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Abstract: The Curonian Lagoon (SE Baltic Sea) and the coastal wetland system play a vital role in
maintaining the overall cultural, economic and ecological health of the region. However, its value
is still largely underestimated and there is a lack of integrated ecosystem management based on
multiple ecosystem services assessment. In this study, 34 ecosystem services (ES) were identified,
assessed and mapped following the Common International Classification of Ecosystem Services
(CICES). Using expert opinion, 35 land cover classes were scored for their ES potential, these being
15 CORINE land cover classes (CLC) and 20 Natura 2000 areas of conservation (habitat types, i.e.,
Sites of Community Importance). The total ES potential was calculated by averaging the opinions
of experts, using self-confidence scoring as weights, and the ES relative importance index was
derived from a questionnaire. As a result, three maps corresponding to each ES potential category
(provisioning, regulation and maintenance and cultural) were calculated and further used for hot-
and coldspot analyses. Regulation and maintenance and cultural ES were highly interrelated and
had the highest potential in the studied area. Forested areas had the highest total ES potential and
contributed significantly to the land cover of the ES hotspots.

Keywords: CICES; matrix approach; confidence scoring; relative importance; river delta

1. Introduction

Over the course of the last century, strong anthropogenic pressures have resulted in
widespread habitat degradation and a noticeable decline in environmental quality across
many ecosystems, potentially leading to biodiversity loss and an increased risk of declining
or even collapsing ecosystem functions [1]. Coastal ecosystems and surrounding terrestrial
areas are particularly vulnerable to climatic and anthropogenic impacts as they are crossed
by watershed migration routes and are subject to more frequent extreme hydrometeo-
rological events and floods [2–5]. Being one of the most productive ecosystems, coastal
wetlands carry out critical functions within watersheds, such as regulating water quality,
water levels, flood regimes, nutrient and sedimentation levels and carbon sequestration,
as well as providing habitats for many species [6,7]. Large areas of coastal wetlands have
been poldered for pastures and cropland [8], thus requiring constant maintenance and
defense. As a result, to ensure environmental quality and social well-being in coastal rural
areas, authorities need systematic approaches for robust decision-making. To deal with
the high degrees of uncertainty, the systematic approaches require tools to assess the state
of the landscape, to indicate trends and to develop suitable management strategies [9].
The ecosystem services concept could be helpful in this regard, bridging research and
management and providing a common language for local stakeholders and interest groups,
while also assessing management scenarios [10] and harmonizing the use of ecosystem
services and conservation goals [11].
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It is acknowledged that ecosystems with higher biodiversity can provide a greater
diversity and, in many cases, a higher supply of ES [12]. The importance of conservation
areas and biodiversity in stabilizing ecosystem functions (i.e., the provision of ES) has
been increasingly recognized and recommended for use in ES assessment in Natura 2000
sites [11,13]. Introduced in 2011, the European Union Biodiversity Strategy for actions mov-
ing towards 2020 called upon Member States to assess and map ES in their national territory
as a supporting action to maintain and enhance ecosystems [14]. Subsequently developed,
the Biodiversity Strategy for 2030 calls for the enlargement of existing Natura 2000 areas
and enhanced protection of the areas that are particularly important for biodiversity and cli-
mate regulation, i.e., those that provide high levels of carbon sequestration [15]. Therefore,
the ES assessment of established Natura 2000 sites and surrounding areas potentially could
be useful for the further development of the network by increasing its connectivity [16], as
well as for the general promotion of European green infrastructure [17] and other thematic
policies [18].

Expert-based methods can help to provide a rapid starting point for the mapping and
assessment of ecosystems and their services in areas with conservation potential. Emerging
under the definition of the ES matrix for ES mapping, an ES mapping technique was
developed by Burkhard et al. in 2009 [19] and improved in 2012 and 2014 [20,21]. It has
become an increasingly popular flexible methodology and requires only a limited amount
of data and standard software [10,22]. The ES matrix approach links ecosystem types or
land cover types to ES by providing a score for ES capacity, supply, use, demand or other
concepts [23–25]. Its potential to integrate use and non-use values of nature and various
types of data, from expert scores to statistics, interview data, measurements and model
outcomes, makes it applicable in all kinds of environments with varying data quality
and availability [26]. Results based on the flexible 0–5 ranking system and the linkage to
geobiophysical spatial units (e.g., land cover, biotope, vegetation or soil types) in ES maps
not only provide wide application ranges for decision-making, but also ensure that none
of the ES are overlooked [26,27]. A more recent attempt to develop the matrix approach
focused on ranking or assigning weights for ES categories [28–30], demonstrating that
perceptions and priorities of well-being are area- and society-specific.

In Lithuania, the first comprehensive attempt to map expert-based potential ES using
CORINE land cover data was performed by Depellegrin et al. in 2016 [31]. This study
concluded that regulating and cultural ES have the highest ES potential in the country,
particularly in the case of broadleaf, coniferous and mixed forest ecosystems [31]. Thereafter,
a series of studies have focused on the mapping of the actual flow (real supply) of individual
ES in Lithuania, e.g., forest provisional ES [32] and cultural ES of landscape aesthetics [33].
The LIFE VivaGrass project has been dedicated to the mapping and assessment of ES supply
in grasslands, with the aim of supporting decision-making in the spatial planning and
management of agroecosystems [34]. Finally, practitioners (the Ministry of Environment,
the LIFE Naturalit project consortium) have also shown a particular interest in assessing
ES provision and optimization in the Natura 2000 network territory [35]. This effort has
included the valuation of provisioning ES (value of honey, mushrooms and berries collected
in Natura 2000 areas; consumption value of catches by fishermen and hunters), some
selected regulation and maintenance ES (provision of drinking water quality, soil erosion
control, carbon sequestration, maintaining the stability of the hydrological regime) and
cultural ES such as visitor value and existence or bequest value. The obtained results of the
study showed that the total benefits of the Natura 2000 network (200.8 Eur/ha) exceed by
2.18 times the socio-economic costs for maintaining the Natura 2000 network (92 Eur/ha),
with the highest benefit generated by cultural ES. In the next step, ecosystem accounting
is expected to be integrated into the decision-making process. Accounting examples are
already available at the region level [18], though local authorities dealing with decisions
at a small scale, such as territorial planning, also need supporting information about
ecosystem assets.
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All previous ES mapping and assessment initiatives in Lithuania have largely focused
on mainland territories, excluding coastal regions. As suggested by Depellegrin et al. [31],
ES scoring and valuation in mainland areas is not transferrable to coastal areas, due to
their specific features, such as their high nature heritage value, their aquatic resources and
their leisure and touristic potential. The Nemunas River Delta area, Curonian Lagoon and
Curonian Spit are the largest continuous Natura 2000 areas in the country (750.5 km2). The
Nemunas Delta area serves as an important stop-over site for migrating birds (Ramsar
territory) and as a nesting habitat for vulnerable species such as the Aquatic Warbler Acro-
cephalus paludicola and Great Snipe Gallinago media. The territories of local administrative
units (seniunija) bordering the Curonian Lagoon and the lower reaches of the Nemunas
River incorporate relatively high areas of Natura 2000 sites, these ranging from 21 to 83%
of the areas of seniunija (this exceeding the national average of 13%). A wide variety of ES
have been identified [9,36] in this region. ES mapping and assessment at the habitat level,
taking into account its conservation status, is still absent.

The identification of trade-offs and synergies between the ES is particularly relevant
for both the conservation and the territorial and civil management of this area. Historically,
over the 20th century, due to land reclamation, the Nemunas Delta floodplain wetlands
were converted into agricultural land [37]. In total, 30,000 ha were drained and poldered
before the 1990s. The abandonment of some pumping stations and drainage canals since the
1990s has created a variety of hydrological and ecological conditions that provide habitats
for protected species. It has now become a particular challenge for environmental managers
and landowners to understand trade-offs and synergies between the use of ecosystem ser-
vices and conservation goals. ES matrix and mapping output will help to identify the areas
with the highest ES potential and the general patterns of ES potential distribution in the
territory, thereby supporting ecosystem-based decision-making, landscape management
and territorial planning. Some recent studies have highlighted habitats as the most relevant
assessment unit for management needs along the coastline and surroundings [38,39]. In
the present study, effort is made to include habitats (Sites of Community Importance) as
expert-based assessment units, and an extensive list of ES is incorporated to address all
nature values in the territory, as well as relationships between ES and their spatial patterns.

2. Materials and Methods
2.1. Study Area

The study area is located in the south-western region of Lithuania. This territory
includes seven seniunija, the lowest administrative units of Lithuania—these being Priekulė,
Kintai, Rusnė, Šilutė, Saugos, Juknaičiai and Usėnai (Figure 1). At an average of
17.8 inhabitants/km2, the population density is among the lowest in the country. There has
also been a significant depopulation rate of around −6.6% over the past decade (ECOSERVE
database) [40]. Three of these elderships border the Curonian Lagoon, and 4 elderships
border the Nemunas River. The total area of the study site, excluding the Curonian Lagoon,
is 942.4 km2. Almost one third of the study area is the Nemunas Delta Regional Park
(290.7 km2), which was established in 1992. Protected territories have biosphere polygons,
reserves, strict reserves, Natura 2000 (Special Protection Areas (Birds Directive), Sites of
Community Importance (Habitats Directive)) and Ramsar sites with various status. In total,
protected areas cover 406.2 km2, which is 43% of the terrestrial part of the study area, while
the Natura 2000 network covers 27.4% of the studied territory.

The terrestrial part of the study area is dominated by agricultural areas, forests and
grasslands. The floodplains of the lower reaches of the Nemunas River are poldered with
two types of polders: (i) winter polders, aimed at protecting arable land and settlements
all year round, and (ii) summer polders, aimed at protecting meadows from floods in
the summer–autumn period. With the winter polders, covering a total area 8500 ha,
maintenance is a priority for civil safety. The summer polders, covering a total area of more
than 20,000 ha, are flooded during the spring floods but are later drained to maximize the
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grass yield. To maintain a ground water level lower than the neighboring river water level
at times of high rainfall or flood, pumping from the polder main dyke is needed.
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study area and flood areas with 0.1, 1 and 10% probability (Environmental Protection Agency, 2020).

2.2. CICES Classification and Compilation of Land Cover Datasets (CORINE LC + Natura
2000 Habitats)

To be completed by the chosen experts, the matrix table consisted of a list of ES (on
the x-axis) and geobiophysical data (on the y-axis). The primary motivation for building
the matrix was the abundance of the Natura 2000 network in the study area, as well as
conservation objectives interfering with ES, resulting in potential trade-offs or synergies
among the ES, i.e., this led to the selection of habitats as assessment units and the compila-
tion of the ES list. ES were selected based on literature analysis [9,36] and expert judgment
on habitat types within the study area. In this way, 34 ES were selected, belonging to three
categories according to the CICES V5.1 (Common International Classification of Ecosystem
Services) [41] classification: provision, regulation and maintenance and cultural.

The geobiophysical data were compiled from the satellite-based CORINE (Coordina-
tion of information on the environment) land cover classification data (2018; resolution
of 100 m) from the European Union and the list of natural Sites of European Community
Importance for Natura 2000, compiled in 2015 [42]. This resulted in an integrated land
cover map (Figure 1). Natura 2000 habitats were prioritized in the land cover mapping,
while CORINE land use classes (CLC) were selected in areas where Natura 2000 habitats
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did not exist. CORINE urbanized and urban areas from the artificial surfaces category
were not included on the list. The selection of Natura 2000 habitats was based on their
area and whether they were priority habitats. Habitats with a total area of less than 1 km2

were reviewed individually. If a habitat type was concentrated in one location, it would
be considered appropriate for the assessment, while if the habitat type consisted of small,
fragmented sites throughout the study area, such a habitat type would be considered
inappropriate. This approach helped to reduce the list of assessment units, i.e., it removed
Natura 2000 habitat types that were rare in the study area, insignificant in size or scattered.
Moreover, despite its high areal coverage and its internal heterogeneity, the Curonian
Lagoon was classified as one single class, i.e., a coastal lagoon. With its coastal halophyte
habitats, this covered around one third of the total investigated territory (28.3%, Figure 1).

All of this resulted in a list of 35 land cover classes consisting of 15 CORINE classes and
20 Natura 2000 habitat types (Table 1). In the terrestrial part of the study site, the compiled
land cover map showed a dominance of agricultural areas (CLC), natural and semi-natural
grassland formations (Natura 2000) and forests (CLC), these together covering 86.8% of
the terrestrial part of the studied territory (Table 1, Figure 1). Natural and semi-natural
grassland formations (Natura 2000) included northern boreal alluvial meadows (6450;
65.72 km2), lowland hay meadows (6510; 57.28 km2), Fennoscandian lowland species-rich
dry to mesic grasslands (6270; 34.11 km2), hydrophilous tall herb fringe communities of
plains and of the montane to alpine levels (6430; 0.89 km2), semi-natural dry grasslands and
scrubland facies on calcareous substrates (6210; 0.48 km2), Molinia meadows on calcareous,
peaty or clayey-silt-laden soils (6410; 0.10 km2).

Table 1. Distribution of land cover categories in the terrestrial part of the study area according to the
compiled map.

Land Cover Categories %

Agricultural areas (CORINE) 45.5%

Natural and semi-natural grassland formations (Natura 2000) 19.0%

Forest and semi natural areas (CORINE) 17.9%

Forests (Natura 2000) 4.3%

Artificial surfaces (CORINE) 3.6%

Wetlands (CORINE) 3.2%

Raised bogs and mires and fens (Natura 2000) 2.6%

Water bodies (CORINE) 2.3%

Freshwater habitats (Natura 2000) 0.9%

Coastal sand dunes and inland dunes (Natura 2000) 0.5%

Total 100

2.3. Scoring and Compiling the Values

Using authors of studies from different fields (ecologists, biologists, hydrologists,
ichthyologists, specialists in tourism and others) and thus having knowledge of or work
experience in the study area, regional experts were asked to complete the matrix table
consisting of 34 ES × 35 land cover classes (Table 2). It is recommended to ensure that at
least 10–15 different experts complete each score to achieve sufficient statistical reliabil-
ity [26]. Therefore, a partial individual fill-in approach was applied, this meaning that each
expert adjusts or completes the part of the matrix depending on their expertise. In this way,
the individual fill-in process is shorter than with a full individual fill-in and allows more
experts to participate. In total, 21 experts completed the matrix table and all ES had at least
10 scores. The experts’ workshop to complete the matrix table was held in 2019, though
some of the experts filled in the matrix individually.
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Table 2. Ecosystem services matrix filled with the average values of the expert-based assessment. The values follow the scale: no potential = 0, low relevant potential = 1, relevant
potential = 2, medium potential = 3, high potential = 4, very high potential = 5, highlighted with a color scheme where dark green indicates higher values. Yellow columns represent ES
categories with calculated RI weighted average for land cover classes.
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RI weight 1.3 1.3 1.3 1.3 1.3 2.5 1.3 0.6 1.3 0.6 0.6 2.5 3.3 3.1 3.1 3.1 3.8 1.9 3.1 5.0 3.1 3.1 5.0 2.5 2.5 4.2 5.0 5.0 5.0 5.0 2.5 2.5 5.0 0.6 5.0 5.0 5.0 2.9

131 Mineral extraction sites 1 0 0 0 0 1 1 0 1 1 0 2 1 1 1 0 1 0 0 1 0 0 1 0 1 1 1 1 1 2 0 1 0 0 1 0 1 1 18

211 Non-irrigated arable land 1 4 4 2 1 0 1 1 1 1 1 0 1 1 1 1 1 2 1 1 2 1 0 1 1 1 0 1 2 1 1 1 1 0 1 1 1 1 29

222 Fruit trees and berry plantations 1 4 1 1 1 0 1 1 1 1 1 0 1 0 1 1 1 4 2 2 2 1 1 2 2 2 1 2 3 2 1 2 1 1 1 1 2 1 31

231 Pastures 1 1 1 5 4 0 1 2 1 1 1 0 2 1 1 2 1 3 2 2 2 2 1 2 1 2 1 2 3 2 1 2 2 1 1 1 2 2 32

242 Complex cultivation patterns 2 4 3 3 3 0 1 1 1 1 1 1 2 1 2 1 1 3 2 2 2 1 1 2 1 1 1 2 2 2 1 1 1 1 1 1 2 1 33

243
Land principally occupied by
agriculture, with significant areas of
natural vegetation

2 4 3 3 2 0 2 1 2 2 2 0 2 1 2 2 1 3 2 3 3 2 1 2 1 2 1 2 3 2 1 2 1 1 1 2 2 2 32

311 Broad-leaved forest 1 0 1 1 0 0 4 3 4 4 3 0 3 1 3 3 3 3 3 5 3 2 2 4 4 3 3 4 4 3 2 4 2 2 3 3 3 3 30

312 Coniferous forest 1 0 2 0 0 0 4 3 4 4 2 0 3 1 3 3 3 3 3 5 3 2 2 4 4 3 3 4 4 3 2 4 2 2 3 3 3 3 29

C
O

R
IN

E

313 Mixed forest 1 0 2 0 0 0 4 3 4 4 3 0 3 1 3 3 3 3 3 5 3 2 2 4 4 3 3 4 4 4 2 4 2 2 3 3 3 3 29
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Table 2. Cont.

9010 Western Taiga 1 0 1 0 0 0 3 2 3 3 2 0 3 1 3 3 3 3 3 5 2 2 2 4 4 3 3 4 4 3 2 4 2 2 3 3 3 3 29

9020
Fennoscandian hemiboreal natural old
broad-leaved deciduous forests rich in
epiphyte

1 0 1 1 0 0 3 2 3 3 2 0 3 1 3 3 3 3 3 5 3 2 2 4 4 3 3 4 4 3 2 4 2 2 3 4 4 3 30

9070 Fennoscandian wooded pastures 1 0 1 1 1 0 2 1 2 3 2 0 3 1 3 3 3 3 3 4 2 2 2 3 3 3 2 3 4 3 2 3 1 2 2 3 3 2 31

9080 Fennoscandian deciduous swamp
woods 1 0 1 0 0 0 2 2 3 3 2 0 3 2 3 3 4 3 3 4 2 2 2 4 4 3 2 3 4 3 1 3 1 2 2 3 3 2 29

9190 Old acidophilous oak woods with
Quercus robur on sandy plains 1 0 1 0 0 0 2 1 2 3 2 0 3 1 3 3 3 3 3 4 2 2 2 4 3 4 3 4 4 3 3 4 4 4 3 4 4 3 29

91D0 Bog woodland 1 0 1 0 0 0 2 1 3 2 1 1 3 2 3 3 4 3 3 4 2 3 3 4 4 3 2 3 4 3 1 3 1 2 2 3 3 3 30

N
at

ur
a

20
00

91E0 Alluvial forests with Alnus glutinosa
and Fraxinus excelsior 1 0 1 0 0 0 2 2 3 2 1 0 3 2 3 3 4 3 3 4 2 3 3 4 4 3 2 3 4 3 1 3 1 2 2 3 4 3 29

C
O

R
IN

E

321 Natural grasslands 1 0 0 3 3 0 2 2 1 3 2 0 3 1 3 3 2 4 3 4 3 3 2 2 2 3 3 4 4 3 1 4 2 2 2 3 3 3 30

324 Transitional woodland-shrub 1 0 0 2 2 0 2 2 3 3 2 0 3 1 2 3 2 4 3 4 2 2 2 3 3 2 2 3 3 3 1 2 1 1 2 2 2 2 30

6210 Semi-natural dry grasslands and
scrubland facies on calcareous substrates 1 0 0 2 1 0 2 1 1 2 2 0 2 1 1 3 2 4 2 4 2 2 1 2 2 3 2 4 4 3 1 3 1 2 2 3 4 2 30

6270 Fennoscandian lowland species-rich dry
to mesic grasslands 1 0 0 2 2 0 2 1 1 2 2 0 2 1 2 3 2 4 2 4 2 2 2 2 2 3 2 4 4 3 1 3 1 2 2 4 4 2 30

6410 Molinia meadows on calcareous, peaty
or clayey-silt-laden soils 0 0 0 1 0 0 1 0 1 2 1 0 2 1 2 3 2 4 2 3 2 2 2 2 2 2 1 3 4 3 1 3 1 1 2 3 3 2 28

6430
Hydrophilous tall herb fringe
communities of plains and of the
montane to alpine levels

1 0 0 2 0 0 1 1 1 2 1 0 2 1 2 3 2 4 2 3 2 2 2 2 2 2 1 3 4 3 1 3 1 1 2 3 3 2 29

6450 Northern boreal alluvial meadows 1 0 0 3 1 0 2 1 1 2 2 0 2 1 2 3 2 3 2 4 3 2 2 2 2 2 1 3 4 3 1 3 1 1 2 3 3 2 30

6510 Lowland hay meadows 1 0 0 3 2 0 2 1 1 2 1 0 2 1 2 3 2 3 2 3 3 2 2 2 2 2 1 3 4 3 1 3 1 1 2 3 3 2 30

2180 Wooded dunes of the Atlantic,
Continental and Boreal region 0 0 1 1 0 0 1 1 1 1 1 0 2 1 1 2 2 3 2 3 2 2 1 2 2 3 3 4 4 3 2 3 2 2 2 3 3 2 30

N
at

ur
a

20
00

2330 Inland dunes with open Corynephorus
and Agrostis grasslands 0 0 0 0 0 0 1 0 1 1 1 0 2 1 1 2 1 3 2 3 2 2 1 2 1 3 2 3 4 3 1 3 1 2 2 3 3 2 27

C
O

R
IN

E

411 Inland marshes 1 0 0 0 0 0 2 1 1 1 1 1 3 2 3 3 3 2 2 4 2 2 4 2 3 3 2 3 4 3 1 3 1 1 2 3 3 2 29

412 Peat bogs 1 1 1 0 0 0 1 1 2 1 1 1 2 2 2 1 3 1 1 2 2 2 2 1 2 2 1 2 3 2 1 2 1 1 1 2 2 2 31

7110 Active raised bogs 1 0 0 0 0 0 2 0 1 1 1 1 3 3 3 2 4 2 1 4 2 2 4 3 3 4 3 4 5 4 2 4 2 2 3 4 4 3 28

N
at

ur
a

20
00

7120 Degraded raised bogs still capable of
natural regeneration 0 0 0 0 0 0 1 0 1 1 1 1 2 2 2 1 3 2 1 3 1 2 3 2 2 2 2 3 4 3 1 3 1 1 2 3 2 2 28

C
O

R
IN

E

511 Water courses 1 0 0 0 0 1 1 0 1 3 2 4 2 2 2 0 3 0 2 4 1 1 3 1 3 3 4 4 4 4 2 4 2 2 2 3 3 2 27

512 Water bodies 2 1 1 1 1 5 1 0 1 2 1 3 1 1 1 0 3 0 1 3 0 1 2 1 3 2 2 3 4 3 1 2 1 1 2 2 2 2 30

3150
Natural eutrophic lakes with
Magnopotamion or
Hydrocharition—type vegetation

1 0 0 0 0 1 1 0 0 3 2 3 2 2 2 0 3 0 1 4 0 1 3 2 3 3 3 4 4 4 2 4 2 2 2 4 3 2 25

1130 Estuaries 1 0 0 0 0 1 1 1 1 3 2 3 2 2 2 1 3 0 2 4 1 1 4 1 4 4 3 4 5 4 2 4 3 2 3 4 3 3 29

N
at

ur
a

20
00

1150 Coastal lagoons 1 0 0 0 0 2 1 1 0 4 2 4 2 2 2 1 4 0 2 5 0 1 3 2 4 4 4 4 5 4 2 4 3 2 3 4 4 3 27
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Each assessed ES had two ratings—a service potential score and an expert confidence
score. The potential of the different LC classes to provide an individual ES was scored
with values between 0 and 5, following the scale given in Burkhard et al. [19] and updated
by Poikolainen et al. [43] to assess the potential of the ES, where 0 = no relevant potential
for the ES to supply the respective ES; 1 = low relevant potential; 2 = relevant potential;
3 = medium potential; 4 = high potential; 5 = very high potential.

Following the proposal of Campagne et al. [24], each expert was asked to state their
confidence in their knowledge regarding the land cover and ES using a confidence score
with the following values: 1 = I don’t feel comfortable with my score, 2 = I feel fairly
comfortable with my score and 3 = I feel comfortable with my score. The central value
was computed using the weighted arithmetic mean of all individual expert scores for each
combination of ES and ecosystem type [24]. The experts’ self-confidence scores were used
as a weight to calculate the arithmetic mean as follows:

Wes =
∑n

i=1 eiPi

∑n
i=1 ei

(1)

where Wes was the weighted average value of the ES potential, ei, was the expert’s confi-
dence score and Pi was the ES potential value. The numbers were rounded to the nearest
integer. The matrix of the estimated ES potentials was linked to the polygons of the com-
piled biophysical data using a polygon attribute table with CORINE land cover and Natura
2000 site code field to produce maps of individual ES using ArcMap 10.5.

2.4. Relative Importance (RI) of Ecosystem Services

To aggregate the values of individual ES within categories and to calculate the total
ES potential in each assessment unit, the relative importance (RI) of ES was considered.
The assignment of an RI value helped to avoid the equal contribution of individual ES to
the average score and, at least to some extent, reflected the specifics of local priorities. For
ranking ES by their importance in the study area, we used questionnaire data collected in
parallel by Morkūnė et al. (submitted manuscript) within the scientists’ community at the
national “Marine and Coastal Research 2019” conference in May 2019. The contributing
participants (64 scientists) evaluated the ES importance on a scale of 1, 2, 3, 4 and 5.
Preference was defined as the importance of a particular ecosystem service according to
its necessity or existing actual threats of losing it. The scale ranged from not important
(1) to very important (5). Further, in this study, these values were transformed to 0, 1, 2,
4 and 8, respectively, and analyzed using the methodology presented in Robbe et al. [30].
This non-linear transformation of the scores allowed the highlighting of the highest scoring
value, thus having more robust and clear mapping results and a better understanding of
the most important and valuable ES. Scores were transformed into percentage values, i.e.,
relative importance (RI) values were given to each of the ES assessed in this study (Table 2).
Missing RI values were replaced by ES category median values. The total RI was highest
for cultural services (sum 46%), followed by regulation and maintenance services (40%)
and provisioning services (15%).

The weighted arithmetic mean was used to aggregate total ES value and ES values
within categories using the calculated RI:

Wc =
∑n

i=1 RIiPi

∑n
i=1 RIi

(2)

where Wc is the weighted average value of the ES category (provisioning, regulation and
maintenance and cultural) and RIi is the relative importance. Each ES category matrix was
further used for hotspot analyses.
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2.5. Data Analysis

For the potential trade-off, synergies and ES association analyses, we applied correla-
tion and principal component analyses (PCA). Relationships between provided scores and
between individual pairs of ES were identified using Spearman rank correlation. To evalu-
ate multiple relationships of ES, ordinations of land use classes and ES as the identification
of ES bundles, we applied a PCA analysis using R package FactoMineR (v. 1.7, 2020) [44].

For hot/coldspot analyses using the ArcMap (v10.5) tool, we used ES potential values
within each aggregate category: provisioning, regulation and maintenance and cultural
services. Further, using these aggregate values, the Gi* statistics were calculated to identify
hotspots and coldspots of ES potentials. This tool took each raster pixel within the context
of neighboring features into the calculation and output a new feature class with a z-score,
p-value and confidence level. Features with a high z-score and small p-value indicated
statistically significant hotspots, while features with a low negative z-core and small p-value
demonstrated statistically significant coldspots [45].

3. Results
3.1. Assessment of Ecosystem Service Potential

From the list of 34 ES provided for expert scoring, 27 to 33 services were identified
for each land cover class (Table 2). All ES categories had at least some scores of very
high potential. Mineral extraction sites had an exceptionally low number of identified ES
(18). In the regulation and maintenance category, the service RM 7 (CICES 2.2.2.3), i.e.,
maintaining nursery populations and habitats (including gene pool protection), had the
most frequent highest potential scoring of 4–5 (Table 2). High potential was also identified
in the regulation of air and water quality, RM 11 (CICES 2.2.6.1), as well as regulating
temperature and humidity, RM 12 (CICES 2.2.6.2). Most of the provisioning services were
assessed as having low potential; their highest potential was found only in the specific
land cover territories, e.g., aquaculture ponds and pastures (Figure 2b). In the cultural ES
category, the highest scores were given for the potential characteristics of living systems
that enable scientific investigation or the creation of traditional ecological knowledge, C3
(CICES 3.1.2.1). Experts decided that they could potentially derive scientific knowledge
(C3) from all land classes (Figure 2e) and that, in most of them, there was some potential
for training and education (C4), as well as for the development of future ES potential (i.e.,
biodiversity elements with option or bequest values, C11). Characteristics of living systems
that are resonant in terms of culture or heritage, C5 (CICES 3.1.2.3), had the lowest potential
in the cultural ES category, with a potential scoring from 0 to 3.

The land cover class ranking, using the total ES potential, is presented in Figure A1
(Appendix A). All the forest classes from the CORINE classification obtained the highest
ES potential. Many other forest types from the Natura 2000 classification had a slightly
lower sum of scores; however, if RI was assumed, Natura and CLC forests had equal total
ES potential. Other congeneric land classes, such as CLC peat bogs vs. Natura 2000 active
raised bogs, or pasture vs. natural grassland, had substantially lower total ES potential.
Most land cover classes with typical provisioning services potential had lower total ES
potential scores (agricultural land, fruit and berry plantations, other complex cultivation
areas and pastures). In these areas, the total ES potential assuming RI was lower than the
total ES potential, assuming an equal contribution of all ES (Figure A1).
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regulation and maintenance category: (c) maintaining nursery populations and habitats (CICES 
2.2.2.3); (d) hydrological cycle and water flow regulation (including flood control and coastal pro-
tection, CICES 2.2.1.3); in cultural: (e) characteristics of living systems that enable scientific investi-
gation or the creation of traditional ecological knowledge (CICES 3.1.2.1); (f) characteristics of living 
systems that enable aesthetic experiences (CICES 3.1.2.4). 
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ures 3 and 4). The correlation between the provisioning services, P1–5, and most of the 
regulation and maintenance services, RM1–12, and cultural services, C1–C11, was either 
negative or non-significant. However, provisioning services derived from wild resources, 
P6–10, and all regulation and maintenance services and cultural services correlated posi-
tively. The high number of significant positive correlations among cultural ecosystem ser-
vices (Figure 4) strongly indicates common features of natural landscapes having a high 
capacity to meet multiple spiritual, cognitive and recreational needs of people. 

The PCA showed strong relationships between ES and the clustering of land cover 
classes sharing similar trends of ES scores (Figure 4a,b). The first two dimensions of the 
PCA expressed 65.35% of the total dataset inertia. This percentage was relatively high and 
thus the first plane well represented the data variability. The habitat provision service 
(RM7) was highly correlated with dimension 1 (correlation of 0.9). Forested land use clas-
ses such as 9020, 9010, 311, 312, 313 and 9190 (cluster 4) had a strongly positive coordinate 
on the dimension 1 axis, this indicating a high habitat provision service potential (RM7). 
However, agricultural land use classes such as 211, 131, 242, 222, 243 and 231 (cluster 1) 
were characterized by a strongly negative coordinate on the dimension 1 axis, i.e., they 
had low habitat provision potential. Cluster 2 was composed of land use classes sharing 
high values for pollination (RM5) and control of erosion rates (RM3). It included all types 
of meadows and natural and semi-natural grasslands. Cluster 3 was strongly differenti-
ated from the other three clusters by a strong negative coordinate on the dimension 2 axis. 
The group included aquatic habitats and water courses (3150, 1150, 1130, 511, 512 and 
7110), these sharing high values for the specific set of ecosystem services (P11, RM10, RM1, 
C4, P5, C3, RM4, C1 and C10). 

Figure 2. Maps of 6 ecosystem services in 3 ES categories. Provisioning: (a) wild animals used for
nutritional purposes (CICES 1.1.6.1); (b) animals reared for nutritional purposes (CICES 1.1.3.1);
in regulation and maintenance category: (c) maintaining nursery populations and habitats (CICES
2.2.2.3); (d) hydrological cycle and water flow regulation (including flood control and coastal protec-
tion, CICES 2.2.1.3); in cultural: (e) characteristics of living systems that enable scientific investigation
or the creation of traditional ecological knowledge (CICES 3.1.2.1); (f) characteristics of living systems
that enable aesthetic experiences (CICES 3.1.2.4).

3.2. Associations between ES

Interplay between the ES scores was illustrated by correlation and PCA analyses
(Figures 3 and 4). The correlation between the provisioning services, P1–5, and most of the
regulation and maintenance services, RM1–12, and cultural services, C1–C11, was either
negative or non-significant. However, provisioning services derived from wild resources,
P6–10, and all regulation and maintenance services and cultural services correlated pos-
itively. The high number of significant positive correlations among cultural ecosystem
services (Figure 4) strongly indicates common features of natural landscapes having a high
capacity to meet multiple spiritual, cognitive and recreational needs of people.

The PCA showed strong relationships between ES and the clustering of land cover
classes sharing similar trends of ES scores (Figure 4a,b). The first two dimensions of the
PCA expressed 65.35% of the total dataset inertia. This percentage was relatively high
and thus the first plane well represented the data variability. The habitat provision service
(RM7) was highly correlated with dimension 1 (correlation of 0.9). Forested land use classes
such as 9020, 9010, 311, 312, 313 and 9190 (cluster 4) had a strongly positive coordinate
on the dimension 1 axis, this indicating a high habitat provision service potential (RM7).
However, agricultural land use classes such as 211, 131, 242, 222, 243 and 231 (cluster 1)
were characterized by a strongly negative coordinate on the dimension 1 axis, i.e., they had
low habitat provision potential. Cluster 2 was composed of land use classes sharing high
values for pollination (RM5) and control of erosion rates (RM3). It included all types of
meadows and natural and semi-natural grasslands. Cluster 3 was strongly differentiated
from the other three clusters by a strong negative coordinate on the dimension 2 axis. The
group included aquatic habitats and water courses (3150, 1150, 1130, 511, 512 and 7110),



Water 2021, 13, 2728 11 of 22

these sharing high values for the specific set of ecosystem services (P11, RM10, RM1, C4,
P5, C3, RM4, C1 and C10).
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Figure 3. Spearman rank correlation matrix of ecosystem services. Significant positive correlations
are marked in blue, significant negative correlations in red, and non-significant or weak correlations
are marked as crosses.

PCA analyses of the reverse matrix, i.e., analyzing land use classes as variables,
showed a less pronounced relationship. The first two dimensions of analyses expressed a
medium–high rate of 45.84% of the total dataset inertia. The classification of individual ES
revealed five clusters (Figure 4c). If the cluster could be defined as a bundle of ES, it could
be seen that cultural ecosystem services contributed only a little in explaining the differen-
tiation among land use classes and were not highly mixed in clusters. Characteristics of
living systems that enable active or immersive interaction with nature, C1 (CICES 3.1.1.1),
were most differentiated among the land use classes. The highest C1 scores, in cluster 2
(Figure 4c), were typical at Natura 2000 sites (2180, 9190, 1130, 2330, 7110, 1150, 3150 and
CORINE water courses 511, sorted from the strongest).

As already clarified, there was a well-differentiated bundle of RM3, RM5 and RM8
erosion control (cluster 4, Figure 4c), i.e., pollination and effect on soil formation processes,
respectively, that is typical for Natura 2000 meadows and CORINE natural grassland.
Other regulation and maintenance ES had less pronounced consistent associations among
land use classes (clusters 1 and 3, Figure 4c).



Water 2021, 13, 2728 12 of 22Water 2021, 13, x FOR PEER REVIEW 13 of 23 
 

 

(a) 

 

(b) 

 

(c) 

 

Figure 4 Variables factor map (principal component analyses) (a); ascending hierarchical classifica-
tion of the land use classes (b) and ecosystem services, based on reversed matrix (c). 
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3.3. Spatial Pattern of Ecosystem Services Potential

ES potentials based on territorial size in the study area are presented in Figure A2
(Appendix A). Provisioning services had no relevant potential or low potential in a large
proportion of the territory as they were mainly restricted to agricultural areas or forests
(not Natura 2000). For example, maintaining nursery populations and habitats (RM7) had
very high potential only within almost 20% of all the study territory. In 60–80% of the
territory, seven cultural ES had relevant to high or very high potential (scores 2–5), such
as passive enjoyment (C2), scientific research (C3), education (C4), aesthetic experiences
(C6), representation value (C9), existence value (C10) and option and bequest value (C11).
More than 30% of the territory had very high potential for characteristics of living systems
that enable scientific investigation or the creation of traditional ecological knowledge (C3).
Cultural ES related to culture and heritage (C5), having symbolic (C7) or religious meaning
(C8), were less frequently identified in the territory with only relevant or medium potential
and had no or low potential in 50% of the investigated area. The listed ES with lower
potential scores also tended to have lower RI values (Table 2), i.e., lower weights in their
average ES potential score.

Assuming the relative importance of the ES, the average weighted ES potential values
in each land cover class were calculated and mapped to visualize the spatial distribution
of the mean ES potential in the three main ES categories—provisioning, regulation and
maintenance and cultural (Figure 5). The maps show that areas with relevant provisioning
services potential were generally distributed in the two land cover classes, namely complex
cultivation patterns and land principally occupied by agriculture, with significant areas of
natural vegetation, and CORINE water bodies (such as aquaculture ponds). This mosaic
landscape provides a higher diversity and slightly higher overall potential of provisioning
ES than arable land, pasture or even forest (Figure 5). The coastal area has potential
for regulation and maintenance as well as cultural ES. The cultural services have the
most diverse potential, varying from low relevant potential to high potential across the
whole area.
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Figure 5. Maps of the ecosystem service potentials grouped into the ecosystem service categories in the Nemunas Delta and
Curonian Lagoon region: provisioning services, regulation and maintenance and cultural services. The average data from
the expert evaluations for each ecosystem service category were taken and final values were rounded to the nearest integer.

Using Gi * statistics, we identified hotspots and coldspots of ES potential for the three
ES categories in the study site. Hotspots of provisioning, regulation and maintenance
and cultural services covered 22.4%, 20.9% and 21.8% of the territory, respectively, and
coldspots covered 11%, 26.4% and 27.9%, respectively (Figure 6). Both forests and grass-
lands dominated in hotspots and coldspots in the three ES categories, together covering
from 73% to 81% in hotspots and from 79% to 82% in coldspots. Forests tended to dominate
in hotspots, while grasslands dominated in coldspots. Agricultural areas and pastures had
significant coverage (~20%) in hotspots of provisioning services. Wetlands were identified
as a typical feature in the coldspots of provisioning services (7% and 0% wetland cover in
coldspots and hotspots, respectively).
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hotspots or coldspots that were significant at 99% and 95% level, respectively. The pie charts indicate the percentage of each
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There were four overlapping hotspot areas of regulation and maintenance and cultural
ES located around the forested areas (Figure 6). The dominance of grassland, the absence
of forests and the somewhat higher coverage of water bodies resulted in the formation of
a large coldspot of ES potential in the river delta area and the region centered on Šilute
town and the Rusne Island area (Figure 6). In general, Natura 2000 areas only partially
overlapped with hotspots of regulation and maintenance and cultural ES (Figure 7). A
significant part of the Natura 2000 network area was within the coldspots of regulation
and maintenance and cultural ES, this being 31.14% and 25.15%, respectively.
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4. Discussion

This assessment revealed that the overall ES potential varies from low in agricultural
areas to medium in natural areas. This and other studies show that the provision of
regulation and maintenance services and cultural ES frequently is found in a bundle, while
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there is a trade-off between these two categories and provisioning ecosystem services
in those areas with high provisioning services potential, i.e., agricultural areas, timber
production areas, etc. [46]. Contributing significantly to the overall higher ES potential in
natural areas and Natura 2000 sites than in the agricultural areas, the experts in our study
particularly highlighted the potential of habitat provision as well as several cultural ES.

In the investigated region, restriction of land cultivation in the flooded areas basically
limits agricultural land from spreading to the coastline and leaves space for semi-natural
grassland, wetland or wet forest habitats. In the past, dominant policies and economic ac-
tivities had significant effects on the coastal landscape [37]. Under the Soviet Union regime
(1945–1990), flooded meadows with intrinsically low potential for provisioning services
were converted into cultivated grassland and thus drained, fertilized and harvested up to
four times annually to produce grass meal. The collapse of this policy, the extensification of
farming and the establishment of protected areas have resulted in the naturalization of the
floodplain [47]. These territories have high potential for habitat provision, the regulation
of air and water quality and the regulation of temperature and humidity. The dominant
Natura 2000 site complex is natural and semi-natural grassland and shrubland formations
(~19% of the area) in the Nemunas River floodplains, sharing high potential for erosion
control and soil formation, as well as pollination services. Most of the grassland is located
in the poldered areas; therefore, the grassland’s existence crucially depends on land use
and on polder management, i.e., ground water table maintenance to access the area for
mowing or grazing. Grazing by livestock maintains open habitats, essential for many bird
species, whereas coastal fields also are important stop-over sites for migrating birds [11].
As elsewhere in Europe, these habitats have become endangered due to abandonment, the
spread of weeds and succession to woodland, nitrogen deposition and other threats [48].
Measures to maintain the wet meadows include hydrological management, i.e., ground-
water table maintenance in the polder channels, removal of shrubs and reeds, initiation of
extensive grazing and late mowing.

The highest total ES potential in the studied area, as well as at the country scale,
is estimated in the forests [31]. The main ES provided by forests are those of wood
provision, water supply, erosion control, pollination, habitat protection, soil formation,
climate regulation and recreation [49]. Compared to the country average (33.7%), forest
coverage is relatively low in the terrestrial part of the investigated area (22%). According
to historical satellite images of the studied area, a 4% increase in the forested areas could
be observed during the 1984–2018 period, this including some shrubland converting into
forest and the encroachment of larger forests onto adjacent sandy arable land [50]. Seven
forests in the category of Natura 2000 Sites of Community Importance can be found in
the area. All of them are important for habitat provision and biodiversity. Wet forests,
particularly Fennoscandian deciduous swamp woods (9080), bog woodland (91D0) and
alluvial forests with Alnus glutinosa and Fraxinus excelsior (91E0), have high potential for
water flow regulation and mitigation of flood effects. Some provisioning services and
cultural services hotspots can be found at a distance from the coast, around the largest
forest areas beyond Natura 2000 sites. These include forests and mosaic landscapes, safe
from flooding and suitable for traditional agriculture and potential farm tourism. A synergy
of provisioning and cultural ES potential could be used to increase income and enhance
the well-being of the rural communities.

In general, the cultural services have variable potential across the whole study area.
The Curonian Lagoon, active raised bogs and old oakwoods with Quercus robur on sandy
plains (Sites of Community Importance, 9190) had the highest overall potential of cultural
ES. Although the fish provision service potential was still ranked as high in the lagoon,
fisheries are no longer a dominant economic activity. It is still, however, tightly linked to
the local cultural identity and both tradition and tourism. There is increasing demand for
other services (angling, boating, kiting, bird watching, sightseeing) and increasing demand
for active sports, such as water contact activities in the lagoon, hindered by issues such as
poor water quality and eutrophication, frequent algal blooms and unpleasant smells [51].
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This study also shows that hotspots of cultural ES are not necessarily spatially coherent
with cultural heritage concentration sites. For example, the Pakalnė River polder landscape
reserve of Rusnė Island is designated to protect the unique oldest polders, with flooded
meadows as habitats for birds, but it occurs within a cultural ES coldspot in this assessment.
Some of the cultural services, especially those related to aesthetic value, cannot be fully
evaluated by an expert matrix approach, because it considers only the attractiveness of the
existing land cover class and does not consider other objects in view (e.g., panoramic views)
present at the point, or the historical heritage value of the site. This suggests that more
detailed analyses are needed to investigate cultural ES at a smaller spatial scale, using some
empirical data of the site visitors in the context of cultural heritage, tourism infrastructure
and the demographic characteristics of society [52].

The relatively large percentage of protected areas, along with associated land use and
farming restrictions and low to moderate land fertility, results in generally low potentials
for provisioning services in this coastal region. Only two provisioning ES achieved the
highest potential score of 5 in some land cover classes: animals reared in cultured pastures
(milk and meat production) (P3) and animals reared by in situ aquaculture in fishery ponds
(P5). Livestock production still has high economic importance in the area. Small and
medium dairy farms still dominate, but under recent agricultural policy and pressures of
the market economy, small dairy farms are increasingly being converted into beef cattle
production farms [53]. Quality meat production with high added value is suggested as
a future perspective for local farmers. Moreover, livestock farms with a low number
of animals would avoid environmental issues such as pollution of ground and surface
waters and habitat destruction for endangered bird species. Differently from livestock
farms, aquaculture is concentrated in a single company located in the Nemunas Delta RP.
Operating ponds of 600 ha and raising carp, bighead carp, sturgeon, grass carp and trout,
an important aspect is that the company has diverse additional activities, such as a fish
restaurant, recreational fishery, tourism services and bird watching. Intense production-
targeted aquaculture is turning into more environmentally and socioeconomically friendly
aquaculture. These two examples show the importance of the multiple values of nature.

5. Conclusions

Regulations on Natura 2000 habitat protection and general agriculture, climate and
other thematic policies implemented after Lithuania’s accession to the EU in 2004 would
also have a significant effect at the landscape level. Having only low potential for provision-
ing services, natural or semi-natural grassland or wet meadows are particularly vulnerable
to abandonment, e.g., the stopping of mowing or grazing by cattle, or reciprocal intensified
activities such as the unsustainable renovation of drainage and polder systems. Mainte-
nance costs and effort could potentially be compensated by socio-economic benefits such as
contributions to the preservation of global biodiversity, feeling the intrinsic existence value
of biodiversity and benefiting from a group of other regulatory and cultural ES, having
relevant potential for aesthetics and education or the creation of knowledge. Cultural
services related to landscape and biodiversity, such as birdwatching services, could be an
example of an income source for landowners to compensate expenses on land management.

The use of expert analysis, such as the matrix method, can help to provide a good
starting overview of a topic involving complex information from stakeholders in order
to identify multiple ES and possible synergies and trade-offs, especially when they are
used in decision-making. This assessment provides insight into the total ES potential’s
dependence on land use and land cover and its spatial pattern in the area. Administrative
layers are considered, so the local communities of the seven coastal seniunija could obtain
information about the total potential of ES in their area, as well as the locations of ES
hotspots, and determine the strengths and potential for their well-being of the ES, as well as
the protection of nature values. ES mapping could be used by municipalities and multiple
stakeholders (foresters, drainage and protected area managers) starting the co-creation of
landscape-level management options. However, the state-of-the-art review of existing ES
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does not account for trends and directions of change in ES potential, whether positive or
negative. Therefore, future application of the matrix should be linked to environmental
driver assessment, either based on scorings, e.g., Leitão et al. [54], or existing drainage
basin and climate models [5].
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Figure A1. Ranking of land-cover classes using overall Ecosystem Services potential values sum of equally (×100/34)
weighted values and RI (provided in Table 2) weighted values.
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