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Abstract: This study investigates the evolution of the vegetation and beach dune system at
Enebrales Beach in Huelva, Spain, from 2003 to 2022. Utilizing orthophotographs and advanced GIS
techniques, we analyzed changes in natural surface areas, vegetation cover, and dune stability. The
results demonstrate significant ecological improvements: a recovery of 25,300 m? in dunes and 7,400
m? in beach areas, and a total vegetation cover increase of nearly 10,000 m?2. Interventions, including
reforestation with native species and the stabilization of dune ridges, have been effective in
enhancing the coastal ecosystem's resilience. Additionally, the beach's carrying capacity increased,
allowing for approximately 2,000 more users without compromising ecological integrity. These
findings underscore the importance of continued conservation efforts and adaptive management to
maintain and further improve the ecological health and sustainability of Enebrales Beach Dune.
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evolution; Huelva

1. Introduction

Coastal beach-dune systems are characterized by being highly dynamic ecosystems with a
continuous interaction between biotic and abiotic elements, showing at the same time a
geomorphological dynamism that is often related to changes in climate regimes. Coastal dunes are
formed in the presence of an accommodation space, during periods of strong winds, availability of
sediment and vegetation to fix it [1]. Once established, the dune systems present a high
geomorphological dynamism closely related to the intensity of the forces that interact with them.
However, since the limitation in sedimentary availability at the planetary scale is clear, the
morphological behavior of the systems seems to be intimately related to the climatic variations that
condition the temperature, precipitation and wind regimes at the local scale [2] and continental [1].

While it is true that anthropogenic factors have been one of the elements that have most
conditioned the evolution and characterization of coastal dune systems, in some cases through
practices that go back centuries [3,4], more and more studies place the presence or absence of
vegetation as a nuclear factor at the same time conditioning the evolution and characterization of
these environments [5], especially when it enters into symbiosis with other agents such as the wind,
which acts as a transport mechanism mobilizing the sediment from the emerged beach towards the
interior of the dune system. In fact, it is the vegetation that plays a key role in the construction of the
dune structures, retaining the sediment and facilitating its formation, especially along the first line
[6].

The presence or absence of vegetation is the factor that derives from the periods of
geomorphological stability or instability of these environments [1,2,7]. However, the embryonic
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factors of these scenarios are dominated by the climatic conditions that involve variability in
precipitation, temperature and wind regimes at a local and regional scale.

The poverty of the historical data series in this regard makes it difficult to study and analyze
dune behavior and the environmental parameters that condition it [8]. In fact, this lack means that
nowadays much of the existing bibliography on this subject is based on approximations and
estimates, it being still complex to be able to determine empirically what is the exact relationship
between climatic variations and the behavior of coastal dune systems. However, more and more
studies are appearing that show a close relationship between the behavior of coastal dune fields and
climate change based on the behavior of the associated vegetation [9-12].

In fact, this scenario is generating a disparity of opinions regarding how to manage these systems
in the face of revegetation and fixation processes. The concern for the loss of mobile sand is resulting
in a paradigm shift in the restoration of coastal dunes [7]. The most recent programs of dynamic
restoration, in fact, consist of destabilizing highly vegetated dunes to convert them, again, into
dynamic systems [13,14]. However, the non-linear presence between the interference of human
impacts and natural factors makes it difficult in many cases to identify determining factors in the re-
vegetation of the dunes, which undoubtedly has consequences for future management plans
interested in mitigate the effects of climate change.

The climate exerts a direct influence on plant species. In fact, and in response to climate change,
substantial phenological differences determined by existing climatic conditions have been identified
depending on the geographical area [15,16]. However, to date, little is known about the influence that
these changes can exert on the functioning of ecosystems such as dune systems in temperate zones
[1]. In certain scenarios, visible changes have occurred from a geomorphological and biological point
of view in recent decades. In the Cabrera National Park, substantial changes have been observed in
the sand deposition processes [17]. Beaches of scree have been converted into sandy beaches. The
vegetation cannot withstand dryness and there is an increase in Oleo Ceration alliance, and the death
of junipers (Juniperus phoenicea) and boxwood (Buxus balearica) (personal observations).

Although this climatic zone has optimal conditions for the growth and proliferation of
vegetation, with mild temperatures, especially in summer, and with precipitation ranging between
500 mm and 1000 mm per year, one should not take into account the variability that can exist on a
planetary scale (e.g. Mediterranean, oceanic or continental area). In addition, and according to the
IPCC RPC8.5 scenario, temperate zones are likely to become climatically drier areas [18,19], which
could lead to a alteration in the settlement and behavior of vegetation in coastal dune systems [1,20].

Be that as it may, and even more so in ecosystems as dynamic and fragile as coastal dunes, the
morphological changes and the plant communities that inhabit them are largely the reason for the
management and protection measures that are being taken, usually focused on the restoration of the
initial values. Since the post-glacial stage, the changes associated with these environments have
basically been of natural origin. However, in the short term, these are mostly linked to human causes
[1].

Understanding the processes that drive these changes is important in order to select the correct
and appropriate management measures. This work aims to carry out a descriptive analysis, based on
an empirical and multivariable prism, to determine the evolution dune systems in temperate zones,
mainly in terms of their vegetation cover, and to evaluate the management actions carried out on the
beach dune area. Human interest in coastal processes and evolution has greatly increased in recent
decades due to the increment of human developments recorded in coastal areas [21] and the impacts
of extreme events, such as hurricanes and storms [22,23], the effects of which are enhanced by sea
level rise and other climatic change-related processes, such as the increasing height of extreme waves,
or changes in the tracks, frequency and intensity of storms [24-27]. Coastal development, which is
essentially linked to tourism—one of the world’s largest industries [28] —continues to increase, and
some 50% of the world’s coastline is currently under pressure from excessive development [21]. In
Europe, the rapid expansion of urban artificial surfaces in coastal zones during the 1990-2000 period
[29] has occurred in the Mediterranean and South Atlantic areas, namely Portugal (34% increase) and
Spain (18%), followed by France, Italy and Greece.
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In Spain, simplest studies of this nature are based on multiparametric analysis of different
periods, such as the one conducted on the beach-dune systems of the Costa Brava (Girona) between
1956 and 2012 [30]. In Catalonia, the evolution of the Ebro Delta has also been studied in detail
through work based on the use of GPS and LIDAR on the ground, aiming to reconstruct the evolution
of the surface and the variation of dune volume between 2004 and 2012 [31]. In Asturias, the Salinas-
El Espartal dune complex stands out as it was once the most extensive in Asturias and one of the
largest in the Cantabrian region. Various studies have been conducted on this ecosystem using
orthophotography and field measurements, which have allowed for the analysis of its evolution from
the mid-20th century to 2012 [32-34]. In Andalusia [35] the characterization and evolution of dune
systems along the Mediterranean coast, in the South of Spain, a first step to assess their relevant value
in coastal flood protection and in the determination of sound management strategies to protect such
valuable ecological systems are done. These studies reveal that the observed changes in the dune
system are primarily due to alterations in coastal dynamics caused by constant dredging of the
estuary, the construction of the promenade, and the urbanization of the surrounding area.

The use of advanced Geographic Information System (GIS) techniques allows for improved
analysis of the evolution of dune fronts. In Galicia, the Digital Shoreline Analysis System (DSAS)
software (USGS, 2023) has been applied to orthography to study the evolution of the dunes in the
Cies Islands between 1956 and the 2021, noting retreats of more than 30 meters of the dune front [36].
This is similar to the recent study on the evolution of the coast of Menorca from 1956 to 2021 [37,38].
The application of LIDAR and photogrammetry has also been fundamental in understanding the
historical evolution of the dune system of Guardamar del Segura (Alicante), allowing for the
development of a model used to assess the effectiveness of anthropic restoration actions carried out
during the period 2001 to 2017, which have resulted in a significant reduction in beach size [39]. The
fragility of these dune systems necessitates a detailed study of the evolution of any intervention, as
observed in the protection work done on the Leirosa dunes in Figueira da Foz (Portugal) over a
decade [40].

Using GIS techniques, the evolution of dune systems can be studied even in complex
environments such as Cape Cod (United States), one of the places in the world with the highest
number of thermal blowouts (powerful wind systems that occur in certain coastal areas and cause
severe storms). Thus, through aerial photography and LIDAR, it is possible to determine the erosions
produced and their connection to changes in land use [41]. All these studies highlight the enormous
potential of GIS techniques, which allow extracting information from both old and recent aerial
photographs.

In this regard, some studies exist for the study area, such as the descriptive study on the flora
and vegetation of the area [42] or the conservation program for the coastal junipers in Andalusia [43],
all of which are general in nature and do not perform an analysis of their evolution or GIS studies.
Therefore, a detailed study and analysis of the evolution before and after the interventions carried
out in the area is necessary; these interventions focused mainly on the regeneration of the dune
system through the installation of sand-trapping devices, the recovery of the vegetation cover by
planting native species typical of dune ecosystems and limiting excessive visitor pressure in the most
fragile areas [44].

The aim of this research is to study the evolution of the dune system, the usable beach area, and
the vegetation surface in the Enebrales area, as well as to analyze their changes between 2003 and
2022. To achieve this, data from available open sources, including aerial photography and
orthophotography, will be used, particularly those accessible through the National Geographic
Institute (IGN) [45].

Dune systems are multifunctional ecosystems of great importance that are fundamental for
ecological balance and biodiversity. In coastal dunes, there is a close interrelationship between sand,
wind, and vegetation, playing an important role in the protection and conservation of coastal fronts.
However, these ecosystems are characterized by their constant dynamism and fragility [46]. The
greatest threat to their survival is overexploitation, urban expansion, mining, pollution, and tourism
[47], and in Punta Umbria, tourist pressure has increased considerably in recent years.
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Therefore, we are dealing with a tourist municipality where urban pressure is enormous, and at
the same time, we find an area of great ecological and landscape richness. It is important to have
information about the vegetation of this space and its location since we find such important and
endangered species as the coastal juniper (Juniperus oxycedrus subsp. macrocarpa) and the fleshy thyme
(Thymus carnousus). Finally, we must not forget the ecological and socioeconomic functions that this
Natural Area fulfills in such an environment, which make its conservation so important. The juniper
forests are potential habitats for numerous species, some as scarce as the chameleon. Additionally,
they provide seeds that are a very important food source within the coastal trophic chain, serving as
food for numerous species of mammals and birds. Furthermore, these coastal forests protect the inner
areas from storms, helping in the fight against beach erosion. They are also recreational and leisure
areas and are ideal from an environmental education perspective.

Additionally, the dunes are protected environments by Law 2/2013 (BOE, 2013), whose dynamic
nature makes the study of their evolution over the years necessary. The Enebrales de Punta Umbria
Natural Area was declared as such on July 18, 1989, through Law 2/1989, which approves the
inventory of Natural Spaces of Andalusia (BOJA No. 60, dated 07/27/1989). It is a transitional marine-
continental dune ecosystem where the most characteristic feature is the juniper forest, a rare
formation on the Andalusian coast.

2. Study Area

2.1. General Characterizaion

The study area is situated on the western coast of Huelva in southern Spain (Figure 1A,B)
precisely within the municipal boundaries of Punta Umbria, and it extends across a wide sandy
beach. This coastal region is bordered by the municipalities of Huelva to the north and west and Palos
de la Frontera to the southeast. The beach, measuring approximately 2,600 meters in length and with
an average width of 30 meters, forms an integral part of the Enebrales Natural Area (Figure 1C),
which is renowned for its ecological and environmental significance.
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Figure 1. Location of Enebrales beach-dune.
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The beach (Playa) de los Enebrales is safeguarded under the Natura 2000 Network, designated
as a Site of Community Importance (SCI) with the code ES6150002 (Enebrales de Punta Umbria) [48].
This protection encompasses an area of 187.57 hectares (Figure 2), emphasizing the region's critical
role in preserving biodiversity at the European level (European Commission, 2023). In addition, the
area is legally protected as a Natural Area under Law 2/1989, of July 18, which sanctioned the
Inventory of Protected Natural Spaces of Andalusia and established further protective measures
(BOJA No. 60, July 27, 1989). These legal frameworks aim to ensure the conservation of the area's
unique ecological characteristics, safeguarding it against potential environmental threats.

2.2. Geological and Ecological Characteristics

The Enebrales de Punta Umbria is characterized by a recently formed sandy deposit of marine
aeolian origin, which contributes to the formation of the Punta Umbria sandy spit. This geological
formation is significant for its rarity along the Andalusian coast, hosting a mixed forest primarily
composed of junipers (Juniperus oxycedrus macrocarpa) and savins (Juniperus phoenicea), species that
are uncommon in this region [49]. These plant communities are not only of ecological importance but
also contribute to the stabilization of the dune systems, which are crucial for coastal protection and
ecosystem stability.

The coastal ecosystem within the Enebrales Natural Area exhibits a distinct dune morphology,
featuring ancient, stabilized dunes that form two parallel ridges aligned with the coastline. The
seaward side is characterized by an embryonic dune ridge, while the internal ridge is more stabilized,
displaying early stages of soil development. This unique dune system plays a critical role in coastal
dynamics, acting as a natural barrier against erosion and providing a habitat for specialized plant
and animal species [50].

2.3. Biodiversity and Faunal Importance

The area is a biodiversity hotspot, particularly for avian species, as it serves as a crucial habitat
for numerous seabirds and waders during migratory passages and wintering periods. The presence
of a colony of approximately 50 pairs of Little Terns (Sterna albifrons) underscores the importance of
the region for bird conservation [51]. Additionally, the area supports raptors such as the osprey
(Pandion haliaetus), which is reported to nest near this area [52]. The diverse fauna also includes
several reptile species, notably the Large Psammodromus (Psammodromus algirus), the Ocellated
Lizard (Timon lepidus), and the Chameleon (Chamaeleo chamaeleon), further highlighting the ecological
value of the area [53].

2.4. Restauration

The main objective was to restore the dune system on Los Enebrales beach to prevent and/or
reduce the process of degradation of the dune system and the recovery of the plant cover of said
system and the consequent approach to its ecological balance. For this reason, this project
contemplated the adaptation of the existing infrastructures and services towards a sustainable use,
balancing the use and enjoyment of the beach by users without the loss of its ecological values.

In general terms, the project is made up of various actions to guarantee the stability of the dune
cordon in the short, medium and long term, and they consist fundamentally of controlling and
promoting the recovery of the plant cover and thus, its fixation, understood as the dynamic balance
of the system.

The main action of the project was the regeneration of the dune system by means of the
installation of sand-catching devices, the recovery of the plant cover, by planting native species
typical of dune ecosystems and limiting the excessive pressure of visitors in the most fragile areas.

2.5. Restoration Work Carried Out

Installation of passive sand collectors made of biodegradable materials. Planting of sand-fixing
dune species: sand bar (Ammophila arenaria) and sea grass (Elymus farctus), mainly. Adjustment by
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means of walkways, of the pedestrian accesses over the dunes to the beach, from the place where the
existing walkways end. Remodelling of the dune profile by adding sand in places where the
connection of the existing walkways with the new walkways proposed to cross the dunes requires it.
Installation of protective fencing in planted areas and in areas that, although not planted, need to
limit the influx of visitors. Elimination of invasive species such as cat's claw (Carpobrotus edulis).
Cleaning and removal of waste and finally signage of the area.

The restoration work was completed in 2008 and an evaluation of the work has now been carried
out.

3. Materials and Methods

Orthophotographs are high-resolution images obtained through photogrammetric flights that
have been rectified to conform to the terrain's shapes. They are offered as a downloadable product
where all elements are at the same scale, free from errors and distortions, and correctly georeferenced.
For the study region, we have orthophotos from the historical series of the National Plan for Aerial
Orthophotography (PNOA) for the year 2022 and from SIGPAC for 2003 [45]. These images are
available in GeoTIFF format in the ETRS89 reference system, divided into 2x2 km? sheets at a 1:50,000
scale. The spatial resolution has varied over time, being at least 25 cm since 2017. These images were
used to identify the interface between vegetated and non-vegetated dunes, the vegetation of the
forest, and the types of vegetation present.

These orthophotographs will be processed using GIS software to define and analyze the state of
vegetation, the dune front, the beach surface, and their evolution with a detail level of 1 meter. The
selected orthophotographs correspond to the years before the interventions carried out in 2007/2008
and 15 years later in 2022, to observe the real changes in the study area.

Additionally, the beach's carrying capacity and its evolution will be calculated based on the
usable surface area. The measurements of the usable beach surface are derived from
orthophotographs from 2003 and 2022. However, it must be considered that the beach surface varies
according to coastal dynamics. After storms, parts of the beach often erode and change their surface
area. The following premises were taken into account, in delineating the coastline, the upper limit of
the swash zone—the maximum reach of the wave on the dry beach—was considered appropriate
[54-57]. This mark or limit is visible in both color and black-and-white aerial photographs and is
easily recognizable along the coastline [57].

Furthermore, the user density guidelines from Menorca beaches were followed, where the
density is 5 m?/user for urban beaches and 15 m?/user for virgin or natural beaches. Therefore, a factor
of 5 m?/user, 10 m?/user, or 15 m?/user was applied according to the naturalness of the beaches where
the interventions were conducted [58].

On the other hand, we have conducted a study of the population that has benefited from the
interventions as a socioeconomic indicator. Thus, the benefited population is those who, directly or
indirectly, will receive a benefit from the project, whether it be environmental, economic, landscape-
related, or recreational. The directly benefited population also includes those who are directly
affected by the project. These are the municipalities that will be affected in one way or another by the
project to be carried out in the study area.

Additionally, we must consider the transient population (tourism) in the area. Due to the lack of
more detailed data, we have calculated this based on accommodation capacity (Hotels, Hostels,
apartments, campsites, rental platforms i.e. Airbnb). The territory, which serves as the stage for
tourist activities, hosts a variable volume of tourists, referred to as the tourist load of the territory.
Although direct statistical information on tourist load is not always available, especially when we
examine it at a municipal or microspatial level. Therefore, when we approach the study at this
territorial scale, we encounter a lack of official statistics. In such circumstances, it is necessary to
estimate the volume of tourists, or what we call the tourist load. We calculate this based on the
accommodation capacity of the area in question and apply a weighting factor consistent with the
approximate average of the location. In this way, we assume there are four months of high season
and eight months of low season. During the low season, the area has an average occupancy rate of


https://doi.org/10.20944/preprints202409.0017.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 September 2024 d0i:10.20944/preprints202409.0017.v1

between 70% and 80%, with an average stay of 2 weeks, which totals 32 weeks, with turnover every
two weeks. The four months of high season have 100% occupancy, 30 days a month, with an average
stay of one to two weeks. Therefore, the total beneficiary population is the resident population (data
from the Spanish National Institute of Statistics for 2022) plus the transient population.

4. Results

4.1. Recovered Natural and Vegetation Surface Area

In general, from 2003 to 2022, the natural surface area has recovered approximately 25,300 m? of
dunes and 7,400 m? of beach (Table 1). This indicates that the soft interventions carried out have been
beneficial in terms of increasing the natural surface area.

Table 1. Table of the surface area according to the type of cover for the period 2003 to 2022.

Surface type 2003 (m?) 2022 (m?) Difference
Pine, savin and juniper forest 426382 496608 +70226
Matorral 134304 73509 - 60795
Dune 131211 156499 +25288
Beach 151994 159386 +7392
Total: 843891 886002 42111

The vegetation map resulting from the analysis of the 2003 orthophotograph shows that most of
the territory was occupied by dense pine forests or pine-scrubland, with some areas of bare soil with
sparse scrub. Despite the area being primarily part of a juniper vegetation series (Osyris quadripartitae,
Juniperetum turbinatae), the old reforestation with stone pine (Pinus pinea) left this formation relic in
certain areas. In the scrubland area, two zones could be distinguished: the zone closer to the coast,
where the stabilization of the mobile beach dune began, and the inland scrubland corresponding to
serial stages of juniper degradation. The surface analysis reveals that, overall, vegetation has
increased. The forest of pine, juniper, and savin increased by approximately 70,226 m? from 2003 to
2022. Although the scrubland area decreased by 60,795 m?, the total vegetation surface increased by
nearly 10,000 m2. This means that part of the area previously colonized by scrub has transitioned to
forest. This increase is due to the planting of these species, the protection of the dune ridge, and the
limitation of beachgoers to designated beach entry areas, preventing passage through the forest and
the creation of new routes or trails. This restriction has concentrated beachgoers in authorized entry
and passage zones. Consequently, the juniper, a protected and endangered species, is in good
conservation status, with a considerable increase in its surface area, in parallel that fact improved the
habitat of the fauna present in the area such as the Little Terns or the Chameleon.

4.2. Evolution of the Coastal Dune

The coastal dune in the intervention area of Enebrales de Punta Umbria shows favorable
evolution from 2003 to 2022. According to the analysis of the 2003 and 2022 orthophotographs, the
dune area increased by 25,288 m? or 16.2% (see Figures 2 and 3 and Table 1). Therefore, the
intervention results have been highly favorable.
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Figure 2. Map of the vegetation and Surface beach-dune of the Los Enebrales (Punta Umbria) 2003.
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Figure 3. Map of the vegetation and Surface beach-dune of the Los Enebrales (Punta Umbria) 2022.

4.3. Beach Carrying Capacity

After calculating the usable beach surface area for 2003 and 2022, we observe that the total usable
surface area increased from 151,994 m? in 2003 to 159,386 m? in 2022. This slight increase of 7,392 m?
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in beach surface area corresponds to an increase in carrying capacity (density m?/users) from 30,399
in 2003 to 31,878 users in 2022. Table 2 and Figure 4 shows the surface area and the maximum number
of users that can be accommodated simultaneously, depending on whether it is an urban area (5
m?/user) or a natural area (15 m?/user). The carrying capacity has increased by about 2,000 more users.
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Figure 4. Accretion or erosion surface of the coastline of Playa de los Enebrales 2003-2022.

Table 2. Summary table of the useful surface area of Enebrales beach and its maximum load

capacity.
Year Surface m? Density 5 m?/user Density 15 m?*/user
2003 151.994 30.399 10.133
2022 159.386 31.878 10.626

4.4. Number of Inhabitants Benefited by the Interventions

In 2023, Punta Umbria had a population of 16,069 inhabitants, while the province of Huelva
reached a total of 530,824 people. The population has shown a steady increase over the years.
Specifically, from 2000 to 2023, the population of Punta Umbria grew by 4,082 people, and across the
province of Huelva, from 1996 to 2023, there was an increase of 76,089 people, representing a growth
of 14.33% [59].

Regarding the calculation of the floating population due to tourism, this has been estimated
based on the accommodation capacity in the study area. This capacity is interpreted as the total
available spots (PTa), which amounts to 7,719 people. Additionally, spots from rentals through
platforms like Airbnb [60] contribute approximately 956 spots. Thus, the total available spots (PT)
are:

PT=PTa+PTb=7,719 + 956 = 8,675 places.

The analysis is divided into 12 months, with 4 months corresponding to the high season,
averaging 30 days per month. For the low season (8 months), an 80% occupancy rate is estimated
over 30 days, with an average stay of 2 weeks (excluding Easter and Christmas). This represents 32
weeks, with new guests every two weeks:

Tb = (PT *0.8) * 16 = 6,940 * 16 = 111,040 people.

During the high season (4 months), a 100% occupancy rate is assumed over 30 days, with an
average stay of 1 to 2 weeks, resulting in:

Ta=(PT*1)*16=7,719 * 16 = 123,504 people.

The total tourist load (CT) is calculated as:

CT=CT_tb (PT *0.8) + CT_ta (PT * 1) = 234,544 people.

In total, the population benefiting from these activities consists of the resident population
(530,824 people) plus the floating population (tourist load) (234,544 people), amounting to a total of
765,368 people benefiting. If we only consider the residents of Punta Umbria (16,069 people) along
with their floating population (234,544 people), the total comes to 250,613 people. These figures
indicate a moderate pressure on the study area, with an annual floating population of approximately
250,613 people.

Currently, the usable beach area has increased, which has raised its carrying capacity to 31,878
spots. If we subtract the resident population (16,069 people), 15,809 spots remain available. Even on
a peak day during the high season, with a maximum estimated occupancy of 24,744 people, the
carrying capacity of the area (31,878 spots) would not be exceeded.

Pmax = PT + Presi = 8,675 spots + 16,069 spots = 24,744 people.

5. Discussion

The study of the evolution of the vegetation and beach dune system of Enebrales Beach in
Huelva, Spain, has provided valuable insights into the dynamic nature and resilience of this coastal
ecosystem. By analyzing orthophotographs from 2003 and 2022, we have observed significant
changes in both the natural surface area and vegetation cover, as well as improvements in the dune
system and beach carrying capacity.

Recovery of Natural Surface Area: the interventions implemented between 2003 and 2022 have
resulted in a substantial recovery of natural surface areas, with an increase of approximately 25,300
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m? in dunes and 7,400 m? in beach surface area. This indicates the effectiveness of the restoration
efforts in promoting the natural regeneration of these critical habitats.

Vegetation Cover: the total vegetation cover has increased by nearly 10,000 m?2. This growth is
primarily due to the successful reforestation with native species, the protection of the dune ridge,
and the restriction of beachgoers to designated entry areas, which has prevented further degradation.
Notably, the forest of pine, juniper, and savin has expanded by approximately 70,226 m?, while the
scrubland area has decreased by 60,795 m?, indicating a transition from scrubland to forested areas
and the forest are increased in approximately 10.000 m2.Dune System Evolution: the coastal dune
system has shown a favorable evolution, with a significant increase in dune area by 25,288 m? (16.2%)
from 2003 to 2022. This positive change underscores the success of the interventions aimed at
stabilizing and restoring the dune ecosystem.

Beach Carrying Capacity: the usable beach surface area has increased from 151,994 m? in 2003 to
159,386 m? in 2022. Consequently, the beach’s carrying capacity has improved, allowing for
approximately 2,000 more users. This enhancement in carrying capacity reflects a better-managed
beach environment that can accommodate more visitors without compromising its ecological
integrity.

Inhabitants benefited by the interventions: The data presented highlights the significant role of
tourism in Punta Umbria and the broader Huelva region. Over recent decades, both areas have
experienced notable population growth, with Punta Umbria showing a steady increase in residents
and Huelva demonstrating a broader demographic expansion. The analysis of the floating
population, particularly driven by tourism, underscores the importance of managing the region's
carrying capacity. Despite the considerable influx of tourists, especially during the high season, the
current infrastructure and expanded beach area in Punta Umbria are capable of accommodating this
demand without exceeding the area's carrying capacity. This balance between resident and tourist
populations suggests a well-managed environment that supports both local communities and the
tourism sector, ensuring sustainable growth and development in the region. The findings indicate
that, while there is moderate pressure from tourism, the existing capacity remains sufficient,
providing a positive outlook for the continued coexistence of residents and visitors. The soft
management measures of dune systems are essential for their conservation [61].

Finally, the successful recovery and enhancement of the vegetation and dune systems at
Enebrales Beach demonstrates the positive outcomes of targeted conservation interventions. These
efforts not only preserve the ecological and landscape richness of the area but also enhance its
capacity to support both biodiversity and sustainable tourism. Continued dedication to monitoring,
managing, and restoring this valuable coastal ecosystem will be essential for its future resilience and
health.
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