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Abstract: Coastal areas are exposed to high levels of human occupation, which has led to their deg-
radation. Coastal dunes have been greatly altered by different historical and current land uses, caus-
ing the loss of their natural and cultural values. On the coast of Tenerife there are volcanic and
organogenic sand active and relict dunes with multiple land uses, the most prominent of which is
tourism (also the main cause of their deterioration). The aim of this study is to demonstrate the
relevance of geomorphosites associated to the aeolian depositional systems of Tenerife as volcanic
geoheritage through the application of international methodologies used for these evaluations, and
to propose geotourism uses that will contribute to their sustainability. In Tenerife there are thirteen
aeolian system geomorphosites in which palaeodunes, active dunes and a combination of both have
been identified, 53.9% of which are protected. The main historical and current uses are related to
grazing, sand mining and tourism. These different land uses have produced the degradation of
these landforms, which have induced the loss of some of their scientific and additional values. The
average score for the scientific values (0.58) is higher than for the additional values (0.41) in most of
the thirteen selected geomorphosites; the values lie in the middle of the range and there is no corre-
lation between the scientific and additional values (R? = 0.17). The geotourism proposal presented
in this study is associate to the volcanic diversity of the coast of Tenerife and should be aimed at
both the general public and specialists. The number of visitors should be restricted and sustainable
according to the zoning laws for the regulations and use of the protected areas; and it should use
the net of authorized paths which already exists in the geomorphosites. To this end, certain facilities
will be required to help disseminate and promote the heritage of Tenerife’s dune geomorphosites
through panels, websites, apps or QR codes.

Keywords: arid aeolian depositional systems; palaeodunes; cultural heritage; geomorphosites;
geotourism; volcano tourism; itineraries; Tenerife

1. Introduction

Coastal areas have come under increasing human pressure [1], owing to the fact that
they are home to 40-70% of the world’s population [2,3]. Aeolian depositional systems
form a small part of the landforms found on young volcanic islands [4] yet they are a
unique and important resource for assessing their geodiversity and geoheritage [5,6]. In
addition to their limited extension, numerous impacts have brought about significant
changes in the present landscape of these systems [7,8]. These impacts are related on the
one hand to traditional uses such as logging and grazing [9-12] and, on the other hand,
recent uses such as aggregate mining, vehicular traffic, urbanisation and recreational uses
such as “sun-and-beach” massive tourism [13-18]. In general terms, human activity has
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caused a reduction in the area occupied by aeolian depositional systems [19], changes in
landforms [19,20] and the remobilisation of sediments [21], among others.

The increased pressure that humans have exerted on sandy coastlines has focused
coastal management on adapting them to the needs of users [22], especially tourists [22-
24]. Environmental aspects have been relegated to the sidelines for the sake of financial
gain [22,23]; however, since the 1990s, geomorphology has acquired increasing relevance
in the management, protection, and conservation of the natural environment, having tra-
ditionally been overlooked in favour of biotic elements [25]. In order to alleviate the deg-
radation of these areas, in many parts of the world restoration projects have been under-
taken [26-29], conservation measures have been applied and, in some cases, management
has been directly linked to controlled geotourism [30-32]. The task of geotourism is,
among others, to create new tourist attractions and generate tourist traffic under sustain-
ability criteria [33,34]. Aeolian depositional systems in the coastal regions of a subtropical
volcanicisland are ideal for geotourism as their reduced vegetation cover allows for better
identification of landforms and natural and cultural heritage associated to the coastal
dunes. For all these reasons, coastal dunes are very dynamic ecosystems, but they are also
fragile spaces in relation to past and present land uses. In the case of the Canary Islands,
aeolian sedimentary systems are highly affected by massive sun and beach tourism, espe-
cially in the eastern islands (Gran Canarias, Fuerteventura, Lanzarote and La Graciosa).
For this reason, research is needed to value the diversity of their heritage and to contribute
to its sustainable management through activities such as geotourism or volcano tourism.

Tenerife was chosen as the area of study because in the Canary Islands as a whole,
the aeolian depositional systems are mostly concentrated in the eastern islands of Gran
Canaria, Fuerteventura, Lanzarote and La Graciosa [35,36], while on the western islands —
except for a very small number of isolated cases such as Playa Blanca on El Hierro, Playa
del Inglés and Puntallana on La Gomera and Poris de Tigalate on La Palma—they are on
the coast of Tenerife. It is here that we may find a significant number of active and relict
aeolian depositional systems with highly variable dimensions and features [37,38], which
are under severe human pressure, and which has led to their destruction, deterioration,
and loss of their diversity [18]. For this reason, it is necessary to prevent the dunes from
deteriorating further, thus, for this innovative use, management proposals must be made
associated to responsible tourism and with the natural and cultural heritage present in the
dunes, such as geotourism or volcano tourism.

The proposal of new products and tourist experiences in sun and beach destinations
is not new and is related to the fact that they are in the mature or decline phases of the
cycle of life of a touristic destination [39]. These are the results of both the obsolete nature
of tourism services, equipment, and infrastructures, as well as changes in the profile of
demand for more sustainable products. This has motivated the search for solutions to pre-
vent the decline of traditional sun and beach tourist destinations through, among other
aspects, the diversification of the offers in those destinations. In the case of Tenerife, the
proposal of new tourist products and experiences such as geotourism is not something
new [40]. For this reason, the aim of this study is to identify, select, characterise, and eval-
uate the geoheritage in the active and relict aeolian depositional systems of Tenerife and
propose geotourism uses such as volcano tourism in them, taking into account their sci-
entific and additional values and always guaranteeing their sustainability.

2. Study Area

Tenerife is a volcanic oceanic island that occupies a central position in the archipelago
of the Canary Islands; it is also the largest (2034 km?) and the highest (3718 masl) of the
islands. It is the emerged section of a large volcanic edifice that reaches a height of almost
7000 m from the sea floor (including the section that rises above the sea). One of the es-
sential features of the island is the remarkable diversity of its volcanic landscapes [5]. This
rich variety of terrains—containing a wealth of geological and morphological features—
reflects factors such as monogenetic or polygenetic volcanism, the persistence of volcanic
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processes, and erosion and deposition processes. Tenerife can be divided into at least six
different morphostructural areas (Figure 1) made up of three old shield volcanoes (Teno,
Anaga and Roque del Conde) where erosion landforms—such as ravines and cliffs—pre-
dominate, two volcanic rifts (Pedro Gil and Abeque) the Bandas del Sur formation with
well-preserved volcanic landforms including hundreds of cinder cones and lava fields
and, finally, a complex central sector made up of the overlapping edifices of Las Cafhadas
and the stratovolcanoes of Teide-Pico Viejo and their volcanic domes [41] (Figure 1).
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Figure 1. Geological simplified map of Tenerife. Source: IDE-Canarias-Grafcan. Self-elaboration.

Therefore, on the island we find both landforms directly related to volcanism (stra-
tovolcanoes, domes, cinder cones, hornitos, ‘a‘a, pahoehoe, block lava flows, etc.), and
landforms that originate from the processes of erosion and deposition (ravines, cliffs,
beaches, etc.). The latter include aeolian depositional systems, which in Tenerife can be
grouped into three types: palaeoforms, active aeolian landforms or a combination of both.
The origin of the aeolian sediments is usually a combination of volcanic terrigenous and
organogenic sands [37] and the proportions vary widely; the Jover, Milan and Bajamar
coastal dunes have the highest proportion of carbonates [42].

The climate in the aeolian depositional systems is characterised by aridity, with an an-
nual average rainfall of less than 100 mm, an annual average temperature of around 21° C
and dominant NE-SW winds [43]. These weather conditions determine the vegetation
cover. In active dunes, the vegetation is shrubby with poor cover and is adapted to the con-
ditions of salinity and sediment mobility. In the palaeodunes, vegetation is very scarce due
to both the compaction of the sands and, in certain cases, the verticality of the deposits.

3. Methodology

The methodology used to identify, characterise, and evaluate the geomorphosites as-
sociated to the aeolian depositional systems of Tenerife was based on previous research
conducted on both volcanic and non-volcanic sites [13,44-53]. We applied this methodol-
ogy and not similar methodologies because the proposed method for identification, char-
acterisation and evaluation proposed by Reynard et al., 2007 and 2016, is more according
to the geographical approaches concept of the geotourism that we implemented in this
study for the assessment and management of the aeolian sedimentary deposits.
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The bibliographical revision [35-38], aerial photographs, maps at different scales
(topographic, geological, geomorphological, vegetation and human uses), DEMs, and
fieldwork during several campaigns in the years 2020-2021 were used in the study of the
geomorphosites associated to the island’s aeolian systems. This methodology was to col-
lect data, for the analyses of data, for fieldworks and to obtain the main results concerning
the aeolian geomorphosites in Tenerife, as well as to propose the assessment and uses
(geoconservation/geotourism) of their coastal dunes (Figure 2).
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Figure 2. General methodology applied in this study.

Drawing on these methodologies for assessing the geoheritage of geosites or geomor-
phosites applied in other places, this study was developed in three phases [13,44,46-53]:
(1) the distribution, identification, inventory and selection of aeolian geomorphosites; (2)
the characterisation of the selected sites; and (3) the evaluation of the sites taking into
account their intrinsic values (scientific and additional) and their use and management
values, according to several previous studies [44,46-49,51,52].

3.1. Distibution, Identification, Selection and Inventory of Geomorphosites

This step was associated with the collection of data from previous investigations, dif-
ferent maps, photos, fieldworks and other information related to geomorphosites. The in-
ventory took into account whether they were palaeoforms, active aeolian landforms or a
combination of both. In the final selection, consideration was given to the spatial distribu-
tion of the aeolian depositional geomorphosites, whether they were representative of this
type of landform, whether they were accessible and whether they were well preserved,
although this last criterion was not met by all geomorphosites due to the strong human
pressure to which they are subjected, among others, by massive tourism.
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3.2. Characterisation of Geomorphosites

Documents studied in this phase correspond to the analyses and fieldwork steps. The
documentation for characterisation of the aeolian dunes included general numerical data
(coordinates, elevation, etc.) that were used to locate the geomorphosites on a synthesis
map (Figure 3), and qualitative information on their characterisation (geology, geomor-
phology, geography, ecology, history, aesthetics, tourism, archaeology, facilities, infra-
structures, etc.). Qualitative documentation is essential for the evaluation of the intrinsic
values (scientific and additional) and the use and management values of each of the geo-
morphosites [44,46,47]. Both types of data were collected in a fieldwork data sheet that
facilitated the processing of the information.

3.3. Evaluation of Geomorphosites

The methodology applied to the evaluation of the geomorphosites was the one pro-
posed by Reynard et al. [44,46]. It takes into account the intrinsic values that are consid-
ered inherent and specific to each geomorphosite —to which a quantitative evaluation is
applied —while the use and management values are not considered a value of the geo-
morphosite, hence a qualitative evaluation is applied [46]. However, there are authors
who apply a quantitative evaluation to use and management values [52,53] as it minimises
the effects of subjectivity [54], consequently, qualitative evaluation has also been shown
to be very useful for geomorphosite management [46].

According to Reynard et al.,, 2007 and 2016, the intrinsic values were divided into
scientific and added values. The former were further subdivided into four types: integrity,
representativeness, rareness and palaeogeographical interest. The integrity represents the
state of conservation of the site. Bad conservation may be due to natural factors, e.g., ero-
sion, or human factors, e.g., massive tourism [44,46]. The representativeness is related to
the site's intrinsic value and is used with respect to a reference space (e.g., region, com-
mune, island, country). All the selected sites should cover the main processes, active or
relict, in the study area [44,46]. Rareness concerns the rarity of the site with respect to a
reference space (e.g., region, commune, island, country). This criterion serves to identify
exceptional landforms in an area [44,46] such as fossil dunes. Finally, palaeogeographical
interest shows the importance of the site for Earth or climate history [44,46] (e.g., the evo-
lution of changing marine levels through coastal active or inactive dunes).

Added values were also grouped into four types: ecological (ecological influence and
protected site), aesthetic (viewpoints and contrasts, vertical development and space struc-
turation), cultural (religious and symbolic importance, historical importance, artistic and
literature importance, and geohistorical importance), and economic value (economic
products) [44,46].

Use and management characteristics correspond to protection and promotion [44,46].
The former was further subdivided into two types: protection status (refers to the level of
protection of the site relative to its link to different natural protected areas) and damages
and threats (level of damage of the site by human activities or natural processes and, as
for threats, one must report if they are based on a real and feasible projection in the
short/medium term) [49,51]. Promotion encompasses the visit conditions (accessibility, se-
curity, site context and tourism infrastructures) and education (interpretative facilities
and education interest and levels) [49,51].

The numerical scale (Table 1) for scoring each item ranges from a minimum of zero
to a maximum of one point, in intervals of 0.25. In order to be able to establish comparisons
and define a hierarchical level for each geomorphosite, the data are expressed in average
values and the following classification was established: low if the scores are <0.4; medium
if they are >0.4 and <0.6; and high if they are >0.6 [47,50]. In this study, in keeping with
[44,46,47], the quantitative evaluation was performed only for intrinsic values.
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Table 1. Criteria used for the assessment of the scientific value and additional values. Adapted from
Reynard et al., 2007; 2016 [44,46] and Bouzekraoui et al., 2017 [47].

Scientific values

Criteria Values
Integrity 0 = Destroyed. 0.25 = Practically destroyed. 0.5 = Partially destroyed .0.75 = Slightly damaged
I 1 = Intact
Represe?l’;:;ltlveness 0 =Null. 0.25 = Weak. 0.5 = Moderate. 0.75 = High. 1 = Very high

0 =More than 7. 0.25 = Between 5 and 7. 0.5 = Between 3 and 4. 0.75 = Between 1 and 2

Rareness (Rz) 1 = Unique

Palaeogeographical

Interest (Ip) 0 =Null 0.25 = Weak 0.5 = Moderate 0.75 = High 1 = Very high

Additional values
Criteria Values

0 Without relation to biological features. 0.25 Occurrence of interesting fauna and/or

L flora. 0.50 One of the best places to observe interesting fauna and/or flora. 0.75 Geomor-
Ecological influence

Ecological phological features are important for ecosystem(s). 1 Geomorphological features are
crucial for the ecosystem(s).
Protected site 0 = Unprotected. 0.25 = Local. 0.50 = Regional. 0.75 = National. 1 = International
0 The site is only visible in situ or is not easily accessible. 0.25 The site is not readily ac-
. . cessible, but offers several points of view. 0.50 The site offers a few points of view be-
View points . . . .
cause of the presence of visual obstacles. 0.75 The site has many points of view. 1 The
site has many points of view and a large distance of observation.
Aesthetic value 0 The site is monotonous: flat topography and solid colour. 0.25 The site shows some
vertical development and we recognized three colours. 0.50 The topography is abrupt
Contrasts and we recognized up to 5 colours. 0.75 The site shows an abrupt topography and up to
7 colours are recognized. 1 The site shows a contrasting and abrupt topography and
more than 7 colours are recognized.
Religi d
¢ lglogs fm 0 The site does not present any religious importance. 0.25 Local. 0.50 Provincial or re-
symbolic im- . . .
gional. 0.75 National. 1 International.
portance
Historical 0 The site does not present any historical importance. 0.25 Local. 0.50 Provincial or re-
Cultural value . . . .
importance gional. 0.75 National. 1 International.

Artistic and
literature im-
portance

0 The site does not present any artistic importance. 0.25 Local. 0.50 Provincial or re-
gional. 0.75 National. 1 International.

0 The site is not at the origin of any discovery through the history of Earth Sciences. 0.25
The site, due to the scientific development or demonstration of a process, is locally
Geohistorical ~ known. 0.50 The site, due to the scientific development or demonstration of a process is
importance known in regional and / or provincial. 0.75 The site, due to the scientific development or
demonstration of a process, is known nationally. 1 The site, due to the scientific devel-
opment or demonstration of a process, is known internationally.
0 The site is not generating any income. 0.25 The site is known, but it is the cause of in-
direct benefits (tourism). 0.50 The site is a source of income, but is threatened by human
Economic value  Economic products activity that can deplete it. 0.75 The site is managed by a company; it does not cause it
any impact. 1 The site allows direct management of an autonomous company that
causes it no negative impact.

4. Results and Discussion
4.1. Distribution, Inventory and Characterisation of Aeolian Depositional Geomorphosites

A total of thirteen geomorphosites associated with the aeolian depositional systems have
been identified and inventoried on the coast of Tenerife. They are the result of the accumula-
tion of sand on lava flows, volcanic edifices and depositional areas. The island’s dunes are
either palaeoforms (Puerto de La Cruz, Jover, Milan, Bajamar, Igueste de San Andrés, Mon-
tana Amarilla, La Caleta and Los Gigantes), active aeolian landforms (El Socorro-Malpais de
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Giiimar and Punta de Abona-Abades) or a combination of both (Antequera, Montaria Pelada
and El Médano-Montana Roja) (Figure 3). The first are landforms associated with marine re-
gression periods in where the surface over which the wind could blow would have been
greater than at present; these landforms currently bear evidence of marine erosion processes
[42]. The second are the result of the erosion of nearby ravines that provide a source of nour-
ishment for the beaches that give rise to the dune systems. In the third group, a combination
of both processes is evident, and it can be observed that the erosion of the palaeodunes also
acts as a source of sediment for the active aeolian landforms, as is the case in Antequera, Mon-
tafia Pelada and El Médano-Montafia Roja. In turn, the different dunes present a large number
and variety of types of aeolian landforms. Table 2 shows the relative importance of the dunes
in each geomorphosite selected, divided into if they are present, frequent or abundant. All the
selected geomorphosites are accessible and represent the full diversity of aeolian depositional
landforms and processes on the island of Tenerife.

340090 380090

T
3160000

3160000

T
3120000

3120000

e — GeoTurVol, 2022

T T
340000 380000

Figure 3. Aeolian sedimentary systems of this study. 1. Puerto de La Cruz; 2. Jover; 3. Milan; 4.
Bajamar; 5. Antequera; 6. Igueste de San Andrés; 7. Malpais de Giiimar; 8. Punta de Abona; 9. Mon-
tafa Pelada; 10. El Médano-Montafia Roja; 11. Montafia Amarilla; 12. La Caleta; 13. Los Gigantes.
Source: self-elaboration based on the DEM of IDE-Canarias-Grafcan.

Table 2. The relative importance of aeolian landforms in the study area and their protection. P:
present landform, F: frequent landform, A: abundant land form. The grey colour shows the presence
of the item. Self-elaboration from fieldwork.

Shadow Eco Climbing Falling Paleo- Sand

Location Nebkha Dune dune dune dune dune sheet Rhizo-lithes Protected area
Pto. La Cruz P
Jover P
Milan P
Bajamar P
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Antequera

Igueste

M. Gliimar

P. de Abona

M. Pelada

El Médano-
Montafia Roja

M. Amarilla

La Caleta

Los Gigantes

The aeolian palaeoforms present an erratic distribution on the island and have a limited
extension, except in specific cases such as Montafia Amarilla or El Médano. Palaeodunes are
found interstratified between lava flows at an altitude of more than 30 m on cliffs eroded by
the sea (Figures 4.A and 4.B) or abutting the hydromagmatic deposits of the Montafia Amarilla
tuff ring (Figure 4.G). The morphologies are steeply dipping and stratified, demonstrating
their aeolian origin (Figures 4.C and 4.G); however, in many cases identification is complex
due to the fact that most of them have undergone marine (Figures 4.D, 4.E and 4.F) and tor-
rential erosion processes, or because they have been built upon (Figure 4.E). Notable among
these landforms are rhizolithes (Figure 4.H) and palaeoliquefaction structures (Figure 4.I) [55].

Figure 4. Palaecodunes of Tenerife. A: Puerto de la Cruz; B: Jover; C: Milan; D: Antequera; E: Igueste
de San Andrés; F: El Médano; G: Montafia Amarilla; H: rhizolithes in Antequera; I: palaeoliquefac-
tion structures in El Médano-Montafia Roja. Source: authors.
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In the case of active landforms where the slope allows them to expand, we find neb-
khas fields and shadow dunes associated with shrub vegetation (Figures 5.A and 5.B). The
best examples of this type of system are El Médano-Montafia Roja, La Punta de Abona
and Montana Pelada. In addition, there are other morphologies such as climbing dunes
on the backshore of beaches with cliffs with a gradient of between 30% and 45%; moreo-
ver, in these cases the sand rises above the cliff and forms nebkhas and shadow dunes on
top when the scarp face is no higher than eight metres, as in the case of La Punta de Abona.
However, when the slope of the coastal escarpment exceeds 45%, the sand only forms
climbing dunes and does not rise above the cliff, as occurs in El Médano or Antequera
(Figure 5.D). In the areas of sand outflow in the aeolian depositional systems of La Punta
de Abades there are two falling dunes which are now isolated from their sediment source
due to intense historical human pressure (crops, buildings, and car parks). As for echo
dunes, there is no specific pattern to their spatial progression, but rather they occur where
there are obstacles; their occurrence is sporadic, except in Montafia Pelada and Punta de
Abona, where human construction and the relief make these dunes a frequent landform.
Finally, it is worth mentioning the presence of mobile sands, which do not form nebkha
fields due to an insufficient volume and the roughness of the terrain, as at Malpais de
Giliimar (Figure 5.C).

Figure 5. Different examples of active aeolian geoforms in Tenerife. A: nebkha with ripples (El Mé-
dano); B: nebkhas with shadow dunes (Montafia Pelada); C: sand sheets (Malpais de Giiimar); D:
climbing dunes (Antequera). Source: authors.

Active aeolian landforms and palaeoforms are combined at numerous locations. In
Antequera, the remains of a palaeo-climbing dune can still be seen today, highly eroded
by the sea, with little lateral continuity and less than a metre thick. It must have had mor-
phological and dynamic characteristics similar to those of the present-day climbing dune
that overlies it, and which reaches a height of 10 metres, conditioned greatly by the verti-
cality of the cliff composed of lapilli and lava. In the case of the Montafia Pelada tuff ring
a similar situation occurs: a small palaeo-climbing dune that barely reaches 4 metres in
height and is severely deteriorated by marine erosion and tourism use; in addition, on the
SSE flank there is an active climbing dune that is channelled through a small ravine and
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reaches heights of over 50 metres [56]. However, the most significant case is undoubtedly
that of El Médano, where we find cemented layers of sand on which today there are neb-
khas and shadow dunes that are fed by erosion and the largest palaeo-climbing dune in
Tenerife, reaching heights of more than 60 metres and an uninterrupted longitudinal ex-
tension of more than 300 metres. This palaeodune is located in the horseshoe crater and
the west flank of the Montafia Roja cinder cone and although at present a small climbing
dune can be seen at the western base of the volcano, the presence of the palaeodune that
formed during a period of lower sea levels suggests changes in the environmental condi-
tions of this area since, unlike Antequera, it does not presently feature any active equiva-
lent landform.

4.2. Land Uses and the Cultural Landscape

Dune systems have been heavily exploited by human activity throughout history,
both internationally [9,10,15] and in the case of the Canary Islands [12,18,57,58]. As such,
they have given rise to an important cultural legacy that is reflected both in the tangible
heritage found in their immediate vicinity [57,58] and in the cultural landscape that re-
flects the land-use legacy [18,57]. A large part of the tangible heritage of significant cul-
tural value is concentrated in the active landforms due to their greater spatial extension
compared to the palaeodunes, the fact that they are located in the few flat areas of the
island, and the historically strategic enclaves in which they are located, as in the case of El
Médano-Montafia Roja.

The aeolian sedimentary systems were only exploited as seasonal grazing grounds
until the arrival of the lime kiln industry. From that time onwards, local vegetation began
to be exploited and quarries were built to obtain stone. In the case of El Médano, there are
numerous references to its importance as a port owing to its mooring capacity and the
visit of illustrious travellers such as Ferdinand Magellan (1 and 2 October 1519); however,
the greatest transformation of this system came in the 20th century with the boom in ag-
gregate mining, which produced major quarries and the Tomdas Zerolo aerodrome
(opened in August 1935 and closed in 1975). As for Antequera, it was only used as a load-
ing dock for agricultural products. For this reason, some storage buildings still stand next
to the wharf, now abandoned and partially buried by the sand (Figure 6.E).

With regard to the presence of elements related to historical land use, we find lime
kilns (Figure 6.A), the remains of the control tower of the old aerodrome in El Médano
(Figure 6.B), a considerable number of bunkers and pillboxes from the Second World War
(Figure 6.C), the presence of several wharves for the import and export of agricultural
products and limestone in El Médano and Antequera, and the lighthouse and sanatorium
in Punta de Abona (Figure 6.D). In Malpais de Giiimar, the pilgrimage of El Socorro (Fig-
ure 6.F) and the large number of elements associated with tomato cultivation in the area
until the end of the 1960s (Figures 6.H and 6.I), stand out for their cultural significance
associated with archaeological remains. By contrast, the palaeoforms exhibit less cultural
heritage because they are structures that were only used as quarries for the extraction of
aggregates in the cases of Bajamar, Jover and Milan.

While it is true that aeolian systems can be degraded by natural erosion—as can be
seen in most palaeodunes—it is the historical and current human activity that has caused
the most significant impacts. It has been found that the passage of a single vehicle or a few
people over the dunes is sufficient to cause significant damage to the dune and its vege-
tation [15,58] (Figure 7.G). The main impacts on aeolian depositional systems in the Ca-
nary Islands are related to a reduction in sediment volume due to extraction [18], the cre-
ation of aeolian shadows [17], parts of the aeolian system occupied by urbanization [16]
and the appearance of barriers to sediment transport [20] that have degraded and trans-
formed the aeolian landforms. These impacts are a consequence of current mismanage-
ment [59,60] but also of historical management practices [18]. Of particular relevance is
the effect of aggregate mining for the construction industry on the palaeodunes of Jover
and Mildn (Figure 7.A) and on the present-day El Médano system; the construction of
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terraces for agriculture (Figure 7.B); walls to stop the transport of sand (Figure 7.C); partial
urbanisation of the aeolian systems, landscaping, and graffiti on the palaeodunes of Mon-
tafia Amarilla and Montafia Pelada (Figures 7.D, 7.E, 7.F and 7.G); and recreational prac-
tices such as hiking and cycling (Figure 7.H), gay cruising [61], and religious pilgrimages
(Figure 7.1) in the case of El Médano-Montafia Roja [62].

Figure 6. A: lime kiln; B: control tower of the ancient airfield; C: World War Il bunker; D: sanatorium;
E: former agricultural warehouses; F: religious festivity or pilgrimage of El Socorro; G: panel about
cultural heritage; H: abandoned crops; I: water pond. Location: A, B, C and G, en El Médano; D, en
Punta de Abona; E, en Antequera; F, H and I, Malpais de Giiimar. Source: authors.

Figure 7. A: Quarries in Milan; B: farming in Igueste de San Andrés; C: roads and walls in Montafia
Pelada tuff ring; D: local buildings in Punta de Abona; E: tourism in la Caleta; F: gardens in Los
Gigantes. G: graffiti in the palaecodune in Montafia Amarilla tuff ring. H: paths in El Médano-Mon-
tafia Roja. I: pilgrimage in Malpais de Giiimar. Source: authors.
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4.3. Quantitative Assessment of the Intrinsic Value of Geomorphosites

Table 3 shows the scientific and additional values for the thirteen selected geomor-
phosites in the aeolian depositional systems of Tenerife. The highest scores are given for
El Médano-Montafia Roja with 0.94 for scientific and 0.72 for additional values, while the
lowest scores for both types of values are given for the Puerto de La Cruz relict dune with
scores of 0.25 and 0.22 for scientific and additional values, respectively. This is not sur-
prising given the variety of landforms and processes present in El Médano-Montafia Roja,
which has been declared a special nature reserve [63]; however, in Puerto de la Cruz, the
dune interstratified between the ‘a‘a lava flows of the Martianez cliff has shrunk, mainly
as a result of urban development over the course of the recent history of tourism, which
has led to its degradation and partial destruction.

Table 3. Scientific and additional values of aeolian sedimentary systems detected in Tenerife.

Scientific values

Dunes Ranking Integrity Representativeness Rareness Palaeogeographical Average
Interest
El Médano 1 0.75 1 1 1 0.94
M. Pelada 2 0.75 0.75 0.75 0.75 0.75
Antequera 2 0.75 0.75 0.75 0.75 0.75
Jover 3 0.5 0.5 0.75 1 0.69
Bajamar 3 0.5 0.5 0.75 1 0.69
Amarilla 4 0.5 0.75 0.75 0.5 0.63
Milan 4 0.25 0.5 0.75 1 0.63
M.Gliimar 5 0.75 0.5 0.75 0.25 0.56
Abades 5 0.25 0.75 0.75 0.5 0.56
Gigantes 6 0.25 0.25 0.75 0.5 0.44
Igueste 6 0.25 0.75 0.25 0.5 0.44
Puerto Cruz 7 0.25 0.25 0.25 0.25 0.25
Caleta 7 0.25 0.25 0.25 0.25 0.25
- Average 0.46 0.58 0.65 0.63 0.58
Additional values

Dunes Ranking Ecological Aesthetics Cultural Economics Average
El Médano 1 0.88 0.88 0.6 0.5 0.72
Giliimar 2 1 0.75 0.5 0.25 0.63
Gigantes 3 0.63 0.63 0.38 0.25 0.63
Igueste 4 0.63 0.38 0.38 0.5 0.47
M. Pelada 5 0.63 0.63 0.31 0.25 0.45
Bajamar 5 0.88 0.5 0.06 0.25 0.45
Antequera 6 0.63 0.50 0.25 0.25 0.41
Caleta 7 0.63 0.25 0.25 0.25 0.34
Abades 8 0.63 0.25 0.19 0.25 0.33
Amarilla 9 0.38 0.38 0.25 0.25 0.31
Jover 10 0.13 0.50 0.13 0.25 0.25
Milan 11 0.13 0.50 0.25 0 0.25
Puerto Cruz 11 0.13 0.25 0.25 0.25 0.22
- Average 0.56 0.49 0.29 0.27 0.41

Overall, the average scientific values (0.58) were higher than the average additional
values (0.41); they are values obtained from the scale proposed by Bouzekraoui et al. [47]
and Doéniz-Péez and Becerra-Ramirez [50]. Similarly, the average score for the scientific
values for the selected sites was always higher than it was for the additional values, except
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where the aeolian systems occupy a small area of no more than several metres, as in
Igueste de San Andrés or La Caleta, or when they correspond to only one or two types of
aeolian landform, as in El Socorro-Malpais de Giiimar. When grouping the intrinsic values
of the geomorphosites into high, medium and low values, it can be seen that for the sci-
entific values 53.8% were high, 30.7% medium and 15.5% low; while for the added values
23.2% were high, 30.7% medium and 46.1% low. Therefore, the resulting indices seem to
be in perfect agreement with the designation of 53.9% of the geomorphosites as protected
natural areas under Canary Island legislation, where natural abiotic features prevail over
cultural aspects in the configuration of the landscape; however, the relict dunes of Jover
and Milan deserve special mention. Although they are not protected natural areas and are
still affected by sand quarries, they are highly valued scientifically due to the rarity and
palaeogeographic interest of their relict dunes [42].

As regards the relative position of the geomorphosites in terms of average intrinsic
values, El Médano-Montafia Roja occupies the first place in both ratings. This has to do
with the fact that this special nature reserve is home to the most important and largest
area of aeolian depositional systems in Tenerife [18] and contains practically all aeolian
landforms identified on Tenerife. It also boasts additional cultural values associated with
the presence of archaeological remains, abandoned crops, the port, World War II bunkers
and pillboxes, the old station of the telegraph line that ran to Senegal, the first aerodrome
in the south of Tenerife and the first circumnavigation of the world by Magellan. It is
striking, however, that places with high scientific scores were not similarly positioned in
the ranking of additional values (Jover and Milan). This seems to be due to the fact that,
although they are places with very high values of rarity and palaeogeographic interest,
they do not have significant additional values because they do not currently attract much
attention, they are not protected, and their most important cultural heritage is associated
with the extraction of sand, which has caused their deterioration. In turn, there are geo-
morphosites (Socorro-Malpais de Giiimar and Los Gigantes) with high additional values
and medium scientific values. These values were determined by the limited representa-
tiveness and palaeogeographic interest of the aeolian systems present at both sites.

When correlating the scientific with additional values (Figure 8), the geomorphosites
are widely dispersed and it is difficult to establish groupings. In fact, the value of the linear
correlation coefficient (R2 = 0.17) is very low, and it is safe to say that there is no linear
relationship between the scientific values and the additional values. Even so, if the score
for scientific values is used, the geomorphosites could be grouped into three main groups.

R?=0.17
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Figure 8. Correlation between scientific and additional values of sedimentary aeolian systems from
Tenerife volcanic island.
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1. Low: geomorphosites with low scientific values, which in turn correspond to those
with low added values because they are palaeodunes that are severely deteriorated
by tourist developments (Puerto de la Cruz) or because they have a small surface
area of only a few square metres (La Caleta).

2. Medium: aeolian depositional systems with medium scientific values and added val-
ues with low (Abades), medium (Igueste de San Andrés) and high (Socorro-Malpais
de Giiimar and Los Gigantes) scores.

3. High: geomorphosites with high scientific values and additional scores in all three
intervals. Of this last group, El Médano-Montafia Roja is the only geomorphosite
with high scores for both scientific and additional values, which is, as mentioned
above, a consequence of its rich and varied natural and cultural heritage associated
with the diversity of the volcanic process and forms and important land uses.

With regard to the use and management values, certain observations need to be
made, especially when these values refer to aspects such as the protection and promotion
of the site, which are of paramount importance for geotourism in the selected geomorpho-
sites. With respect to protection, 53.9% of the geomorphosites form part of the Canary
Islands network of protected natural areas, which include nature reserves (Malpais de
Giiimar and El Médano-Montafa Roja), natural monuments (Montania Pelada and Mon-
tafia Amarilla) and rural parks (Antequera, Igueste de San Andrés and Los Gigantes). In
addition, almost all of them are included in the Natura 2000 Network as special conserva-
tion areas (SCA) and special protection areas (SPA) or belong to the Anaga Biosphere Re-
serve (Antequera and Igueste de San Andrés).

The main current threats to the aeolian depositional systems of Tenerife are, as men-
tioned above, related to the influx of visitors associated mainly to the tourism and related
facilities and infrastructures. Although it is true that in the seven geomorphosites that are
protected, public use is governed by the conservation rules of each of the natural protected
areas, the ongoing degradation of the aeolian depositional systems, whether they are pro-
tected or not, raises questions about the need to reduce the influx of visitors and the type
of activities that can be carried out on them. This type of measure would reduce tourism
pressure in several of the geomorphosites studied, such as El Médano-Montafia Roja,
Montana Pelada, Montafia Amarilla, Antequera and Punta de Abona-Abades.

As for the use and management values of the geomorphosites studied in terms of
promotion (visits and education), the differences between them are significant. E1 Mé-
dano-Montana Roja and Malpais de Giiimar feature several interpretation panels explain-
ing the natural and cultural heritage of these geomorphosites, which are visited by a large
number of visitors. Meanwhile, other popular sites such as Los Gigantes, Punta de Abona-
Abades, Montana Pelada and Montafia Amarilla do not have this type of information tool
to raise awareness of the natural and cultural heritage of these aeolian depositional sys-
tems.

5. General Discussion

It is clear that the main cause of the degradation of Tenerife’s aeolian depositional
systems in the past and currently is the human activity. Grazing, sand mining, construc-
tion and mass tourism are the main causes of their deterioration and, in some cases, their
disappearance, as in the case of Las Américas. Even so, these areas, which have some
highly interesting intrinsic and additional values, deserve to be known by the local pop-
ulation and by visitors. This rich and varied natural and cultural heritage of active and
relict dunes associated with the volcanic landforms and processes and human uses,
should form part of the range of attractions on offer for geotourism or volcano tourism in
Tenerife [64]. As Dowling [65] pointed out, “understanding the identity or character of a
region or territory —which is unquestionably represented by the geoheritage of the geo-
morphosites—is essential for the development of geotourism.
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Geotourism is a relatively recent form of tourism [66] that has been consolidated with
the creation of the European and Global Geopark Networks. Among the activities it en-
compasses, different types may be classified depending on whether the approach to ge-
otourism is related to the geological or the geographical, and in no case are they mutually
exclusive [67]. The former relates to a type or form of tourism focused on visiting certain
geological and geomorphological resources where the sites have high aesthetic values [65-
69]. By contrast, the geographical approach takes a holistic, comprehensive view and also
takes into account the other components of natural heritage such as biodiversity and eve-
rything related to the tangible and intangible cultural heritage of the landscape of the se-
lected sites [70-81].

With this in mind, the geotourism activities carried out in this study for the aeolian
depositional systems of Tenerife are linked to the geographical approach, in which the
natural abiotic, biotic and cultural heritage of the thirteen geomorphosites play a promi-
nent role. This is amply reflected in the scientific and additional assessment of the meth-
odology used in this study [44,46], where in addition to the integrity, rareness, represent-
ativeness or palaeogeographic interest, the ecological, aesthetic, cultural, economic, use
and management values of each of the geomorphosites were taken into account. However,
since it has been pointed out that one of the different uses that is causing the deterioration
of Tenerife’s aeolian depositional systems is mass tourism, our proposal should seek a less
aggressive, less intensive tourism approach that is more committed to the sustainability
of the heritage found in these thirteen geomorphosites. Therefore, the type of user to
whom this proposal is addressed can be varied and may encompass different types: tour-
ists (including enthusiasts and guides), scientists, and investors (owners and managers)
[33,34]. In this regard, the different activities carried out by geotourists in geomorphosites,
regardless of whether they are protected or not, should be guided by the utmost respect
for the totality of the attractions that they offer. They must also distance themselves from
the budgets of mass tourism, which is chiefly to blame for the degradation of Tenerife’s
dunes and which continues to flourish within the geomorphosites, even though they are
protected, as is the case with Montafia Amarilla, El Médano-Montafia Roja, Montafia
Pelada and El Malpais de Giiimar. Therefore, in those geomorphosites which are pro-
tected or included in protected areas, geotourism must be guided by the zoning of uses
(restricted, moderate, and general) that are included in their conservation plans and reg-
ulations, so that recreational use in the aeolian depositional systems of Tenerife is com-
patible with the conservation of their heritage.

With the aim to show the rich natural and cultural heritage of Tenerife’s active and
relict aeolian depositional systems, our geotourism proposal is based on targeting both a
general and a specialist public, and on the wide range of activities offered by each of the
geomorphosites (sun and beach, water sports, volcano tourism, hiking, landscape, star-
light, relaxation, birdwatching, culture or food and drink). In order to classify the diverse
attractions on which geotourism activities should be based in keeping with the volcanic
nature of the island, an inventory was drawn up of the types of volcanic resources that
may be identified in each of the selected geomorphosites, based on the proposals of Sig-
urdsson and Lopes [82] and Doéniz-Pdez [83] for volcano tourism. Of the eight types of
resources and/or attractions described for volcano tourism, almost all can be found in the
aeolian depositional systems of Tenerife, except for eruptions and thermal activity (Table
4). Those that can be found in the thirteen geomorphosites are landscapes, followed by
beaches, sports, ecotourism activities, archaeology, and cultural heritage, while the least
represented is the link between volcanoes and religion. The geomorphosite with the great-
est number of attractions is El Médano-Montafia Roja, and the sites with the fewest are
Jover and Milan. This ties with the characterisation of the natural and cultural heritage
and the scores for scientific and additional values obtained in each geomorphosites.
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Table 4. Attractions for volcano tourism: 1. landscapes; 2. eruptions; 3. hot springs; 4. ecotourism;
5. sports; 6. beaches; 7. archaeology—cultural heritage; 8. religion. Self-elaboration based on Sigurds-
son and Lopes [82] and Déniz-Péez [83].

Geomorphosite 1 2 3 4 5 6 7 8
Puerto de la Cruz

Jover
Milan
Bajamar

Antequera

Igueste

Malpais Giiimar
Abades
Montania Pelada

Médano-Montafia Roja

Montana Amarilla
La Caleta
Los Gigantes

In order to propose geotourism activities associated with volcano tourism on the
dunes of Tenerife, it would be necessary to provide facilities such as information panels,
guidebooks, QR codes, apps, websites, etc., to promote and disseminate the values of
these aeolian depositional systems on the island, and to make users aware of these values
to prevent their further degradation. In the same vein, it is necessary to improve the most
used paths and eliminate the low-use paths that generate a much greater spatial impact
than the most used paths [84], thus facilitating and organising mobility on the paths and
reducing the impact of visitors as much as possible. It would even be advisable and ben-
eficial if all the aeolian depositional systems of the island could be grouped around one
or several routes, similar to those described elsewhere [6,31], or grouped together in a
geotourism guide similar to those that already exist for Tenerife [64,40].

6. Final Remarks and Recommendations

Tenerife is a medium-sized oceanic island of volcanic origin and receives more than
five million tourists a year, attracted by the sunshine, beaches and landscapes, which
makes it a well-established international tourist destination. The island’s coastline is
densely occupied by tourist and non-tourist urban development [85] and is subjected to
intense human pressure, which has led to the disappearance of part of its natural and
cultural values. The aeolian depositional systems located in the Tenerife coastline are few,
occupy a small area and have been used for various purposes (grazing, agriculture, sand
mining, fuel, ports, airfield, bunkers and pillboxes, construction, massive tourism, etc.),
which have led to the loss of their intrinsic values, a reduction in their surface area and,
in some cases, their disappearance. For this reason, this study provides an inventory and
assessment of the geoheritage of the island’s aeolian depositional systems and proposes a
change in their use that is geared towards a type of tourism and a type of visitor that is
more committed to the sustainability of these spaces.

Thirteen aeolian depositional systems have been identified, inventoried, character-
ised and evaluated in Tenerife, 53.9% of which lie within a protected natural area recog-
nised by the laws of the Canary Islands. The dunes are mainly distributed along the coast-
line of the southern slopes of the island and are grouped into three main types: palaeo-
dunes, active dunes, and a combination of both. In general terms, the dunes of Tenerife
have higher scientific than additional values, and the intrinsic values as a whole fall into
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the medium range. Of all of these systems, El Médano-Montana Roja has the greatest di-
versity of aeolian landforms, as well as the most varied cultural heritage of all the dune
systems on Tenerife.

The coastline where the dunes of Tenerife are located is ideal for the practice of ge-
otourism, due to the natural dynamics of the area: a diversity of volcanic geoheritage, arid
environmental conditions, with little vegetation cover and the vestiges of a fascinating
cultural heritage. Therefore, the geotourism proposal for these areas is in tune with a ge-
ographical approach to geotourism and with the diverse range of attractions possible for
volcano tourism. Ideally, all the coastal dunes of Tenerife could be grouped together in a
geotourism guide or around one or more volcano tourism itineraries in which their geo-
graphical heritage would be highlighted.

Although there are clearly many different methodologies for evaluating the geoheritage
of geosites and geomorphosites, the methodology proposed by Reynard [44,46] is particularly
well suited to the geographical approach to geotourism [67]. It highlights the geological and
geomorphological aspects of the sites studied, but also the ecological, aesthetic, economic and
cultural values associated with the tangible and intangible heritage that are present in these
areas and that undoubtedly contribute to enhancing their potential for geotourism. To this
effect, future recommendations regarding geotourism in active and relict aeolian depositional
systems run along two lines. They include, on the one hand, more detailed research at different
scales combined with other types of factors that affect the coastline and, on the other hand,
improving the methodologies for assessing the geoheritage according to the principles of ge-
otourism proposed by National Geographic [75,76].
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