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Coastallagoons are valuable ecosystems, providing socioeconomic benefits and
supporting human populations and biodiversity. However, these systems face
several challenges, making them vulnerable to both natural and human factors.
In this study, we apply the Driver-Pressure-State-Impact-Response (DPSIR)
Approach to conduct a comprehensive socioeconomic and environmental
assessment of the Khenifiss Lagoon to promote sustainable development and
support decision-makers. Located on the southern Atlantic coast of Morocco,
the lagoon was designated a natural reserve in 1962, a biological reserve in
1983, and a protected wetland under the Ramsar Convention since 1980. This
study represents the initial endeavor to conduct a comprehensive global and
multidisciplinary environmental assessment of the lagoon by using a wide
range of data sources, including relevant publications and reports, satellite
images and remote sensing data, field observations, and interviews, all analyzed
under the DPSIR framework. Our findings show that both natural and human
factors have an impact on the ecosystem. Natural Factors associated with the
geomorphological features of the region likely contribute to the silting of the
lagoon, possibly intensified by a large shipwreck stuck at its inlet. Meanwhile,
human factors encompass population growth (at a rate of 2% per year), tourism,
shellfish farming, fishing, shellfish harvesting, and salt extraction. Our results
reveal significant changes in the lagoon’s condition in recent years, including a
reduction in water body extent, a probable decrease in depth, and an increase
in the accumulation of solid waste, plastics, and wastewater in three sectors
spanning a total surface area of 464 ha (equivalent to 7% of the lagoon), a
substantial expansion of the salt mining area encompassing 368 ha, and a
remarkable loss of biodiversity, manifested in declining fish stocks and seabird
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populations. This study showed that the lagoon is positioned as a potential site
for economic growth and serves to alert stakeholders and the local population
to the ecosystem'’s environmental issues. Based on the findings of this study, we
highly recommend regulating human activities within the lagoon, the removal
of the wreck at the entrance, proper waste management, community awareness
programs, and strict monitoring and enforcement of regulations to protect the
environment.

coastal wetland, ecosystem services, environmental assessment, sustainable
development, coastal management, ecosystem management

by one or more restricted inlets (Barnes, 1980; Kjerfve, 1986;
Gonenc and Wolflin, 2004). Their freshwater inflow is reduced

o This study employs the DPSIR approach to conduct an  in comparison to their marine water inflow, distinguishing them

exhaustive analysis of the socioeconomic and environmental  from estuaries (Chapman, 2012). Coastal lagoons cover 13%
aspects of Khenifiss Lagoon.

of the earth (Barnes, 1980; Newton etal., 2018) and provide a

e The research sheds light on the vulnerability of Khenifiss  diverse range of ecosystem services and benefits. These include

Lagoon to both natural forces and human activities. supporting biodiversity, water provisioning, food provisioning,
e Through meticulous data analysis, this research reveals  carbon sequestration, providing nursery habitat for various marine
significant changes in the lagoon’s condition over recent years. species, generating employment opportunities, enabling scientific

e Guiding sustainable

Khenifiss Lagoon.

1 Introduction

development and conservation at  pesearch, and providing cultural services (Newton etal., 2018;

Rodrigues-Filho et al., 2023). These contributions significantly
enhance human wellbeing (Mahapatro et al., 2013; Lewison et al.,
2016; Rodrigues-Filho et al,, 2023). Lagoons, on the other hand,
face a variety of challenges and are regarded as vulnerable
systems due to natural stressors (e.g., flooding due to excessive

Coastal lagoons are shallow water bodies separated from the  precipitation or drought due to insufficient precipitation, sea-

ocean by a barrier connected, at least intermittently, to the ocean level rise, cyclones, super cyclones, hurricanes, major storms,
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shoreline changes, and longshore littoral drift) and human stressors
(e.g., pesticide pollution, sewage pollution, radionuclides, oil
spills, sound pollution, coastal pollution, coastal aquaculture,
excessive use of motorboats for fishing and tourism activities, and
eutrophication) (Mahapatro et al., 2013).

The Khenifiss lagoon (KL) in Morocco, the largest Atlantic
lagoon in the country and the only one situated in the Saharan
bioclimatic stage (Orbi and Nemmaoui, 1992), remains the least
studied (Mejjad et al., 2020). This coastal wetland is characterized
by the richness of biodiversity and a high level of biological
productivity, meeting the criteria outlined by the Ramsar
Convention 1, 2, 3,4, 5, 6, and 8 (Dakki et al., 2003). With 27 species
of mammals, 30 species of macroalgae, and 72 species of vascular
plants, as well as 36 Polychaetes, 96 Crustaceans, and 57 Mollusks,
this coastal wetland also serves as a habitat for over 10% of the global
population of Audouin’s gull (Larus audouinii) (Dakki et al., 2003).
It stands as the second major concentration area in Morocco for
the Greater Flamingo (Phoenicopterus roseus), hosting over 1,000
individuals, and the fourth concentration area for shorebirds, with
nearly 20,000 individuals (Dakki et al., 2003).

The lagoon serves as a critical wintering area for migratory
birds along the East Atlantic flyway, predominantly originating
from breeding colonies in Algeria, Spain, France, Italy, and
potentially Mauritania (Radietal, 2022; Rihaneetal, 2023).
Additionally, it provides habitat for vulnerable or threatened species
on both national and international scales. These include two
plant species (Zostera noltii and Suaeda ifniensis), an amphibian
(Bufo brongersmai), and four bird species (Phalacrocorax carbo
maroccanus, Marmaronetta angustirostris, Tadorna ferruginea,
and L. audouinii) (Dakki et al., 2003). However, the lagoon faces
many challenges due to extensive human activities, including
habitat destruction, overfishing, disturbance to wildlife habitats,
and alterations to water quality, related to the needs of the local
population and the requirements of tourist activities (Mirari et al.,
2020). In such a situation, establishing a sustainable management
strategy to protect the wetland and conserve natural resources
through participatory approaches is essential (Roy etal., 2012).
Additionally, this strategy depends on a scientific foundation that
enables us to understand the spatiotemporal scales of processes
and differentiate between natural and anthropogenic sources
of stress (Pérez-Ruzafa et al., 2019).

Despite efforts to identify and categorize coastal lagoons’
services and issues, accurately evaluating their value remains a
challenging and unresolved issue due to the significant heterogeneity
of approaches and methodologies employed in the process (Pérez-
Ruzafa etal., 2019). The Driver-Pressure-State-Impact-Response
(DPSIR) framework is widely applied in a variety of systems
and contexts, including lagoons, estuaries, bays, salt marshes,
and rivers, as well as additional ecosystems like coral reefs,
mangroves, wetlands, forests, grasslands, deserts, and urban
areas (Bidone and Lacerda, 2004; Linetal, 2007; Elliott and
Whitfield, 2011; Zebardast et al., 2015; Lewison et al., 2016; Fiandra,
2020; Kaur et al., 2020; Pagan et al., 2020; Bouchkara et al., 2021).
The DPSIR framework comprises driving forces (D) such as
population growth, economic development, and climate change
leading to environmental effects. Pressures (P) involve human
activities causing environmental changes, and State (S) reflects
the environmental condition influenced by both natural and
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human-induced pressures (Kristensen, 2004). Impact (I) pertains
to consequences on ecosystem services due to changes in the
ecosystem state, and Response (R) involves decision-making to
minimize changes, control driving forces or pressures, and restore
the environmental state (Kristensen, 2004).

The utilization of the DPSIR framework in diverse global coastal
wetlands, such as the Venice Lagoon in Italy (Fiandra, 2020), coastal
wetlands in Xiamen, China (Lin et al., 2007), Brazil's Guanabara
Bay (Bidone and Lacerda, 2004), and the lagoon of Oualidia in
Morocco (Bouchkara etal, 2021), has yielded valuable insights
into environmental issues in these coastal wetlands and has proven
instrumental in facilitating the assessment of coastal development
and sustainability across these regions. This framework is also
widely utilized for managing vulnerable seagrass ecosystems and
salt marshes, offering a structured approach to assess and address
environmental challenges in these critical coastal habitats (Mishra
and Apte, 2021; Mishra and Farooq, 2022). The application of the
DPSIR framework to the Venice lagoon in the northeastern part of
Italy (Fiandra, 2020) has yielded a comprehensive understanding
of its main issues and the corresponding responses over time.
Additionally, this framework is recommended as a primary tool
for managing complex marine territories and, more importantly,
for adoption in governmental assessments (Fiandra, 2020). The
application of the DPSIR framework to the coastal wetlands
in Xiamen, China (Linetal, 2007) allows monitoring of the
structural and functional changes within this Chinese coastal
wetland, including physical, chemical, and biological aspects,
from 1950 through 2005. The findings show a significant rise in
anthropogenic factors, including human population growth and
economic development, contributing to coastal wetland degradation
in this area since 1950, which is correlated with a decline in coastal
wetland function during that time. The DPSIR implementation in
Brazil's Guanabara Bay (Bidone and Lacerda, 2004) enables the
assessment of coastal development and sustainability, evaluating
the costs and gains related to governmental policies regarding the
use of natural resources. The results highlight the significance of
successful public policies in resource management and sustainable
the DPSIR framework has been
specifically applied to the lagoon of Oualidia (Bouchkara etal.,

resource use. In Morocco,

2021), revealing the unsustainable utilization of this ecological
space and the resulting degradation and environmental challenges,
including organic and chemical pollution, the expansion of urban
areas, environmental disturbances, and the loss of wetlands.
By utilizing the DPSIR framework, it was possible to establish
connections between socio-economic activities, their impacts
on lagoon sustainability, and human interventions aimed at
mitigating these effects (Bouchkaraetal, 2021). The DPSIR
framework enabled the proposal of measures to enhance ecological
productivity, ensure resource sustainability, and integrate ecosystem
management (Bouchkara et al., 2021).

Transitioning to the specific focus on KL, this paper aims to
provide an integrated environmental and socioeconomic assessment
of this coastal ecosystem, shedding light on the intricate interactions
between socioeconomic and environmental factors within the
lagoon. Additionally, we seek to categorize its ecosystem services
and issues using a diverse set of data sources, such as scientific
publications, technical reports, field observations, interviews,
satellite images, and remote sensing data, all analyzed under the
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DPSIR framework. This integrated assessment is intended to aid
decision-makers in comprehending the intricacies of environmental
challenges and making informed decisions through a structured
and all-encompassing assessment of the issues before implementing
potential management strategies. Finally, this paper aims to
highlight the potential benefits of the DPSIR approach for analyzing
and managing such a coastal wetland and ensuring its sustainability.

2 Study area

The KL, depicted in Figure 1, lies 200 km north of Laayoune
city in the Tarfaya province, situated in a rural area along
Morocco’s southwest coast (28°02'54"N, 12°13’66" W). This region
is renowned for its significant deposits of ferrotitanium minerals
along the Ladouina-Cape Juby Atlantic coastline (Abioui et al.,
2023). The KL is the biggest lagoon on the Atlantic coast of Morocco
(Beaubrun, 1976). The lagoon has been classified as a natural reserve
since 1962, a biological reserve since 1983 (Cuzin, 2003), and
a protected wetland by the Ramsar Convention on Wetlands of
International Importance since 1980 (Dakki et al., 2003). It has been
recognized as a national ecological park with a 606,000-hectare
surface area since 2006 (National Agency of Water and Forests,
2022). The lagoon covers an area of 65 km? and runs deep inland
for more than 20 km (Lakhdar Idrissi et al., 2004). It connects to
the Atlantic Ocean via a wide passage, known as Foum Agouitir,
carved through the coastal dune cord, with depths ranging from
5 to 6 m (Beaubrun, 1976; Lakhdar Idrissi et al., 2004). Upstream,
it extends to the salt flat referred to as the Sebkha of Tarza
(Beaubrun, 1976). The main channel is bounded to the east and
south by a cliff (25-35 m high) and to the west by living dunes
(Beaubrun, 1976; Mirari et al., 2020).

Saline waters enter the mouth of Foum Agouitir and flow
through a broad channel that narrows gradually towards the
south. The main channel eventually splits into several small and
narrow channels. Figure 1C depicts the predominant wave direction
that influences the study area, particularly the mouth. The waves
consistently approach from the north, with significant wave heights
ranging from 0.2 m to 5 m (Figure 1C). Lakhdar Idrissi et al. (2000)
and Lakhdar Idrissi et al. (2004) categorized the lagoon into three
zones based on its hydrological characteristics. The first zone,
located downstream, was predominantly influenced by the ocean
and characterized by coarse sediments. Water depths ranged from
2.5 to 6 m, and the maximum current speed reached approximately
110 cm/s. The second zone, situated in the middle of the lagoon,
exhibited an intermediate level of oceanic influence and shared
similar sediment characteristics with the first zone. Lastly, the third
zone, positioned upstream, experienced minimal oceanic influence
and shallower water depths ranging from 2.64 to 5.3 m. Salinity
levels within the lagoon vary spatially, with gradual increases
observed towards the upstream zone. While the downstream
and central zones maintain salinity levels similar to those of
the ocean, around 36 psu, the upstream zone experiences higher
salinity, reaching 45 psu (Lakhdar Idrissi et al., 2004; Lefrere et al.,
2015). Similar spatial patterns were noted for water temperature,
fluctuating between 17°C and 25°C (Lakhdar Idrissi et al., 2004).
The semi-diurnal component (M2) of the current, with a period of
12 h and 25 min, significantly dominates the tidal cycle in the KL
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(Lakhdar Idrissi et al., 2004). The water residence time in the lagoon
has been estimated to be approximately 4.4 tidal cycles during neap
tides and 1.5 tidal cycles during spring tides (Lakhdar Idrissi et al.,
2004). The lagoon supports the livelihoods of people living in nearby
areas, where the majority of activities are related to fishing, tourism,
salt extraction, and occasional agriculture in the Graras, which
transform into relatively productive cereal fields during rainy years
(Department of Water and Forestry, 2008).

3 Materials and methods
3.1 Data collection

3.1.1 Bibliographic analysis

Various search engines, including Scopus, Google Scholar, ISI
Web of Knowledge, ScienceDirect, JSTOR, and ResearchGate, were
utilized to conduct searches using keywords such as “Khenifiss
lagoon,” “lagoons,” “coastal lagoon,” “DPSIR;” “ecosystem services,”
“ecosystem assessment,” “environmental assessment;” “coastal
management,” “coastal lagoon management,” and “ecosystem
management.” This search strategy yielded a total of 88 relevant
publications for the study. These publications included 60 peer-
reviewed papers, Seven reports and technical reports from
government agencies (i.e., the Department of Water and Forestry, the
Ministry of Equipment and Transport, and the High Commissioner
of Planning) and other organizations (i.e., RAMSAR, UNESCO, the
European Environment Agency), seven books and book chapters,
five conference proceedings, three PhD thesis, one Masters' thesis,
three official websites (Haut Commissariat au Plan, the National
Agency of Water and Forests, the Khenifiss Association), and 1 EEA
internal working paper.

The study’s collected publications were analyzed and sorted
into several categories. Out of the total number of publications, 24
(27.27%) were specifically centered on the KL and its surrounding
environment, and 21 publications (23.86%) were focused on general
coastal or terrestrial issues and ecosystem assessment. Additionally,
10 publications (11.36%) discussed coastal management, natural
resource management, and sustainability, while 12 publications
(13.63%) focused on the application of the DPSIR framework.
Biodiversity and ecosystem services were covered in 13 publications
(14.77%), and eight publications (9.09%) explored the functioning
of marine ecosystems, coastal lagoon processes, and coastal
processes.

3.1.2 Field observation and interviews

We conducted field observations and interviews with local
authorities, fishermen, salt miners, and residents in February
2022 to evaluate the present condition of the lagoon and
identify any modifications that may have transpired in recent
years. Our approach involved visually inspecting the study
area to detect and identify polluted zones, especially those
caused by solid waste. We identified contaminated areas and
determined the types of solid waste to understand the origin of
the pollution.

Conducting interviews was challenging due to the population’s
conservative nature, particularly among women, and their hesitancy
to interact with outsiders. Moreover, the population was relatively
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FIGURE 1

(A) Geographic location of the KL; (B) top view of the KL and its surrounding environment (the white star indicates the location of a huge shipwreck
stuck at the bottom of the inlet as shown in Figure 4D); (C) Wave rose of significant wave height and mean wave direction at the entrance of the lagoon
(Foum Agouitir) based on data from 2000 to 2024 for SIMAR Point 1032014 (https://www.puertos.es/).

small and widely dispersed across vast areas around the lagoon,
resulting in a limited number of participants being available
for questioning. A sample of 50 individuals, representative of
the local population (Table 1), was surveyed, and the interviews
were limited to residents who had lived in the area for more
than 5years. They were asked four questions. Firstly, they
were asked whether they had observed any significant changes
in the lagoon during their stay. Secondly, they were asked
whether they were satisfied with the current state of the lagoon
area. Furthermore, they were asked whether they felt the local
government was doing enough to protect and maintain the lagoon.
Lastly, they were asked to provide suggestions for improvements
they would like to see made to the lagoon area. The survey
aimed to capture the needs and desires of the residents living in
the region.

3.1.3 Integration of remote sensing and
geographic information systems (GIS)

The current study utilized Geographic Information Systems
(GIS) to map the areas where contamination is found, providing
a spatial representation of the polluted zones. Additionally, we
utilized satellite images and remote sensing to investigate the long-
term changes in the land use of the lagoon. We assessed the
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evolution of salt mining activities in the Sabkha of Tarza from
2000 to 2019 using three Landsat optical images obtained from the
United States Geological Survey (USGS). The three images were
collected in 2000, 2009, and 2019, with an average time interval of
approximately 10 years. We created false-color composites by coding
bands in blue, green, and red, respectively, as outlined in Table 2,
using GIS software. These band combinations were selected based
on their ability to highlight the unique spectral signatures of salt
deposits and to provide insights into the temporal changes in
mining activities.

3.1.4 Assessment of sediment quality, water
quality, and biodiversity

To assess the sediment quality in the lagoon, we utilized
sediment quality guidelines (SQGs) and analyzed data on metal
concentrations extracted from the sediment, building upon previous
research conducted by Tnoumietal. (2021) and Idardare et al.
(2008). SQGs are defined as effects-range guidelines based on
empirical analyses of chemistry and biological data from a variety
of field and laboratory studies (Long et al., 1995; Long et al., 1998;
Macdonald et al., 1996). The NOAA’s effects-range approach, which
utilizes the effects range-low (ERL) and effects range-median
(ERM), is the most commonly used SQGs for marine environments
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TABLE 1 Summary of sample population characteristics and interview questions.

Statistical content Category Sample number Proportion (%) Asked questions
Gender Male 38 76 1. Have you observed any
noticeable changes in the
Female 12 24 lagoon during your stay?
Age 30-35 04 8 2. Are you satisfied with the
current state of the lagoon
35-40 06 12 area?
>40 40 80
Education Not educated 08 16 3. Do you feel that the local
government is doing enough
to protect and maintain the
Elementary school 21 42
lagoon?
Middle school 09 18 4. What improvements would
you like to see made to the
High school 08 16 lagoon area?
University 04 8
Occupational group Fishermen 10 20
Local authorities 06 12
Salt miners 12 24
Resident 22 44
The duration of their stay in 5-8 years 06 12
the lagoon area
8-10 years 32 64
More than 10 years 12 24

TABLE 2 Detailed information and band combinations of selected remote sensing imagery.

Date Satellite Sensor Resolution (m) Band combination ‘
2000-02-01 Landsat7 ETM-+ 30 5-4-1
2009-11-16 Landsat 5 ™ 30 5-4-1
2019-12-26 Landsat 8 OLI TIRS 30 6-5-4

(Long et al., 1995; Long etal., 1998; Longetal., 2000; Long and
Sloane, 2004). Another widely used effects-range approach is based
on the threshold effects level (TEL) and probable effects level
(PEL) (Macdonald etal., 1996). The ERL and TEL are highly
predictive of no toxicity if they are not exceeded, while the ERM
and PEL are highly predictive of toxicity if they are exceeded
(Long et al., 1998).

The examination of previous studies conducted in the lagoon
has provided insights into the dynamic evolution of water quality
and biodiversity over time. Moreover, it has shed light on
the intricate relationship between human activities and their
influence on the delicate balance of the ecosystem within the
lagoon’s habitat.
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3.2 Data analysis

Relevant information from the publications, field observations
and interviews, satellite images, and remote sensing was compiled,
analyzed, and tabulated into a DPSIR framework (Figure2) to
study the issues and problems associated with the lagoon’s use
and management (Lewison et al., 2016; Elliott et al., 2017; Fiandra,
2020). The DPSIR framework is an integrated approach for reporting
the state of the environment adopted by the European Environment
Agency (EEA) since 1995 (Thomas, 1995; Kristensen, 2004). It
is used to describe the relationships between the origins and
consequences of environmental problems, as well as to define the
causal links existing along the chain, beginning with driving forces,
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the resulting environmental pressures, the state of the environment,
and impacts resulting from changes in environmental quality,
eventually leading to the societal response to these changes in the
environment (Kristensen, 2004).

The DPSIR framework components are driving forces (D),
which relate to anthropogenic factors such as population growth
and demographic change, economic and industrial development,
and climate change, which can lead to environmental effects
(Gabrielsen and Bosch, 2003; Lewison etal., 2016). According
to the Millennium Ecosystem Assessment (2005), drivers can
include both anthropogenic and natural factors that directly or
indirectly cause a change in an ecosystem. Pressures (P) are defined
as human activities that usually cause unwanted environmental
changes through emissions (the release of substances) and the
use of resources, leading to observable and measurable effects
in the ecosystem (Gabrielsen and Bosch, 2003; Maxim et al.,
2009). State (S) refers to the environmental condition of the
lagoon, which is influenced by both natural and human-caused
pressures (Takyietal, 2022). State indicators can vary in type
depending on the system chosen for description (i.e., changes
in biodiversity, physicochemical properties, quantity and quality
of resources, etc.) (Maxim etal., 2009; Takyi et al., 2022). Impact
(I) relates to the consequences of changes in the state of
the ecosystem services provided by the concerned ecosystem
(Gabrielsen and Bosch, 2003; Moll etal, 2005; Takyietal,
2022). Response (R) relates to decision-making (Takyietal.,
2022), to minimize changes, control driving forces or pressures,
and restore the state of the environment (Maxim etal., 2009;
Takyi et al., 2022).

4 Results and discussion
4.1 Driving forces

4.1.1 Climate, wind action, and
geomorphological setting

The climate is characterized by moderate temperatures (20°C
on average) and extremely rare precipitation (Adnani et al., 2018).
The study area is characterized by a unidirectional wind, the almost
absence of vegetation, and the presence of a very flat, hard substrate
in the form of a limestone-sandstone plateau (Elbelrhiti et al., 2005).
Winds regularly blow over this area, with an RDP/DP index
of 0.9 (Elbelrhitietal.,, 2005). The prevailing wind blows from
NNE to SSW and is classified as a breeze ranging from gentle
to frequently strong (Elbelrhiti etal., 2005; Adnanietal., 2018).
This direction corresponds precisely to the propagation of the
dunes (Elbelrhiti et al., 2005). Coastal environments in the region
allow prevailing winds to transport sand inland, thus promoting
the formation of transverse dunes and Barchan dunes around
the lagoon (Oulehri, 1992; Elbelrhiti etal., 2005; Adnani et al.,
2018). The flatness of the relief in the study area promotes the
movement of massive masses of sand (Sauermann etal., 2000;
Elbelrhiti et al., 2008) and generates a sand river, oriented NNE-
SSW, which is responsible not only for the main silting up of the
KL but also for the road network and other economic infrastructure
in the area (Saltani et al., 2015).
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The Driver-Pressure-State-Impact-Response (DPSIR) framework,
according to Kristensen (2004).

Impacts (I)

TABLE 3 Population (number of persons) of the territorial commune of
Akhfennir from 1994 to 2014 (Department of Water and
Forestry, 2008; Haut Commissariat au Plan, 2014).

Year 1994 ’ 2004 2014

‘ Population ‘ 1,334 ‘ 1,583 ‘ 2,280

4.1.2 Population growth

Population growth constitutes the primary driving force and
leads to changes in individual needs and activities (Lewison et al.,
2016). The population of the Khenifiss National Park (Table 3)
is growing at a yearly population growth rate of 2 percent
and is concentrated in the village of Akhfennir and around
the Tarza salt flats (Sebkha of Tarza) (Department of Water and
Forestry, 2008; Haut Commissariat au Plan, 2014).

As the population grew, so did the demand for resources
and the volume of wastewater discharged, resulting in higher
levels of contaminants (Pérez-Ruzafaetal., 2019). Also, the
anthropogenic development of coastal environments has accelerated
environmental pressure on these systems (Niemi et al., 2004; Birch
and McCready, 2009). These pressures contribute to environmental
changes such as fish abundance and coastal eutrophication
(Tagliapietra et al., 2011; Lewison et al., 2016).

4.2 Pressures on the KL

Figure 3 depicts the main human activities in KL. This includes
tourism activities, aquaculture, fishing and shellfish harvest, and salt
extraction that provide employment opportunities and contribute to
the local economy (Department of Water and Forestry, 2008).

4.2.1 Tourism activities

The Khenifiss National Park is a strongly contrasted, diversified,
and singular biogeographical richness destination. The park
presents exceptional landscapes with a unique ecological quality
(Mirari et al., 2020). These include the coastal area, the lagoon
zone, and the expansive desert region, featuring regs, hamadas,
krebs, and extensive dunes (Mirarietal, 2020). The lagoon
forms a vast wetland, which runs deep inland for more than
20 km, is enclosed between sharp dunes and sandstone cliffs,
and enlarges to a huge salt flat (Sebkha of Tarza) (Mirarietal.,
2020). Official statistics on tourist activities and numbers in

frontiersin.org


https://doi.org/10.3389/feart.2024.1322749
https://https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org

El Behja et al.

10.3389/feart.2024.1322749

FIGURE 3

Photographs show the main human activities in KL. (A) Fishing; (B) shellfish farming and aquaculture; (C) tourism and bird watching; (D) salt mining.

the lagoon are unavailable. However, KL offers many activities,
including geotourism, ecotourism, bird watching, and nature
observation. The increasing tourist development activities around
lagoons may lead to environmental disturbances and threaten
the safety of biodiversity and the ecological integrity of the
ecosystem (Pérez-Ruzafa and Marcos, 2005; Pérez-Ruzafa et al.,
2011), necessitating careful monitoring in the Khenifiss Lagoon.
Transport and shipping activities may also result in underwater
noise pollution and hydrocarbon emissions from motorized boats
(Eyring et al., 2005; McCarthy, 2007). Field observations showed
an increasing accumulation of solid and plastic waste discarded by
tourists and frequent disturbances to bird populations.

4.2.2 Aquaculture, fishing, shellfish farming, and
shellfish harvesting

The socio-economic system in the lagoon is based on fishing
and shellfish harvests. The local wealth has enabled the local
population to develop a fishery, albeit artisanal, but one that
generates income and jobs. According to the local authorities,
there are only 12 traditional fishing boats, which are also used to
transport tourists within the lagoon. However, all of these boats
are motorized and operate continuously, which raises concerns
about the potential for underwater noise pollution and its adverse
effects on the local marine environment while also contributing
to water pollution. Moroccan aquaculture began in the 1950s with
the establishment of shellfish farming in Oualidia lagoon, which
produced 60 tons of Oysters in 2011 (Maanan et al., 2014). In the
KL, the local specificities of the ecosystem have attracted many
private investors to become involved in aquaculture (Idardare et al.,
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2008). The KLs living resources are under pressure due to
fishing (Diplodus sargus sargus, Mugil capurrii, Mustelus mustelus,
Anarhichas lupus), harvesting (polychaetes, mollusks, and shellfish),
and aquaculture activities. Fishing activities, in particular, lead
to the depletion of targeted fish, shellfish, and bait populations,
with illegal fishing practices and the use of unregulated equipment
further exacerbating the problem (EI Mahrad etal., 2020). The
lack of effective regulations and surveillance mechanisms only
compounds these pressures and puts the long-term sustainability
of the ecosystem at risk. It is, therefore, crucial to implement
appropriate measures to ensure the responsible and sustainable use
of KLs living resources.

Based on the interviews conducted, 100% of the respondents
agreed that there has been a significant decline in the fish population
in the lagoon in recent years. Fishermen attributed this decline to the
probable reduction in the depth of the lagoon’s main channel and
emphasized the need for further investigation and action to address
this issue.

4.2.3 Salt mining activities

The salt flat (Sebkha of Tarza), covering an area of over 830 ha on
the south side of the lagoon, plays an important economic role. In the
middle of this huge space, 418 ha of salt deposits were exploited by
seven small companies and one cooperative (Department of Water
and Forestry, 2008). This salt flat is used as huge man-made
salt pans, which produce, among other salt pans in the area,
more than 20,000 tons of salt per year (Department of Water and
Forestry, 2008). Salt marshes provide vital support for biodiversity
and ecosystem services (Mishra and Farooq, 2022). However,
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uncontrolled exploitation of salt marshes, coupled with a lack of
monitoring, leads to the loss of wetlands containing the optimal
conditions for biological life and biodiversity, and the waste products
abandoned there can distort the environment (Kennish, 2001).

4.3 State changes and impacts on the
environment of the KL

4.3.1 Spatial extent and depth of the lagoon

In recent years, KL has experienced a probable decrease in
depth (Amimi et al., 2021). Additionally, small islands have emerged
within the lagoon channels, and the Portuguese tower sank into
the sands in 2010 (Figures 4B, C), which was visible before that
date (Figure 4A). This phenomenon of silting and narrowing of
the lagoon was proven by comparing archived aerial photographs
with recent satellite images, which revealed the growth of small
newborn islands and the filling of slikkes by sediment and dunes
inside the lagoons main and secondary channels, which leads
to shoreline changes (Amimietal., 2021; El Behjaetal.,, 2024).
Furthermore, the lagoon experiences a notable decrease in its
total water body extent, reflecting the increasing prevalence of
sedimentation over erosion and highlighting its vulnerability to
progressive closure (El Behja et al., 2024).

According to the data from the technical report of the
Ministry of Equipment and Transport (2010), the probable decline
in depth is not only due to the general silting that affects the lagoon
but also to the presence of a huge shipwreck at the bottom of the
inlet since 1978 (Figure 4D), which caused significant alterations
to the inlet’s structure and dynamics (Ministry of Equipment and
Transport, 2010).

The survey responses to the first question revealed that a
significant proportion of the participants, specifically 90%, observed
a decline in the lagoon’s depth during their stay. Furthermore,
80% of the respondents identified this probable reduction in
depth as a critical issue, linking it to the advance of dunes and
silting phenomena. These findings suggest that the lagoon area is
undergoing notable changes that require attention and intervention
to protect the lagoon ecosystem.

4.3.2 Solid and plastic waste pollution

The study conducted field observations and found a growing
accumulation of solid waste, plastics, and wastewater in various
locations. Figure 5 illustrates the extent of the problem in three
sectors spanning a total surface area of 464 ha (equivalent to 7%
of the lagoon) identified as being particularly affected. Sector 1 is
situated close to a small harbor primarily utilized by traditional
fishing boats. The area is primarily inhabited by a local population,
consisting mainly of fishermen and their families. Furthermore,
Sector 1 serves as a place of accommodation for visitors and tourists.
Sector 2 is located in the middle of the lagoon, situated at the
Rass Tarf cliff. It is primarily utilized as a tourist campsite. Lastly,
Sector 3 is situated around the salt mining area and is close to the
national road N1.

Table 4 lists each sector and the types of solid waste commonly
associated with it. Additionally, it identifies potential sources of
pollution. This information can be used to develop strategies
to reduce pollution and establish sustainable waste management
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practices. Complementing this, Figure 6 provides insight into some
aspects of pollution observed in sectors 1 and 2. Across the
three sectors, pollution sources vary but collectively contribute to
environmental degradation and adversely affect ecosystems.

Based on the responses received, all respondents (100%)
reported that pollution has increased in recent years due to the lack
of waste treatment facilities and the absence of sewage treatment in
the area. The interviews conducted revealed that 84% of respondents
perceived that the accumulation of solid and plastic waste in sectors
1 and 2 is worsened by residents’ and tourists’ improper disposal
practices. Similarly, 50% of respondents reported that salt mining
activities contribute to the problem in sector 3. In contrast, a smaller
proportion of respondents acknowledged that transportation plays
a role in exacerbating the accumulation of solid and plastic waste
in sector 3.

4.3.3 Land use

The results of the temporal analysis of salt mining area expansion
in Sebkha of Tarza, as depicted in Figure 7, indicate a significant
increase in the size of the mining area over the period 2000-2019.
The mining area expanded from 114 ha in 2000 to 341 ha in 2009
and 368 ha in 2019, as shown in Table 5. The observed expansion
in the salt mining area in Sebkha of Tarza may be attributed to
various factors, including increasing demand for salt, advancements
in mining technology, and the proximity of the national road.
Nevertheless, the potential negative impacts of this expansion on the
environment and local communities should be carefully considered
and managed to ensure sustainable use of the area.

The findings highlight the importance of continuous monitoring
and management of salt mining activities in the Sebkha of Tarza to
mitigate the potential negative impact on the ecosystem and ensure
sustainable use of the area. Additionally, the use of satellite imagery
proves to be a useful tool for monitoring and analyzing changes in
mining activities over time, enabling informed decision-making and
management.

4.3.4 Water quality

The KUs water quality is poorly understood. However, a few
studies have been conducted to assess it by measuring physico-
chemical and microbiological indicators such as temperature,
salinity, phosphates, nitrates, dissolved oxygen, and chlorophyll
(Fekhaoui et al., 1988; Lakhdar Idrissi et al., 2004; Mimouni et al.,
2005). These various indicators change with the tide and exhibit daily
and seasonal variations. The authors of these studies have found that
the physico-chemical and microbiological parameters of the water
meet or exceed the standards for safe and healthy water. They have
presented evidence that the water in KL is of good quality.

4.3.5 Sediment quality
Sediment contamination poses a threat to

the health of benthic organisms, as well as harming the

significant

development of vegetation, bacteria, and other forms of aquatic
life (MacDonald et al., 1996). Sedimentary metal concentrations
can be used as an appropriate indicator of contamination related
to anthropogenic activities that lead to biological stress in coastal
water bodies (Birch, 2011). Besides, the biogeochemical processes
of lagoons can change the characteristics of contaminants, making
them more toxic to different aquatic organisms (Kjerfve and Magill,
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Portoguese Tower remains

Portoguese Tower remains

— P

FIGURE 4

during the low tide.

(A) A photograph (taken in 2004) of the remains of the Portuguese tower. The black circle surrounds the tower. The white star indicates the location of
the shipwreck in Figure 4D; (B) a photograph (taken in 2011) of the remains of the Portuguese tower, showing the tower sinking into the sand and
vegetation disappearing. The black circle surrounds the tower, and the white star indicates the location of the shipwreck in Figure 4D; (C) a photograph
of the excavation work to uncover the Portuguese tower, as well as the rate of silting up; (D) a photograph of the shipwreck near the inlet of the KL

1989; Gonenc and Wolflin, 2004). To evaluate sediment quality, we
assessed the metal concentrations of eight metals in the surface
sediments (2-5 cm), including Cr, Ni, Cu, Zn, As, Cd, Hg, and Pb,
as depicted in Table 6.

The metal concentrations determined by Idardare et al. (2008)
are lower than the ER-L (Effects Range-Low) and TEL (Threshold
Effect Level) presented in Table 6, except for Nickel (Ni), which is
in the range between ER-L and ER-M (Effects Range-Median), and
Chrome (Cr), which is in the range between TEL and PEL (Probable
Effect Level). The high Ni concentrations found naturally in the
sediments of the KL are probably derived from its bedrock, which
is characterized by predominant schist rich in Ni (Idardare et al.,
2008). The metal concentrations determined by Tnoumi et al. (2021)
are also lower than the ER-L and TEL presented in Table 6, except
for nickel (Ni), which is in the range between TEL and PEL, and
arsenic (As), which is in the range between ER-L and ER-M. The
comparison of metal concentrations in the KL sediment with SQGs
presents a range between no toxicity (Cu, Zn, Cd, Hg, and Pb) and
probable toxicity (Cr, Ni, and As), while no metal concentration
exceeds the toxicity limits. The minor enrichments of Cr and As may
be related to the human activities around the lagoon (fishing boats,
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motors, tourist vehicles, machinery, trucks used in salt mining, etc.).
These results indicate that the lagoon is uncontaminated by these
eight metals, which means that concentration levels in the sediments
are normal and are not significantly influenced by anthropogenic
sources. This current state of the lagoon is probably related to the
limited access to the ecosystem, which indicates a good example of
wetland management.

A study conducted by Tnoumietal. (2022), based on
the calculation of the contamination factor (pCF), revealed
that intertidal sediments of the lagoon are more sensitive to
contamination than subtidal sediments, which is related to the
important role of tidal cycles in the transport and deposition of
contaminants that originate in the city of Tarfaya, the Canary
Islands, and industrial emissions from the Atlantic. However,
compared to other Moroccan lagoons (Sidi Moussa, Nador, and
Oualidia), the potential ecological risk posed by heavy metals in the
KL is classified as low (Tnoumi et al., 2022).

4.3.6 Biodiversity
The biodiversity of a coastal lagoon is critical to human survival
(Anthony et al., 2009; De Wit, 2011). Therefore, their utilization
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FIGURE 5
Extent of polluted zones by the solid waste in the KL, as identified through field observations (February 2022).

should be at a level that guarantees the sustainability of resources
(Takyietal, 2022). The KL and its surroundings are of great
originality in terms of fauna and flora. However, the lagoon
experiences few and varied impacts compared to other similar
wetlands in the country (Hammada, 2007). Tourism and fishing
activities do not generate significant threats to the vegetation
and habitats of the site (Hammada, 2007). Furthermore, salt
extraction in the Sebkha of Tarza has no discernible impact on
the ecosystem (Hammada, 2007). The phytoplankton community
in the lagoon is dominated by diatoms (90% of the community)
and dinoflagellates (10%), and the majority of the phytoplankton
has the potential to be of aquaculture interest (Hassi et al., 2020).
Likewise, the seagrass beds within the lagoon provide shelter and
a place of reproduction for mollusks of high commercial value,
such as clams, cockles, and razor clams (Department of Water
and Forestry, 2008). Besides, harmful and toxic microalgae
species do not present any risk because their low cell densities
do not exceed alert thresholds (Hammada, 2007). The benthic
fauna of the lagoon contains fifty-seven taxa, of which the vast
majority are mollusks, crustaceans, and polychaetes, confirming
the absence of pollution in the lagoon due to its species
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richness (Lefrere et al., 2015). This site hosts a fauna characterized
by a specific richness and currently includes 33 species of
mammals, 212 species of birds, and 25 species of reptiles
and amphibians (Department of Water and Forestry, 2008). Many
of these species are of national and/or international interest.
The species richness and the non-dominance of any particular
taxon prove that the lagoon’s ecosystem is still in good health
(Lefrere et al., 2015).

All of the fishermen interviewed reported a significant
reduction in fish stocks at the lagoon. Consequently, they
have to travel to the sea outside the lagoon to fish, as the
lagoon no longer supports their livelihoods. They attribute this
decline to a combination of factors, including reduced depth,
noise pollution from boat engines, and poor water quality. The
fishermen reported that addressing these issues is crucial to
restoring the fish population and supporting their community’s
economy. Also, 90% of the respondents confirmed that they
have observed a significant decline in the population of seabirds
in the lagoons and surrounding areas. This decline is a matter
of concern as it suggests a potentially adverse impact on the
local ecosystem.
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TABLE 4 Sectors with pollution in the KL associated with solid waste types and potential pollution sources.

10.3389/feart.2024.1322749

Sector no. Surface area (ha) Types of solid waste Potential sources
1 26 Discarded fishing nets and Textiles Domestic fishing activities
lines
Used oil containers Tinplate cans
Plastic bottles Food waste
Plastic packaging Paper
Wastewater Glass
2 39 Plastic bottles Glass Tourism activities
Plastics Disposable cutlery and plates
Tinplate cans Straws and napkins
Food waste Food wrappers
Packaging Paper
3 399 Discarded scrap, metal, and plastic packaging Domestic Salt mining
equipment activities transportation
Packaging waste Paper
Discarded wheels Glass
Used oil containers Textiles
Plastic bottles

4.4 Responses of the human society

The Moroccan government declared the KL and its surroundings
a national park by ministerial decree in 2006, with a surface
area of 185,000 ha (Department of Water and Forestry, 2008). This
declaration aimed to facilitate the conservation, rehabilitation,
and sustainable development of natural resources within this
protected area.

Recently, private investors have been authorized to develop
tourist projects around the lagoon. However, the local population
is very committed to fighting against authorizations for tourism
projects that threaten the wetland and also projects aiming to
develop shale gas exploitation in the region (Abiouietal., 2018;
Khenifiss Association, 2022). Civil society insists that projects
proposed in fragile coastal areas or sensitive protected areas should
not be permitted (Abioui et al., 2018; Khenifiss Association, 2022).
The local population founded the Khenifiss Association in 2001 for
the development of the natural and cultural potential as well as
the preservation of the biodiversity of the Khenifiss National Park,
including the lagoon (Abiouietal., 2018; Khenifiss Association,
2022). The association has several goals, including the improvement
of the state of the lagoon environment, the defense of this precious
environment, and raising environmental awareness among the local
population and visitors (Khenifiss Association, 2022).

As part of the efforts undertaken to preserve the lagoon, the
Ministry of Equipment and Transport launched a development
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project that included the removal of the wrecklocated at the entrance
of the lagoon in 2010 (Ministry of Equipment and Transport, 2010).
However, a field visit in 2022 revealed that the wreck’s removal
is not yet complete. Furthermore, the wreck causes the formation
of large sandbanks around it, which influences the hydrodynamic
circulation in the lagoon and also threatens the navigation of
traditional fishing boats.

According to the data provided by interviews, the majority of
respondents (90%) are dissatisfied with the current state of the
lagoon area. This suggests that there may be environmental or
ecological concerns that need to be addressed to improve the health
and sustainability of the lagoon. Additionally, all respondents felt
that the local government was not doing enough to protect and
maintain the lagoon.

4.5 Socio-ecological issues of the KL

The KL provides a good livelihood for part of the human
population through fishing, tourism, salt mining, and other
activities, which is crucial from a socio-economic point of view.
The lagoon has undeniable qualities and values, bio-ecological,
geological, and cultural (Department of Water and Forestry, 2008;
Mirari et al., 2020). Nonetheless, the strain on this coastal ecosystem
is intensifying with each passing day (Department of Water and
Forestry, 2008), thereby driving forth additional development
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Solid waste'and plastics

FIGURE 6

Photographs showing the accumulation of solid waste and plastics in the KL. (A) in sector 2 and (B) in sector 1 (captured in February 2022).
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FIGURE 7

Temporal analysis of spatial expansion in the salt mining area of the Sebkha of Tarza using Landsat satellite imagery from (A) 2000, (B) 2009, and (C)
2019. The red line indicates the boundary of the mining area, and the changes in the area over time are visible.

TABLE 5 Spatial expansion in the salt mining area at the salt flat Sebkha
of Tarza (2000-2019).

Date (year)

Surface area (ha) 114 341 368

2000 2009 2019

and human activity in the region in the foreseeable future.
This highlights the need for responsible and sustainable
management of the
and enhancement.

lagoon to ensure its preservation

The main Drivers, Pressures, States, Impacts, and Responses
identified in the KL and listed in Figure 8 are similar to
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those found in other Moroccan and North African lagoons
(Maanan et al., 2014; El Mahrad et al., 2020; Bouchkara et al., 2021).
Driving forces are both anthropogenic and natural. Pressures
related to anthropogenic factors are particularly population growth,
which causes an increase in human needs as well as economic
and industrial growth, while those related to natural factors are
primarily aeolian dune migration along the area and lagoon
silting up. The general silting that affects the lagoon influences
the hydrodynamic circulation within the lagoon. Changes in
hydrodynamic circulation in a lagoon can have complex effects
on the ecosystem, influencing the distribution of nutrients, oxygen
levels, sedimentation patterns, salinity, and other physical and
chemical characteristics that form the basis of high productivity,
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TABLE 6 Comparison of metal concentration measurements in the KL sediments (Idardare et al., 2008; Tnoumi et al., 2021) with Effects-Range
Guidelines (ERL/ERM) (Long et al., 1995) and Threshold Effects Levels/Probable Effects Levels (TEL/PEL) (Macdonald et al., 1996).

Metals concentration in the KL Effects-range Threshold effects
surface sediments [mean values (mg/kg)] guidelines levels/probable effects levels

Contaminants
(mg/kg) According to According to ERL ERM TEL PEL (mg/kg)

(metals and

e Elle (mg/kg) (mg/kg)  (mg/kg)

Chrome (Cr) 62 26.6 81 370 52.3 160
Nickel (Ni) 35 16.5 209 51.6 15.9 42.8
Copper (Cu) 17 6.60 34 270 18.7 108
Zinc (Zn) 70 51.7 150 410 124 271
Arsenic (As) — 8.50 8.2 70 7.24 41.6
Cadmium (Cd) 0.37 0.16 1.2 9.6 0.68 4.21
Mercury (Hg) — 0.01 0.15 0.71 0.13 0.7
Lead (Pb) 6 6.13 46.70 218 30.24 112.18

Drivers Pressures Impacts Responses

5;\ In 2006, the Moroccan
\Silting up of the = government declared
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factors Khenifiss Association works
Population on lagoon conservation and
growth and raising awareness;
human activities |
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FIGURE 8
The main drivers, pressures, states, impacts, and responses on the KL.

ultimately impacting the overall health and sustainability of the  threats to the wetland, are less of a concern compared to other
ecosystem (e.g., Panigrahi et al., 2009; Newton et al., 2018). Moroccan lagoons (EI Mahrad et al., 2020). However, the results of

Compared to other Moroccan lagoons, the KL is still regarded  this study are alarming, as they highlight an escalating trend of
as the most well-preserved lagoon in Morocco, with no significant  solid and plastic waste accumulation in three specific areas that
changes detected in its condition (El Mahrad et al., 2020). Thanks cover approximately 451 ha. These zones account for 7% of the
to the legal situation, the small size of the indigenous human  lagoon’s overall surface area. Floating waste is occasionally visible
population and limited access to the KL ecosystem, as well as  on the shoreline and afloat in the water, creating an eyesore and
increased civil society awareness, anthropogenic activities and their ~ posing a potential threat to the ecosystem. This visual pollution
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not only affects the aesthetic appeal of the lagoon but also has
detrimental effects on tourism, which can be a vital source of income
for local communities. The presence of plastics trapped in the
sediments carries potential impacts, especially if they are mobilized
and introduced into the biota, subsequently entering the food chain.
Consequently, this poses a threat to the wildlife in the area, as it
can be mistaken for food by birds, fish, and other animals, leading
to injury or death. Additionally, the field observations have also
reported frequent disturbances of birds and other wildlife in the area
by human activity, such as noise and intrusion into their nesting and
feeding areas. This can cause stress, displacement, and disruption
of their natural behaviors, leading to a decline in their populations
(Newton, 1998). Also, the observed decline in the fish population,
caused by human fishing, and the probable reduction in the lagoon’s
depth could be contributing factors to the decrease in the number of
birds. Since fish are a significant source of food, the decrease in their
availability may be impacting the bird population (Newton, 1998;
Elliott et al., 2002). The dwindling population of fish and sea birds
has the potential to disrupt the food chain and upset the delicate
balance of the marine ecosystem (Elliott et al., 2002; Cury et al,
2003). Therefore, it is essential to conduct urgent research on these
issues and take action to prevent further damage while promoting
the conservation of the diverse wildlife in the region.

The study shows that the expansion of salt mining areas in
the Sebkha of Tarza over time has resulted in the loss of wetlands
in the upstream zone of the lagoon, with potentially significant
impacts on the ecosystem. It is essential to address this issue with
sustainable solutions to ensure the long-term sustainability of the
lagoon’s ecosystem.

We strongly recommend conducting a comprehensive study on
chemical pollution in the lagoon, with a particular focus on the
impact of anthropogenic activities such as salt mining. This study
should aim to identify the sources, types, and levels of chemical
contaminants present in the water and sediment of the lagoon,
as well as their potential impacts on the local ecosystem and
human health.

Although the population surrounding KL is relatively small,
the increasing population and unregulated human activities, in
the absence of appropriate and sustainable management strategies,
pose a significant threat to the environmental integrity of the
lagoon. An illustrative example is the Oualidia Lagoon (north
Atlantic coast of Morocco), which has experienced a significant
increase in population from 7,741 in 1971-18,616 in 2014, causing
several environmental problems such as wetland loss, biodiversity
decline, excessive fertilizer, and pesticide use, overexploitation of
aquaculture resources, and pollution (Bouchkara et al., 2021).

4.6 Challenges and strategies for managing
and conserving the KL

Managing coastal lagoons is a challenging task that arises
from multiple factors, including a limited understanding of the
ecosystems, the involvement of multiple stakeholders, intricate
social and administrative structures, and the allocation of
responsibilities (Pérez-Ruzafa and Marcos, 2008). Additionally, in
Morocco, the creation of protected areas has been implemented

without sufficient engagement of the local populations that are
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affected by them, resulting in conflicts (Goeury, 2010). In the
case of the KL, conflict has arisen between local authorities,
private investors, and the local population over the proposed
tourism development around the lagoon. To resolve such conflict,
a stakeholder forum should be convened, and the local population
should be involved through a participatory approach to reaching an
agreement on ecosystem management that balances conservation
and economic and social development imperatives (Newton and
Elliott, 2016).

Moroccan lagoons have been the subject of many human
responses to environmental problems. In the Oualidia lagoon, a
sediment trap was built in 2011 to address many issues, including
the asymmetrical nature of tidal propagation, the confinement of
upstream waters, and the reduction in depth (Bouchkara etal,
2021). The lagoon’s hydrodynamics have improved as a result of
the sediment traps implementation (Bouchkaraetal., 2021). In
the Nador lagoon, the Moroccan government has implemented
a depollution program to mitigate pollution in the lagoon.
Concurrently, significant infrastructure projects have been
undertaken, including the closure of the existing inlet and
the creation of a new inlet that is wider and deeper, thereby
improving hydrodynamics and enhancing the overall health of
the ecosystem (Maicu et al., 2021). These examples illustrate the
positive effects of implementing appropriate management strategies
on enhancing the conditions of coastal ecosystems. In the case of
KL, despite the urgency of the situation, there have only been a
few management responses in the past. However, the circulation
within the lagoon is still negatively impacted, especially because of
the presence of a sizable wreck blocking the inlet. Therefore, the
removal of the wreck at the lagoon entrance is an urgent priority
that is essential for ensuring safe navigation in the area and for
maintaining a consistent supply of seawater to the salt flats. It is also
critical for improving the water quality of the lagoon by facilitating
water renewal and nutrient supply. The presence of the wreck can
create hazards for boats and ships navigating through the area and
can impede the flow of water into the lagoon, thereby negatively
impacting its ecology and water quality. By removing the wreck, we
can prevent accidents and enhance the overall health of the lagoon. It
is also important to consider the impact of the wreck on the salt flats,
which depend on a regular supply of seawater for their production.

The designation of the lagoon and its surroundings as a
national park since 2006 has contributed to the preservation of
its existing state. Nevertheless, anthropogenic activities, including
tourism, aquaculture, fishing, harvesting, and salt mining, should
be closely monitored and controlled to avoid potential disruptions
to ecosystem components and biodiversity. Also, natural resources
must be managed rationally to provide a stable and sustainable
source of income for local populations.

It is critical to take urgent measures to improve the water
quality and overall health of the ecosystem in the lagoon watershed
communities. These measures should include implementing proper
sanitation facilities, promoting waste sorting and recycling, and
treating domestic and industrial waste before discharge. These
actions will help mitigate the risk of water-borne illnesses and
safeguard the plants and animals in the lagoon. By implementing
these measures, significant progress can be made toward achieving
the United Nations’ Sustainable Development Goals (SDGs) 11, 14,
and 15. Specifically, access to basic sanitation can be enhanced,
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and the wellbeing of aquatic and terrestrial organisms can be
safeguarded.

To ensure the long-term sustainability of the ecosystem of
the lagoon and the livelihoods of the local communities, it is
crucial to implement sustainable solutions. Responsible mining
practices need to be implemented in the Sebkha of Tarza, where
salt mining activities are taking place, prioritizing the protection
of the environment and the restoration of wetlands that have been
destroyed. This can be achieved in line with the United Nations’
Sustainable Development Goals (SDGs) 12, 13, and 15, which aim to
promote responsible consumption and production, combat climate
change, and protect biodiversity and ecosystems. Implementing eco-
friendly mining techniques, efficient water management practices,
and proper disposal of waste and tailings are some of the measures
that can be adopted.

Future development projects planned for the lagoon must
include an awareness program for the local population, local schools,
fishermen, tourists, and salt miners about the preservation of natural
resources. These programs can help educate and raise awareness
about the importance of the lagoons ecosystem and the role that
each individual can play in preserving it. Awareness programs can
include a variety of educational materials, such as brochures, posters,
and interactive displays that inform people about the different types
of plants and animals that live in the lagoon, as well as the ecological
processes that take place there. They can also include workshops,
guided tours, and other activities that allow people to experience the
lagoon firsthand and learn about the importance of preserving it.

5 Conclusion

The integrated environmental assessment of the KL within
the DPSIR framework carried out in the present study
reveals that the lagoon and its surrounding environment are
exceptional natural sites that face issues from two categories
of stressors, which are natural stressors and anthropogenic
stressors. All of these stressors have a cumulative impact on the
physicochemical and biological properties of the lagoon, resulting in
ecosystem changes.

This study is harmonized with Sustainable Development
Goal 14 of the 2030 Agenda, which seeks to conserve and
sustainably use the oceans, seas, and marine resources for
sustainable development. Additionally, it aligns with the first
objective of the Intergovernmental Oceanographic Commission
(I0C) of UNESCO, which aims to achieve healthy oceans and
sustained ocean ecosystem services by improving scientific
understanding of ocean ecosystems, identifying robust indicators
of their health, and understanding ecosystem vulnerability.
Therefore, this study serves as a call to action for the preservation
of the fragile and unique ecosystem of the KL, promoting
sustainable development practices, raising awareness, and
encouraging the responsible management of the lagoons and
their surroundings.

Due to the scarcity of scientific sources for reference, more
research is needed to better understand the hydrodynamics and
sedimentology of the KL, particularly in its entrance area, which
is critical to the lagoon’s survival. It is also critical to investigate

the interactions between these factors and the lagoon’s overall
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ecosystem. Further studies must also focus on quantifying the
potential impact of land and biodiversity loss due to natural
and human factors. Conducting these comprehensive studies
will improve our scientific knowledge of this unique ecosystem
and provide critical information for long-term management and
conservation.

In general, using the DPSIR framework offers insightful analysis
and suggestions for managing and conserving coastal lagoons.
It assists in identifying significant key factors that affect the
lagoon’s ecosystem, understanding how these factors interact, and
appreciating their effects on the lagoon’s condition. This framework
is a valuable tool for supporting policymakers and resource
managers in creating efficient management strategies. It improves
our comprehension of coastal ecosystems and makes it easier to
take the necessary steps to safeguard and sustain these priceless
environments.
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