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Abstract: This paper describes a large-scale experiment designed to examine if reinstating natural
processes in the coastal dune systems of Southwest France can be a relevant nature-based adaptation
in chronically eroding sectors and a nature-based solution against coastal hazards, by maintaining
the coastal dune ecological corridor. An experiment started in late 2017 on a 4-km-long stretch of
coast at Truc Vert, where experimental notches were excavated and intensively monitored in the
incipient and established foredunes. Preliminary results indicate that most of the excavated notches
did not develop into blowout. Only the larger elongated notches subsequently excavated in the
established foredune in 2018 showed evidence of development, acting as an effective conduit for
aeolian landward transport into the dunes. All notches were found to have a statistically significant
impact on vegetation dynamics downwind, even those that did not develop. The area of bare sand
landward and within the elongated notches notably increased implying a loss of vegetation cover
during this first stage of development. Observations of a nearby coastal dune system that has been
in free evolution over the last 40 years also indicate that, although the dune migrated inland by
more than 100 m, it is now mostly made of bare sand. Further work is required to explore if and
how dunes maintained as dynamic systems can become an efficient nature-based solution along this
eroding coastline.
Keywords: coastal dunes; erosion; resilience; vegetation dynamics; blowouts; nature based solution;
coastal management; photogrammetry

1. Introduction
In a context of climate change and population growth, balancing protection/restoration of
ecosystem services, development and population safety is one of the greatest challenges for future
generations. In this framework, the coastal zone is a major interface that is becoming increasingly
topical and politically sensitive worldwide in a context of widespread erosion [1], increasing
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anthropogenic pressures, e.g., urban expansion, recreational development [2], and climate change, e.g.,
sea level rise and increase in storminess [3,4]. Over the last decade, there has been a growing scientific
and engineering interest in exploring how natural processes can provide management solutions to
resolve the degradation and/or vulnerability of coastal environments [5], primarily to erosion and
flooding hazards. These nature-based solutions include, but are not restricted to, coral reef restoration,
e.g., [6]; or artificial reef construction, e.g., [7]; dissipating wave energy further offshore; flood defence
solutions such as oyster reefs, salt marshes and mangroves; and mega sand nourishment [8].
Sandy coasts, which represent approximately 31% of the world’s ice-free shoreline [9], are
particularly exposed and vulnerable to erosion and have long been preferred sites for human
settlements and tourism. Most beaches are backed by coastal dunes, with the composite beach–dune
system acting as both a natural flooding protection to the hinterland and a buffer against eroding
storm waves. Coastal dunes also nest unique and fragile ecosystems. With the loss of biodiversity
being now a major concern, e.g., [10,11], coastal dunes also have high ecological value under imminent
erosion threat.
During the 20th century, most coastal dunes on developed shores have been managed for different
reasons, e.g., [12]. These include preventing sand encroachment into settlements and onto agricultural
land, and/or to minimising erosion and submersion hazards. Therefore, coastal dunes have often been
designed as prominent alongshore-uniform features (Figure 1a). However, variations in topography
within dunes provide differences in exposure to overwash, flooding, wind, sediment transport and
salt spray, a variability inextricably linked to the variety of microhabitats and landscape diversity
(Figure 1b). Therefore, in some regions of the world, actively managed coastal dunes, sometimes
so-called “dune dykes” [13], lost the ecosystem values and services offered by natural coastal dunes
through a reduction in vegetation dynamics and natural community diversity [14].

Figure 1. Aerial photographs in Southwest France of (a) a reprofiled coastal dune designed as an
alongshore-uniform feature with limited natural community diversity at Truc Vert, contrasted with (b)
an alongshore-variable dune field with more natural community diversity at Anse du Gurp, Southwest
France (Ph. V. Marieu).

In certain coastal dune environments, greater morphological and community diversity may result
in greater resilience, e.g., [15]. When located in chronically eroding sectors, managed prominent dunes
can be severely eroded, with high erosion scarp preventing further natural beach–dune sediment
exchange (left-hand panels in Figure 2). Such coastal dune may progressively narrow (Figure 2a) and
can eventually disappear (Figure 2b,c), resulting in greater exposure of the hinterland to submersion
and overwash. In contrast, coastal dunes maintained as dynamic systems (right-hand panels in
Figure 2) are potentially more resilient than fixed dunes. In such situations, beach–dune sediment
exchanges are maintained (Figure 2d) and the entire coastal dune system has the ability to migrate
landward, so that the ecological corridor is maintained (Figure 2e,f). However, whether it can also
reduce coastal erosion and shoreline recession rate is virtually unknown. In some regions of the world,
natural-free coastal dunes can be essentially made of bare sand with no or little community abundance
and/or diversity, as increasing physical disturbance in stressful environments is known to negatively
impact plant species diversity [16,17], as shown in [18] in the French Atlantic coastal dunes. Between
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the two extreme situations shown in Figure 2, a solution may rely on achieving a subtle balance
where the coastal dune may require human adjustments to “survive” using the so-called “controlled
dynamism” strategy [19]. This balance has never been studied quantitatively, mostly because of
the lack of both an integrative (physics, biology and management) approach and landscape-scale
high-resolution data. More natural and mobile dunes could arise as a relevant nature-based adaptation
to coastal erosion, allowing the beach and dune systems to move landward and persist in response to
coastal erosion. It may also reduce exposure to submersion and overwash during severe storm, and
potentially reduce erosion rates, therefore acting as an efficient nature-based solution against coastal
hazards in some regions of the world. Addressing the sustainability and efficiency of such solutions
requires the development of innovative and often costly experiment based on multidisciplinary and
transdisciplinary approach as well as long-term monitoring.

Figure 2. Schematics of coastal dune change in a chronic erosion sector for (a–c) managed prominent
dunes and (d–f) coastal dunes maintained as more dynamic systems, which are suspected to
favour resilience.

The southwest coast of France hosts approximately 300 km of sandy beaches backed by high
and wide coastal dunes that have been largely mechanically reprofiled in the 1970s and 1980s.
Some sectors are severely eroding [20], with progressively narrowing coastal dunes. Reinstating
some natural processes and beach–dune sediment exchanges therefore needs to be explored to
(i) maintain this ecological corridor and (ii) serve as an efficient nature-based solution against coastal
hazards. In this paper, we present preliminary results from a research project building on an in-depth
collaboration between scientists (physicists, geomorphologists and ecologists) and stakeholders,
looking at beach–dune sediment exchanges, vegetation dynamics and natural community diversity.
This experiment aims at providing new fundamental and practical insights into coastal dune resilience
in order to improve coastal dune management strategies. Section 2 provides a description of the
Gironde coast, Southwest France, and of the experimental set-up at Truc Vert beach, which was
designed to reinstate natural processes in the reprofiled coastal dune through the excavation of notches
in the foredune. Preliminary results on the monitoring of coastal morphology and vegetation dynamics
are shown in Section 3 and are further discussed in Section 4.
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2. Field Site and Experimental Set-Up
2.1. The Gironde Coast
The Gironde coast is located in Southwest France and covers approximately 135 km of sandy surf
beaches (Figure 3a). It extends from the Medoc peninsula in the north to Biscarrosse border in the
south. It can be divided into two sectors separated by the Arcachon Lagoon inlet: (1) a 110-km-long
northern sector composed of open sandy beaches dominantly facing W-WNW, with more variability
in the north in Soulac area and in the south at the tip of the Cap Ferret sandspit, and (2) a 25-km-long
southern sector composed of surf beaches facing NW to W, which is largely influenced by the Arcachon
Lagoon inlet.

Figure 3. (a) Location map of the Gironde coast; (b) chronic erosion rates along the 110-km-long
northern sector modified after [20] and (c–e) coastal dune landscape at representative sectors on
21 May 2019 (Ph. B. Castelle).

Beaches are mesotidal and primarily composed of fine to medium quartz sand. The most frequent
and strongest wind events are onshore-directed from the WSW-WNW sector. The wave climate
is energetic with a dominant W to NW incidence. It is strongly seasonally modulated with the
monthly-averaged significant wave height ranging from 1.11 m in July with a dominant W-NW
direction to 2.4 m in January with a dominant W direction [21]. Winter wave activity and storms show
a strong interannual variability, with moderate winters alternating with extreme winters characterised
by spatial and temporal storm clustering [22]. Such interannual variability is enforced by natural modes
of climate variability, particularly the West Europe Pressure Anomaly [23], with a significant increase in
winter-mean wave height, variability and periodicity over the last 70 years [24]. The dominant W-NW
wave climate drives a net southerly longshore drift ranging between 100 and 350 × 103 m3 /year across
the entire Gironde coast [25], locally reversing near Soulac and north of Biscarrosse where the coast
faces NW.
All the sandy beaches of the Gironde coast are backed by high and wide coastal dunes, except
along the small coastal resorts of Soulac, Montalivet and Lacanau (Figure 3a,b). Coastal dunes have
disappeared along a sector covering approximately 4 km of coastline south of Soulac, where chronic
erosion over the last 70 years has exceeded 2–3 m/year (Figure 3b,e). In some other sectors, typically
where chronic erosion is ~1–2 m/year, e.g., between Lacanau and Montalivet, the coastal dune is
locally 20–30 m wide with up to 10–15 m high dune scarp (Figure 3d). In comparison with the winter
of 2013/2014, which was the most energetic winter along most of the Atlantic coast of Europe [22]
with local dune erosion exceeding 30 m [21,26,27], this means that severe winter could deplete the
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coastal dune system and leave the coastal forest directly exposed to marine erosion. At our field site of
Truc Vert, alongshore variable coastal dune erosion enforced by the alongshore variability in depth
of the outer sandbar was observed, with coastal dune retreat peaking at approximately 20 m in the
megacusp embayment [26]. Since then, the coastal dune has been mostly recovering at Truc Vert with
the development of an incipient foredune [21], although coastal dune and shoreline recovery is highly
variable along the Gironde coast [27,28].
Note that the contemporary coastal dune morphologies and response along the Gironde coast
is largely inherited from a long history of anthropogenic works. The coastal dune system was first
established in the nineteenth century to protect the forest, with extensive reprofiling and gourbet and
marram planting. The coastal dune subsequently suffered severe erosion from some outstanding
winter storms in the 1910s and 1920s, and the Second World War when the coastal dunes were restricted
areas used as a source of aggregate for the Nazis. Until the early 1960s, the coastal dunes were largely
dissected by blowouts and hollowed out as gullies. The Office National des Forêts (ONF) undertook
extensive renovation between the 1960s and 1980s using large-scale mechanical aid and vegetation
planting [29,30]. An engineering profile was imposed (see Figure 4a for Truc Vert area) with subsequent
intensive marram planting (Figure 4b–e). Since the 80s, the coastal dune system showed little natural
evolution compared with the overall scale of the system. Unpublished results based on ground
penetrating radar measurements indicate that most of the reprofiled coastal dune slightly evolved
before becoming fixed as the current transition/grey dune shown in Figure 5b. In the meantime,
a foredune ridge has been building and slowly migrating over the grey dune over the last decades
(around the cross-shore distance of 50 m in Figure 4a), which is where most of the morphological
changes currently occur. Figure 4a shows the overall current coastal dune profile superimposed onto
the engineering profile, also revealing a positive sediment budget of the coastal dune system at this site.

Figure 4. (a) Schematic of the mechanically reprofiled coastal dune near Truc Vert (thick solid line)
with superimposed overall current profile (thin dashed line). Photographs showing (b) the mechanical
reprofiling, subsequent (c) partial and (d) completed marram planting and resulting calibrated coastal
dune in the early 1980s. Photos @ONF
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2.2. Truc Vert Experimental Set-Up
In November 2017, a large-scale project was established to make fundamental progress in the
understanding of the interactions between aeolian, marine and biotic processes driving coastal dune
evolution. Although the project also involves well-adapted mesoscale modelling techniques [31] and
satellite remote sensing, the core of the project was the design of an ambitious experiment at Truc
Vert beach. Monitoring morphological changes, aeolian sand transport and vegetation dynamics,
the experiment aimed at reinstating natural processes in an artificially reprofiled coastal dune system
and at monitoring morphological changes, aeolian sand transport and vegetation dynamics.
This experiment was carried out on a 4-km-long stretch of Truc Vert beach extending
approximately 300 m in the cross-shore to cover the entire beach–dune system (Figure 5). This 4 km
sector was divided into four blocks where experimental notches were excavated. Each experimental
block was separated from each other by domains of a few hundreds of metres where no mechanical
work was performed. In each experimental block, two large experimental notches were excavated
in December 2017 (Figure 5a): one located in the incipient foredune, and the other in the established
foredune. These notches were excavated to increase the landward transport of sand and dune
mobility that was reduced after the severe scarping of the foredune during the 2013/2014 winter [26].
The number of notch configurations was limited to ensure spatial replication for the vegetation
dynamics statistical analysis. Their overall shape was designed together with coastal dune stakeholders
to mimic incipient blowouts that can form along this stretch of coast under severe windstorms. Their
size was limited by the coastal dune stakeholders. The volume of the notches varied from 10.5 m3 to
96.7 m3 with a mean of 56.7 m3 , and their depth from 0.8 m to 1.6 m with a mean of 1.2 m. Instead
of developing into natural blowouts, the notches excavated in December 2017 were systematically
partially infilled (see Section 3). Therefore, immediately prior to the subsequent winter (2018/2019),
in November 2018, new notches were excavated. Incipient foredune notches were excavated at about
the same location, whereas the established foredune notches were excavated in the alignment of the
former notches and extended further inland. The volume excavated was larger than in 2017, ranging
from 74.1 m3 to 140.1 m3 with a mean of 101.8 m3 , and with depth ranging from 1.5 m to 2.5 m
with a mean of 2.1 m. The established foredune notches were reshaped as elongated troughs across
the established foredune crest (Figure 5d). This new shape was designed together with local dune
stakeholders to promote sediment transport from the beach to the back of the dune.
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Figure 5. (a) Truc Vert experimental site. A digital surface model (DSM) of the coastal dune system
inferred from photogrammetry using a low-cost unmanned aerial vehicle (UAV) is coloured, and the
dashed white rectangle shows the beach area which is surveyed semi-monthly with a differential
global positioning system (DGPS)-equipped ATV. The solid rectangles indicate the experimental blocks
(1-4) where notches were excavated in the incipient foredune (circles) and in the established foredune
(stars). (b) Truc Vert beach landscape with indication of the typical coastal dune compartments and
with the 4-wheel drive making the scale. (c) Incipient foredune notch excavated on 5 November 2018
(Ph. B. Castelle). (d) Established foredune 2.5-m-deep notch with Q. Laporte-Fauret made the scale
(Ph. V. Marieu).

2.2.1. Topographic Surveys
Topographic beach surveys of Truc Vert beach are sampled every two weeks at spring
low tide using a differential global positioning system (DGPS)-equipped ATV. Although the
alongshore coverage of the topographic surveys has varied over the years, it has been stabilised
to approximately 1500 m since 2012 (Figure 5). Such a large alongshore coverage was designed to
encompass approximately 3-4 inner-bar rip-channel wavelengths and to further compute reliable
alongshore-averaged values such as shoreline position and beach volume. Anisotropic kriging
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interpolation is performed to obtain a digital elevation model (DEM) on a regular grid with an
alongshore and cross-shore mesh size of 20 m and 2 m, respectively. For a detailed description of the
beach survey dataset, the reader is referred to [32].
To survey the coastal dune, a low-cost and lightweight UAV-camera photogrammetry technique
was used. Accurate (root-mean-squared vertical error < 0.1 m) and high-resolution (0.1 m) digital
surface models (DSMs) can be inferred routinely on large spatial scales (few kilometres of coastal dune),
using a well-designed spatial distribution of permanent ground control points [33]. Such approach
allows depicting subtle morphological changes driven by both marine and aeolian processes [33].
Coastal dune surveys are performed quarterly, with additional surveys after severe storm events.
Coastal dune surveys were also performed immediately before and after the notches were excavated
in December 2017 and November 2018.
2.2.2. Vegetation Surveys
Plant community composition and abundance was surveyed quarterly along cross-shore transects
extending from the beach to the grey dune (Figure 6). In each experimental, block two transects were
aligned with the notches, with two additional transects located approximately 100 m southward of
the notches. Each transect was composed of 13 sampling points along the different coastal dune
compartments (incipient foredune, foredune, transition dune and grey dune in Figure 5b) according
to Figure 6a. In each nonexperimental block, one cross-shore transect located approximately in the
middle of the block was surveyed, for a total of 260 sampling points within the 4 km beach–dune
domain. At each sampling point, a 1-m2 quadrat with a mesh size of 0.2 m was deployed to monitor
the composition and abundance of vegetation species. Only plants with their vertical projection located
within a circle of approximately 0.03-m diameter of a grid point, defined as the intersections of two
lines, were taken into account. An abundance of 0.5 was assigned to species present in the quadrat
but outside of these intersections. Additional environmental parameters were measured such as sand
elevation, litter decomposition, wind abrasive potential and grain size.

Figure 6. (a) Schematic of the four transects of vegetation plots (squares with numbers) within a given
experimental block, with experimental notch locations indicated by the light grey areas. (b) Picture of a
1-m2 quadrat used to survey plant community composition.

3. Preliminary Results
The notches excavated in December 2017 did not transform into blowouts. Instead, the incipient
foredune notches progressively infilled even during the winter, whereas the notches excavated in the
established foredune primarily infilled later and at a slower rate during spring and summer. Despite
the notches not developing into blowouts with even slight vegetation regrowth in some of the notches,
a recent effort showed that the notches had a statistically significant impact on downwind vegetation
dynamics [34]. In brief, vegetation composition was primarily controlled by the distance from the
mean sea level shoreline, the alongshore location within the 4 km sector and the presence of a nearby
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notch. Given the limited morphological changes, we provide below a preliminary description of
coastal dune changes after the new notches have been excavated in November 2018.
Figure 7 shows the morphological changes of the most northern elongated notches excavated
in the established foredune in November 2018. The notch extended approximately 5 m and 50 m
in the longshore and cross-shore directions, respectively, with a maximum depth of approximately
2.5 m (Figure 7c). The notch remained nonvegetated during the subsequent 7 months, and the area
of bare sand landward of the notch also slightly increased with time. Large morphological changes
were also observed as shown by the cumulative changes in Figure 7m. We can observe the levelling
and retreat of the lateral walls because of the avalanching and slumping of material onto the notch
floor. This overall erosion pattern is readily symmetric, although the more short-term changes appear
asymmetric (e.g., Figure 7k) owing to the onshore shore-oblique wind climate, which can come from
the SW or the NW. The most seaward central part of the notch floor eroded by almost 1 m, whereas the
most landward part accreted by more than 1 m. A thin depositional lobe is also observed. The overall
positive sand budget landward of the established foredune crest implies that the notch has been acting
as an effective conduit for landward aeolian transport, with formation of new aeolian landforms, with
this notch representative of the three other ones.
In contrast with the established foredune notches, the incipient foredune notches did not develop
(not shown), which is similar to the behaviour of the incipient foredune notches previously excavated
in December 2017. This is because the coastal dune at Truc is still recovering from the outstanding
winter of 2013/2014, during which 200 m3 /m was lost from the system, being approximately equally
distributed between the beach and the dune [21]. Figure 8 shows the time series of winter WEPA,
which is a proxy for winter storminess in Southwest France [23], and the concurrent beach volume
evolution over the 2005–2019 period. Results show that the beach lost approximately 100 m3 /m of
sand during the 2013/2014 winter, but fully recovered within two years, in contrast with the coastal
dune [21]. Therefore, since spring–summer 2015, the beach is wider providing large sediment supply
to the incipient foredune that has been growing since then (see also Figure 7m). As a result, the notches
excavated in the incipient foredune in both December 2017 and November 2018 were rapidly filled
with the wind-blown sand from the beach, particularly during the winter months when the dominant
wind is onshore-directed.
Given the importance of the small notches excavated in December 2017 on vegetation dynamics
downwind, the larger notches excavated in November 2018 are under close observation. At the
time of writing this paper, the vegetation dynamics has not been fully analysed; however, a visual
inspection of the coastal dune and photographs shows that, despite the low-wind winter of 2018/2019,
there is a clear signature of the notches on the vegetation abundance and composition downwind.
For example, Figure 9 shows clear change in vegetation abundance and composition landward of an
established foredune notch. The area of bare sand landward of the notches increased markedly as
the deposition lobe advances downwind into the vegetation of the transition dune. However, further
downwind, the slight sand burial causes the vegetation cover to readily increase, with vegetation
regrowth primarily at the outline of the depositional lobe. A closer inspection of the photos also
indicates the presence of beach grass nearby the deposition lobe, suggesting that some wind-blown
beach sand and grass propagule have been deposited on the landward side of the foredune though the
excavated notches (Figure 9f).
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Figure 7. (Right-hand panels): DEM of the coastal dune zoomed onto an elongated excavated
in the foredune in early November 2018. (Left-hand panels): corresponding orthophoto and
superimposed elevation difference between two consecutive surveys. (m) Orthophoto of 19 June
2019 with superimposed elevation difference between 9 June 2019 and 11 November 2018 just after the
notch was excavated.
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Figure 8. 2005–2019 time series of (a) winter WEPA and (b) alongshore-averaged beach volume
computed between the 0 m and 6 m elevation contours, with the light grey area indicating the
outstanding winter of 2013/2014. In panel (b), the vertical black dashed lines indicate when the
experimental notches were excavated in December 2017 and November 2018.

Figure 9. Aerial photographs and progressive zoom showing vegetation landscape (a–c) before
(10 October 2018) and (d–f) approximately 10 months (16 September 2019) after an established foredune
notch has been excavated (Ph. Q. Laporte-Fauret).

4. Discussion and Conclusions
Approximately two years after the first notches were excavated, preliminary results indicate that
the notches excavated in both the incipient and established foredune showed limited morphological
development. They mostly infilled, with sometimes slight vegetation regrowth, indicating the
dominance of biotic processes on abiotic processes [35]. Only the large elongated notches excavated in
the established foredune in November 2018 showed evidence of development. Although the number
of coastal dune experiments involving excavated notches are limited worldwide, some experiments
also showed limited performance although infilling took generally more time. For instance, the authors
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of [36] observed that a single 60-m-wide notch in the foredune at a Dutch beach rapidly infilled
with the wind-blown sand. After three years, aeolian processes decreased in intensity together with
vegetation regrowth resulting in the partial closure of the notch. Similar observations were made
after the restoration of some blowouts in the Netherlands [12,37]. Although such a decrease in aeolian
dynamics typically takes a few years, other studies show large development of excavated notches.
The authors of [38] monitored 27 notches along the Welsh coast. They showed that the most active
notches face wide and high beaches, have a convex floor or tend to narrow landward. More recently,
the authors of [39] examined the evolution of five massive notches excavated in the foredune of
the Dutch National Park Zuid-Kennemerland. Notches were 50–100-m-wide, 100–200-m-long and
9–12.5-m-deep. The notches were found to cause 75% of the sand to be deposited landward of the
foredune, highlighting that these notches are highly effective conduits for aeolian landward transport.
Large morphological changes were also observed, in line with the typical natural trough blowout
growth stage, see, e.g., [40]. At Truc Vert, except for the notches excavated in the established foredune
in November 2018, the combination of moderate winter wind conditions and the short dimensions of
the notches can explain why they did not transform into blowouts. The authors of [39] also observed
that some of the notches did not well develop the first year. In addition, some morphological patterns
(U-shape cross section, erosion of the seaward part of the floor, retreat of the lateral walls and growth
of the depositional lobe) indicate that the elongated notches excavated in the established foredune are
in a natural trough blowout growth stage, also referred to as geomorphological stage in [35], when
abiotic processes dominate. Therefore, we anticipate that a stormy winter may cause the elongated
notches excavated in the established foredune to further develop. Clearly, such development will
strongly depend on the interannual variability in storm activity. In addition, the interannual variability
in vegetation dynamics could also affect blowout growth. However, vegetation surveys started less
than two years ago and are insufficient to date to draw definitive conclusions. The detailed monitoring
of the coastal dune over the next years will provide more insight into the development of excavated
notches in this region of the Atlantic coast of Europe.
Reinstating natural processes does not necessarily mean nature restoration [41], and increased
landscape diversity does not necessarily imply an overall increased plant and animal species diversity.
At this stage, the area of bare sand landward of the elongated notches increased and the notch floor
remained nonvegetated, implying a loss of vegetation cover. Given the timescales involved in the
restoration of coastal dunes, long-term (years to decades) monitoring of the coastal dune of Truc Vert
will be required to elucidate whether the reinstatement of natural processes and beach–dune sediment
exchange triggered by the elongated notches can further increase (1) the landward dune migration
rate and (2) the overall higher vegetation and animal species diversity. Alternatively, we can examine
coastal dunes in Southwest France that have not been reprofiled and managed by the coastal dune
stakeholders. The most relevant example is the coastal dune system of Trencat in the south of the
Gironde coast (Figure 3a). Trencat has been a restricted military area for more than 40 years and
no management has been performed since then. Figure 10 highlights the contrasting landscape and
morphology of the coast between the managed and the non-managed sectors of Trencat. Consistent
with the right-hand panels in Figure 2, the coastal dune migrated downwind by more than 100 m into
the forest. However, the majority of the dune system is now made of bare sand, suggesting a decrease
of vegetation and animal species diversity. The coastal dune in the non-managed sector is twice as
wide and slightly higher than that in the managed sector. This may suggest that, in this region of the
Atlantic coast of Europe, more mobile coastal dunes accommodate erosion by translating inland but
exhibit reduced biodiversity, consistent with the findings in [16]. Future work is required to test this
hypothesis and explore its sensitivity to local sediment budget and chronic erosion trends. In future
years, vegetation monitoring, aeolian sand transport measurements and morphological surveys at
Truc Vert, and at other coastal dune settings in Southwest France, will provide more insight into the
influence of natural processes reinstatement on overall coastal dune response and resilience.
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Figure 10. (a) Orthophoto and (b) DSM of the coastal dune at Trencat Photo and DEM of the coastal
dune at Trencat. In both panels, the thick dashed line indicate the separation between the managed
sector in the south and the northern sector which has not been managed since the 1960s.
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