystems
as well as human interests, and has considerable impact on either ecological
functioning or human well-being (Perrings et al. 2010). In the last decades,
introduction on allochthonous species has increased considerably (Hulme
2009). Coastal ecosystems, and particularly dunes, are among the most threatened
and affected by invasion of allochthonous plants. This is mainly due to the
significant pressure from human activities to which they are exposed, which
favors the introduction and expansion of some of these species (Campos et al.
2004). Furthermore, nearly 50% of the 34 plant species identified by [UCN among
the 100 of the world’s worst invasive alien species are recognized to occur in
coastlands (Lowe et al. 2000).

The expansion of allochthonous species in new habitats depends on the
characteristics of both the species themselves (e.g. adaptation to the environmental
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conditions, production and dispersal of propagules) and those of the source and the
sink habitat, such as ecosystem structure (e.g. diversity, plant covering) and
disturbances (Alpert et al. 2000; Davis et al. 2000; Orians 1986; Peters et al.
2006; Perrings et al. 2010). Coastal dunes are susceptible to plant invasions due
to a usual low number of species, the existence of micro-sites open to their
establishment and to low levels of plant-plant competition (Jgrgensen and
Kollmann 2009), as well as recurrent natural and anthropogenic perturbation.
Some of the invasive species in coastal sand dunes are dune-specific and occupy
similar habitats in their native countries; but some others are ruderal species, not
exclusive to the littoral strip, also abundant in other types of disturbed habitats
(Campos et al. 2004; Isermann 2008a; Muifioz Vallés et al. 2011a, b). In fact, native
species can also display invasive behaviors (Alpert et al. 2000), negatively affecting
other species and/or significantly altering the ecosystem functioning (e.g. Retama
monosperma in SW Spain coastal dunes, Mufioz Vallés et al. 2011a, b; Hippophae
rhamnoides in coastal grey dunes of North Sea island Spiekeroog, Isermann 2008b;
Larrea tridenta in Chihuahuan Desert of North America; Peters et al. 2006).

Due to a good adaptation to the dune environment and to a rapid and convenient
grow form, the introduction of allochthonous species to stabilize sand dunes has
been a common practice in the past and still at present (e.g. Ammophila arenaria,
Hippophae rhamnoides, Rosa rugosa, several species from the genus Carpobrotus,
Acacia, Eucalyptus, Pinus and Retama, among others — Avis 1989; Buell et al.
1995; Isermann 2008b; Kith-y-Tassara 1946; Kutiel et al. 2004; Wiedemann and
Pickart 1996; among others). In addition, the widespread recreational use of coastal
areas and urban development has been involved with the introduction of such
species also in relation with aesthetic, and the associated disturbances from
human activities on surrounded dunes have facilitated their arrival and establish-
ment (Gallego-Fernandez et al. 2006; Van der Meulen and Salman 1996).

Impacts of allochthonous invasive species in coastal dunes lead to a decrease in
the abundance of sand-living flora and fauna species and cause serious problems for
the ecosystem conservation (Avis 1995; Conser and Connor 2009; Isermann 2008b;
Kutiel et al. 2004; Marchante et al. 2008; Wiedemann and Pickart 1996; among
others). Their expansion facilitates, in many cases, the further establishment of
other neophytes and alien species (Isermann 2008a; Mufioz Vallés et al. 2011a, b).
In addition, the rapid expansion and increase in coverage of some species (particu-
larly shrubs, but also ground cover species such as Carpobrotus or Oenothera, or
with relative dense growth form as Ammophila) significantly contributes to the dune
stabilization process, promoting a significant change on the dune landscape, caus-
ing the lack of sand supply to beaches from the dune, and altering the functioning of
the whole ecosystem. (Isermann 2008a; Isermann et al. 2007; Kutiel et al. 2004;
Lubke 1985; Wiedemann and Pickart 2004). In the Western coast of North
America, for instance, Ammophila arenaria has displaced and/or replaced the
native dune-forming species in most places, modifying the open and high diversity
foredunes, and it has also invaded many back dune ridges and stabilized some
formerly active dunes (Wiedemann and Pickart 2004). Nevertheless, it has had a
slighter impact on the dunes ecosystem in Southern Cape Coast (Africa; Lubke



18 Coastal Dune Hazards 497

2004). Coastal dunes in south Israel have experienced a significant stabilization
process and an increase in dune vegetation cover, by 82%, between the years 1965
and 1999, due to the expansion of introduced species (Kutiel et al. 2004). On the
other hand, in the case of coastal dunes, degradation subjected to human pressure
and/or management for recreation or stabilization leads to a common presence of
allochthonous species in these habitats. Aria (1999) found that 52% of total dune
vegetation, or 82% of non-forested vegetation, was dominated by introduced
species at the Humboldt Bay dunes, California. In six coastal dune systems in the
Gulf of Cadiz, SW Spain, Gallego-Fernandez, Muiioz Vallés and Dellafiore (2006)
recorded an abundance of allochthonous plant species ranging from 4.3 to 25.3% of
the total species. Castillo and Moreno-Casasola (1996) found that 89.8% out of 644
species inventoried throughout the coastal dunes located along the Gulf of Mexico
were ruderal or secondary species from other nearby communities.

The full extent of the impacts of plant invasions on dune systems is still
unknown, and further studies, including measures for control and eradication on
invasive species, as well as approaches aiming the restoration of dune species
composition, diversity and natural processes, are required.

18.4 Urban Development and Tourism

Humans have used coastal dunes since the ancient times for different purposes,
traditionally related to agriculture, livestock grazing and the establishment of
settlements (Baeyens and Martinez 2004; Carter 1988; Heslenfeld et al. 2004).
Nevertheless, it has not been until recently that dunes have suffered a major
degradation and loss rates. At present, it is estimated that 60% of a growing
world population of seven billion people live in the coastal region (Holdgate
1993; U.S. Census Bureau International Data Base). Worldwide, coastal dunes
are at present seriously threatened by human activities such as urban, engineering
and industry development (Fig. 18.2). These activities cause, among others, net loss
of habitat, fragmentation of living areas, soil and aquifers alterations, and water and
air pollution, what leads to significant changes or complete loss of flora, fauna,
landscape quality and functionality of dunes over short periods of time (Carter
1988; Heslenfeld et al. 2004; Martinez et al. 2004a; Williams et al. 1997; Williams
et al. 2001). In addition, the establishment of ports and yacht marinas, and hard
coastal defense, has altered the natural sedimentary dynamics, causing serious
problems of erosion on some coastal stretches. Only in Europe and since 1900, a
net loss of coastal dune surface of 25% has been recorded and about 55% of the
remaining surface has lost its natural character. It is estimated that approximately
85% of the currently existing dunes in Europe is endangered (Heslenfeld et al.
2004). Coastal dunes are considered, in addition, among the most demanded
habitats for recreational use (Kutiel et al. 1999; Martinez et al. 2004a; Williams
et al. 1997). In particular, tourism has become the major source of income for the
coast but, at present, tourism and its associated impacts cause significant
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Fig. 18.2 Dune narrowing and degradation caused by the establishment of infrastructure
associated with urban development, and poor management of parking and access to reach the
beach (Rota beach, Cadiz, SW Spain)

degradation and direct loss of dunes, and it has led as well to an increase in urban
and demographic pressures (Kutiel et al. 2004; Kutiel et al. 1999; Martinez et al.
2004a; Nordstrom 2008; Nordstrom et al. 2000).

Derived impacts from urban development, building of facilities and activities
associated to tourism (e.g., gulf courses, recreational use of beaches) range from the
obvious direct loss of dune surface (which can easily comprise the total dune
surface in some cases) and serious alteration in the coastal sedimentary dynamics
and erosion (e.g. due to hard coastal defence works such as groins and breakwaters),
to the direct and indirect environmental degradation by pressure of use on the
surrounding natural areas (Gallego-Fernandez et al. 2003; Garcia Mora et al. 1998;
Jackson and Nordstrom 2011; Martinez et al. 2004a; Milne et al. 2012; Nordstrom
et al. 2000). Although this second aspect is not so obvious, it can lead alone to the
loss of the protected dune plant communities and associated fauna, as well as the
natural dynamic of the dune. For instance, intensive and uncontrolled traffic of
tourists implies serious environmental modifications such as soil compression,
reduction of litter and soil organic matter in the upper layer of the soil, erosion
and changes in microclimate, and it also promotes the reduction in plant cover,
species richness and diversity, and alterations for fauna species (Andersen 1995a, b;
Brown and McLachlan 1990; Heslenfeld et al. 2004; Kutiel et al. 1999; Nordstrom
et al. 2000; Williams et al. 1997).

Furthermore, human impact acts as an important destabilizing factor of dune
systems, altering the natural stabilization—destabilization balance, and being
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Fig. 18.3 Coastal dune disaggregation caused by uncontrolled tourists traffic and inadequate
design of access in Zahara de los Atunes beach, Cadiz (SW Spain)

directly related to the coastal dune instability and disorganization and to the loss
of coastal dunes’ protecting role (Barrére 1992; Brown and McLachlan 1990;
Nordstrom et al. 2000; Panario and Pifieiro 1997; Psuty 2004) (Fig. 18.3). Continu-
ous and intensive trampling may induce changes in plant composition, from species
specifically adapted to the dune geomorphological processes to other functional
groups of species with lower skills to stabilize sands (Garcia Mora et al. 2000;
Santoro et al. 2012). This, together with the loss of vegetation cover and wind
erosion, causes the formation and growth in wide and depth of bare deflation
corridors that contribute to dune fragmentation and negatively affect to the
geomorphologic integrity of the dune (Fig. 18.4) (Gallego-Fernandez et al. 2003;
Muiioz Vallés et al. 2005). Therefore, the system becomes more fragile to natural
disturbances. In SW Spain, Muiioz Vallés et al. (2011a, b) compared the status of
two dune systems under different tourism pressure and accessibility level. They
concluded that ineffectiveness of access structures in avoiding human impact on the
dune system makes that coastal segment lacking of adequately designed accesses
reach similar levels of dune segmentation and alteration that coastal segment where
visitors can come and go uncontrollably.

On the other hand, actions such as mechanical beach cleaning, container estab-
lishment or aid positions damage or eliminate beach vegetation and incipient dunes,
seed sources for pioneer dune colonizers, food for fauna, and habitat for nesting
birds. Besides, the variability in microenvironments necessary for biodiversity gets
reduced (Campos et al. 2004; Garcia Mora et al. 1998; Nordstrom et al. 2000). The
intensive development of industry and urban settlements and facilities in the coast
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Fig. 18.4 The coalescence of antropogenic bare deflation corridors leads to the dune fragmenta-
tion and intrusion of sea water in the dune system

flat has also resulted, in many cases, in coastal stretches with high urban develop-
ment and some isolated dune systems among them (Gallego-Fernandez et al. 2011;
Garcia Mora et al. 1998; Heslenfeld et al. 2004; Jackson and Nordstrom 2011). This
can lead to a disruption to the natural dynamics of dispersion and colonization of
plant species, a fact that would also affect the species equilibrium at a regional
scale.

18.5 Climate Change Implications

Increases in global average air and ocean temperatures, greater at higher northern
latitudes, widespread melting of snow and ice, and related rising global average sea
level of 1.8 mm/year over 1961 to 2003 (of about 3.1 mm/year from 1993 to 2003)
are among the main changes observed in climate in recent decades (IPCC 2007).
Present and predicted climate change effects have the potential to considerably
exacerbate hazard risk to coastal dunes, and associated dangerous trends for coastal
dunes conservation are mainly related to changes in wind power, rainfall, sea level
rise by itself and groundwater salinization (Carter 1991; IPCC 2007; Panario and
Pifieiro 1997; Ross et al. 1994; Tsoar 2005; Vestergaard 1997).

Low rainfall and high wind power are driving forces related to climate that
negatively affect vegetation growth and cover in coastal dunes, and are in fact
closely related with a higher mobility of sand dunes. Changes in rainfall and wind
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power can therefore determine the trend of dunes from vegetated, stabilized or
semi-stabilized dune systems to bare, mobile dunes of shifting sands or vice versa
(Ashkenazy et al. 2011; Panario and Pifieiro 1997; Tsoar 2005). Extremes in both
senses would result in loss of ecological value of dunes (Heslenfeld et al. 2004).
Trends on this aspect also depend on other factors such as climatic zones, dune
dimensions, vegetation cover quality and human impacts (Heslenfeld et al. 2004;
Garcia Mora et al. 2000), so generalized predictions for climate change impacts are
difficult to reach in this line. For instance, based on empirical data and sand
transport model, Panario and Pifieiro (1997) predicted coastal recession in the
medium and long term at Cabo Polonio (Uruguay), due to a decrease in coastal
dunefield activity induced by changes in wind pattern. But they observed that
coastline recession was also related to the antropogenic forestation process that
caused the immobilization of a significant portion of the dune system, preventing
natural sand transfer to the coast. These changing conditions are added to the
projected increase in sea level, heights and incidence of waves, and frequency of
flooding by extreme tides, storm surge and wave effects, which causes relevant
redistribution of sediments by influencing the coastal erosion/accretion processes.
This can cause accumulation of eroded material and rapid foredune creation and
development in some areas along the coast, and insufficient sediment supply and
erosion in other areas (Carter 1991; Milne et al. 2012; Vestergaard 1997).
Associated reorganization of sands in the dune habitat can also imply ecosystem
changes such as sand deposition on wet slacks and semi-stabilized and stabilized
dunes, and consequent changes in vegetation composition in accordance with burial
tolerance of species (Dech and Maun 2005; Vestergaard 1997). In this regard,
generalized sea level rise constitutes a serious problem for conservation of coastal
dune communities due to their impossibility of migrating toward inner or upper
areas where their habitat is inexistent. Changes in precipitation and wind power can
lead to serious threat for rare, drought-sensitive coastal plant species (Fischer et al.
2009). In addition, the progressive sea level rise together with the global redistri-
bution of precipitation caused by climate change leads to an increase of aquifers
salinity, and it is predicted that coastal ecosystems will be likely affected by
decreased fresh water availability due to saltwater intrusion, negatively affecting
specific dune flora (Christensen et al. 2007; Greaver and Sternberg 2006; IPCC
2007; Ross et al. 1994; Sternberg and Swart 1987). One of the most recent research
lines on ecology of dunes (and other types of terrestrial habitat) consists of the study
of the sources of water (e.g. ocean, ground, and rain) taken up by vegetation, using
isotopic analysis of stem water (Andrews et al. 2012; Ehleringer and Dawson 1992;
Greaver and Stenberg 2007, 2010). Contrary to the traditionally conceived idea that
freshwater from dune aquifer and rain are the only water sources for plants in
coastal dunes, recent studies have found that some dune species are able to use
ocean water uptake during pronounced drought periods and periodic ocean water
influx (Gallego-Fernandez et al. 2010; Greaver and Stenberg 2007). Nevertheless,
further studies on quantifying species tolerances in this regard are necessary to
determine thresholds of community sustainability, in order to assess the coming
effects of sea-level rise scenarios and to design suitable management approaches.
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18.6 Management and Conservation Paradigm

Diverse risk factors operating at different levels and scales are currently threatening
coastal dunes, including other local hazards not described above. Unfortunately,
some of these factors were identified at least four decades ago (i.e. coastal impacts
of human activities such as urban development or introduction of allocthonous
species; Brown and McLachlan 1990; Carter 1991; Garcia Novo et al. 1997,
Ranwell 1972), but it appears that associated conservation problems still remain
unsolved, somehow. For instance, the introduction of allochthonous plant species
for gardening and stabilization of slopes in coastal housings are still common.
Administrations and managers invest considerable effort in the eradication of the
most problematic species. Nevertheless, the expansion of invasive species is still a
problem that leads to the stabilization of the dune, or favors changes in the plant
community composition, sometimes towards species with lower skills to stabilize
sands (Garcia Mora et al. 2000; Santoro et al. 2012). In these situations, the
uncontrolled traffic of tourists through the dune system accentuates these commu-
nity changes but it does not remobilize the dune (Levin and Ben-Dor 2004)
(Fig. 18.5). In both cases, the dune becomes more vulnerable to face wind, sea
and waves battering. This vulnerability is significantly higher when the dune barrier
has been narrowed or removed due to industrial and urban development, or due to
changes on sedimentary dynamics promoted by the establishment of coastal
defense structures. Among all, present and future effects of climatic change is
likely the most dramatic hazard to coastal dunes, specifically the progressive sea
level rise and accentuation of climatic extremes, since they can be predicted but
they can hardly be managed in the short term.

In contrast, management approaches have evolved toward preferable “soft”
measures and impact removal or minimization, aiming to maintain natural dynam-
ics, functions and values of dunes, and helping natural processes to recover by
themselves (Gomez-Pina et al. 2002; Heslenfeld et al. 2004; Ley Vega de Seoane
et al. 2011; Pethick and Crooks 2000). Such measures include the morphological
dune reconstruction, revegetation with appropriate native species, elimination of
allochthonous invasive plant species, beach nourishment, either on the beach or on
the shore face, use of passive sand-trapping fences and protection systems, efficient
designs of accesses in limiting and routing uncontrolled tourist traffic, allowing the
dune mobility and vegetation development, avoidance of buildings and parking
areas in the dune system, monitoring of any restoration or conservation work and
maintenance. In addition, environmental information appears to be an efficient tool
against dune degradation (Carter 1991; Gémez-Pina et al. 2002; Heslenfeld et al.
2004; Ley Vega de Seoane et al. 2011; Muifioz Vallés et al. 2011a, b). These does
not necessarily exclude the requirement of implementing some “hard” engineering
interventions (such as submerged breakwaters) in certain extreme situations, taking
into account the associated consequences on the natural dynamics of dunes and the
whole coastal frame in any case (Antunes do Carmo et al. 2010; Heslenfeld et al.
2004).
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Fig. 18.5 Foredune totally covered and stabilized by Carpobrtus edulis (Cadiz, SW Spain)

Taking into account what has previously been stated, the assessment of coastal
dune vulnerability seems an interesting approach that integrates the main factors
affecting dune resilience. Dune vulnerability is understood here as “the capacity
that a particular ecosystem has to absorb disturbance without undergoing perma-
nent alterations”, being an antonym of the concept of “elasticity” (Orians 1975) or
“resilience” (Pimm 1991). Different vulnerability indexes have been used in the
lasts decades, and methods used to this aim have diversely considered natural and
human-induced disturbances (Cooper and McLaughlin 1998; Garcia Mora et al.
2001; Panario and Piiieiro 1997; Pethick and Crooks 2000; Williams et al. 2001).
Nevertheless, the use of a holistic evaluation integrating morphosedimentological,
ecological and antropogenic features by the application of specific checklists is
desirable, and some of these indexes have recently included the vegetation quality
as additional variable to monitor for a more complete assessment (Garcia Mora
et al. 2001; Martinez et al. 2006; Murfioz Vallés et al. 2011a, b). This is a relevant
goal for conservation of dune ecosystems and functions, since vegetation gives
structure to ecosystems, it is one of the main supports for wild fauna, and natural
diversity of native species provides the characteristic dynamic equilibrium of dunes
(Margalef 1977; Van der Putten and Petters 1995). The application of these indices
allows the identification of homogeneous units in the coastal frame, determines the
main factors affecting them (geomorphological, related with wind or sea impacts,
antropogenic or based on vegetation status), and predicts the system response to
environmental variations, facilitating the design and implementation of concrete
management actions from local to regional scale. Such indexes have been useful in
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dune vulnerability assessment in different countries around the world, such as
France (Bodére et al. 1991), United Kingdom (Williams et al. 1993), Portugal
(Alveirinho Dias et al. 1994; Matias et al. 1998), Spain (Garcia Mora et al. 2001;
Muiioz Vallés et al. 2011a, b), Turkey (Marlow and Morris 2003), or Mexico
(Martinez et al. 2006).

Coastal dunes are dynamic systems that quickly respond to factors affecting
them (Garcia Mora et al. 2001; Heslenfeld et al. 2004; Williams et al. 1993),
maintaining a naturally occurring mosaic of dynamics that includes active fronts,
semi-stabilized and stabilized dune areas (Martinez et al. 2004b). This equilibrium
and plasticity of dunes makes them unique habitats that act as centre of speciation
and global biodiversity, and implies one of the major environmental services that
dunes offer to human interests as coastal protective barrier in the present natural
hazards scenario associated to climate change. Nevertheless, other main environ-
mental benefits that coastal dune offers are likely related nowadays with sustainable
tourism, landscape quality or natural carbon sink, in addition to the traditional uses
for agriculture or livestock grazing.

We are still relatively far from a wide understanding of the combined effects of
hazards on coastal dunes, and from implementing a suitable integrated management
of these complex systems. Nevertheless, we are in position to state that, at present,
management should be focused to maintain healthy, equilibrated and dynamic
dunes that can accomplish their protective role on coastal areas, remaining less
vulnerable to erosion, being cheaper to maintain, preserving higher natural values
and maintaining the global biodiversity that these habitats support. These goals
needs for a major scientific-based knowledge of the entire dune systems function-
ing, as well as the commitment of administrations, managers and urban and
landscape planners, and the implementation of integrated coastal zone management
programs, in order to solve this ecologic and economic problem of the current
decline of coastal dunes. It is also required a change of mentality toward new and
more sustainable designs of development, respecting the coastal dune frame, under
the consciousness of the rising sea levels and the protective value of coastal dune
barrier.
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