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Linkevičienė, R.; Povilanskas, R.;
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Abstract: On the Curonian Spit, the leading conservation issue is an opposition between the two
contrasting nature-management principles—anthropocentricity and biocentricity. Land managers
still waver between the two options, and the worst-case scenario materializes as a rapid proliferation
of vegetation to the accumulative sandplain (palve). It results in the decline of sand drift to the
mobile dunes. This article aims to examine how climate change affects the coastal dune landscape
and to identify current dune protection and management priorities. The analysis of hydroclimatic
changes; succession patterns in forest, herbaceous, and open-sand ecosystems; and phenological-
based evaluation (NDVI from MODIS, 2000–2020), influencing possible management directions, were
carried out in this study. The results show the significant hydro-climatic changes (air temperature,
precipitation, and sea level) occurring over the last thirty years. They influence the prevailing
overgrowth trends in recent decades, especially in herbaceous ecosystems. Therefore, if the EU’s
priority habitat—open-sand ecosystems—is to be preserved, the main policy recommendation is
to apply adequate management tools such as grazing, and to pay more attention to the aesthetic
ecosystem services of the mobile dunes parallel to biodiversity conservation.

Keywords: environmental management; hydro-climatic changes; ecosystem change; NDVI; ecohydrology

1. Introduction

The landscape protection and management of the coastal dunes of the Curonian Spit
are based on the paradigm developed during the 20th century. The main concept of it is
the unique coastal landscapes formed during the Anthropocene. They are not stable due
to sandstorms and high anthropogenic pressures. Meanwhile, climate change is paving
the way for new challenges in the coastal dune landscape and requires a new discussion of
priorities for the protection and management of the dune landscape.

Dynamic systems of dunes are often subject to landscape and ecological changes. Sev-
eral factors of physical, biological, and anthropogenic natures [1–3] influence their spatial
and temporal evolution, which can be well-captured by remote-sensing techniques [4–7].
Vegetation cover changes in these transitional zones between terrestrial and marine envi-
ronments are well-reflected by the widely used normalized difference vegetation index
(NDVI). NDVI images, being a good proxy of canopy biomass [8] and showing the health
of vegetation [9] are often used to monitor vegetation cover and its temporal pattern [10,11]
as well as to inform management practices [2,12]. In the context of coastal dune ecosystems,
the information provided by NDVI images is extremely useful, as the health status of the
dune ecosystem is directly relevant to the wellbeing of the dune vegetation. It could serve
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as a very efficient tool to organize the adequate and timely management of these sensitive
ecosystems [4].

Applications of remote-sensing techniques in the investigations of the Curonian Spit
have been rather scarce [13]; however, the recent research [14–16] confirmed the significance
of such investigations. Recently, satellite images for the territory of the Curonian Spit
(Lithuanian and Russian parts) are used in three areas of research: the study of vegetation
and land use changes [17–19], the study of NDVI dynamics [20], and the study of coastline
dynamics [21]. Our research belongs to the second area of research, complements, and
expands it. Therefore, the application of the results of ecosystem changes (according to
NDVI) to the optimization of the management of the Curonian Spit is crucially important
for the further development of the Curonian Spit landscape.

Aesthetic ecosystem services start playing an increasing role in coastal tourist des-
tinations with a high leisure appeal [16]. However, these coastal destinations are under
growing stress from climate change, urban sprawl, and resulting coastal squeeze. The
Curonian Spit is a world-renowned destination, attracting over 1 million visitors annually.
Throughout the 2010s, the authors of this study, with collaborators, have implemented a
series of investigations on the Curonian Spit on different issues related to mobile dune
dynamism and the aesthetic ecosystem services of dunes and forests [16,22–28].

Recently, we have applied a ‘quali–quantitative’ methodology, or mixed approach for
the valuation of aesthetic ecosystem services of coastal dunes and forests on the Curonian
Spit [27,28]. The main result of these surveys was that for lay domestic summer visitors,
the most appealing were the following open landscapes of the Curonian Spit: 1. white
mobile dunes; 2. white dunes with grey dunes in the background; 3. grey dunes with white
dunes in the background.

The purpose of this article is to examine how climate change affects the coastal dune
landscape and to identify current dune protection and management priorities. The studied
territory includes the Lithuanian portion of the Curonian Spit. The work focuses on three
main tasks: (a) to analyze the hydro-climatic conditions that may influence vegetation
change in the area; (b) to study the overgrowth of the main habitats of the dune land-
scape; and (c) to discuss the directions for conservation and management of the changing
dune landscape.

2. Materials and Methods
2.1. Study Area

The Curonian Spit, a narrow sandy barrier situated between the Baltic Sea and the
Curonian Lagoon, is world-renowned as a mobile dunes landscape formed in the Holocene
by the interplay of sand, wind, waves, vegetation, and human activity (Figure 1). It boasts
a distinctive geomorphological feature—the 32.6-km long dune ridge (40 to 60 m a.s.l.),
which is the most extended mobile dune chain in Europe [29–32]. Five strips of mobile
dunes still remain on the Curonian Spit, 21.9 km being on the Russian part of the spit,
and 10.7 km on the Lithuanian part [33]. The mobile dunes are protected within strict
nature reserves of both Curonian Spit national parks—on the Russian part (established in
1987), and the Lithuanian part (established in 1991), both listed by UNESCO in 2000 as a
transboundary World Heritage cultural landscape.

UNESCO has listed the Curonian Spit under criterion (v) as “an outstanding example
of a landscape of dunes that is under constant threat from natural forces (wind and tide).
After disastrous human interventions that menaced its survival, dune managers had
reclaimed the Spit by massive protection and stabilization works that began in the 19th
century and are continuing to the present day” [34]. However, even though the Great
Dune Ridge of the Curonian Spit forms the unique natural feature of a European scale, the
World Conservation Union (IUCN) did not consider that it met the very strict criteria to be
UNESCO-listed as a nature World Heritage site [25].
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Figure 1. The location of the Curonian Spit and its three ecosystem types: forest, herbaceous,
and sand.

2.2. Methods

In the Curonian Spit, changes in long-term air temperature, precipitation, wind speed,
water level in the Baltic Sea and the Curonian Lagoon, and the depth of the Curonian Spit
groundwater table were examined. The observational sequences of these indicators are
very different. Some of them are very short or poor quality, or intermittent. As a result,
dependable data analogs had to be used to fill or extend the monitoring data gaps.

The air temperature in the Curonian Spit (Nida WS) has been measured since 1947.
The air temperature data series were extended by using Vilnius WS measurements. Air
temperature measurements in Vilnius WS started in 1778. According to the average annual
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air temperature relationship of Nida and Vilnius WS in 1947–2020 the average annual
air temperature in Nida (r = 0.965 p < 0.00001) was calculated for the period 1781–1946.
Mean air temperature was also calculated for the summer and growing (May–September)
seasons (r = 0.849 p < 0.00001). The periods of meteorological measurements were divided
into 30-year sections when calculating the climatic norm (Table 1), and the average annual
air temperature anomalies (deviation from the measurement period average) graph was
created for the period of 1781–2018 in Nida.

Table 1. Hydro-climatic norms in the Curonian Spit.

Period
Temperature, ◦C Precipitation, mm Wind Speed, m s−1 *

Summer May–September Year Summer May—September Year Summer May–September Year

1781–1810 16.4 14.8 6.2 - - - - - -

1811–1840 16.7 15.0 6.8 - - - - - -

1841–1870 16.9 15.1 6.8 - - - - - -

1871–1900 16.7 15.0 6.8 - - - - - -

1901–1930 16.5 14.9 7.1 - - - - - -

1931–1960 16.9 15.2 7.2 183 301 624 - - -

1961–1990 16.6 14.9 7.2 208 330 690 4.8 5.0 5.8

1991–2020 17.9 16.1 8.4 222 342 772 4.8 4.9 5.6

Water level, cm

Baltic Sea Curonian lagoon Groundwater table, ASL

Summer May–Sept. Year Summer May–Sept. Year Summer May–Sept. Year

1901–1930 - - −5 - - - - - -

1931–1960 - - −3 - - - - - -

1961–1990 0 0 1 4 4 9 23 25 33

1991–2020 8 7 9 13 12 17 24 25 31

* Wind speed 1979–2020: 1979–1999, 2000–2020.

Measurements of precipitation in Nida WS are available since 1947, in Vilnius WS—since
1887. However, the connection between the precipitation measured in Nida and Vilnius WS
is statistically insignificant in some months (p > 0.05). Therefore, measurements of Klaipėda
WS precipitation data were used for the period extension. Precipitation measurements in
Klaipėda WS have been recorded since 1924. The link between the monthly precipitation of
Nida and Klaipėda WS varies from 0.683 to 0.920 (p < 0.00001). The same as for the average
temperature, the precipitation norms of the annual, summer, and growing seasons were
calculated for 30-year periods (Table 1) and the annual precipitation anomalies (deviation
from the measurement period average) graph was created based on the calculations of the
1924–1946 period and the measurements of the 1947–2018 period.

Determining the change in wind speed based on Nida WS or Klaipėda WS measure-
ments raises concerns due to changes in equipment and measurement methods. There-
fore, to correctly evaluate long-term wind-speed changes, the data of wind speeds were
obtained from the KNMI Climate Explorer web application ERA-Interim reanalysis to
1979 (https://climexp.knmi.nl/selectfield_rea.cgi?id=someone@somewhere, accessed on
15 May 2022). Due to the lack of data, we were only able to calculate climatic norms for
wind speed for two 21-year periods (Table 1).

The Baltic Sea water-level measurements (Klaipeda GS) range from 1898 to 2019, with
a gap between 1941 and 1948. The average annual sea-water level during the period of
1941–1948 was calculated using the linear relationship of the measured water level from
1930 to 1940 and 1949 to 1952 (r = 0.982; p < 0.00001). The water-level measurements of the

https://climexp.knmi.nl/selectfield_rea.cgi?id=someone@somewhere
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Curonian Lagoon (Nida GS) started in 1948. For two 30-year periods, these lagoon water
level data were used to calculate the norms of the summer and growing seasons, and the
annual water level of the Curonian Lagoon.

The depth of groundwater in the Curonian Spit has been measured since 1961. The
water depth used in this study was measured in Juodkrante (55◦32′27′′ N; 21◦07′19′′ E).
Missing data from 2005 to 2010 were calculated using the linear relationship (r = 0.878;
p < 0.00001) between the average monthly water table in Nida (55◦18′7′′ N; 21◦0′23′′ E) and
Juodkrante wells.

The main analysis about succession patterns in forest, herbaceous, and open-sand
ecosystems (except territories affected by fires in 2006 and 2014) were carried out in this
study. According to the orthophotos of 1995, 2005, 2013, and 2017 homogeneous vegetation
tiles (250–250 m) representing each ecosystem type were distinguished: 20 tiles for forest,
9 for herbaceous, and 6 tiles for open-sand ecosystems. Each tile was adjusted according to
MODIS (Moderate Resolution Imaging Spectroradiometer) product pixels (250 × 250 m).

Phenological-based evaluation of these ecosystems succession trends were done ac-
cording to the commonly used normalized difference vegetation index (NDVI), which
is widely applied for the estimation of the responses of vegetation towards changes in
hydroclimatic conditions [35]. Furthermore, it greatly compensates for differences in sun
illumination, aspect, slope, and other variations in topography [9] which could be beneficial
in coastal dunes ecosystems research.

The NDVI data layers were generated from NIR and RED bands of MODIS images in
ERDAS Imagine software and are defined as: NDVI = (NIR − RED)/(NIR + RED). NIR
represents the spectral reflectance in the near infrared band (841–876 nm from MODIS),
while RED represents the red band (620–670 nm from MODIS). This equation produces
an index value that ranges from −1 (for nonvegetation classes—water, snow, built-up
areas, and barren land) to +1 (for different types of vegetation classes) [35,36]. The cal-
culation of average, minimum, and maximum NDVI values for the three surface classes
(forest, herbaceous, and sands) from NDVI rasters were carried out in ArcGIS Desktop
10.7.1 software.

The eight-day MODIS composites (MOD09Q1) of surface reflectance (NIR and RED)
with a spatial resolution of 250 m for twenty-one years (2000–2020) were obtained from
NASA’s LAADS–DAAC (https://ladsweb.modaps.eosdis.nasa.gov, accessed on 15 May
2022). Cloud-free images of the growing season in Lithuania (May–September, with an
average day temperature >10 ◦C) were used for evaluation of phenological behavior in all
three ecosystems.

Nonparametric Mann–Kendall and Sen’s slope trend tests using Real Statistics Re-
source Pack XREALSTATS software were performed to detect the statistical significance
and magnitude of the studied trends.

3. Results
3.1. Hydro-Climatic Changes

Since the beginning of the 19th century the weather warming is observed. The average
annual air temperature rate increases by 0.6 ◦C, while the average summer (0.30 ◦C) and
growing season (0.2 ◦C) air temperature rates increase less (Table 1, Figure 2). Later, for
180 years, from the beginning of the 19th to the last decade of the 20th century, the average
annual air temperature in the Curonian Spit increased by another 0.4 ◦C. This increase in
air temperature was related to the warming of the cold season, as the air temperature rate
during the growing season remained almost unchanged. The highest weather warming
was observed in the last 30 years (Figure 2). Compared to 1961–1990, the average annual
and growing-season temperature norms increased by 1.2 ◦C, and in the summer season by
as much as 1.3 ◦C (Table 1).

https://ladsweb.modaps.eosdis.nasa.gov
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Figure 2. Anomalies of calculated (1781–1946) and observed (1947–2020) average annual temperature
in Nida, ◦C.

The average annual and growing season precipitation climatic norms in 1961–1990
increased by 10% compared to the period 1931–1960 (Table 1). The annual precipitation
climatic norm increased by 12% (82 mm) between 1991 and 2000, but the growing season
rate increased by only 4% (12 mm). Winter precipitation has increased significantly over
the last 30 years (33%). Meanwhile, the winter precipitation climatic norm increased by
only 2% in 1961–1990 compared to 1931–1960. Since the 1990s, there has been the greatest
increase in annual precipitation (Figure 3).

Figure 3. Anomalies of calculated (1924–1946) and observed (1947–2020) annual precipitation in
Nida, mm.

The average annual wind speed decreased by 0.2 m s−1 2000–2020 when compared
to 1979–1999. During the growing season, the average wind speed decreased slightly
less (Table 1). It should be noted that the downward trend in wind speed was observed
globally [37].

The average annual Baltic Sea level increased by 14 cm from the beginning until the
third decade of the 20th century (Table 1). The most significant rise in the level of the Baltic
Sea began in the 1980s (Table 1, Figure 4). During this time, sea levels increased at a rate of
about 0.17 cm per year, whereas it was nearly twice as slow at the beginning of the century.
The water level in the Baltic Sea decreased by about 0.16 cm per year in the middle of the
20th century (1930–1950). (Figure 4).
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Figure 4. Anomalies of average annual Baltic Sea level in Klaipėda, cm.

By the mid-1980s, the Curonian Lagoon’s average annual water level was declining by
about 0.15 cm per year. The largest increase in the water level of the Curonian Lagoon was
observed in the 1980s and the first decade of the 21st century. During the first decade of
this century, the average annual increase of the Curonian Lagoon level was about 1.12 cm
per year. The average annual level of the Curonian Lagoon decreased again in the second
decade of this century. Despite these fluctuations, the average annual Curonian Lagoon
level norm increased even in 8 cm. The average annual groundwater depth norm decreased
by 2 cm in 1991–2020 compared to 1961–1990. Meanwhile, the depth norm during growing
season remained constant, and the depth norm during the summer increased by 1 cm
(Table 1).

3.2. NDVI Variation in Different Ecosystems

NDVI analysis in forest, herbaceous, and open-sand ecosystems was performed in the
previous studies [16]. In our study statistical analysis was made according to updated data
series for these ecosystems. The highest NDVI values were determined in forest ecosystems,
while the biggest NDVI amplitude was found in herbaceous ecosystems. The open-sand
ecosystem is characterized by the lowest NDVI values and the lowest amplitude during
the whole growing season (Table 2).

Table 2. NDVI values in different ecosystems of the Curonian Spit, May–September 2000–2020.

Forest Herbaceous Open Sand

Average 0.808 0.560 0.269

Average maximum 0.868 0.646 0.329

Average minimum 0.692 0.451 0.211

Average amplitude 0.177 0.195 0.118

Trends of ecosystem changes remained the same as in previous studies [16]: average
NDVI values of the growing season increased in all ecosystem types and the most rapid
increase appeared in herbaceous and open-sand ecosystems (Figure 5). The most obvious
increase (according to Sen’s slope) is observed in September; statistically significant NDVI
increase trends were detected also during other months of the growing season in herba-
ceous and open-sand ecosystems (Table 3). Sen’s slope values are much smaller in forest
ecosystems and there were no trends detected during July–September according to the
Mann–Kendall test.
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Figure 5. Average annual NDVI in forest, herbaceous, and open-sand ecosystems of the Curonian
Spit during the growing seasons from 2000 to 2020.

Table 3. Sen’s slope values, NDVI monthly averages 2000–2020.

May June July August September Growing
Season

Forest 0.0024 ** 0.0030 ** −0.0006 * 0.0008 * 0.0020 * 0.0015 **

Herbaceous 0.0075 *** 0.0058 *** 0.0061 *** 0.0071 *** 0.0088 *** 0.0069 ***

Open sand 0.0044 *** 0.0040 *** 0.0043 *** 0.0042 *** 0.0054 *** 0.0041 ***
* no trend; ** p < 0.05; *** p < 0.001.

In open-sand ecosystems, vegetation encroachment is also observed. However, when
compared to herbaceous ecosystems, the NDVI trend in this ecosystem is lower. The forest
ecosystem is distinguished by the lowest positive NDVI trend (Table 3), indicating that
Mugo pine populations have matured and established a stable natural habitat. This habitat
is regarded as a potential fire source, as evidenced by several fires over the last two decades
(2006 and 2014).

3.3. Environment Management and Conservation of Coastal Dunes Landscape

Anfuso et al. [38] ascertains scenic valuation as an essential tool for protection and
sustainable management of various coastal areas. In the case of the Curonian Spit, their
findings validate the necessity for the preservation of white mobile dunes as a vital tourist
choice parameter. Moreover, in the 1990s, dune experts have developed a new approach
towards the evolution of dune landscapes, their role in maintaining the biological and
landscape diversity, and their conservation regime appreciating the necessity to enhance
dune mobility [39].

On the other hand, in landscape studies, we have to tackle a somewhat complex
metamorphosis of attitudes and semantics of the landscapes with a convoluted history and
salient societal connotations, e.g., those of Scots pine forest plantations with high leisure
value on the Curonian Spit [24–28,32,40]. Although a single profile cannot define many
coastal landscapes, their IUCN designations and management regimes tend to overlook
this peculiarity and impose rigid rules and preservation frameworks regulating active
outdoors and other human activities related to a single aspect—conservation [25].

The anthropocentric nature management paradigm prevalent until the mid-1990s
interpreted wild nature or wilderness as the primary source of disorder that purposeful
nature management measures must order. Meanwhile, according to Moore and McClaran
p. 224 [41]: the pristine “wilderness has been increasingly ordered in terms of the emerging
science of ecology. Whereas recreation and aesthetics initially framed discussions about
wilderness, scientists and managers now speak of energy flows, gene pools, fire regimes,
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endangered species, and biological diversity.” Biocentrism, thus, may be interpreted as
a rival and, conceivably, a substitute for anthropocentrism as the predominant nature
management paradigm [32].

The inversion of the nature ordering and the resulting change in its management
principles is apparent from the evolution of the dune management. Planting vegetation
was the primary dune handling approach along the North Sea and the Baltic Sea coast
throughout the 19th century and the better part of the 20th century [22]. These plantations
in most places were, and, to a large extent, still are prudently cared for, preserved, and
restored in the case of harm, e.g., from fire.

The dune-management approach is further changing with the advancement of dune
ecology and a growing aesthetic interest from lay visitors in the mobile dune landscapes.
Scientists value mobile dunes as diverse habitats and complex biotopes with prodigious sig-
nificance for society [22]. However, anthropogenic interventions into the natural evolution
of mobile dunes are aliens to the intrinsic order of nature.

As dynamic systems, mobile dunes are susceptible to impacts, and their natural or-
dering vulnerable. On the socio-economic side, the mobile dunes have many functions in
modern society [42]: shoreline management; nature conservation; public drinking water
extraction; recreation; housing and industry; agriculture; grazing; military defense. In addi-
tion, dunes serve as geoecological indicators [43] and desirable tourist destinations [24–28].

The Curonian Dune Ridge is the most outstanding landscape feature of the Curonian
Spit. Along with the geomorphologic prominence, the white and grey dunes of the spit
serve as pivotal NATURA 2000 habitats (Type 2120 and Type 2130, respectively). In
addition, the dunes of the Curonian Spit offer breeding habitats for the Tawny Pipit (Anthus
campestris) and open resting places for different migrating birds. The dunes serve as
stepping stones along the Western Palearctic Flyway. They comprise a divergent ecotone
between the aquatic and terrestrial environments characterized by moderate biodiversity.

4. Discussion

The most significant changes in air temperature in the Curonian Spit occurred between
the outskirts of the 18th–19th and 20th–21st centuries. During these times, the air tempera-
ture increases noticeably. There were nearly 200 years between these two periods, during
which the average annual air temperature increased only slightly. Substantial weather
warming has occurred over the past 30 years. The annual average air temperature as well as
the growing-season air temperature have increased. However, the most significant increase
was observed in the average temperature norm of the summer—as much as 1.3 ◦C. Such a
substantial increase in air temperature may have influenced plant succession.

In the last century, the annual, growing season, and summer precipitation rates have
increased in the Curonian Spit. The largest increase in precipitation has been since the 1980s.
When compared to the period 1931–1960, the annual precipitation norm has increased
by nearly 23% and the summer precipitation norm by 21% over the last 30 years. Such a
significant increase in precipitation also increased soil moisture reserves and facilitated
faster sand dune growth [16].

Over the last 20 years, an increase in soil moisture has been accompanied by a decrease
in wind speed. Due to the wind speed decrease the sand blowing became slower, creating
ideal conditions for grassy vegetation implantation in the sand dunes. Rising water levels
in the Baltic Sea and the Curonian Lagoon, on the other hand, increased the humidity of
the coastal sand dunes while preventing the sand from blowing away. The rising level
of the Baltic Sea and the Curonian Lagoon may also have had an impact on the rise of
groundwater table along the sea and the lagoon’s shores. All this resulted in slower sand
blowing and faster coastal sand dunes overgrowth.

Changes of hydro-meteorological indicators that may affect the vegetation of the
Curonian Spit have been observed for more than 200 years. They were not, however,
important for vegetation succession until the late 20th century. The Curonian Spit nature
management and conservation paradigms had been established by the end of the 20th
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century. The most significant changes in hydro-climatic conditions, however, occurred only
in the last thirty years, when the approach was already established and legal documents on
nature use, and protection were created in the Curonian Spit. These significant changes
in hydro-climatic conditions may have influenced the Curonian Spit’s landscape. As a
result, the Curonian Spit’s nature use, and protection must be revised to account for the
new hydro-climatic reality. The role of wild ungulates is well-represented in the Russian
part of Curonian spit, therefore, if the EU’s priority habitat is to be preserved, management
tools such as grazing should be considered in the Lithuanian part as well.

Our findings are consistent with the global trend of dune stabilization [44]. They are
also compatible with the main trends identified in a few local and regional assessments
of European coastal dune behavior—as vegetation cover has expanded, most European
coastal dunes have gradually stabilized [37,45–50]. In the natural plan, both parts of
the Curonian spit (Lithuanian and Russian) represent a single landscape; therefore, our
research is also in line with the findings in the Russian part of the Curonian Spit, showing
an increased percent of forest cover, and increased share of vegetation-fixed sands on the
side the Curonian Lagoon because of forest-protection measures [18].

The results of interannual NDVI variation trends in our study show that vegetation is
continuing to improve in all Curonian Spit ecosystems. However, in the older succession
stages of the dune series, such as forest, this trend is less pronounced. In the forest
ecosystem a stable vegetation condition was observed in July–August for the entire 21-year
period, but at the beginning and the end of the growing season, a statistically significant
increasing trend (p < 0.05) was reported in it. Simultaneously, a statistically significant
increase in NDVI is observed throughout the growing season as well as in individual
months in both open-sand and herbaceous ecosystems. As a result, overgrowth trends
have prevailed in recent decades because of natural environmental changes, and they are
related to succession in nonforested ecosystems.

For optimization of environment management and coastal dunes landscape protection,
Porter and Salazar, p. 368 [51] noted that: “the power of commercial interests, governing
bodies, or simply tradition challenge discussions of heritage and deny stakeholders a voice
in the management of heritage spaces.” An essential inquiry is whether these issues in the
Curonian Spit’s management may compromise the objectives of the UNESCO designation.
After World War II, the reforestation of the Curonian Spit has sped up mobile dune frag-
mentation, overgrowth, and flattening [43]. The mobile dunes of the Curonian Spit were
deprived of local sand supply sources and rapidly degraded as a result. The conservation
paradigm on both the Lithuanian and Russian parts of the Curonian Spit now needed
essential changes to meet differing stakeholders’ aspirations and different priorities in
managing the mobile dunes and forest plantations, also relying on aesthetic appraisal [26].

So far, the national park managers aim to preserve the Curonian Spit prescriptively,
emphasizing regulations and restrictions according to the principle that “everything is
forbidden which is not explicitly allowed” p. 271 [26]. However, is the too-stringent (in
our opinion) conservation approach essential to secure sustainable preservation of the
mobile dunes, apart from in the most degraded strips? From the results, we may see that
the essential issue in achieving the long-term stability of the mobile dune ridge on the
Curonian Spit is to maintain the balance of its conservation and use. The rewilding concept
aiming to promote beneficial interactions between society and nature could probably be
useful in this aspect [52].

We argue that the current dune-handling approach on both sides of the border on the
Curonian Spit is erroneous. For instance, the forest managers keep the number of moose
very low, referring to the apparent fact that the moose eat saplings of Scots pine. However,
if the managers care about preserving saplings of Scots pine, why then do they complain
when the Scots pine proliferate into the accumulative plain (palve)? This means that the
role of humans as agents facilitating the dynamism of mobile dunes should be enhanced,
particularly because of the decline of grazing and in the face of increasing climate change.
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Nowadays, the EU Habitat Directive supports the antisuccession management policy
of fixed (grey) dunes with herbaceous vegetation. The Directive has classified herbaceous
grey dunes as a priority NATURA 2000 habitat [16]. The removing of Mugo pine plantations
and the introduction of grazing in the grey dunes is supported by the EU LIFE program,
for example, by the Litcoast project (LIFE05 NAT/LT/000095). However, paradoxically,
on the Curonian Spit, where large areas of mobile white dunes still exist, conservation of
the herbaceous grey dunes as an EU priority habitat is not an antisuccessive measure, as
anticipated, but, on the contrary, a successive one facilitating the expansion of herbaceous
vegetation to mobile (white) dunes, which are much more unique on the European scale.

The description of the outstanding universal value of the Curonian Spit as a cultural
World Heritage site further enhances the erroneous dune conservation policy. The descrip-
tion does not highlight the uniqueness of the mobile dunes, but on the contrary, emphasizes
their long-gone menace to the population and the celebration of foresters’ toil to contain
the sand drift, while appraising the efforts to continue these activities. In our opinion,
such conservation policy should be reversed: the strictest conservation regime should be
confined only to the mobile dune strips, whereas the accumulative plain at the windward
(western) slope of the dunes should be turned into managed nature reserves.

The clue to the management sustainability of the mobile dunes lies in enhancing the
dynamism of the accumulative plain where free access of tourists should be allowed [53]
and any existing forest vegetation should be removed. Increasing moose stocks and
bringing back herds of free-grazing domestic animals on the accumulative plain could
restore the sand supply from the plain to the adjacent, leeward mobile dune strips. In this
way, aesthetic, ecological, nature conservation and recreation development interests will be
made more coherent on the Curonian Spit, particularly considering the most aesthetically
appealing and salient forest and dune landscapes and habitats.

5. Conclusions

Until the end of the last century, the theoretical foundations of Curonian Spit nature
management and protection were set, and they were focused on the existing hydro-climatic
conditions. Significant hydro-climatic changes (to air temperature, precipitation, and sea
level) have occurred in the last thirty years. It is especially reflected in the succession
of herbaceous and open-sand ecosystems in the Curonian Spit. They generate the most
recent climatic reality, which must be considered when optimizing the Curonian Spit’s
management and nature protection provisions. Overgrowth trends have prevailed on
the spit in recent decades because of natural environmental condition changes. They are
primarily influenced by processes in nonforested ecosystems.

On the Curonian Spit, the leading conservation issue is an opposition between the
two contrasting nature management principles—anthropocentric and biocentric ones. The
managers still waver between the two options, and the worst scenario materializes as a
rapid proliferation of vegetation to the accumulative sandplain (palve). It results in the
decline of sand drift to the mobile dunes.

The Curonian Spit has a complex history and a solid necessity to resolve the latent
conflict between nature conservation and tourism development. Therefore, a deeper
understanding of the environmental changes would also help make better management
decisions. For example, overgrazing has often resulted in disastrous secular sand drift in
Northern Europe in modernity. However, the opposite extreme, i.e., complete eradication
of grazing by animals or sand-trampling by visitors on the accumulative plain, leads to the
proliferation of herbaceous vegetation into the still-existing mobile dune areas.

Considering the aesthetic ecosystem services of forest plantations and mobile dunes
can also deliver valuable insight regarding the appropriateness of the conservation ap-
proaches on the Curonian Spit. Furthermore, it may help to strike a balance between mobile
dune preservation and sustainable development of leisure and tourism. Therefore, the
main policy recommendation is to pay more attention to the aesthetic ecosystem services of
the mobile dunes parallel to biodiversity conservation.
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