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ABSTRACT 

Coastal lagoons fringe the coastline of North Africa, from Morocco to Egypt (the Atlantic 
Ocean and the Mediterranean Sea). These lagoons are important both from the ecological and 
the socio-economic perspective. They provide many valuable ecosystem services, goods and 
natural resources to people living around their margins.  

Nevertheless, anthropogenic activities and pressures on the lagoon ecosystems for fisheries, 
freshwater, agriculture and even tourism have often lead to unsustainable resource use. Land-
use changes in the catchment of the coastal lagoons result in additional pressures. As a result, 
many of the coastal lagoons of North Africa are disturbed, which affects the status of the 
environmental conditions, the ecology and hence the delivery of valuable ecosystem services. 
The degradation and loss of ecosystem services impact human welfare, however, society at 
present has failed to recognize the value and function of the coastal lagoon ecosystems. 

The aim of the study is to provide the scientific knowledge base for the appropriate 
management of coastal lagoon (as socio-ecological systems) in North Africa. A modified and 
expanded holistic approach DAPSI(W)R(M) (Drivers - Activities - Pressures - State changes - 
Impacts (on welfare)- Responses (as Measures) was used for analysis of several lagoons in 
North Africa (Morocco, Algeria, Tunisia, Libya and Egypt) as an interdisciplinary (natural 
science, social science and economics) tool to construct an adaptive management. 

A wide range of human activities was detected such as urban development, land-based 
industry, transport, tourism, fisheries and aquaculture. These have led to numerous pressures 
such as the introduction of synthetic and non-synthetic contaminants, nitrogen and phosphorus 
enrichment, an input of organic matter, water flow rate changes and morphological changes. 
These gave a state change on marine ecosystem components and processes (e.g. habitats and 
species, ecological interaction, hydrological processes ...), intermediate services (e.g. primary 
production, nutrient and water cycling …) and final ecosystem services (e.g. fish and shellfish, 
genetic resources ...).  

The resulting impacts (on human welfare) were on fish food, fish feed, aesthetic benefits and 
economic loss.  

To deliver sustainability in these lagoons ecosystems, North African countries must implement 
management measures (as responses) such as setting up or/and upgrading sewage treatment 
plants, reducing fertilisers, protecting the margins, implementing monitoring programs, 
restoring distrusted areas, giving new policies, respecting national and international protocols, 
providing more interdisciplinary studies and investing in raising awareness of stakeholders. 
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RESUMEN 

Las lagunas costeras bordean el litoral del norte de África, desde Marruecos hasta Egipto (el 
océano Atlántico y el mar Mediterráneo). Estas lagunas son importantes tanto desde el punto 
de vista ecológico como desde el punto de vista socioeconómico. Proporcionan muchos 
valiosos servicios de ecosistemas, bienes y recursos naturales para las personas que viven 
alrededor de sus márgenes. 

Sin embargo, las actividades antropogénicas y las presiones sobre los ecosistemas de las 
lagunas para la pesca, el agua dulce, la agricultura e incluso el turismo, a menudo han llevado 
a un uso insostenible de los recursos. Los cambios en el uso del suelo en la cuenca de las 
lagunas costeras resultan en presiones adicionales. Como resultado, muchas de las lagunas 
costeras del norte de África están alteradas, lo que afecta al estado de las condiciones 
ambientales, la ecología y, por lo tanto, a la prestación de servicios ecosistémicos relevantes. 
La degradación y la pérdida de los servicios ecosistémicos impactan en el bienestar humano, 
sin embargo, la sociedad actualmente no ha logrado reconocer el valor y la función de los 
ecosistemas de las lagunas costera. 

El objetivo del estudio es proporcionar la base de conocimiento científico para la gestión 
apropiada de las lagunas costeras (como sistemas socioecológicos) en el norte de África. Un 
enfoque holístico modificado y ampliado DAPSI(W)R(M) (Drivers - Activities - Pressures - 
State changes - Impacts (on welfare)- Responses (as Measures) se ha utilizado para el análisis 
de varias lagunas en el norte de África (Marruecos, Argelia, Túnez, Libia y Egipto) como una 
herramienta interdisciplinaria (ciencias naturales, ciencias sociales y economía) para construir 
una gestión adaptativa. 

Una amplia gama de actividades humanas fue detectada, como el desarrollo urbano, la industria 
terrestre, el transporte, el turismo, la pesca y la acuicultura. Esto ha conducido a numerosas 
presiones, como la introducción de contaminantes sintéticos y no sintéticos, el enriquecimiento 
de nitrógeno y fósforo, un aporte de materia orgánica, cambios en la velocidad del flujo de 
agua y cambios morfológicos. Se ha producido un cambio de estado en los componentes y 
procesos del ecosistema marino (por ejemplo, hábitats y especies, interacción ecológica, 
procesos hidrológicos ...), servicios intermedios (por ejemplo, producción primaria, ciclo de 
nutrientes y agua ...) y servicios ecosistémicos finales (por ejemplo, peces y mariscos, recursos 
genéticos ...). 

Los impactos resultantes (sobre el bienestar humano) se centraron en la comida para peces, la 
alimentación de los peces, los beneficios estéticos y la pérdida económica. 
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Para ofrecer sostenibilidad en estos ecosistemas de lagunas, los países del norte de África deben 
implementar medidas de gestión (como respuestas) como establecer y / o mejorar las plantas 
de tratamiento de aguas residuales, reducir los fertilizantes, proteger los márgenes, 
implementar programas de monitoreo, restablecer áreas de desconfianza, implementar nuevas 
políticas, respetando los protocolos nacionales e internacionales, proporcionando más estudios 
interdisciplinarios e invirtiendo en la sensibilización de las partes interesadas. 
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I. CHAPTER 1: INTRODUCTION AND OBJECTIVES 

I.1. INTRODUCTION 

This work is in partial fulfilment for an Erasmus Mundus master thesis in Water and Coastal 

Management (WACOMA). The study is focused on the management of North African lagoon 

as a regional and local environmental issue. The thesis is structured in five (5) chapters. 

Chapter one (1) gives the background to the issues under investigation; where the management 

research problem and justification, hypothesis, objectives and research questions are presented.  

Chapter Two (2) is dedicated to the state-of-the-art and critical analysis about lagoons and 

previous projects dealing with these ecosystems in North Africa.  

Chapter Three (3) discusses the integrated system approach for managing environment 

“DAPSI(W)R(M)” that has been employed to analyse and provide management options to 

managers.  

Chapter Four (4) are presented the results of the study. These include the drivers of the studied 

lagoons, related human activities and consequent pressures on the environment, the resulting 

state changes of the ecosystem, and the ultimate impacts on human welfare.  

Chapter Five (5) focused on the discussion of the results; especially, the responses as 

management measures to human welfare. Similarly, the conclusion, which provides answers 

to the research questions and recommendations made in the course of the study.  Finally, after 

the conclusion and recommendation, cited bibliography is listed. 
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Background 

Coastal lagoons are important for life between the land and the sea. They are one of the most 

productive ecosystems and deliver ecosystem services, that provide many ecological, cultural 

and socio-economic benefits supporting a range of natural services that are highly valued by 

society (Gönenç and Wolflin, 2005). These include food with fisheries productivity, nutrient 

cycling, water purification, climate and water regulation, as well as creating recreational values 

from storms, aesthetic and inspirational values and also tourism.  

North Africans lagoons provide many important economic resources, from fishing activities 

(fish and shellfish) to tourism. Many of them are classified as RAMSAR sites and contribute 

substantially to regional biodiversity but many human activities and intervention alter the 

functioning of lagoon systems and affect the health of lagoon ecosystems. 

Many studies, reports and research projects that have been done in North African lagoons 

define physical characteristics, biological diversity, ecological states, geochemical 

contamination, hydrological and dynamic modification. However, none of these studies 

considered into details the management aspect from both environmental and social aspects.  

Drivers – Activities – Pressures - Impacts (on Welfare) - Responses (as Measures); known 

before as DPSIR;  is an adaptive management framework (pronounced dap-see-worm) that 

links human drivers and pressures through to ecological state and the impact on human welfare, 

and then on to societal responses (Gari et al., 2015; Patrício et al., 2016; Elliott et al., 2017a). 

The purpose of this project is to provide an analysis of the current state of north African lagoons 

using the DAPSI(W)R(M) framework to provide management solutions based on scientific 

knowledge. 
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The output information will support decisions by local planners, state regulators and all 

stakeholders about the current situation and what to expect so that they can adapt to changes in 

lagoons ecosystems. 

I.2. HYPOTHESIS AND OBJECTIVES 

I.2.1. Hypothesis 

Management measures based on scientific knowledge can deliver a performance improvement 

of socio-ecological systems such as coastal lagoons.  

I.2.2. AIM: Principal objective 

The scientific knowledge base for the appropriate management of coastal lagoons as socio-

ecological systems in North Africa that could help to bring sustainable management for the 

future. 

I.2.3. Objectives  

The secondary objectives of the current study are: 

• Synthesis of knowledge base about research on lagoons (Chap 2). 

• Synthesis about characteristics and typology of lagoons (Chap 2). 

• Survey of existing coastal lagoons in North Africa (Chap 4). 

• Description of the various socio-economic drivers and human activities (Chap 5) 

• Analysis of issues (causes and consequences) of North African lagoons degradation 

(Chap 5) 

• Identification of Stakeholders relevant to pressures (Chap 5). 

• Analyse impacts on human welfare (social, health and economics) (Chap 5). 



Erasmus Mundus Joint Master in Water and Coastal Management. WACOMA (2016-2018) 
 

 4 

• Find out available data and indicators that can be used for the comparison between 

lagoons ecosystems in north Africa (Chap 5). 

• Identifications of similarities and differences between North African lagoons (Chap 5) 

• Provide a synthesis of the current best practices to manage lagoons (Chap 6) 

• Provide appropriate responses and measures for the management (Chap 6). 

• Present recommendations for the achievement of sustainable development in lagoons 

on the regional, national and local levels (Chap 6). 

I.2.4. Research questions  

Based on the objectives, the following research questions were identified:  

• What is the definition of a coastal lagoon? 

• What has been done in research about lagoons in general? 

• What are lagoons in North Africa? What is the present situation? 

• What is causing the problems in North African lagoons and what are the consequences? 

• What are the symptoms of lagoon health? 

• Can DAPSI(W)R(M) framework be used to analyse lagoons in North Africa? 

• Which are the similarities and differences between lagoons in the studied regions? 

• Which management measures are already done in North African lagoons? 

• Are the past and current management plans working towards the targets or not? 

• What are the responses to the identified threats? 

• The best practices management from another area can be used in North African 

lagoons? 

• What are the future prospects for North African lagoon systems? 
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• Are there other management alternatives, which can overcome the identified threats of 

the lagoons?   
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II. CHAPTER 2: STATE-OF-THE-ART & CRITICAL 

ANALYSIS 

II.1. IDENTIFICATION OF THE LAGOON ECOSYSTEMS 

Lagoons constitute 13% of coastal regions globally, range in area from < 0.01 km² to > 10,000 

km² (Kjerfve, 1994; Anthony et al., 2009). They are dynamic ecosystems and their morphology 

is continually changing in response to various processes operating at different rates. Given the 

confusion associated with the respective descriptions of a lagoon and the necessity to define 

precisely the object of this research, there is a need to provide some background definitions 

and characteristics of a lagoon. 

II.1.1. Lagoons definition 

 Several definitions of coastal lagoons have been proposed, (LANKFORD, 1977) broadly 

defined a lagoon as “a coastal zone depression below MHHW [mean higher high water], 

having permanent or ephemeral communication with the sea, but protected from the sea by 

some type of barrier”. 

The  most adopted in literature is the one of (Kjerfve, 1994) who defined a coastal lagoon as 

“a shallow coastal waterbody separated from the ocean by a barrier, connected at least 

intermittently to the ocean by one or more restricted inlets, and usually oriented shore-

parallel.” This definition is similar to the ones provided by (Phleger, 1969) and (Barnes, 1980). 

A subsequent modification to this by (Bird, 2008) provides some additional insight as to the 

most likely mode of lagoon formation and the typical nature of the enclosing barrier: “Coastal 

lagoons are areas of relatively shallow water that have been partly or wholly sealed off from 
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the sea by the deposition of spits or barriers, usually of sand or shingle, built up above high 

tide level by wave action”. However, this definition excludes lagoons enclosed by coral reefs, 

either within atolls or between fringing or barrier reef sand the mainland, because these are 

essentially marginal marine environments linked with the open sea at high tide 

In Europe, the Water Framework Directive (WFD) includes lagoons in the transitional water 

category and defines them as “bodies of surface water in the vicinity of river mouths which are 

partly saline in character as a result of their proximity to coastal waters but which are 

substantially influenced by freshwater flow” (EU, 2000). According to (Tagliapietra and 

Ghirardini, 2006) this definition of Transitional Water (TW) including “lagoons” and adopted 

by the WFD appears to be an over-simplification, e.g. Mediterranean coastal lagoons which, 

for climatic reasons, are not ‘substantially influenced by freshwater flows’ cannot be 

considered ‘TW’. This can create problems for Mediterranean scientists and policy-makers 

who, by law, have to produce water typologies according to the WFD (Tagliapietra and 

Ghirardini, 2006). 

This thesis uses the definition of (Kjerfve, 1994) with respect to the full review of (Tagliapietra 

and Ghirardini, 2006) which represent the case of the south Mediterranean lagoons that is 

similar to the north Mediterranean lagoons. 

II.1.2. Physical characteristics of a lagoon  

II.1.2.1. Physical characteristics of the shape. 

Coastal lagoons generally have an average less than 2m in depth, they are shallow and well 

mixed by a wave and current actions (Whitfield, 2011; Kennish and Kennish, 2016) and they 

are often sub-divided into “choked”, “restricted” and “leaky” (Kjerfve, 1994): 
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Figure 1: Geomorphic types of lagoons. 

• Choked Lagoons: usually consist of a series of connected elliptical cells, connected by 

a single long narrow entrance channel, along coasts with high wave energy and 

significant littoral drift. The Moulay Bousselham lagoon in Morocco is an example 

(Fig.1.A).  

• Restricted lagoons: consist of a large and wide water body, usually oriented shore-

parallel, and exhibit two or more entrance channels or inlets. The Tunis lagoon in 

Tunisia is an example (Fig..B). 

• Leaky lagoons: are elongated shore-parallel water bodies with many ocean entrance 

channels along coasts where tidal currents are sufficiently strong to overcome the 

tendencies by wave action and littoral drift to close the channel entrances. The Manzala 

lagoon in Egypt is an example (Fig..C).  

II.1.2.2. Climatic and hydrological factors 

Lagoons exist in several climatic zones along the coast of the world. The local meteorological 

conditions strongly influence water temperature and other physicochemical parameters in 

coastal lagoons (Whitfield, 2011). These water bodies are very responsive to meteorological 

conditions, notably air temperature because they are very shallow. The climate determines the 
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hydrological balance through direct precipitation on the basins and evaporation, and by 

influencing freshwater availability from rivers (Tagliapietra and Ghirardini, 2006) 

Many of these ecosystems are influenced by river mouths (Pérez-Ruzafa et al., 2013) but they 

are partly or totally saline as a result of their proximity to coastal waters.  

The salinity of coastal lagoons can vary from that of freshwater to hypersaline depending on 

local climatic conditions and the extent of hydrological connectivity (Kjerfve, 1994). 

Many shallow lagoon systems have relatively long water residence times, nutrient inputs can 

be recycled many times before they exit to the coastal ocean (Whitfield, 2011). Lagoons in 

North Africa are an example for this situation.  

II.1.3. Tidal range 

The tidal range determines a series of important features such as sediment dispersal patterns 

and sediment texture, morphology and residence time (Tagliapietra and Ghirardini, 2006).  

(Hayes M.O., 1979) classified tidal ranges as:  

• Microtidal < 1 m 

• Low-mesotidal: 1.0 - 2.0m. 

• High-mesotidal: 2.0 - 3.5 m. 

• Low- macrotidal: 3.5 - 5.0m. 

• Macrotidal, >5.0 m 

Microtidal low coasts offer the best probability for coastal lagoon development, allowing the 

formation of sedimentary barrier islands whilst maintaining the persistence of sea-inlets and 

cyclical water exchange with the sea through the action of tidal currents, whereas in the absence 
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of tides, sedimentation tends to close connecting channels, eventually impounding the lagoons 

(Tagliapietra and Ghirardini, 2006). 

For these reasons and because the virtually tideless Mediterranean Sea, (Tagliapietra and 

Ghirardini, 2006) suggested to introduce a subdivision of the microtidal into : 

• Nanotidal : < 0.5m (e.g. Bardawil ‘Egypt’). 

• Microtidal 0.5 - 1.0m (e.g. Boughrara ‘Tunisia’) 

Lagoons in North Africa also include mesotidal Atlantic lagoons (e.g. Moulay Bousselham 

‘Morocco’).  

II.1.4. Ecological characteristics of a lagoon 

From an ecological perspective, lagoons are complex characterised by a natural high spatial 

and temporal variability (Newton et al., 2014). These ecosystems are dynamic and highly 

productive ecosystems, typically 10-15 times more so than continental shelves (Valiela, 2015), 

that yield a broad range of natural services (Anthony et al., 2009). Many lagoons have been 

designated as Ramsar sites (Schuyt and Brander, 2004). They contribute to the overall 

productivity of coastal waters by supporting a variety of habitats, including salt marshes, 

seagrasses (e.g. Moroccan lagoons), and mangroves. They also provide essential habitat for 

many fish and shellfish species (e.g. Nador and Oualidia lagoons in Morocco).  

The environmental characteristics and especially the condition of the fauna and flora of the 

lagoons are very important factors for their fishery and aquaculture function (e.g. Bizerte 

lagoon in Tunisia). Because of their relatively low flushing rates, coastal lagoons are 

favourable habitats for primary producers, such as phytoplankton and aquatic plants (Anthony 
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et al., 2009). Nutrients are transported to lagoons from surface water and groundwater flows 

and through exchange with the ocean (Pérez-Ruzafa et al., 2013). 

In the Atlantic-Mediterranean region including North Africa, these environments house a high 

biodiversity. More than 621 species of macrophytes and 199 of fish are present in coastal 

lagoons (Pérez-Ruzafa et al., 2011). 

These characteristics lead to ecosystems that maintain a high biological productivity. However, 

lagoons are particularly prone to pollution due to their restricted circulation (Bartoletti, 

Bertonati and onnilli, 1985; Tett et al., 2013; Newton et al., 2014). 

II.1.5. Ecosystem services of a lagoon   

Coastal lagoons provide ecological services by protecting coastal watershed areas, buffering 

the infrastructure from the damaging effects of storms, floods, and erosion. 

Many marine species of recreational and commercial importance spend at least a portion of 

their life cycles in lagoons and adjoining coastal wetland habitats (Whitfield, 2011). Aside from 

the value of their fisheries, coastal lagoons are used by humans for aquaculture, electric power 

generation, biotechnology, airports, salt pans, ponds, marinas, shipping, maritime transport, 

tourism and many other humans uses, (Joyeux and Ward, 1998; Whitfield, 2011; Newton et 

al., 2014). Together, these industries inject billions of dollars into the economies of coastal 

regions worldwide. 

II.1.6. Human pressures on lagoons  

Coastal lagoons are highly susceptible to human activities, and many now rank among the most 

heavily impacted aquatic ecosystems on Earth. They have been heavily modified by 

anthropogenic intervention in large numbers worldwide (Evans, 2008) and they are affected by 
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natural habitat alteration both in adjoining coastal watersheds and in the water bodies 

themselves (Whitfield, 2011). 

There are thousands of pollutants that affect the aquatic environment and their effects have 

long been a concern and cause of research. This number grows annually since new compounds 

and formulations are synthesized 

II.2. STATE OF KNOWLEDGE OF NORTH AFRICAN 

LAGOONS 

Lagoons in North Africa are heavily populated and have a long history of human occupation 

and utilisation (Ramdani et al., 2001; Thompson and Flower, 2009; Trigui et al., 2012). These 

socio-ecological systems cover a wide geographical distribution on the Atlantic Ocean along 

the west coastline of Morocco and the southern Mediterranean Sea comprising Morocco, 

Algeria, Tunisia, Libya and Egypt.  

Many of the North African lagoons are important for the conservation of habitats and they are 

under protection from international conventions regarding their natural environment and 

mainly for the protection of bird communities, which are listed as a Ramsar sites (Ramdani et 

al., 2009; Sayoud et al., 2017) https://www.ramsar.org. 

The need to use these lagoons and their neighbouring landscapes for freshwater, fisheries, 

urbanisation, agriculture and even tourism has often led to unsustainable resource use by a 

human. And given their position at the downstream ends, they are intensely sensitive to 

alterations as a result of the activities and the pressures.  

The application of integrated, basin-wide approaches to the management of water resources 

and aquatic ecosystems in the region was advocated (Thompson and Flower, 2009). 
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Having recognised the necessity to improve understanding of the functioning of North African 

lagoons, numerous recent projects dealing with these ecosystems and their surrounding 

resources were represented and improved knowledge of the current situation (CASSARINA, 

COLASU, MELMARINA, MEDINA and MAGHLAG “START”). 

II.2.1. CASSARINA  

The CASSARINA project (IC18CT960029): named “Change, stress and sustainability - 

aquatic ecosystem resilience in North Africa” 

ftp://ftp.cordis.europa.eu/pub/inco/docs/westlands/01_cat96029_cassarina21_en.pdf. They 

were Multi-disciplinary studies on lakes and lagoons undertaken by scientists from North 

African countries (Morocco, Tunisia and Egypt) working in co-operation with colleagues from 

Europe (the United Kingdom and Norway) (Flower, 2001). 

The aims were to assess the impact of land-use practices and changes on nine North African 

lakes and lagoons in Morocco (Moulay bousselham ‘Merja Zerga’, Sidi Bou Rhaba) , Tunisia 

(Ichkeul, Chitane, Bokka) and Egypt (Burullus, Manzala, Korba, Edku) with an integrated 

multi-disciplinary approach, Also to establish their ecological baselines and pre-disturbance 

communities, to investigate reactions to 20th century human influences on their ecosystems 

(Birks et al., 2001),  To implement and integrate regional monitoring of aquatic organisms and 

water quality with centrally imposed analytical quality control and finally, to establish 

internationally co-ordinated protocols for future monitoring. 

These wetlands and lowland lakes and lagoons were being lost at an alarming rate as a result 

of increasing human demands for water and land, paralleling to regional population growth 

(Ramdani et al., 2001). The nature and consequences of these ecosystems disturbances were 



Erasmus Mundus Joint Master in Water and Coastal Management. WACOMA (2016-2018) 
 

 14 

poorly understood at that time and effective environmental monitoring programmes for most 

sites was virtually non-existent.  

A combination of modern survey and palaeolimnological techniques were employed to help 

set ecological baselines for the late 20th century and to reconstruct past environmental changes 

at each of the nine sites during the 20th century. Also, a corresponding sampling of water 

quality, phytoplankton, zooplankton and fish and the monitoring of fixed littoral vegetation 

transects for each lake and lagoon as well as a collection of sediment cores for palaeoecological 

analysis. Moreover, they use sediment core chronologies based mainly on radio-isotopes 

(210Pb and 137Cs) and analysis of the sedimentary remains of aquatic biota (diatoms, 

zooplankton, higher plants and benthic animals), however, information on the status of these 

nine sites and the rates and directions of trends in environmental change over recent decades 

were generally lacking. Especially, regional data on the inputs of atmospheric pollutants to 

these sites were absent (Rose, Flower and Appleby, 2003).  

Salinization, siltation, chemical contamination and land-use amplification were the major 

elements that downgrade water quality and affecting the biological diversity. These 

modifications were interpreted in terms related to biodiversity issues and to water quality 

alteration. 

The Project has demonstrated remarkably fast responses by the lakes and the lagoons to 

environmental pressures. In particular, it highlights the hazards to these North African 

ecosystems if uncontrolled utilization continues. 
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II.2.2. COLASU 

The COLASU project (ICA3-CT-2002-10012-COLASU): named “Sustainability of 

Mediterranean coastal lagoon ecosystems under semi-arid climate” 

(https://cordis.europa.eu/project/rcn/64910_en.html).  

The aim was defining the issues of two protected coastal lagoons in of both El Melah Lagoon 

(Tunisia) and Nador Lagoon (Morocco) that were subjected to pollutions (F. Ruiz et al., 2006) 

due to anthropogenic activities such as wastewater, agriculture and also to the natural actions. 

It was proposed to understand the morphodynamic and the geochemical evolution of the 

lagoons, determine their types and origin of pollution and their behaviour in the physical 

environment, also to assess the development strategy reducing the pollution risks to safeguard 

the ecosystems. Additionally, the project made it a priority to defines the issues relevant to 

sustainable lagoon management in active and direct consultation with all actors and to produce 

guidelines and recommendations in order to help public authorities in the decisions towards 

sustainable development. 

II.2.3. MELMARINA 

The MELMARINA Project (ICA3-CT-2002-10009): named “Monitoring and Modelling 

Coastal Lagoons: Making Management Tools for Aquatic Resources in North Africa “  

http://cordis.europa.eu/project/rcn/67460_en.html . It was funded through the EU INCO-Med 

programme.  

This proposed project concerned the development of an ecosystem monitoring in three North 

African key sites; Merja Zerga (Morocco), Ghar El Melh (Tunisia) and Lake Manzala (Egypt), 

which have a long history of human occupation and exploitation (Ayache et al., 2009; Ramdani 

et al., 2009; Thompson and Flower, 2009). The monitoring plan used a field survey, long-term 
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monitoring through field equipment, remote sensing technologies and their combination of 

hydraulic/ecological modelling.  

The chosen lagoons where demands for water continued to grow whilst the impacts of climate 

change and sea level rise will increase, the environment has been intense impacted particularly 

during the twentieth century, not only from the biodiversity features that were at risk in these 

ecosystems but the goods and services that affect human welfare were similarly in decline.  

Becoming aware of future changes in these environments, scientists involved in the 

MELMARINA projects built many objectives, such as:   

To develop early warning tools and decision support systems that assess the aquatic resources 

of some North African lagoons and the environmental health of their surrounding areas.  

To establish and evaluate long-term research on monitoring, measuring and modelling 

sustainable development in these lagoons.  

To evaluate and model the influence of human activities on water distribution quantity and 

quality.  

To promote commonality in research methodology through information exchange and by 

instigating training programmes for young scientists within North African associate institutions 

in specialist areas of aquatic resource monitoring and modelling.  

Finally, to forge active connections with other international and national organisations 

concerned with the management of marine resources (principally on lagoons) and to exploit 

further the outcomes of the project by extensively disseminating results. 

As results of the projects; all lagoons were affected to some extent by excess nutrients 

(Ramdani et al., 2009). The Manzala (Egypt) lagoon produced a rich phytoplankton 
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community dominated by green algae due to high inflows of both freshwater and nutrients 

inputs. In Merja Zerga (Morocco) and Ghar El Melh (Tunisia) lagoons, diatoms frequently 

predominated by phytoplankton during the summer period.  

The examination of the ecological and biological status of fisheries in three sites showed they 

were controlled by variations in fishing activities, local environments and periodic conditions. 

A decrease in fish production was noted and it attributed to declining ecological conditions. 

Many causes were implicated comprising sea interaction troubles, decrease of the continental 

(fresh) water supply and an increase of pollution producing eutrophication. Furthermore, 

overfishing contributed to fisheries decline (Kraïem et al., 2009). 

The remote sensing technologies showed significant changes related to the geomorphological 

development of all three ecosystems, but the areas of open water and emergent vegetation have 

been highest in the Manzala lagoon (Ahmed et al., 2009).  

The hydrological modelling showed modifications on the water resource. Linkages between 

water quality, water availability, human activities and biological characteristics of coastal 

lagoons were discussed with particular reference to the controls upon vegetation (Thompson 

and Flower, 2009). The form of the modelling was important in the development of mitigation 

measures in the face of climate change and sea level rise. 

The MELMARINA Project has provided the foundations for the sustainable management of 

these aquatic resources (Flower and Thompson, 2009). 

II.2.4. MEDINA 

The MEDINA Project (282977): named “Marine Ecosystem Dynamics and Indicators for 

North Africa”. It was designed to enhance Northern African Countries monitoring capacity of 
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their coastal areas ecosystems, including fish stocks resources, and consequently their capacity 

to implement environmental policies, conventions and protocols.  

They were Two main objectives of the MEDINA project: 

To contribute to the implementation of permanent and cost-effective monitoring & assessment 

programmes of the status of coastal marine ecosystems in North African Countries (Morocco, 

Algeria, Tunisia, Libya and Egypt), enhancing the monitoring capacity in the region and 

identifying as well major risks due to climate change, as support to the elaboration of adaptation 

strategies for their mitigation.  

To ensure the exploitation of the Global Earth Observation System of Systems (GEOSS) and 

Global Common Infrastructure (GCI) capabilities at the maximum extent possible in providing 

the appropriate infrastructure for fusion of satellite Earth Observation (EO) and conventional 

environmental monitoring data. 

The project covered all sea area of North Africa (large scale) but five areas, one in each country, 

were selected as pilot cases (local scale), representing typical ecosystems and issues of concern 

in the region. The pilot cases, which were chosen in close collaboration with North African 

partners were: The Bay of Bejaia (Algeria), Lake Burullus (Egypt) the Gulf of Syrte (Libya), 

the Lagoon of Nador (Morocco), the Gulf of Gabès (Tunisia). These areas were chosen to 

consider their representativeness at the regional level, in terms of ecosystem typology and 

environmental issues, their social and economic importance and the availability of 

environmental data. 

As results for the local scale: they adapted/developed tools for investigating coastal erosion, 

nutrients enrichment and eutrophication, fishery decline, sustainable aquaculture, conservation 

of Posidonia o. meadows and the impact of coastal urbanization.  
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For the regional scale, they developed tools and methodological approaches for supporting the 

implementation of the main policy for the protection of the Mediterranean marine coastal 

ecosystems, i.e. the UNEP-MAP, EcAp, endorsed by all Contracting Parties of the Convention 

for the Protection of the Marine Environment and the Coastal Region of the Mediterranean 

(Barcelona Convention).  

As a contribution of the project to the GEOSS-GCI; they created a free access portal 

http://www.medinageoportal.eu/, which is the main doorway for stakeholders and end-users to 

exploit the results of the project 

II.2.5. MAGHLAG 

The MAGHLAG project: named “Maghrebian lagoons Network”. It was conducted within the 

grant of Global Change SysTem for Analysis, Research and Training (START) Initiative.  

The scientific community of the project was from North African countries, specifically from 

the Maghreb region (Morocco, Algeria and Tunisia), they were working in co-operation with 

partners from Italy, Portugal and Norway. The network discussed the aspect of climate change 

and its impacts on the ecosystems and the population which had not been addressed before. 

Five sites were chosen; Moulay Bousselham and Nador lagoons in Morocco, Mellah lagoon in 

Algeria, Ghar El Melh and Biban lagoons in Tunisia (Trigui et al., 2012). 

The aim of the project was to deliver a quantitative assessment of the biogeochemical budgets 

of these five lagoons and a qualitative assessment of their sensitivity and vulnerability in the 

context of climate change. 

Many specific objectives were involved in this project:  
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Starting by providing information on the Maghreb lagoons and then their contribution in the 

hole Mediterranean area. 

Evaluate the biogeochemical budgets of the studied lagoons and their position in terms of the 

source of nutrients. 

Provide a qualitative assessment of their sensitivity to climate change and find out appropriate 

policy choices to address the effects.  

Develop the consciousness of the local stakeholders to the ecosystem services provided by 

lagoons, to the potential effects of climate change on these types of environments and to 

adaptation plans. 

As outputs of the project; The network collected all the available data and information on the 

studied lagoons; They realised their biogeochemical budgets “LOICZ” that provided important 

information on water fluxes through the system (residence time), Nutrient fluxes (input, output, 

source, sink) and the ecosystemic functions linked to the metabolism. But the existing datasets 

were not exhaustive and with low numbers of replicates.  

The main outcomes were in terms of science and policy implications by involving stakeholders, 

training and capacity building for postgraduate researchers and finally, networking and 

cooperation at national and international level. 

II.3. CONCLUSION 

This state-of-the-art includes a range of definitions of lagoons as a life-driven landscape and 

as fragile and vulnerable ecosystems in co-evolution. Most of these systems included in the 

previous projects of North African lagoons fit with the main definition chosen for this project. 
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The first part explores the definitions that have been applied to these coastal systems with 

reference to (Kjerfve, 1994) definition with respect to the full review of (Tagliapietra and 

Ghirardini, 2006). Furthermore, it identified the physical and ecological characteristics of 

lagoons within their services and human pressures.  

The second part comprises the major co-ordinated projects that have been done in the past 

about North African lagoon (Tab.1). It addressed some of the lagoons within lakes, bays and 

Gulfs in some projects. 

Project Country Lagoon Another Ecosystem 

CASSARINA 

Morocco Moulay Bouselham Sidi Boughaba Lake 

Tunisia  
Bokka Lake, 
Chitane Lake 
Ichkeul Lake 

Egypt 
Edku 

Burullus 
Manzala 

 

COLASU Morocco Nador  
Tunisia Ghar El Melh  

MELMARINA 
Morocco Moulay Bouuselham  
Tunisia Ghar El Melh  
Egypt Manzala  

MEDINA 

Morocco Nador  
Algeria  Bay of Bejaia 
Tunisia  Gulf of Gabes 
Libya  Gulf of Syrte 
Egypt Burullus  

MAGHLAG 

Morocco Moulay Bouselham 
Nador 

 

Algeria Mellah  

Tunisia Ghar El Melh 
Biban 

 

 

Table 1: Summary of chosen sites in North African projects 

North African lagoons were considered as common in all the countries bordering the southern 

Mediterranean area (Morocco, Algeria, Tunisia and Egypt) excluding Libyan lagoons in all 

projects but some of them mentioned the particularities exhibited by each system.  

The CASSARINA and MELMARINA Project showed an example of confusing nomenclature 

between lakes and lagoons. There are many coastal lagoons called “lake …”  (e.g Manzala, 
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Burullus, Edku, Merja Zerga …) which is the same case in many research papers. Moreover, 

they compared in the project the lagoons systems and lake systems which are different from 

each other. 

The available information about North African lagoon is dispersed, heterogeneous and often 

confusing. Most of the projects were studying from a natural science side excluding socio-

economical aspects. 

The divergence of information should be organised in holistic views that combine natural 

science and social science by involving a science base knowledge of lagoons dynamics and 

environment with local communities in order to manage these coastal systems between human 

pressures and state-changes. Also, it is important to find out links between coastal policy-

makers, managers, scientists and the local population of these environments.  

There is also a need to place management in the context of climate change to develop and adapt 

future strategies to minimise the effects of these changes. 
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III. CHAPTER 3: MATERIALS AND METHODS  

III.1. INTEGRATED SYSTEM APPROACH FOR 

MANAGING ENVIRONMENT  

Coastal or marine environments are complex systems of interactions between morphological 

and physical structures, continuously varying physicochemical processes and varying 

ecological structure and functioning.  

For managing environments; especially lagoons as Socio-Ecological System (SES), conceptual 

models are required to organise, visualize, understand and clarify the issues concerning an 

actual or predicted conditions and in what way they might be explained and solved. They can 

be considered as representing an organisational schemas, which recapitulate information in a 

standard, logical and hierarchical method (Patrício et al., 2016). 

Many frameworks have been developed for this purpose, such as, Systems Approach 

Framework (SAF), a general framework for analysing the sustainability of social-ecological 

systems (called OSTROM framework) and The Drivers-Pressures-State-Impact-Responses 

(DPSIR that became DAPSI(W)R(M)).  

III.1.1. Systems Approach Framework  

The Systems Approach Framework (SAF) is a protocol adopted by the Science and Policy 

Integration for Coastal Systems Assessment project (SPICOSA, 2009). It can be used to 

investigate the dynamics of coastal zone systems (such as lagoons) and potential consequences 

of alternative policy scenarios (SPICOSA, 2009). Moreover, the framework includes the socio-

ecological and economic components of coastal areas.  
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The application of the SAF works across four steps and produces outputs that can be 

communicated to stakeholders and policy makers correspondingly. It helps also to create a 

permanent dialogue between scientists and stakeholders.  

First step is the System design which contains five sub-tasks. These are issue resolution, system 

definition, conceptual model development, methods and information requirements and 

problem scaling. 

Second step is the System formulation which provide conceptual, mathematical and numerical 

models by simulating system behaviour or its ecological, economic and social components. 

Third step is System appraisal that involves the construction of a simulation model that 

incorporates the Ecological-Social-Economic (ESE) components and simulating scenarios 

resulting from management responses. The results of the simulations, then, are documented 

and interpretatively analysed 

Final step is System output which involves the preparation of the output package and 

dissemination in appropriate formats to stakeholders, including policy makers. It provides a 

particularly useful platform for a stakeholders' forum to execute three important tasks of 

recapitulation, presenting scenarios and conducting deliberations. 

The SAF has been designed, developed and tested by 54 research institutes and universities 

across the European Union. For lagoon application, (Gari et al., 2010) defined eutrophication 

management options in the Ria Formosa lagoon by using the SAF. 

III.1.2. OSTROM Framework  

The framework was proposed for application to a relatively well-defined domain of common-

pool resource management situations in which resource users extract resource units from a 
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resource system (Ostrom, 2009). The aim is to analyse the sustainability of Social-Ecological 

Systems (SES) that integrated the works of many scholars over years to develop an integrative 

and multidisciplinary methodology to understand complicated interactions within diverse 

systems and scales around natural resources governance (Epstein et al., 2013). 

The framework has 8 first-level core sub-systems describing the interactions (I) between four 

multi-linked subsystems; resource units (RU), resource system (RS), governance system (GS) 

and users (U) that produce outcomes (O) and interacts with the social, economic and political 

settings (S) and with the related ecosystems (ECO). (Ostrom, 2009) advised a set of 53 second-

level variables to integrate the principal characters of each subsystem, but left open the 

possibility to select other second-level variables or add a profounder level of variables 

regarding the particularities of the studied SES. 

This framework has attracted great attention around the world, it has been broadly used to 

analyse small scale and large-scale SES (Delgado-serrano, 2015). 

III.1.3. DAPSI(W)R(M) Framework  

III.1.3.1. Emergence of “PSR” to “DPSIR” to “DAPSI(W)R(M)” 

Since the early 1990s, the Pressure-State-Response (PSR) frameworks have dominate to 

conceptualizing marine ecosystem risk analysis and risk management issues and later 

translating those for stakeholders, environmental managers and researchers (Patrício et al., 

2016). The PSR model (fig.2) has initially been proposed by (Rapport and Friend, 1979) and 

then developed and promoted by the OECD-Organization for Economic Cooperation and 

Development concept to organise its work on environmental policies and reporting using a core 

set of chosen indicators  (OECD, 1994). The framework aimed to link anthropogenic Pressures 
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with State changes and Impacts (fig.2)  and it has the advantage of being one of the simplest 

frameworks to understand and use (Linster, 2003). 

It has been used within an environmental context  (EEA, 1995; Turner et al., 1998; Liang, 

Liming and Guijie, 2010; Hua, Yan and Limin, 2011; Zhou et al., 2013). 

 

Figure 2 : Schema of the PSR framework (Linster, 2003). 

 

In the 1995, PSR model was converted to DPSIR (Drivers-Pressures-State-Impact- Responses) 

approach. It was established by the European Environment Agency (EEA) programme and 

used in Dobris assessment of the European environment (EEA, 1995).  

Numerous international organisations, contributed also to the development and the application 

of the framework to the environment, such as US Environmental Protection Agency (EPA, 

1994), United Nations Environment programme (UNEP, 1994), European Union trough the 

DITTY project, LOICZ-Land ocean interactions in the Coastal Zone (Gari, Newton and Icely, 



Erasmus Mundus Joint Master in Water and Coastal Management. WACOMA (2016-2018) 
 

 27 

2015) and the EEA, remarking that this was the best suitable approach to structure 

environmental information.  

The DPSIR approach was an accepted, valuable and holistic problem-structuring framework 

(Fig.4) which can be used to evaluate the causes as pressures, conditions, scenarios and 

pertinent responses to change (Atkins et al., 2011; Patrício et al., 2016). It has been used widely 

in the literature (Fig.3) as a tool associating natural science and management of human uses, 

especially in Europe (Fig.6) and applied to the issues of marine environments (Patrício et al., 

2016). 

In latest years, there has been countless modifications to the terminology of the framework 

(Fig.5) and it was one of the reasons that has contributed to differences in the application of 

DPSIR (Gari et al., 2015; Patrício et al., 2016). State was considered to be “state change” and 

Impact as “impact on human system” (Elliott et al., 2006) and on human welfare (Fig.4).  

The most used nomenclature was DPSIR framework (Fig.3) as an integrated “system 

approach” (Fig.4) (Newton et al., 2012). Although these framework were continuously 

evolving; in the area of human health, DPSIR has been used as DPSEEA framework (Fig.3,5)  

comprising Driving Forces-Pressures-State-Exposure-Effect-Action (and sometimes 

DPSEEAC, where “C” relates to Context), an approach used principally in risk assessments 

for contaminants and developed by the WHO-World Health Organization (von Schirnding, 

2002).  
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Figure 3: Studies published per year using the DPSIR framework and its derivatives, N=152 
(Patrício et al., 2016). 

 

Cooper (2013) suggested a modification to DPSWR (Drivers-Pressures-State-Welfare-

Responses), to avoid probable confusion between the impacts on the environment (represented 

State) and the impacts on human Welfare (represent Welfare). Then (Elliott, 2014) and (Smyth 

et al., 2015) recommended DAPSI(W)R (Drivers- Activities-Pressures-State Changes-Impacts 

(on Welfare)-Responses) which identifies that human activities produces pressures instead of 

drives themselves, pressures lead to change and Impacts are on human Welfare (Fig.5). 
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Figure 4 : The DPSIR framework as a cycle and system in the environment (Atkins et al., 
2011). 

 

Finally, Patrício et al., (2016) and Elliott et al., (2017b) showed anomalies and solutions of the 

DPSIR approach. They focused particularly on the confusions in the terminology as reason for 

improving the framework to be valuable for practicable management purposes and to offer 

clarity to science concerning the advice needed. They advocated that DPSIR should be 

extended to DAPSI(W)R(M) (Fig.5).  
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Figure 5: DPSIR and derivatives development. (A) DPSIR first elaboration, redrawn from 
the original EU framework (EC, 1999), (B) DAPSI(W)R(M), top of the tree evolution of 
DPSIR (as defined in Scharin et al., 2016), (C) timeline and development/relationship of 

DPSIR and derivatives (Patrício et al., 2016) 

 

III.1.3.2. DAPSI(W)R(M) Framework 

DAPSI(W)R(M) (pronounced dap-see-worm) (fig.5,6) has as central feature, the prevention of 

state changes that will then have an impact on human welfare (Elliott et al., 2017b) . This 

progression increases the combination and evaluation of socio-economic and natural system 

information. It gives also more precise and complete indication (Wolanski and Elliott, 2015). 

Driving forces signify the basic human needs such as food, space, protection, energy, transport 

and goods. For this reason, society carries out socio-economic Activities such as fishing, 

aquaculture, farming, building infrastructures and extraction of natural resources which have 
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numerous effects and lead to Pressures that could be in local and global scale linked to climate 

change, either positive or negative. These effects indicated the State change on the 

environments (physico-chemical and ecological system). In turn, these lead to Impacts (on 

human Welfare including Wellbeing) such as ecosystem services, fish stocks, clean water for 

recreation. Those then require very different management appropriate policies Responses (as 

Measures) to changes resulting from Drivers, Activities and Pressures (Fig.6), which that may 

be brought about by-passing laws, producing regulatory forms, using economic mechanisms 

and technologies (Wolanski and Elliott, 2015; Elliott et al., 2017b). 

 Additionally, the complexity of any managed coastal or marine area in terms of various 

activities requires to links all components of DAPSI(W)R(M) framework and then to find out 

the connectivity between marine ecosystems and its catchment.  

 

Figure 6 : The DAPSI(W)R(M) problem structuring framework. Key: ExUP=Exogenic 
Unmanaged Pressures; EnMP=Endogenic Managed Pressures (Elliott et al., 2017b). 
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Each section of DAPSI(W)R(M) framework is further explained below:  

Drivers: indicates firstly, the basics of human needs linking to an individual's survival and 

comprise both physiological necessities (e.g. food, air, drinking water) and security (e.g. 

protection from storms and risks) in order to preserve physiological needs of society (Elliott et 

al., 2017a). These forcing drivers can also include Aesthetic needs (e.g. beauty, stability, form, 

etc.). The aim is to find out equilibrium between both economic welfare and physiological and 

psychological well-being. 

Activities: reflect the multiple socio-economical human activities.  In the context of lagoons, 

they can be grouped into many sectors, each of which then encompasses many activities 

(Tab.2). For example, within the coastal infrastructure sector there are many types of activities 

(Artificial reefs and bridge building “e.g. Tunis lagoon”, communication infrastructure 

(cables), culverting lagoons (Tab.2).  

Human activities in lagoons are sources of changes in population growth, urbanisation, land-

use, as well as industrial progress and transport that disturb the structure and function of these 

vulnerable and valuable coastal ecosystems (Newton et al., 2014).  

In recent years, there is an increasing exploitation of the Blue Economy such as marine energy 

extraction, aquaculture, blue biotechnology.  

 

 

 

 



Erasmus Mundus Joint Master in Water and Coastal Management. WACOMA (2016-2018) 
 

 33 

Sector Example of Activities in coastal lagoons 
Aquaculture Culture of fin-fish, macro-algae, predator control, shellfisheries 

Extraction of living  
resources 

Benthic trawling (e.g. scallop dredging), discharging fishery wastes, netting (e.g. fixed ne
ts),potting/creeling, suction (hydraulic) dredging, bait digging,   seaweed and saltmarsh  
vegetation harvesting, bird egg and shellfish hand collecting, curio collecting 

Transport and shipping Ejecting litter and debris, mooring/beaching/launching, shipping, producing shipping wa
stes, operating ferries 

Renewable energy Building and operating for devices for renewable (tide/wave/wind) power generation 

Non-renewable  
(fossil fuel) energy 

Building and operating oil and gas installations, power stations, discharging thermal wast
es (cooling water), marine fracking 

Non-renewable 
 (nuclear) energy 

Nuclear effluent discharge, nuclear power construction and operation, thermal discharge 
(cooling water) 

Extraction of non-
living resources 

Water abstraction and operating desalination plants, mining for inorganic and particulate 
materials, non-living maerl, rock/minerals  
extraction by coastal quarrying, sand/gravel (aggregates) extraction, water for salt  
extraction 

Navigational dredging Capital and maintenance dredging, removal of substratum, dredged material disposal 

Coastal infrastructure Artificial reefs and barrage building, beach replenishment, communication infrastructure 
(cables); culverting lagoons, building dock/port facilities, groynes, land claim, marinas,  
pipelines; removal of space and substrata, constructing sea walls/breakwaters,  
urban dwellings, i.e. housing and other, buildings. 

Land-based industry Industrial effluent treatment and discharge, industrial/urban emissions (air), discharging  
particulate waste, desalination effluent, sewage  
and thermal discharge 

Agriculture Agricultural waste production, coastal farming, coastal forestry, operating  
land/waterfront drainage 

Tourism/recreation Angling, boating/yachting, diving/dive site operation, litter and debris production, public
 beach use, tourist resort and water sports operation 

Military Disposal areas operation, infrastructure building, munitions testing and use; warfare 

Research and education Animal sanctuaries, marine and coastal research; engaging in field education and training 

Carbon capture and storage Exploration, construction, operation of carbon capture and storage 

 

Table 2: Main activities in the coastal lagoons ecosystems (Elliott et al., 2017b). 

 

Pressures: Given the central position of lagoon in the connectivity between the land and the 

sea, they are directly or indirectly exposed to multiple pressures related to one or more human 

activities (local scale) (Wolanski and Elliott, 2015) and also to climate change (global scale). 

Elliott et al., (2017b) separated spatially these pressures into both Exogenic Unmanaged 

Pressures (ExUP) and Endogenic Managed Pressures (EnMP) on the system. The (ExUP) are 

the consequences of climate change coming outside the lagoon area and its catchment and 
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whose reasons cannot be managed (Tab.3). There are many examples of the (ExUP) such as 

Thermal regime change, pH changes, water flow rate change, etc. (Tab.3).  

Pressure  Description 
Thermal regime 
change 

Temperature change (average, range, variability) due to climate change   
(large scale) 

Salinity regime 
change 

Salinity and freshwater run-off change (average, range,variability) due to  
climate change (large scale) 

Emergence regime 
change 

Change in natural sea level (mean, variation, range) due to climate change  
(large scale) and isostatic rebound 

Water flow rate 
change 

Change in currents (speed, direction, variability) due to climate change  
(large scale) 

pH changes Change in pH (mean, variation, range) due to climate change 
Change in wave (large scale), volcanic activity (local) 
exposure Change in size, number, distribution and/or periodicity of waves along a coast  

due to climate change (large scale) 
 

Table 3: Examples of Exogenic Unmanaged Pressures (ExUP). 

 

The Endogenic Managed Pressures (EnMP) on the system are exerted from diverse human 

activities and they are appearing inside the management area boundary (Elliott et al., 2017b). 

Their sources and effects need treatment and which can be managed, for example; domestic 

effluents from untreated sewage of the residents and seasonal variability of population that 

contributes to high nutrient inputs, use of the fertilisers (Nitrogen and Phosphor) in the 

agriculture and inputs of contaminants, such as pesticides and herbicides (Tab.4). 

To manage endogenic pressures, it is indispensable to define all the effects, often named the 

‘footprint’ of the pressures, both singly and cumulatively, over both space and time (Elliott et 

al., 2017b). lagoons have the particularity of being subject to strong (EnMP) around the world 

(El-Asmar, Hereher and El Kafrawy, 2013; Newton et al., 2014; Giuliani et al., 2015a; 

Chouari, 2017).  
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These pressures reflect the mechanisms of change and can result in changes to the natural 

system (State changes) and subsequently the social system (Impacts on human Welfare). 

Pressure Description 
Smothering By man-made structures/disposal at lagoon 

Substratum loss Sealing by permanent construction (coastal defenses/wind turbines), change in subs
tratum due to loss of key physical/biologicalfeatures, replacement of natural substr
atum by another type (e.g. sand/gravel to mud) 

Changes in siltation Change in concentration of suspended solids in the water column (dredging/run-
off) 

Abrasion Physical interaction of human activities with the seafloor/seabed flora and fauna ca
using physical damage (e.g. trawling) 

Selective extraction of  
non-living resources 

Aggregate extraction/removal of surface substrata 

Underwater noise Shipping/acoustic surveys 

Litter Waste products disposed of inappropriately into lagoons 
Thermal regime change Temperature change (average, range, variability) due to thermal discharge (local) 
Salinity regime change Temperature change (average, range, variability) due to thermal constructions affec

ting water flow (local) 
Introduction of  
synthetics compounds 

Pesticides, anti-foulants, pharmaceuticals 

Introduction of non-
synthetic compounds 

Heavy metals, hydrocarbons 

Introduction of  
radionuclides 

Radionuclides 

Introduction of other  
substances 

Solids, liquids or gases not classed as synthetic/non-synthetic compounds  
or radionuclides 

Nitrogen and phosphorus 
 enrichment 

Input of nitrogen and phosphorus (e.g. fertiliser, sewage) 

Input of organic matter Input of organic matter (industrial/sewage effluent, agricultural runoff, aquaculture,
 discards etc.) 

Introduction of microbial  
pathogens 

Introduction of microbial pathogens 

Introduction of non-
indigenous species and 
translocations 

Through fishing activity/netting/aquaculture/shipping 

Selective extraction of  
species 

Removal and mortality of target (e.g. fishing) and non-target  
(e.g. by catch, cooling water intake) species 

Death or injury by collision Caused by impact with moving parts of a human activity (ships, propellers, wind  
turbines) 

Barrier to species movement Obstructions preventing natural movement of mobile species. bridges, causeways, 
wind turbines etc.  

Emergence regime change Change in natural sea level (mean, variation, range) due to man-made structures  
Water flow rate changes Change in currents (speed, direction, variability) due to man-made structures  

pH changes Change in pH (mean, variation, range) due to runoff/change in freshwater flow etc.  
Electromagnetic changes Change in the amount and/or distribution and/or periodicity of electromagnetic  

energy from electrical sources (e.g. underwater cables) 
Change in wave exposure Change in size, number, distribution and/or periodicity of waves along a coast due  

to man-made structures (local) or climate change (large scale). 
 

Table 4 : Examples of Endogenic Managed Pressures (EnMP) (Smith et al., 2016). 
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State change: related to State changes on the natural system due to cumulative effect of a single 

or multiple pressures that are severe to the environment, particularly modifications in physico-

chemical variables (i.e. dissolved oxygen, organic matter, contaminated sediments, etc.) and 

transformations of the health of all levels of biological organisation – the individuals, 

populations, communities and ecosystems (such as a lost habitat, reduced population size) 

(Elliott et al., 2017b).  

Numerous ecosystem service indicators (such as aquaculture, fish stocks …) could be 

functional to identify the situation of the state, comportment and trajectory of lagoon ecosystem 

components and processes. They are required to make the ecosystem services approach 

operational for lagoons managers. 

The changes, if left unchecked leads to Impacts on societal Welfare.   

Impact (on human Welfare): represented as result from changes in the natural system (Fig.6), 

but which have consequences for societal livelihoods and welfare including losses of 

ecosystem services which ultimately produce economic benefit (such as a fish stocks, 

aquaculture, tourism) (Newton et al., 2014). In turn, it can have loss of employment.  

Another example, the loss of ‘places and seascapes’, affected by or reflecting State changes, 

may impact the spiritual and cultural welfare when society invest time and provide resources 

to obtain such benefit (Elliott et al., 2017b). 

Responses (as Measures): respond to the effects of external natural and anthropogenic 

influences to ensure sustainability. several pressures or activities representing risk, might 

require a single or integrated response as measures (Newton et al., 2014; Patrício et al., 2016; 

Elliott et al., 2017b). Those measures (within policy responses) include economic and legal 

instruments, technological devices, remediation agents, and societal desires. They can be 
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chronic (subtle over long time periods) or acute (immediate) to address, mitigate or reduce the 

hazards and the risks (Patrício et al., 2016). 

For a successful management Responses (as Measures) to changes resulting from Drivers, 

Activities and Pressures (Elliott et al., 2017b) suggested to follow the 10-tenets approach for 

adaptive management and sustainability which each tenet needs its own measures (Tab.5), 

while one measure may cover several tenets and any one tenet requires several Measures.  

Tenet Example of measures 
Ecologically sustainable See (Tab.6) 
Technologically feasible  Building treatment works, remediation habitats 
Economically viable Sufficient funding for the measure, acceptable cost-benefit  

analysis/ratio 
Socially desirable/tolerable Stakeholder agreement based on consultation 
Legally permissible Compliance with laws and regulations; license compliance for waste  

disposal 
Administratively achievable Agreement from administrative and statutory bodies such as an  

Environmental Protection Agency 
Politically expedient Agreement with the manifesto commitments of the ruling party 
Ethically defensible 
(morally correct) 

Funding mechanisms are not a burden on future generations,   
Discounting mechanisms are not a liability 

Culturally inclusive Protection of culturally and aesthetically important areas, no  
interference of indigenous human population areas 

Effectively communicable Agreement by consultation, advertised decision-making 
 

Table 5: The 10-tenets framework for examples of management responses (Elliott et al., 
2017b). 

 

As an example, Table 6 illustrates needed measures to adopt the ‘ecologically sustainable’ 

tenet, by making the physical, chemical and biological conditions thus restoring the natural 

system. In addition to these measures, others would also be required which are related to the 

feasibility of technology, the viability of the economic situation based on marginal social cost 

and benefit comparisons, in order to successfully manage the lagoon or any marine 

environment (Elliott et al., 2017b).  
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The Principe of DAPSI(W)R(M) is to connect the natural and social systems, involving the 

natural and social sciences to deliver the socio ecological systems and system approach. this 

integrated approach represents a causal and cyclical pathway of risk (Elliott et al., 2017b) and 

exemplify a communication tool for allowing stakeholder interaction  (Newton and Elliott, 

2016).  

Objective/class Measure category 
Biology/ecology/other Measure to develop and/or protect specific habitats 

Measure to develop and/or protect specific species 
Hydrology/morphology Measure to prevent introduction of or to control/eradicate invasive species 

Measure to develop natural gradients and processes, transition and  
connection 
Measure for direct human benefit 
Measure to restore lateral connectivity (flooding 
dynamics, floodplains and off-channel habitats) 
Measure to restore water flow - quantity 
Measure to restore sediment flow - quantity 
Measure to restore water flow - dynamics 
Measure to restore morphological quality (structure and substratum) 
Measure to restore morphological diversity (depth and width variation) 
Measure to restore riparian zone 
Measure to restore tidal energy dynamics, range, 
asymmetry and pumping effects 
Other measures to improve morphological or hydrological conditions 

Physical/chemical 
quality 

Measure to reduce nutrient loading (point and diffuse sources) 
Measure to improve oxygen conditions 
Measure to reduce physical loading (e.g. heat input) 
Other measure to improve self-purifying power 

 

Table 6: Description of measure categories (Elliott et al., 2017b) 

 

The approach has been adopted already in many research projects.  

Cormier and Elliott (2017) analysed the recent list of indicators for the United Nations 

Sustainable Development goals (SDG 14) within the indicator as defined by the 

DAPSI(W)R(M) 
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Berninsone, Newton and Icely (2018) developed an adaptive management plan to analyse 

artisanal fisheries of Pehuen Co and Monte Hermoso (Argentina) based on the results of 

combining the analysis-orientated Systems Approach Framework with DAPSI(W)R(M) 

approach.  

The uses of a conceptual framework in which environmental problems affecting North African 

coastal lagoons, it may be assessed by the evaluation of all components of DAPSI(W)R(M) 

framework. 
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IV. CHAPTER 4: STUDY AREA 

IV.1. Distribution of lagoons in North Africa 

North Africa is defined as the Southern Mediterranean Region (SMR) or the North of the 

African Sahara (Desert), an area surrounded by Atlantic Ocean in the west of Morocco, 

Mediterranean Sea in the north (Morocco, Algeria, Tunisia, Libya and Egypt) and Red sea in 

the Est of Egypt (see Figure 7 below). 

There are 22 lagoons in North Africa, 4 in the Atlantic shore of Morocco and 18 along the 

South Mediterranean Region. 

 

Figure 7: Distribution of North African Lagoons 

They are shallow with natural biogeochemical cycles essentially regulated by tidal exchanges 

at the seawater boundaries and at the sediment interface 
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IV.1.1. Morocco  

Morocco occupies a particular geographical position by its both coasts, Atlantic and 

Mediterranean sides which extend about 3,500km. This strategic location gives it a diversity 

of lagoons. The most important one is in the Mediterranean side which is called Nador lagoon 

(or MarChica). On the Atlantic coast, it exists four mesotidal lagoons varying on tide from        

2 m to 5 m; Moulay Bousselham lagoon (or Merja Zerga), Khnifiss lagoon, Sidi Moussa lagoon 

and the Oualidia lagoon (Fig.8). 

 

Figure 8: Existing lagoons in Morocco (Khnifiss, Sidi Moussa, Oualidia, Moula Bousselham, 

Nador) 

 

For this study and to provide diversity we choose 3 lagoons from Morocco to analyse.  
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IV.1.1.1. Khnifiss Lagoon (Atlantic side)  

The Khnifiss Lagoon is a Moroccan national park (Sánchez Piñero et al., 2009) and registered 

as World Heritage by Unesco, located on the south of Morocco near Tarfaya city and occupied 

65 km2 (Fig. 9).  

Khnifiss is a chocked lagoon, opened to the Atlantic shore by a narrow inlet called “Foum 

aguitir” (Foum = Mouth), with a length of 20 km and a width of 4km in the centre of the lagoon 

(Fig.9). The climate is Saharian, with 45–70 mm mean annual precipitation and 18,5 °C as an 

average of water temperature (Lefrere et al., 2015). The average depth is 5m and has no 

freshwater input. 

 

Figure 9: Khnifiss lagoon (Morocco) 
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IV.1.1.2. Oualidia Lagoon  

The Oualidia lagoon is located in the middle of the Atlantic shore of Morocco in the Oualidia 

city between the cities of El Jadida and Safi. It occupies an area of 3 km2 and it has a ‘snake’ 

shape parallel to the ocean (Fig. 9).  

Oualidia is a Restricted lagoon, connected to the Atlantic shore by two narrow inlets (major 

and secondary inlets) which allow the water circulation of the lagoon (Fig.9). The length of 

this ecosystem is 7 km and the width is 0.5 km (Beryouni et al., 2012).  

The lagoon morphology is characterized by adjacent streams, associated with a meandering 

mainstream, with an average depth of 2m and a maximum depth during flood tides not 

exceeding 5m. The average annual rainfall is 380 mm (Maanan, 2008) and the average water 

temperature is 19.1 °C   (Montaudouin et al., 2016). It has a groundwater input (Abdelhak, 

2014). 

 

Figure 10: Oualidia lagoon (Morocco) 
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IV.1.1.3. Nador lagoon:  

The Nador lagoon (or called Mar Chica) is the largest one in the country. Located in the North 

of Morocco. It occupies an area of 115 km2 (Fig.11) including the cities of Nador in the centre, 

Beni Ansar in the North-East Part and Kariat Arekmane in the South-East part (García-Ayllón, 

2017).  

Marchica is a chocked lagoon, connected to the Mediterranean Sea through an inlet of 310 m 

with an average water temperature of 19.95 °C. The average annual rainfall is 300 mm and the 

average depth is 6 m (Maanan et al., 2015).  

This lagoon has freshwater input from two main rivers “Boussardour” and “Selouane” (Piazza 

et al., 2016) and from the Bouregreg aquifer (Re et al., 2014). 

 

Figure 11: Nador lagoon (Or Marchica),(Morocco) 
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IV.1.2. Algeria 

Algeria is the largest country in Africa and comprises a long coastline of 1622 km on the South 

Mediterranean Sea. It contains only one lagoon which is El Mellah lagoon. 

IV.1.2.1. El Mellah lagoon:   

El Mellah lagoon is a geological depression which communicates with the Mediterranean Sea 

through one inlet (Fig.12). It is an old river valley invaded by the sea and was transformed into 

the lagoon (Kherifi and Bousnoubra-Kherici, 2016). It is a chocked lagoon and can be classified 

as a micro-tidal system with an average depth of 3.5 m (Magni et al., 2015). It is located in the 

extreme eastern part of Algeria and 27 km from the Tunisian border.  The annual average 

rainfall is 649 mm with an average water temperature of 20,95 °C (Benradia et al.,  2016). The 

lagoon receives freshwater from three small rivers, Mellah, Bouaroug, and R’kibet and from 

Bouteldja aquifer (Deraddaji et al., 2015; Embarek et al., 2017). 

 

Figure 12: El Mellah lagoon (Algeria) 
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IV.1.3. Tunisia 

Situated in a Mediterranean climatic region, bordered by Algeria on the West and Libya on the 

South-East, Tunisia has a coastline of 1,148 km with an abrupt southward turn on its coast 

which gives it two distinctive lines, West-East in the North part and North-South in the East 

part (Fig.13). The weather is hot and dry in the summer, cooler and rainfall in the winter (Ismail 

et al., 2018).  

Tunisia has six lagoons, three in the north part of the country (Bizert, Ghar el Maleh and Tunis) 

and three lagoons in the East part of the country (Korba, Boughrara and Biban).  

For this project, we analysed 3 lagoons (Bizert, Tunis and Boughrara). 

 

Figure 13: Existing lagoons in Tunisia (Bizert, Ghar el Maleh, Tunis, Korba, Boughrara, 

Biban).  
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IV.1.3.1. Bizerte lagoon  

The Bizerte lagoon is located on the northern coast of Tunisia in the city of Bizerte within a 

total area of 128 km2 and an average depth of 7 m (Béjaoui et al., 2017).  

It is a chocked lagoon connected to the Mediterranean Sea through a 6 km long inlet from the 

East part. It has a freshwater water from many rivers and the main connection is with the 

Ichkeul lake through the Tinja channel from the West part (Fig.14), which is about 5 km long 

and with few meters in depth (Béjaoui et al., 2017). 

The average water temperature is about 19 °C and the annual average rainfall is 634 mm.    

 

Figure 14: Bizerte lagoon (Tunisia) 
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IV.1.3.2. Tunis lagoon  

The Tunis lagoon is located in the capital of Tunisia, which called “Tunis”, the most populated 

city in the country. This ecosystem is divided in two part, the “Northen Tunis lagoon’ and the 

“Southern Tunis lagoon” (Fig.15) and it is a restricted lagoon and covers an area of 29,2 km2. 

Tunis Southern Lagoon extends over 7,2 km2 with an average depth of about 2.1 m (Fig.15). 

Tunis Northen lagoon  is a well-mixed shallow coastal seawater covering an area about               

22 km2 (Fig.15), with an average depth of 1.5 m. It is connected to the sea by only a narrow 

channel (about; 800 m long, 40 m wide and a mean depth of 2.5 m) (Trabelsi et al., 2013).  

The mean annual rainfall is about 500mm and the average water temperature is 18,55 °C.  

 

Figure 15: Tunis lagoon (Tunisia) 
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IV.1.3.3. Boughrara lagoon  

The Boughrara lagoon is the largest one in Tunisia extending along the eastern south coast of 

the country and covering an area of 500 km2 (Chalghmi, 2015).  

It is a leaky lagoon connected to the sea through two direct outlets; the Ajim Jorf in the           

North-East with 2,33 km large and the El Kantara channel in the in the North-West with two 

small inlets (Fig.16). The average depth is about 4 m, reaching a maximum of 16 m in the 

centre (Khedhri et al., 2017). 

This lagoon has input from three main streams  ‘El Fje’, ‘Essamar’ and ‘Bou Hamed 

watersheds’ streams (Khedhri et al., 2017) and from Djeffara aquifer  (Kharroubi et al., 2012). 

The average water temperature is about 13°C and the mean annual rainfall is about 2010 mm. 

 

Figure 16: Boughrara lagoon (Tunisia) 
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IV.1.4. Libya 

Libya comprises a coastline of 1770 km bordered by Tunisia from the West and Egypt from 

the East. Its coast is the less studied one compared to other south Mediterranean countries.   

The country has two lagoons; Farwa and Ain Zaina (Fug.17) and two others water bodies 

considered as lagoons; El Burdi and Ain Ghzala (see (Adam, 1990; Mashud et al., 2006; Hipp, 

2011)). For this purpose, we analysed these two systems. 

The El Burdi system is not a coastal lagoon but rather a coastal inundation with strong tectonic 

control. It is not sediment-built as evidenced by the steep rise of the land on all sides (see; 

Google Earth). The Ain Ghazala system is not a coastal indentation rather than a lagoon in 

spite of the shallow depths and the surrounding low relief landscape (Fig.17).  

For this project, we analysed the most described Libyan lagoon which is Farwa lagoon (Fig.18). 

 

Figure 17: Existing lagoons in Libya (Farwa, Ain Zaina); and ElBurdi and Ain-Ghazala 
which considered as lagoons 
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IV.1.4.1. Farwa lagoon: 

Farwa lagoon (or called Farwa island) the largest one on the Libyan coast, covering an area of 

32 km2 (Fig.18). It is located in the Eastern part of Libya, 150 km from Tripoli its capital and 

12 km from the Tunisian border and it’s surrounded by the General Company of Chemical 

Industries (Banana and Mohamed, 2016a). 

It is a restricted lagoon connected to the Mediterranean Sea by a large inlet in the West of      

4,28 km and a small inlet in the Eastern part with a width of 0,35 km. It has no freshwater input 

and the mean depth is about 2 m (Ezziany- et al., 2014).  

The average water temperature is about 19,9 °C (Hammami et al., 2013) and the annual average 

rainfall is about 233 mm. 

 

Figure 18: Farwa lagoon (Libya) 
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IV.1.5. Egypt 

Egypt has two coastlines; the Mediterranean Sea coast (called El Sahel El Shamali) which 

extends for about 1050 km and the Red Sea coast (Called El Sahel El Sharqui) stretching          

1250 km.  

There are a number of large lagoon along the Mediterranean Egyptian coasts represented by 

eight micro-tidal to nano tidal lagoons ( Marsa Matrouh, Marina, Mariout, Idku, Burullus, 

Manzala, El-Mellaha and Bardawil).  

 

 

Figure 19: Existing lagoons in Egypt (Marsa Matrouh, Marina, Mariout, Idku, Burullus,  

Manzala, El-Mallaha, Bardawil)  
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IV.1.5.1. Marsa Matrouh lagoon  

Marsa Matrouh lagoon is located in Matrouh governorate on the Western Mediterranean 

coastline of Egypt with a population of 447846 citizens and around a million visitors during 

summer time (Mulazzani et al., 2017). 

It is chocked lagoon, opened to the sea by an inlet of 1,5 km large (Fig.20) with a series of 

rocks forming natural breakwater that allow some waves penetration s (Abdel Ghani, 2015). It 

covers an area of 26 km2 and its beaches extend for a distance of 7 km, the most important are 

the El Gharam and the Rommel beaches. It has an average depth of 2 m (Fenton, 2013) and it 

has no freshwater input.  

The average water temperature is about 24,75 °C (Gharib et al., 2011a) and the mean annual 

rainfall is around  137,5 mm. 

 

 

Figure 20: Marsa Matrouh lagoon (Egypt) 
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IV.1.5.2. Burullus lagoon 

The Burullus lagoon (Called Lake Burullus in Egypt) is one of the largest lagoons in the 

country and it is a part of the Deltaic Mediterranean coast known by Nile Delta and located in 

Kafr El-Sheikh Governorate(El-Amier et al., 2017). 

This lagoon is the most impact ecosystem by pollution in Egypt. It is a chocked lagoon 

connected to the Mediterranean Sea by a small inlet of 180 m and has an average depth of 2 m 

(Orabi et al.,2017) and it covers an area of 460 km2 with a freshwater input from the eastern 

side of the Rosetta branch of the Nile river.  

The mean annual rainfall is 200 mm and the average water temperature is about 19,5 °C (Orabi 

et al., 2017).  

 

Figure 21: Burullus lagoon (Egypt)  
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IV.1.5.3. Bardawil lagoon  

The Bardawil lagoon is the largest one in Egypt, located in the northern side of Sinai Peninsula, 

40 km from the East of Port Said and 20 km from the West of El Arish city, covering an area 

of 685 km2 and extends for a Width of 80 km and a length of 20 km (Abomohra et al., 2017; 

Nassar et al., 2018).  

It a leaky lagoon with many inlets and it is delimited from the south by a sand dune belt and 

from the north by a curved sand barrier (Fig.22) that splits it from the Sinai Mediterranean 

coast (Abomohra et al., 2017).  

The lagoon has an average depth of 1,21 m (Abd Ellah and Hussein, 2009) and has a freshwater 

from the Quaternary aquifer of the region which contributes by 1,7% of the total inflow to the 

system (Ramadan et al., 2014). It has an average water temperature of 20,5 °C (Abdel Razek 

et al., 2016) and the mean annual rainfall is about 90 mm (Abomohra et al., 2017).  

 

Figure 22: Bardawil lagoon (Egypt) 
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IV.2. Ecological and Economic importance of North African 

lagoons 

Lagoons, in general, are environmentally valued systems and provide valuable ecosystem 

services to people. These goods and services are not only economically valuable but also have 

societal, heritage, aesthetic and scientific values, they provide livelihoods and numerous 

benefits to human health and welfare (Newton et al., 2014). 

The fishing and aquaculture industries, agriculture, tourism plays an important role in the North 

African economy, and the lagoons represent an important potential for extraction and the use 

of natural resources provided by the lagoons ecosystems. 

North African coastal lagoons are highly productive, are in high demand for the activities and 

provide many ecological benefits. Table (7) gives examples of North African lagoons that are 

national or regional Parks, Ramsar sites, Special Bird Habitats, Saltmarsh and others. 

 

Table 7: The Major Ecological Characteristics of North African lagoons  
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V. CHAPTER 5: RESULTS 

V.1. The DAPSI(W)R(M) framework in the context of North 

Africa  

There are several conflicting interests over management of North African lagoons such as 

fishing, aquaculture, tourism, mining production, agriculture and urban growth.  

Therefore, in such a complex system, DAPSI(W)R(M) approach requires the means to analyse 

and provide management responses on the lagoon's ecosystem by evaluating cause-effect 

relationships and advising the needed policy measures. 

V.2. THE DAPSI(W)R(M) Application 

V.2.1. Drivers  

The definition of the Drivers (or Driving forces) that required activities and lead to 

environmental pressures, they are characterised by the basics human needs which are referred 

in the context of DAPSI(W)R(M) to the Maslow (1943) pyramids.  

In the context of North African lagoons, the first stage which represents the biological and 

physiological needs of basic needs, food and space air are the major basics of people in this 

area. 

The second stage, defined as basic safety needs shows that protection from elements, security, 

stability and law are important for people such as protection from storms and security to save 

the provided natural resources (e.g. agriculture, fish, aquaculture industries…), the built 

infrastructures (e.g.: harbour, marina, hotels, houses, …)  and human life’s, as well as providing 
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laws to use legally the lagoons services and goods such as space and reserves and all to ensure 

their stability.  

Following on the two stages of the basics needs, the psychological needs of North African 

people on using lagoons includes two needs types, the love and belonging needs and the esteem 

needs. The first one which represents interpersonal relationships motivates the behaviour of 

stakeholders (e.g fishermen’s, farmers, workers ...)  to be part of society such as friendship, 

trust and acceptance, receiving and giving affection and even love; these are represented in 

individual scale of being part of a group, having friends, creating family and having. The 

second need which is represented for example by achievement, self-respect, respect and status 

can be found in the common culture between North African people, for instance, men (e.g. 

Fisherman) who is, mostly, to be the person in charge of family (wife, children, mother, …), 

so his work provide to him a self-respect and respect of others and to have status in the society 

as a person who can be apt to be responsible of his family.  

The last stage represented by self-actualisation characterised by a desire to become the most 

that one can be can be found in individual scale and country scale, such us the case of decision 

makers in Nador lagoons who are trying to provide an economic growth of the region based on 

lagoon services and good and to be leaders on managing this type of ecosystems, not only in 

North Africa but in the hall African continent.  

V.2.2. Activities 

North African lagoons are complex environments providing ecological benefits and 

ecosystems services and having a large number of human activities.  

An assessment has been conducted based on the possible activities that could be found on north 

African lagoons.  
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Table. 8 summarises some of the more important key sectors which comprehend many 

activities. For this project, an overview will be given based on major sectors rather than specific 

activities to assess the general human behaviour in these lagoons and to provide general 

management responses as measures. 

In general, North Africans lagoons carry on an important range of human activities including 

agriculture, golf, damming of streams, aquaculture, extraction of living resources and non-

living resources, tourism and recreation, coastal infrastructures and urbanisation, navigational 

dredging, industries, transport and shipping, research and education, land reclamation and inlet 

consolidation. Majority or all of these activities are found in many lagoons, such as Nador and 

Oualidia in Morocco and all Egyptian lagoons (Marsa Matruh, Bardawil and Burullus). Only 

khnifiss lagoon which shows three sectors of activities that are the extraction of living resources 

from fishing activity, aquaculture, transport and shipping. 

Extraction of living resources, mostly, fishing are the common economic sector activities in all 

North African lagoon which shows the importance of these ecosystems in providing one of the 

basics human needs which is food. Aquaculture as well is commonly used in many lagoons 

except Bardawil in Egypt and for Khnifiss lagoon is under development. These activities had 

led to negative in some areas through many pressures such as habitat destruction leading to the 

alteration of these systems, the input of excessive amounts of nutrient and deposit organic 

material which had led to eutrophication (e.g: Nador lagoon). 

Agriculture, transport and shipping, land-based industry, coastal infrastructures and 

urbanisation, research and education come as second major activities and common in most of 

the North African lagoon.  

Agriculture practices, through the input of nutrient and organic matter by using fertilisers 

caused also the eutrophication of some lagoons ( e.g: Burullus in Egypt).  
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Country Morocco Algeria Tunisia Libya Egypt 
Lagoon Nador Oualidia Khenifiss El 

Mellah Bizerte Tunis Boughrara Farwa Marsa 
Matrouh Burullus Bardawil 

agriculture X X . X X . X ? X X X 
Golf X . . . . . . . X . . 

Damming of 
streams X X . . X . . . . X . 

aquaculture X X X X X X X X X X . 

Extraction of 
living 

resources 
X X X X X X X X X X X 

Tourism & 
recreation X X . ? . X . X X X X 

Coastal 
infrastructures X X . X . X . . X X X 

Navigational 
dredging X X . . ? X X .  X X 

Extraction of 
non-living 
resources 

X X . . . . . X X . X 

Land-based 
industry X X . X X X X X X X X 

Transport and 
shipping X X X X X X . X X X X 

Renewable 
energy 

  . . . . . . . . . 

Non-
renewable 

energy 
  . . . . . . . . . 

Research and 
education X X . X X X X . X X X 

Land 
reclamation 

  . . . X . . X X X 

Inlet 
consolidation X . . . ? . X . X . . 

Carbon 
capture and 

storage 
  . . . . . . . . . 

 

Table 8: The major Activities of North African lagoons 

Tourism and recreation are important sectors of activities that had led to environmental stresses 

since the 90’s in North African lagoons by bringing a huge amount of tourism, especially 
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during summer’s that impacted the lagoons such us the increase of the domestic effluents and 

the untreated sewage effluent (e.g.: Nador in Morocco, Tunis in Tunisia ...). 

Urban growth and coastal infrastructures such as Marina’s, port structures, hotels, houses, as 

well as navigational dredging for building, transport and shipping and even land reclamation, 

had negative influences on changing the hydrological processes, losing space, fish and shellfish 

death and the ecological interactions, also has led to pressures on lagoons by the introduction 

of non-synthetic compounds and other substances.  

V.2.2.1. Extraction of living resources and Aquaculture 

Because the lagoons are shallow waters (few meters), artisanal fisheries activities by using 

small fishing boats (called ‘feluccas’ in Morocco, Algeria and Tunisia; and called ‘Marceb’ in 

Libya and Egypt) has been identified as the major and common activity in all lagoons. It 

increased in the last decades due to growth in local demand linked to urban growth.  

In Nador lagoon (Morocco), the tonnage of extracted fish passed from 480 tons in 2001 to 1157 

tons which represent an increase of 241%. The monthly net profit per boat is around 222 Euro 

(2465 Moroccan Dirhams). The fishermen of this lagoon are all men with an average age of 41 

years old (including sailors), while owners have an average age of 48 years. For 46% of 

fisherman’s, fishing is their only main economic activity and the others work seasonally in 

agriculture or small commerce (Najih et al., 2015). 

Moroccan aquaculture has started since the 1950s, with the launch of shellfish farming in the 

Oualidia lagoon as a pilot site and the experimentation of breeding three species of oysters. 

Actually, a dozen farms continue to operate at this lagoon. Shell-fishing represents 15% as 

activity in the region (Maanan et al., 2014). Oyster production reached 60 tons in 2011 in 

Oualidia.   
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The Mellah lagoon (Algeria) is well-known for its artisanal fishery activities. The production 

showed the dominance of eels by 58%, followed by Mugilidae with 31% and represented by 

Mugil cephalus, Liza aurata, L. saliens, L. ramada and C. labrosus , and others such as wild 

harvesting of clams (i.e. Ruditapes decussatus) and cockles (i.e. Cerastoderma glaucum). The 

annual average fish production is about 40 tons (Chaoui et al., 2006). 

The Bizerte lagoon (Tunisia) has a production of more than 100 tons, mostly from shellfish 

farming such as mussels, oysters and clams.  (Fertouna-Bellakhal et al., 2014; Turki et al., 

2014). The use of shellfish production in this lagoon started since 1964 (Ghribi et al., 

2016). This has led to state change on a decrease in bivalves and fish production (ANPE, 

1990). 480 artisanal fishing boats are present in the lagoon (Abidli et al., 2016).  

The Farwa lagoon (Libya) has a fish production of 26 tons annually by using the fishing vessel.  

Fishing in Egypt represents an important sector to the country representing 2 billion Euro (2008 

statistics) and has increased from an annual production of 140,400 tons in 1980 to 1,079,500 

tons in 2009, mostly from inland by 934,000 tons and lagoons are the main area of extraction.  

The main activity of the population in and around the Burullus lagoon is fish farms that were 

developed at the lagoon shores. The annual production is about 52,000 tons (Eid and Shaltout, 

2014) using more than 2098 bots (statistics, 2008). During the period of the last, crabs 

production comprised about 27.8% in average of total lagoon fisheries (Abdel Razek, Ismaiel 

and Ameran, 2016) 

V.2.2.2. Agriculture and Golf  

Agricultural practices including Golf are some of the most impacting and changing lagoons 

environments. In North Africa, many lagoons are surrounded by agriculture and even where 

converted to the agricultural area. 
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In Nador lagoon (Morocco), there is an agricultural area of 92 km2 reaching the coastal strip of 

the lagoon (García-Ayllón, 2017) with 62 % of lands cover directly the total surrounded surface 

area (El Yaouti et al., 2008) and most of it are irrigated lands, specifically intensive cereal 

production in the south (Giuliani et al., 2015b) which represent the most widespread crop, in 

particular, barley occupying 56.5 % of total area, followed by arboriculture, mainly olive trees 

with nearly 22%. of the total area (Fig.23). The Other crops occupy only about 8%, followed 

by land accounts for almost 14% (Fig.23). Agriculture activities have led to a state change in 

the environment through numerous irrigation channels and rivers draining the south of the 

lagoon 

 

Figure 23: Distribution of useful agricultural area by crop type 

Agriculture, Breeding and fishing employ up to  46% of the active population in the region 

(Najih et al., 2015).  

The Oualidia lagoon (Morocco) has intense agricultural activities which had major changes 

from 10,52 % in 1946 of the total area to 40,15 % in 2006,  mostly used for vegetable crops with 

an extensive use of fertilizers on farmlands in the last decades (Maanan et al., 2014).  
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El Mellah lagoon (Algeria) has 9% of the agricultural area of the watershed which is around 

7,34 km2 with an area of 1,30 km2 dedicated to Livestock which is the origin of a large 

production of animal dung (NADIRA, 2008). 

The Bizerte lagoon (Tunisia) is also subjected to agricultural activities, including extensive 

use of pesticides. It covers 127 km2 of the total surrounded area, dedicated especially to big 

crops by 78 km2, vegetable gardens by 34 km2 and arboriculture 5 km2 (Garali et al., 2009).  

The Burullus lagoon (Egypt) is the most impacted ecosystem by agriculture in North Africa 

from the agricultural activities in the lagoons itself and from the drainage water of the 

agricultural land in the Nile Delta which feeds the lagoon with approximately 4 billion m3 of 

water per year (Orabi et al., 2017) which collected from a catchment area of about 403 km2 

(El-Amier et al., 2017). The total cultivated area has increased by 68,7% from 231,31 km2 in 

1984 to 336,60 km2 in 2015 (Tab.9).  

 

Table 9: The lands cover changes in (Hectare) in 1984, 1990, 1998, 2003 and 2015 (Burullus 
lagoon, Egypt) (Hossen and Negm, 2016) 

 

V.2.2.3. Urbanisation & Land Reclamation and Coastal Infrastructures  

An intensive urbanisation observed in lagoons in North Africa and because these ecosystems 

are very productive environments on natural resources associated to natural watching and lack 
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of strong waves, more urbanisation, land reclamation and coastal infrastructures were 

developed. Many areas of lagoons have been used for construction (activities) of urban areas 

and they are highly populated areas and numbers increasing year after year. 

Ports structures, marinas, hotels, golf courses and even airport, for instance, the Monsatir 

airport in Tunisia (35°45'33.0"N 10°45'21.5"E) was one of the major factors for Monastir 

lagoon disappearance to become a wetland dedicated to agriculture and airport activities.  

For the past 50 years, in the Oualidia lagoon (Morocco), the population density has rapidly 

increased by 2.40 % from 7741 inhabitants in 1971 to 18616 inhabitants in 2014 and the 

expansion of the urbanisation of the city, participated, vastly, to the modification of some 

sedimentary forms especially the dunes of the East side of the lagoon (Yamna et al., 2014).  

Nador lagoon (Morocco) is the most populated lagoon in Morocco, it had demographic growth 

which increased from 683,914 inhabitants in 1994 to 859,590 inhabitants in 2014 

(www.HCP.ma). Recently, Moroccan government through “Marchica agency” invested 4 

billion Euro for new infrastructures construction for seven new projects (Cité Atalayoun, cite 

des 2mers, Nador new city, fisherman’s village, Baie des flamants, Marchica sport, Les Vergers 

de Marchica), which are destiny to new international resorts, villas, riads, houses, apartments, 

Golf Academy, harbour, research centre and natural park, some are constructed already and 

some are under construction. This activity, could be directly related to the uncontrolled 

growing anthropogenic pressures and have state change and impact on the borders of the 

lagoon. 

To modify the old inlet located in the centre of the cord of Nador lagoon, a large modification 

happened to the pass which became more larger with a width of 300 m and a depth of 6 m to 

allow both circulation, including two calibration embankments of the channel which were 
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realized, one of 1450 linear meters for the East breakwater, and then another of 1350 linear 

meters for the West breakwater (Aghor et al., 2016). 

Tunis lagoon (Tunisia), is the most populated lagoon in North Africa, surrounded mostly by 

urbanisation. The population had doubled from 887,803 (2004) to 1,507,000 inhabitants (2014) 

(http://dataportal.ins.tn/fr/Map) and due to high demand, urbanisation growth by double in the 

last decades. This ecosystem has also the biggest airport in Tunisia (Tunis-Carthage Airport) 

and military airbase. The lagoons had the construction of route separating the area in two parts 

(south part and north part).  

Bizerte lagoon (Tunisia) has 4 harbours (Harbour of Bizerte, Menzel Abderrahmane 

harbour, Menzel Bourguiba and The Carrier bay harbour parked) (Abidli et al., 2016). 

Marsa Matruh lagoon (Egypt) has an attractive landscape from clear sea water and 

beaches which make its city as the important on the 500 km long area of the Mediterranean 

coast between Alexandria city and the Libyan border in the North part of Egypt. It has 193,000 

inhabitants which represent a density of 0.9 inhabitants/km2 (Khaled et al., 2014). This area is 

known by five stars hotels construction in the lagoon borders.  

V.2.2.4. Tourism and Recreation  

Lagoons are strongly tourism-related ecosystems, containing pretty environments and many 

cultural characteristics. The increasing of touristic activities on lagoons in North Africa had 

negative results on the introduction of pressures such as domestics effluents, particularly on 

seasonal variability of population increase and their inputs (especially during summer). The 

most popular touristic lagoons in North Africa are Nador and Oualida in Morocco, Marina and 

Marsa Matruh in Egypt. 
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In Morocco, Oualidia lagoon provides many touristic activities such as sailing, bathing on 

beaches, bird watching and nature watching and others. The seaside resort is also distinguished 

by the incredible diversity of its landscapes and the great speciality of oyster’s. In 

summer population increase by 54,000 (ww.w.hcp.ma) with a daily capacity of 30,000 persons. 

Within the new dynamic of urbanisation in Nador lagoon(Morocco), tourism activities are 

developed as well, mainly focused in northeastern part of the lagoons within new residential 

complexes, resorts, villas, marinas, restaurants, riads and golf academy that have been 

constructed. This ecosystem provides seaside sites extending on a coastline of 20 km as 

boqueronisa and Arkman beaches. The new project Med Marchica set up as objectives for 

horizon 2020 to provide 101.200 beds and 7 marinas and to employs 80000 persons.  

The Farwa lagoon in Libya is well-known by Kitesurf as sports activity which attracts tourists 

during windy seasons. 

The Marsa Matruh lagoon (Egypt), shows an example of expansion tourism situation with more 

than 450,000 visitors to enjoy the attractive white sandy beaches and blue-green seawater 

which make it the most touristic lagoon in North Africa. (Khaled et al., 2014). Touristic 

activities are the most important keys elements that boost the development of all the region and 

its integration with the adjacent climate, cultural diversity and natural properties, which deliver 

to visitors the opportunity of experiencing the lagoon. The Marsa Matruh governorate provide 

10 beaches that extend for a distance of 7 km, five of them (4,5,6,7 and 8) are situated in the 

lagoon (Fig.24), they are protected from the Mediterranean sea by the series of rocks that are 

surrounding the lagoon and forming a natural beaking water with a small inlets  (Abdel Ghani, 

2015) which allows water exchange and some wave penetration to ensure a good water quality 

for bathing. 
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Because of these ecosystems services, 25 hotels have been established surrounding the lagoon 

and employed 7000 works (Mulazzani et al., 2017).  

 

Figure 24: Beaches distribution of Marsa Matruh Governorate 

 

V.2.2.5. Transport and Shipping 

North Africans societies have well exploited and are still exploiting lagoons for transport and 

shipping activities by developing harbours and marinas for commerce and travel purpose. For 

artisanal fishing, they use small boats called “feluccas” in Morocco, Algeria, Tunisia and 

sometimes in Libya and Egypt and called “Markab” in Libya and Egypt. For big commerce 

and transport, they use commercial vessels such as oil tankers, cruises, container boats and 

others. 

In Nador lagoon (Morocco) for example, the number of ‘feluccas’ for artisanal increased by 

30% from 300 to 390 between 2001 and 2012.  
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In Bizerte lagoon in Tunisia, specifically the Bizerte harbour, received 997 boats in 2010, 

mainly fishing boats such as artisanal boats “feluccas”, trawlers, sardine boats and crawfish 

boats which represent 49% of total boats with 490 fishing boats, 507 boats as commercial 

vessels (cruise, oil tankers, bulks carriers, containers boats, gas and oil tankers), as well as 

military boats. In the Carrier bay harbour, the Menzel Bourguiba harbour receives annually 

around 542 boats and provide a building ship maintenance and painting. The Carrier bay 

harbour parked 480 fishing “feluccas”, passenger linings, commercial ships, ferries, and navy 

boats. The  Menzel Abderrahmane harbour has around 181 artisanal fishing boats (Abidli et 

al., 2016; Lahbib et al.,2018).  

The Tunis lagoon (Tunisia) communicates annually with the commercial harbour of Rades-La 

Goulatte using 2902 merchants including feluccas, cruises, packets boats and container boats 

(Lahbib et al., 2018). 

The Boughrara lagoon (Tunisia) has Fifty “feluccas” in the Boughrara harbour and around one 

hundred in Adjim harbour (Lahbib et al., 2018).  

The Marsa Matruh lagoon (Egypt) had 66 feluccas un-motorized, 6 feluccas with an outboard 

motor and 17 with the inboard motor by using trammel nets and long lines. The small feluccas 

contribute to the fishing activity production by 20% and larger boats contribute by 80% within 

an annual production of around 272 tons (Mulazzani et al., 2017) 

In the Bardawil lagoon (Egypt), 1235 feluccas of a grade (4 to 6 meters) are used for the fishing 

activity.  

The Burullus lagoons has 2098 boats, 2049 are feluccas of a grade (4-6 meters), 41 boats of a 

grade (6-8 meters) and 8 boats that are over 8 meters long. 
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V.2.2.6. Extraction of non-living resources and land base industries 

Many lagoons in North Africa are used for extraction of non-living resources such as mining 

activities and also, they are associated with industrial areas.  

Nador lagoon (Morocco) hosts many industrial activities (some are mining industries and 

mettalurgical indutries) which has led to pressures with a mixture of multiple inputs such as 

heavy metals, organic matter and inputs that can lead to state change on the lagoon 

environment. Industrial effluent coming from the Selouane industrial zone are discharged into 

the lagoon during the wet season (Piazza et al., 2016) 

The Bizerte lagoon (Tunisia) has around 130 factories as industrial complexes surrounded its 

area and based in Bizerte, Zarzouna, Menzel Abderrahmn, Menzel Jemil and Menzel 

Bourguiba, they have multiple activities such as chemical, petrochemical including oil 

refineries, metallurgical, agro-alimentary, production, cement manufacturing, textile and 

fishing activity. These industries are subjected to limited treatments of its effluents (Barhoumi 

et al., 2014; H and B, 2016).  

The Farwa lagoon (Libya) is subject to a high state change and impact from a chemical complex 

which is located in the east part of the lagoon at Abu-Kamash (GCCI: General Company of 

Chemical Industries). This complex that was opened in 1970s, contain 3 units with an annual 

production of 104000tons of Ethylene di-chloride, 60000 tons of poly vinyl chloride (PVC), 

50000 tons of caustic soda and 45000 tons of chlorin, as well as a production of sodium 

carbonate, sodium hypochlorite and HCI (Banana and Mohamed, 2016a). 

 

 



Erasmus Mundus Joint Master in Water and Coastal Management. WACOMA (2016-2018) 
 

 71 

V.2.3. Pressures 

In the context of North African lagoons, there are multiple pressures that have different forms 

originating from a variety of activities (Tab.8 ,9) such as an excessive extraction of living and 

non-living resources (e.g., Fishing), urbanisation and coastal infrastructures, agriculture and 

livestock, tourism, transport and shipping.  

These pressures can be in form of effluents from domestic and industrial sewage containing 

synthetics and non-synthetics compounds, radionuclides, organic matter and microbial 

pathogens which can change following the seasonal variability of a population, especially in 

high seasons. They can be also in form of nutrients and phosphorus inputs from agricultural 

runoff (e.g. fertilizers use) and feedlots, as well as other pressures in form of smothering, 

abrasion, underwater noise, death or injury by collision and the over-extraction of resources. 

Another additional form of pressures in the North African lagoon are in siltation and/or 

temperature, change in pH and in hydrological processes (Tab. 10).  

All these forms of pressures (Tab.10) end up with a state change of the environment, for 

instance, in wastewater and disposal problems, in nutrient enrichment that enhances a 

profligate algal growth, in abundance and health of fish and other symptoms of eutrophication 

in the lagoon (e.g.: Nador in Morocco, Bizerte and Tunis in Tunisia, Bardawil en Egypt). These 

change can lead to an impact on human welfare and can be resulted in conflicting interest 

concerning all stakeholders and depending on the appropriate pathways of the lagoon (Lillebø 

et al., 2015) 

Moreover, lagoons are a hotspot of global change (Newton and Weichselgartner, 2014) related 

to climate change which are subjected to exogenic pressures (e.g. Sea level rise) (Tab.3), as 
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well as increases in urbanisation and industrialisation. All these will intensify the existing 

pressures. 

Table. 10 summarises most of the endogenic managed pressures in North African lagoons. 

Table 10: The Existing Pressures on North African lagoons 

Country Morocco Alge
ria 

Tunisia Libya Egypt 

Lagoon Nad
or  

Ouali
dia  

Kheni
fiss  

El 
Mell
ah 

Bize
rte 

Tu
nis 

Bough
rara 

Farw
a 

Mars
a 

Matr
ouh 

Burul
lus 

Bard
awil 

Smothering   . . X X . . . . X 

Substratum loss   . . . X . . . . X 

Changes in siltation X X . .  X . . X X . 

Abrasion X . . . X X . X . . X 

Selective extraction of  
non-living resources 

X X . . . . . . . X X 

Underwater noise X X X x X X X X X x X 

Litter   . . X X X . . X . 

Thermal regime change  X . . X X X . X X X 

Salinity regime change X . . . X X X . X X X 

Introduction of syntheti
c compounds 

X X . X X X . . X X X 

Introduction of non-
synthetic compounds X X . X X X X X X X X 

Introduction of  
radionuclides 

 X . . . . . . . X X 

Introduction of other  
substances 

X X . X X X X X . X  

Nitrogen and phosphoru
s enrichment X X . X X X X X X X X 

Input of organic matter X X . X X X X X X X X 

Introduction of microbia
l pathogens 

 X . X X X X . . X X 

Introduction of non-
indigenous species  
and translocations 

X X . . . . X . . .  

Selective extraction of  
species 

  . X X X X . . . X 

Death or injury by  
collision 

X X . X ? . . . . X . 

Barrier to species 
movement 

 X . . X X . . . . . 

Emergence 
regime change 

  . . . . . .  . . 

Water flow rate changes  X . . ? X X . X . X 

pH changes  X . . . X X . X X X 

Electromagnetic change
s 

  . . . . . . . . . 

Change in wave 
exposure 

  . . . . . . X . . 
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Underwater noise, Introduction of synthetic compounds (e.g. Pesticides) and non-synthetic 

compounds (e.g. heavy metals), Input of organic matter and nutrient and phosphors enrichment 

(e.g. fertilizers, sewage) are the commune pressures in North African lagoons. 

V.2.3.1. Pressures from the urban and industrial effluent 

Urban sewage through wastewater treatment plants (WWTPs), treated or poorly treated; Urban 

wet weather discharges (UWWD) which refer to all rainfall in an urbanized catchment area 

that gives direct runoff into (e.g., lagoons) without passing through a wastewater treatment 

system (including rainwater, runoff water, discharges from separated stormwater system 

outfalls) (Gooré et al., 2015) and the industrial effluents through a local or common WWTP 

are results from an urban watershed forcing such as human daily use, industrial activities and 

land area runoff to a receiving environment (e.g. lagoons). Their impact increase from both, 

urban growth and climate change effects and can lead to a state change (e.g. contamination).  

Several studies (Tlig-Zouari and Maamouri-Mokhtar, 2008; Oczkowski et al., 2008; Nassar 

and Gharib, 2014; Alves Martins et al., 2015; El et al., 2015; Aghor et al., 2016; Bocci et al., 

2016; H and B, 2016; El-Zeiny and El-Kafrawy, 2017; Khedhri, Afli and Aleya, 2017b; O. El 

Asri, Ramdani, Latrach, Haloui, Mohamed, et al., 2017) have shown that some lagoons in 

North Africa (Nador in Morocco, El Mellah in Algeria, Burullus in Egypt and Tunis in Tunisia) 

are enriched with nutrients and phosphorus originating from activities mentioned earlier 

(Tab.1), especially urban and industrial effluents. 

Oualidia lagoon (Morocco) located in area between two cities “El Jadida” and “Safi” which 

are known by the presence of the biggest phosphate mine in the world and producing fertilizers, 

are potentially contributing to the water quality of the lagoon and it has noted an PO43-  

enrichments of it surface waters (Z Damsiri et al., 2017). This lagoon is known also for touristic 
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activities, its population multiplied by a factor of four times during summertime, in contrast, it 

impacts the capacity of WWTP that became overwhelmed with higher nutrient concentration.  

Nador city wastewater treatment plant was built in 1980, expanded in 1990 and it has gradually 

become inadequate due to urban growth (F Ruiz et al., 2006), then two new WWTP were 

constructed in 2010, Grand Nador WWTP type activated sludge plant with a daily treatment of 

14000m3 and El Aroui WWTP type natural lagoon with a treatment capacity of 2500 m3 per 

day. These treatment plants still having problems that are still impacting the lagoon within the 

industrial effluents coming from the Selouane industrial area which are discharged into the 

lagoon during the wet season. (Piazza et al., 2016) observed an increasing trend of PBDE 

substances in sediment on the proximity of the Nador urban area which is associated with the 

uncontrolled growing anthropogenic pressures on the borders of the Nador lagoon. 

 The Bizerte lagoon was the site of industrial development since the 1950s within the opening 

of about 100 heavy factories around the lagoon on a different domain of activities such as 

metallurgy, electronic industries, textile and others. The firsts and biggest was cement factory 

(1950) followed by “El Fouled” steelworks (1967). Later and between 1970 and 1985, others 

industries settled on the area, SACEM company which manufactured around 908 electrical 

transformers and imported and used around 900 tons of polychlorobiphényles (PCB’s) 

(Barhoumi et al., 2014). These activities have led to chemical contamination levels and 

biological responses in mussels on the (Barhoumi et al., 2014) study which showed a state 

change on the entire environment.  

 The Tunis lagoon is a vulnerable site to urban an industrial effluent due to a local resident 

population that has increased by double during the last 10 years, the pressures from these 

wastes have increased dramatically. A restoration project had been undertaken in this lagoon 

(in 1985) to stop pollution and eutrophication (Vandenbroeck and Rafik, 2001). In fact, the 
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long term monitoring plan showed was not continuously maintained (nutrients and total 

suspended solids (TSS)), but was kept for water temperature and salinity, however, sometimes 

it showed an interrupted by sudden events (rainfalls) and/or accidental pollution which were 

unpredictable (Trabelsi et al., 2013). 

In Marsa Matrouh lagoon (Egypt) which is known for high tourist influx, it was found a metal 

pollution (Abdel Ghani, 2015). A study (Gharib et al., 2011b) which was conducted in 2010, 

showed that chlorophyll a reached maximum densities in autumn in one lagoon beaches (beach 

4, see Fig. 24) which was due to tourist activities and their effluent. Relatively higher 

phytoplankton abundances were recorded in the (beaches 4-7, see Fig. 24). 

V.2.3.2. Pressures from agricultural effluents  

Contaminant fluxes to the lagoon originate from different sources and activities, one of them 

is agriculture in the drainage basin, the use of synthetic compounds such as fertiliser, pesticides 

and herbicides and the major elements of pollution.  

Agro-chemical products are used in 78% of the cultivated area that is surrounding the Oualidia 

lagoon in Morocco (Maanan et al., 2014) and they are rich in phosphate fertilizers. These 

products on agricultural activities are reaching the lagoon through freshwater and groundwater 

influx and they are the main sources of high nutrient concentration such ammonium and nitrate 

(Damsiri et al., 2015; Z. Damsiri et al., 2017) which results in a significant increase in 

chlorophyll a in the lagoon ecosystem (El Asri et al., 2017). 

The Nador lagoon has been subjected, for decades, to agriculture activities for an area of 92km2 

reaching the coastal band of the lagoon (Fig.25) and most of them are irrigated lands (Re and 

Sacchi, 2017). These have led to some pressures into the lagoon by the input of synthetic which 



Erasmus Mundus Joint Master in Water and Coastal Management. WACOMA (2016-2018) 
 

 76 

even control the level and composition of PAH and PCB. Moreover, it was found some evident 

signs of microbial anaerobic degradation (Giuliani et al., 2015a).  

 

Figure 25: The most important human activities in Nador lagoon (Giuliani et al., 2015a) 

 

Numerous studies in El Mellah lagoon (Algeria), showed the impact of an agricultural pollutant 

from R’kibet and El Mellah rivers (Chaoui et al., 2006; Magni et al., 2015) originating of a 

contamination to aquatic organisms such as fish, molluscs and crustaceans (Mebarki et al., 

2015). 

The Bizert lagoon (Tunisia) has a catchment area of 480 km2, most of it is agricultural lands 

(Fig. 14). Where the agricultural activities are heavy and when is the winter period, there is an 

increase rainwater that washing out the agricultural areas and enriching the lagoon on different 

pollutants pesticides and heavy metals (Kamel et al., 2014). It was found a phytoplankton 
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development, an increase in nutrient concentrations increase, especially in the wet season, 

which is related to the intensive input of inorganic fertilizers in the catchment area (Béjaoui et 

al., 2017).  

The Major activity in Marsa Matrouh lagoon (Egypt) is the pastoral farming that has long been 

the origin of income for indigenous (90% of the total population), but with time fig and olive 

faming has become an important source of income (Mulazzani et al., 2017). The impact of 

agriculture on the lagoon has not been studied yet.  

The Burullus lagoon receives agricultural drainage water eight streams surrounded the 

ecosystem and one canal and agriculture is the important activity (Fig.26). Most of the drained 

pollutants are salts, nutrients pesticide, respectively phosphorus and nitrogen enrichment and 

irrigated fields (Orabi et al., 2017b).   

 

Figure. 26: Land use map of Burullus Lake area (El-Amier et al., 2017) 
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High concentration of arsenic (44 ppm) and high concentration of tin (144 ppm) were found 

mostly in the southern area of the lagoon (El-Monsef et al., 2017). The arsenic concentration 

is higher than the maximum permissible limit in the soils regarding the WHO guideline permits 

(1.5 ppm). 

V.2.3.3. Pressures from the extraction of living and non-living resources  

The pressures from the extraction of living and non-living resources (e.g. fishing, aquaculture, 

dredging, mining) have different forms such as smothering, substratum loss, abrasion, waste, 

underwater noise, the introduction of non-indigenous species and translocations, nutrient input 

selective extraction of species and death or injury by collision (Tab.10). The resulted pressures 

from the extraction activities are found in most of the North African lagoons. 

Khnifiss lagoon (Morocco) which is an ecosystem protected from UNESCO World Heritage, 

has fishing activities and aquaculture which are under development with time. 

The Oualidia lagoon is a representative ecosystem with high pressure from the extraction of 

living and non-living resources such as traditional fisheries (fish and mollusc’s), oyster 

aquaculture sand extraction and seaweed stock (Beryouni et al., 2012; Maanan et al., 2014; 

El Asri et al., 2015). These activities have led to pressures such as input of organic matter from 

aquaculture, death and subsequent decomposition of phytoplankton (Z. Damsiri et al., 2017).  

Nador lagoon is known by huge fishing and aquaculture activities. For instance, the aquaculture 

was launched in 1985, ceased in 2006 (Bocci et al., 2016). In 2018 was recorded a big pressure 

from smothering using small “Mesh” size which impacted the small fish and by then fisherman 

welfare. 
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El Mellah lagoon has fishing and aquaculture as major activities, which put pressures to the 

ecosystem and was enriched sediment with fine particles such as carbonates and organic matter 

(Embarek et al., 2017).  

The Boughrara lagoon (Tunisia), has many fishing ports and aquaculture farms wich lead to 

pressures on extraction of living resources, input of organic matter and even introduction of 

non-indigenous species such the invasive species polychaete Branchiomma bairdi McIntosh 

(1885) which  is high densities on buoys and hulls of vessels (Khedhri et al., 2017). It was 

found with variable densities in the lagonn (1 to 35 ind.m-2) (Khedhri et al., 2017). 

Farwa lagoon (Libya)  has high fishery production pressures which contribute to the economy 

of the region in term of fishing and aquaculture such as oysters and cuttlefish (Banana and 

Mohamed, 2016b). The fishing activity gave pressures by underwater noise 

pollution(ESSGHAIER et al., 2013). Despite the lack of data for this lagoon. 

In Egypt, Bardawil lagoon represents the ideal environment for extraction of living resources 

which is known by a great economic and global reputation because of its production of high-

quality fish which is exported to Europe(El-Kassas, Nassar and Gharib, 2016). The ecosystem 

has a big pressure from this activity by producing approximately 80% of exported fish species 

from all the other Egyptian lagoons which represent only 20% of the market (Nassar et al., 

2018), marine fish and crustacean species (El-Kassas et al., 2016). 

V.2.3.4. Pressures from civil engineering projects 

There is a diversity of infrastructures dealing with lagoons ecosystems and its supposed 

“management” especially, those for connection and maritime navigation such as harbours, port, 

artificial channels. For instances, In North Africa is very known the modification of inlets (e.g 
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Moualy Bousselham and Nador in Morocco, El Mellah in Algeria, Boughara in Tunisia, 

Bardawil in Egypt).  

Nador lagoon (Morocco) has a new inlet since 2011 (Fig.27) which was set up to increase water 

exchange with the sea (Bocci et al., 2016), this can lead to negative pressures such as a change 

in the wave exposure on the shoreline part, change in siltation.  

 

Figure 27: Historic of inlets along the barrier spite of Nador (Raji et al., 2013) 

 

Most of the modern centre part of Tunis city has been built on land reclaimed from the Tunis 

lagoon (THORNTON et al., 1980). Figure (28) showed a comparison between aerial photo and 

topographic maps produced between 1902 and 2002 which demonstrates the pressures of 

coastal infrastructure on the progression of the city on two water bodies; north and south 

(Chouari, 2015). (ENNESSER et al., 2011) showed in his study a subsidence land ratio of 

22mm/year which may lead to state change on Tunis lagoon through marine submersion and 

flooding hazards. 
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Figure 28: Satellite photos and topographic maps of Tunis lagoon between 1902 and 2002 
(Chouari, 2015) 
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The Burullus lagoon (Tunisia) has known an extension of its Eastern inlet (El Kantra Channel) 

which initially a narrow passage of 12.5 m across in 2004 and was enlarged to 160 m in 2007 

2007 (Fig.16) , consequently, this has increased the daily water exchange with the sea from 0,8 

Milliom m3 to 6.9 million m3 per day, instead of 0.8 millionm3 previously (DGPA, 2001). 

The choking of the inlets in Bardawil lagoon (Egypt) has led to pressures in changing siltation 

of the ecosystem which increased stigmatically. It changed also the water exchange between 

the sea and the lagoon which caused sedimentation in front of the inlets (Nassar et al., 2018). 

V.2.3.5. Pressures from transport and shipping  

Taking into account that there are many pressures in lagoons, the pressures from transport and 

shipping activities is the one that was found in all North African lagoons, especially underwater 

noise from motorized ferries, vessels and yachts. These activities can lead to pressures through 

the use of paints of boats which are used for covering the underwater parts of the boats to keep 

them from the growth of fouling organisms such as algae and barnacles and which are based 

on organic diluters mixed with highly concentrated toxic metals such as Cu and Zn (Guerra-

García and García-Gómez, 2005). In addition, a possible accidental oil spill from the motorized 

boat, especially during charging and dumping can provide pressures, such as input of heavy 

metals and hydrocarbons.  

V.2.4. State change 

The state of North African lagoons has changed for the worse as a result of anthropogenic 

activities and pressures that had put in these ecosystems and their catchment areas. Table (11) 

showed the state changes on marine ecosystems (components and processes), intermediate 

services (supporting and regulating services) and the final ecosystem services (provisioning, 

regulating and cultural) of all analyses lagoons except the protected Khnifiss lagoon which is 



Erasmus Mundus Joint Master in Water and Coastal Management. WACOMA (2016-2018) 
 

 83 

still a pristine ecosystem that have been protected from international and national 

organizations. 

The changes can be either positives or negatives. 

Countries Morocco Alge
ria Tunisia Lib

ya Egypt 

Lagoons Nad
or  

Ouali
dia  

Kheni
fiss  

El 
Mell
ah 

Bize
rte 

Tu
nis 

Bough
rara 

Far
wa 

Mars
a 

Matr
ouh 

Burul
lus 

Barda
wil 

State change                       

Marine 
Ecosyste

ms 

Compon
ents X X . X X X X X X X X 

Processe
s X X . X X X X ? X X X 

Interme
diate 

Services 

Supporti
ng X X . X X X X ? X X X 

Regulati
ng X X . X X X X ? X X X 

Final 
Ecosyste
m 
Services 

Provisio
ning X X . X X X X X X X X 

Regulati
ng X X . X X X X X X X X 

Cultural ?   ? .   ? X X ? X X X 

 

Table 11: The state change on North African lagoons 

 

The changes that were in the inlets of Nador lagoon (Morocco), especially the last one (2011) 

have changed the hydrological processes of the marine ecosystems.  

The Nador lagoon still suffering from eutrophication as consequences of algae proliferation 

which impacting the marine ecosystems components, the intermediate services and the 

regulating and supporting services as final ecosystem services. Caulerpa prolifera, Gracilaria 

bursa-pastoris, and Colpomenia sinuosa are the most responsible for pollution of the lagoon 

(O. El Asri et al., 2017a).  

(Benradia et al., 2016) suggests a contamination in El Mellah lagoon (Algeria) by neurotoxic 

pollutants such as heavy metals and/or pesticides. Another study (Nadji et al., 2010) confirmed 
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the toxic effect of malathion on clams in this lagoon and also showed the state change of this 

species as sentinel species of marine components which then impact the final ecosystem 

services of the ecosystem. The inhibition of acetylcholinesterase was related to the use of 

pesticides from agricultural activities and the input if organophosphates as pressures (Nadji et 

al., 2010). 

Tunis:  A large restoration project had been undertaken in this lagoon (in 1985) to stop pollution 

and eutrophication (Van Berk and Oostinga, 1992). The (Trabelsi et al., 2013) 

The intensive use of fertilizers on agricultural activities in the catchment area of Bizert Lagoon 

(Tunisia) has led to high input of nitrogen and phosphors which then has been showed in state 

change of the plankton primary production as intermediate service that was limited by the 

pressures and they have increased the phytoplankton biomass (Béjaoui et al., 2017). The 

highest level was in the inner part of the lagoon and this could induce the development and 

proliferation of algal blooms. 

Another state change is in the water cycling (intermediate service) of the Bizert lagoon with an 

estimated deficit of −7.5Mm3 of the lagoon’s annual water flowing into the Mediterranean sea 

(Béjaoui et al., 2017). 

In the Boughrara lagoon (Tunisia) the extension of the Eastern inlet in order to rehabilitate the 

overall ecosystem has not improved the state change from the environmental quality and the 

benthic macrofauna assemblages that appear to continue suffering from these changing states 

(Khedhri et al., 2017a). Moreover, the lagoon had a state change in regulating and supporting 

services from the development of harmful algal blooms that increased organic matter 

accumulation, thus stimulating polychaete development (Khedhri et al., 2017a). 
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The Farwa lagoon (Libya) had a state change on fish that was highly contaminated by mercury 

from the industrial waste water of the chemical company during the period from January to 

August 2014 (Banana and Mohamed, 2016). 

Abdel Ghani (2015) indicate progressive deterioration of the sediment quality as regulating 

final ecosystem services in the Marsa Matruh lagoon (Egypt) by analyzing the following s of 

trace metals, V, Al, Sn, As, and Se to assess pollution status (Abdel Ghani, 2015). It was 

reported a high level of ‘Al’ component that was noted in P. erythrinus (100 lg/g; wet wt) 

(Abdel Ghani, 2015). 

The Egyptian lagoons are the most impacted lagoons from human activities and their pressures 

and had large state changes in their environment. For instance, Burullus lagoon had state 

change in the hydrological processes (marine ecosystem) by an increase of freshwater from 

81,7% in 1971 to 98,18% in 2003 the massive increase of the agricultural drainage water inflow  

(El-Adawy et al., 2013). This had a change of the state of the salinity levels which decreased 

as well which then has led to a state change in intermediate services and final ecosystem 

service, respectively the supporting and provision where the total marine fish decreased from 

15,99% to 18,1% by weight (El-Adawy et al., 2013). 

The pollutant coming from all drains disturbed the entire area of the Burullus lagoon                

(Orabi et al., 2017) and it has been shown some obvious symptoms of microbial anaerobical 

degradation, especially where agricultural inputs were prevalent (Giuliani et al., 2015b). The 

local community of this ecosystem had destroyed  the dunes barrier of the lagoon for 

reclamation purposes, which would have a devastating impact (El-Asmar et al., 2013) 

The Bardawil lagoon has known an abuse extraction of fish as pressures during the last decades, 

which has led to a state change in the marine component. For instance, the crab production 

greatly increased from 754.2 tons in 2000 to 2053.1 tons in 2009, representing respectively an 
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increase from 24% to 38% of the total lagoon extraction. It was followed by a continuous 

decrease to reach 518.7 tons in 2014  and then increased rapidly by the year of 2015 to reach a 

production of 1973.4 tons which represent 42% of total production and when a new species “ 

C. sapidus” was recorded (Abde et al., 2016). El-Kassas et al., (2016) identified an armored 

dinoflagellate (Alexadrium) which reflect 17% of total Dinophycae taxa, as well as a detection 

of harmful phytoplankton species with low densities.  

The Bardawil lagoon had a state change on regulating ecosystem services by a change of water 

exchange between sea and the lagoon which initiated sedimentation in front of the inlets 

(Nassar et al., 2018) which could provide state change on provisioning final ecosystem services 

(e.g. fishing activities). 

V.2.5. Impact (on Welfare) 

As the lagoons are a nursery habitat, the changes in the state lead to a loss of ecosystem services 

and then impact on human welfare. Table 12 summarizes the impact on human welfare, on the 

good and services of north African lagoons. The results showed that most of the lagoons have 

an impact on human welfare, especially in provisioning services (e.g. fish) except the Khnifiss 

lagoon (Morocco) which still not impacted. 

Countrie
s Morocco Alge

ria Tunisia Lib
ya Egypt 

Lagoons Nad
or  

Ouali
dia  

Kheni
fiss  

El 
Mell
ah 

Bize
rte 

Tu
nis 

Boughr
ara 

Far
wa 

Mars
a 

Matro
uh 

Burul
lus 

Barda
wil 

Provision
ing X X . X X X X X X X X 

Regulatin
g X X . ? X X ? ? X X ? 

Cultural ? X . X X X ? ? X X X 

Table 12: The impact (on human welfare) on North African lagoons  
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The period between 2005 and 2010, had known the end of Marsot society activities of 

aqualcuture in both Moroccan lagoons, Nador and Oualidia due to environmental problems 

which has led to an impact on human welfare in provisioning services (fish) and regulating 

services (healthy climate) and also has led to a loss of jobs in this Market. 

The presence of low organic contaminant in Nador lagoon (Morocco), especially the 

polychlorinated biphenyls (PCBs) and polycyclic aromatic hydrocarbons (PAHs), could 

present a serious risk to aquatic organisms (provisioning services) and by then to human health 

as they are highly persistent in the environment (Giuliani et al., 2015b).  

More recently, in 17 march 2017, the department of Marine Fisheries of Moroccan government  

announced the harvesting and selling of oysters from the breeding site of the lagoon of Oualidia 

(huffpostmaghreb, 2017) due to their health situation and the impact that could be on human 

health. 

El Mellah lagoon has known a decrease in species richness (provisioning services) in some 

areas, especially during summer (2015) which was due to the threats on environmental states 

related to organic over- enrichment of sediments (Magni et al., 2015).  

Telailia et al., (2017) marked decline in bird species diversity in El Mellah lagoon which was 

recorded in her study of 4 years (2013-2017) comparing to previous studies that was due to 

change salinity oscillation regarding the aquaculture activities and this could lead to impact on 

cultural services such as nature watching.  

Recently, many studies of Bizert lagoon have shown the effect of pollution on the aquatic 

organism that could impact human health. For example, in this study (Elgharsalli et al., 2016) 

it was detected for the first time the presence a mollusc disease which called “Marteiliosis’ and 

caused by the protozoan parasite Marteilia spp, it infected the Mytilus galloprovincialis 
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Tunisian population. This has impacted the commercial bivalves’ species as supporting 

services. 

 Abidli et al., (2016) study in Bizert lagoon (Tunisia) showed the presence of high level of 

Tributyltin (TBT) as an environmental contamination in sea food and the highest concentration 

was especially in bivalves R. decussatus, C. glaucum, P.nobilis and M. galloprovincialis, this 

has led to the loss of provision services (Food) and  could lead to an impact in human health.  

The Boughrara lagoon (Tunisia) had an impact in provisioning services, especially food when 

it was recorded a high fish mortality due essentially to the development of harmful algal blooms 

(HAB) in the lagoons and which increased organic matter deposition (Khedhri et al.,  2017b). 

The heavy mercury contamination from GCCI company on fish, oysters and cuttlefish in the 

Farwa lagoon and which represent the main source of fish food to people living in the area, 

could present a health risk and disturb the provisioning services of the ecosystem. 

(Abdel Ghani, 2015) reported that high aluminium ‘Al’ concentration in water of Marsa Matruh 

lagoon (Egypt) had impacted the provision services, especially a damage to fish liver which 

could impact human health. 

Burullus lagoon (Egypt) which mainly characterized by agricultural activities that required the 

use of groundwater for irrigation had affected the area by the saline intrusion phenomena 

(Fadili et al., 2016). This main activities had led to decreasing of fish diversity (supporting 

services) from 32 to 25 species during 2000 and 2002 (El-Zeiny and El-Kafrawy, 2017) and 

had a large number of chemical pollutants (on regulating services) on the lagoon which 

represents a risk to drain channels, the climate and to people living along area (Orabi et al., 

2017). 
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(Nassar et al., 2018) has revealed that the modification of the inlet, especially in eastern part 

of the lagoon, would induce exceedingly high recession rates of the shoreline which represent 

a loss of supporting services and cultural services such as sea defence and tourism activities. 

The fisheries in the Bardawil Lagoon (Egypt) are seasonal, mostly from April to December of 

each year (Abdel et al., 2016) and even thought (El-Kassas et al., 2016) showed the presence 

of dinoflagellate that impacted shellfish by poisoning them (provisioning services), as well as 

the presence of harmful phytoplankton species that impacted the provisioning services, 

especially the fish mortalities detected in this ecosystem.  
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VI. CHAPTER 6: DISCUSSION 

The aim of the project is to provide an analysis of the current state of North African lagoons 

resulting from the existing human activities and pressures, to provide responses based on 

scientific knowledge as management measures. An updated and expanded version of the 

DPSIR analytical framework was used.  

The multiple and diverse human activities in North African lagoons derive from several drivers. 

Each activity produces one or several pressures that finally result in state changes in all the 

lagoons. The main issues identified were sewage effluent, industrial and agricultural effluents, 

overfishing and shellfish farming. 

The responses and management measures address the adverse changes in the lagoons, each 

individually or several at once. For instance, mitigating one particular pressure may have a 

positive change in the greater number of state changes. The management measures provided in 

this project are integrated and have some additive effects on the system state (See. VI-1).  

The holistic analysis in this project revealed the knowledge and data gaps that remain for 

studies that can provide a better understanding of state change to provide more appropriate 

management measures. The terminology used for lagoons is extremely varied in these countries 

and should be unified, at least within the scientific community. 

VI.1. Responses as Measures for North African lagoons 

management 

North African lagoons provide many ecological, social, cultural and ecosystem services. They 

are highly attractive for urbanisation, tourism, and extraction of biotic and abiotic resources. 
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Nevertheless, they are subject to numerous activities that represent sources of conflict between 

the different users (Newton et al., 2014; Dolbeth et al., 2016; Newton and Elliott, 2016; Lillebø 

et al., 2017) and main to multiple pressures that represent a negative state change on the 

environment and impact the human welfare.  

The high populations living around the lagoons make multiple and increasing demands on the 

ecosystem services supply and function. The challenge for integrative management is to 

balance the multiple issues and the stakeholder need.  

Past management measures are reviewed in the following sections and proposed management 

action are summarised in Table 13. 

VI.1.1. Past management measures 

There have been several actions aimed at reducing nutrient and phosphorus enrichment, 

protection of the aquatic resources and developing aquaculture industries. These involve: 

setting up of sewage treatments plants, improving aquatic resources and providing some 

technical and scientific research. 

For example, Morocco created the National Agency for Aquaculture Development (ANDA) in 

2011. This is a strategic actor in the aquaculture industry to promote the development of 

sustainable aquaculture along the Moroccan coast, including lagoons. With respect to effluents, 

the National Plan of Sanitation was launched by the Moroccan government in 2005.  Nador 

lagoon has 2 Urban Waste Water Treatment Plants (UWWTP), Oualidia has 1 UWWTP for 

13000 inhabitants although there are more than 18000 inhabitants, Sidi Moussa had no 

UWWTP and Moulay bousselham has 1 UWWTP. 

Algeria built a UWWTP behind El Mellah lagoon, but the water quality is still poor with respect 

to fecal microbes (Kherifi and Bousnoubra-Kherici, 2016). There is an unresolved conflict 
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between the managers of the El Kala National Park and the inputters to this lagoon, mainly 

industries and farmers (Telailia et al., 2017) 

In Tunisia 4 lagoons out of 6 were found to be totally affected, Bizerte, Tunis, Boughrara and 

Ghar El Mellah, and UWWTP were built.  Tunis lagoon was the most affected and was restored 

by collecting waste, collecting algae around the margin and dredging. 

There is no data about responses in Libya. 

The Ministry of Environment of Egypt updated the National Biodiversity, Strategy and Action 

Plan for the years (2015–2030) (Temraz et al., 2016). This includes wetland habitats in Egypt.  

The targets are to reduce the rate of wetland loss by 50% by 2021, improve water efficiency in 

farming by 50% and develop inland water ecosystems to be available for policy makers (Finkl, 

2017).  

VI.1.2. Management options 

 The responses and management measures (Tab. 5 and 6) should follow the 10-tenets approach 

to be successful and sustainable (Elliott, 2013; Barnard and Elliott, 2015; Elliott et al., 2017a). 

The measures should be both short-term and long-term measures which will have immediate 

positive effects and prevent future issues. (Tab.13)   

One of the main short-term measures is the construction of UWWTP in some lagoons (Farwa 

and Ain zaina in Libya, Sidi Moussa in Morocco). The capacity of existing UWWTP is an 

insufficient because of the seasonal increase of population due to visiting tourists. This occurs 

mainly summer when temperatures are high and oxygen solubility is low.  Existing UWWTP 

can be increased in capacity or upgraded from primary to tertiary treatment,e.g Oualidia and 

Tunis lagoons. These measures will reduce the organic and nutrient loading into the lagoons 

and improve their oxygen conditions to mitigate future eutrophication. As the Mediterranean 
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climate is hot and dry in summer, eutrophication may increase during this period and algal 

proliferation reaches its maximum.  

Managers need to know where it is necessary to develop immediate measures for water bodies 

at risk to protect  sensitive and vulnerable zones  in the lagoons and inflowing rivers,(Ferreira 

et al., 2006).  This knowledge allows managers to protect specific habitats and specific species 

that provide supporting ecosystem services (e.g. food). 

Another possible management measure is the construction of belt canals around the lagoon to 

intercept and deviate rainwater and agricultural runoff. Moreover, increasing green areas in 

cities and villages and constructing uncemented cobblestone roads instead of concrete-asphalt 

streets can help increase the infiltration rate of rain the soil (Rocheta et al., 2017). 

Measures to restore water and sediment fluxes, especially for the lagoons with dams in the 

catchment (give an example) and lagoons with inlet modifications (e.g. Moulay Bousselham 

in Morocco, Bizert and Boughrara in Tunis and Marina in Egypt).  

Ensuring the protection of surface water and groundwater surrounding the lagoon from 

pollution sources, wastewater, industries effluent, fertilizers from agriculture, industrial 

emissions and pumping effect by monitoring water resources. 

Effluents from UWWTP can be re-utilised as a fertiliser for some crops, e.g. fruit trees. The 

use of UWWTP effluent for irrigating lawns and golf courses can improve the sustainability in 

arid countries.  

A litter collection and cleaning plan is needed for the beaches of the lagoons in summer, with 

conveniently located bins and environmental notices for the tourists (e.g. Marsa Matruh in 

Egypt, Oualidia and Nador in Morocco).  
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An urbanization and land use plan are necessary to avoid over-construction that could lead to 

land subsidence and increase the risk of flooding in the surrounding area, (ex. Tunis lagoon).  

Monitoring plans should consider seasonality hydrological, physio-chemical, biological and 

ecological aspects of the lagoons. Different types and intensity of monitoring programmes, 

surveillance operational and investigative monitoring (EU, 2000), can be implemented  where 

risk is greater or lower.  

An awareness- raising campaign, especially for the inhabitants of the lagoon area, can be very 

effective. Managers can work with the local schools to organising educational field trips around 

the lagoons.  

Conflict management can be improved by organizing a stakeholder forum and timely 

stakeholder consultation to reach agreement on how to manage these ecosystems (Newton and 

Elliott, 2016). 

Measures to protect culturally important areas are essential to reduce conflict between locals 

and visitors. Cross-cultural sensitivity is necessary to maintain respect for local culture and 

local populations (e.g. typical seafood such as ‘Mussel’s Tagine’, and typical design of 

traditional boats). Cultural erosion can be mitigated through cultural adaptation, for example 

using typical boats for tourism around the lagoon. The gondolas of Venice are an example of 

this as are the moliceiros of Aveiro lagoon.   

Economic instruments (fines, taxes, subsidies) can also be used in management. The ‘polluter 

pays’ principle advocated by the OECD can be used so that economic sectors are held to 

account if they exceed emission standards, especially for pollutants. 

A policy response focused on the lagoons ecosystems may result in new regulations to reduce 

the impact of activities and pressures from the surrounding areas. Lagoon policies are discussed 
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in section I 2. Table 13 below gives a summary of the responses and management measures to 

take in North African lagoons. 

What 
(Measure) Where 

Who 
(Should 

Implement) 

Why 
(What 

Improvement) 

When  
* 

/**/*** 

How 
much  

(Relative 
Cost) 

€ / €€ / 
€€€ 

Implementing 
WWTP 

* Farwa 
* Ain zaina 
* Sidi 
Moussa 

Ministries in 
charge of water 
and environment 

° Reduce Organic 
and nutrient 
Loading 
° Improve oxygen 
conditions 

* €€€ 

Upgrading WWTP * Oualidia 
* Tunis 
* Marsa 
Matruh 

Ministries in 
charge of water 
and environment 

° Reduce Organic 
and nutrient 
Loading 
° Improve oxygen 
conditions 

* € 

Providing more 
garbage  
tins, especially 
during summer 

Lagoons 
that have 
 beaches 

Urban and rural  
municipalities 

* Ensure the 
cleaning of the  
environment and 
low cost in  
collecting 
garbage 

* € 

Identifying 
vulnerable  
and protected 
areas 

All lagoons Ministries in 
charge of water 
and environment 

* To provide the 
immediate  
need of 
intervention 

* € 

Awareness 
campaign and  
educational 
fieldtrips 

All lagoons *Municipalities 
* Education and 
environment 
ministries 

* raise 
awareness about  
lagoons and their 
ecosystem 
services 

** € 

Construction of 
Belt  
canal around the  
Lagoons 

All lagoons Urban and Rural  
municipalities 

* Interception 
and deviation  
of rainfall water 
and agricultural 
drains 

** € 

Spatial planning: 
zoning  
(aquaculture, 
leisure zone.) 

All lagoons * All ministries 
interacting in 
lagoons  
* Municipalities 
* Ministries of 
finance / justice 

* control the 
space. 
* Limit 
stakeholder’s 
issues 
 

** € 
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licensing space for  
specific activities 

All lagoons * All ministries 
interacting in 
lagoons  
* Municipalities 
* Ministry of 
finance/justice 

* control each 
part of the  
lagoons. 
* following laws 
for each type 
of activity. 
* Limit 
stakeholder’s 
issues 

** € 

Annual 
stakeholders  
consultation 

All lagoons *Municipalities 
* All ministries 

* Resolve all the 
existing 
issues and reach 
agreement 

*** € 

Regulations 
Policies 

All lagoons * All ministries 
interacting in 
lagoons  
* stakeholders 

* Provide policies 
to maintain 
The healthy 
environment 

*** € 

Implementing 
policies 

All lagoons * All ministries 
interacting in 
lagoons  
* Municipalities 
* Ministries of 
finance/justice 

* Ensure the 
respect of the  
provided policies *** € 

Tax All lagoons *Ministries of 
finance 
* All polluters 

* Paying for 
restoration fees *** € 

Fines All lagoons *Ministries of 
finance 
* All polluters 

* Paying for 
creating 
pollution  
to renovate the 
area 

*** € / 
€€/€€€ 

Restore water and  
sediment flow 
quantity and 
dynamic 

* Moulay 
Bousselham 
* Bizerte 
* Tunis 
*Boughrara 
* Marina 

Ministries in 
charge of water 
and environment 

* Improve water 
and sediment 
Quality and 
Quantity *** €€€ 

Implementing 
monitoring 
programs: 
Hydrology, 
biology and 
physicochemical 
parameters 

All lagoons Ministries in 
charge of water 
and environment 

* Provide 
information 
about 
existing and 
future risks 

*** €€ 
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Protecting specific  
habitats and 
species 

All lagoons Ministries in 
charge of water 
and environment 

*Provide 
supporting  
ecosystem 
services 

*** € 

Protection of 
surface  
water and 
Groundwater 
surrounding the 
lagoon 

All lagoons Ministries in 
charge of water 
and environment 

* Avoid future 
water  
contamination 
issues *** €€€ 

Protection of 
cultural  
areas and habits 

All lagoons * Ministries of 
culture 

*Provide more 
ecosystem  
services 

*** € 

Re-use of WWTP All lagoons Ministries in 
charge of water 
and environment 

* Save 
Freshwater from  
extra use (Golf 
and Agriculture) 

*** €€ 

 

Table 13: Recommendation of measures in North African lagoons). *: Short-
term, ** Middle term, *** long term.  

 

VI.2. Lagoons Policies 

North African lagoons are important for local, regional and national authorities that need 

monitoring programmes to protect their biodiversity and their ecosystem services in order to 

achieve a sustainable development. This can be achieved by an agreement between the different 

authorities under a law that required to protect these ecosystems.  

At the National levels, Morocco implemented in 2014 a new law 81-12 (CES, 2014) for the 

protection of coastal areas, which include lagoons, without a specific mention of them. For 

instance, the law prohibits building on a strip of land 100m wide, adjacent to the shoreline.  

CES (2014) also prohibits the discharge of wastewater, waste and any pollutants in the coastal 

area without specific authorization and respecting specific limits for discharges. Another law 



Erasmus Mundus Joint Master in Water and Coastal Management. WACOMA (2016-2018) 
 

 98 

is under development calls for the conservation of fisheries ecosystems and the protection of 

the marine environment against pollution (Gov.ma, 2017). Morocco has created a special 

planning agency for the Nador Lagoon called “Agence d’Amenagement de la Marchica”.  

In 2002, Algeria passed the law 02-22 (JORA, 2002) on the protection and development of the 

coastal areas. It includes lagoons as ecosystems behind a “lido”, which can create a confusion 

with coastal lakes. 

Tunisia has created a special agency for the planning and the protection of coastal areas 

including lagoons. 

 Libyan authorities issued Law No 14 for marine protected areas in 1992 that specifies sites 

that include lagoons, based on the biological, physical, and socio-economic universal criteria 

(Haddoud and Rawag, 1995).  

The Egyptian environmental affairs agency implemented Law 4 for the protection of the 

environment Amended by Law 9/2009 (EEAA, 2009) to ensure the environmental protection 

in coastal zones as an Integrated Environmental Management of Coastal Zones without 

defining lagoons specifically but including them within wetlands. 

Table 14 summarises the existing laws as policies in North African countries and related to 

lagoons. 

Morocco Algeria Tunisia Libya Egypt 
Law 81-12  Law 02-22  Law 95-72 Law 14 Law 9/2009   

Protection of 
coastal areas  

Protection and 
development of 
the coastal areas 

Agency for the 
planning and the 

protection of 
coastal areas  

Marine protected 
areas  

Environment 
protection in 
coastal zones 

Table 14: Existing Policies related to lagoons in North African countries 
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At a Regional level, especially in the Mediterranean area including South Mediterranean 

countries, there are numerous policies relevant to lagoons in the context of management of 

coastal areas. These include the Ramsar convention for wetlands, the Barcelona Convention 

(1975) aimed at the protection of the marine environment and the coastal region of the 

Mediterranean and the Integrated Coastal Zone Management ‘ICZM’ Protocol signed (Madrid, 

21 Jan 2008) that entered into force on 24th March 2011. The action plan for the 

implementation of the ICZM Protocol (2011-2019) aims to support effective implementation 

at all levels, to strengthen capacities s to use ICZM policies, instruments, tools and processes 

and to promote protocol within the region and worldwide. 

At the international level, the United Nations Sustainable Development Goals (SDG) adopted 

in September 2015, includes 17 goals and 244 indicators to be met individually and collectively 

by the signatory states, including North African countries,  (UN, 2015). Four SDGs are relevant 

to lagoons ecosystems both directly and indirectly.  

 The most relevant to lagoons is SDG 14 “life below water” : 

● By 2025, prevent and significantly reduce marine pollution of all kinds, in particular 

from land-based activities, including marine debris and nutrient pollution 

● By 2020, sustainably manage and protect marine and coastal ecosystems to avoid 

significant adverse impacts, including by strengthening their resilience, and take action 

for their restoration in order to achieve healthy and productive oceans 

● By 2020, conserve at least 10 per cent of coastal and marine areas, consistent with 

national and international law and based on the best available scientific information 

● By 2020, effectively regulate harvesting and end overfishing, illegal, unreported and 

unregulated fishing and destructive fishing practices and implement science-based 

management plans, in order to restore fish stocks in the shortest time feasible, at least 
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to levels that can produce maximum sustainable yield as determined by their biological 

characteristics 

● Provide access for small-scale artisanal fishers to marine resources and markets. 
 
 

The SDG 6 “Clean water and sanitation”:  

● By 2030, improve water quality by reducing pollution, eliminating dumping and 

minimizing the release of hazardous chemicals and materials, halving the proportion of 

untreated wastewater and substantially increasing recycling and safe reuse globally. 

● By 2030, implement integrated water resources management at all levels, including 

through transboundary cooperation as appropriate. 

● By 2020, protect and restore water-related ecosystems, including mountains, forests, 

wetlands, rivers, aquifers and lakes 

● By 2030, expand international cooperation and capacity-building support to developing 

countries in water- and sanitation-related activities and programs, including water 

harvesting, desalination, water efficiency, wastewater treatment, recycling and reuse 

technologies. 

The SDG 15 “Life and Land”  

• Take urgent and significant action to reduce the degradation of natural habitats, halt the 

loss of biodiversity and, by 2020, protect and prevent the extinction of threatened 

species 

• Take urgent action to end poaching and trafficking of protected species of flora and 

fauna and address both demand and supply of illegal wildlife products 

• By 2020, integrate ecosystem and biodiversity values into national and local planning, 

development processes, poverty reduction strategies and accounts 
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• Mobilize and significantly increase financial resources from all sources to conserve and 

sustainably use biodiversity and ecosystems 

• Enhance global support for efforts to combat poaching and trafficking of protected 

species, including by increasing the capacity of local communities to pursue sustainable 

livelihood opportunities 

The SDG 13 “Climate Action”:  

• Strengthen resilience and adaptive capacity to climate-related hazards and natural 

disasters in all countries. 

• Integrate climate change measures into national policies, strategies and planning. 

 North African countries should take in consideration all the provided policies and the future 

action in order to protect their lagoons ecosystem and should established a unify framework 

and learn from foreign experiences as the Water Framework Directive adopted by EU countries 

and especially in the part of managing lagoons that are included in the transitional water 

categories (Newton et al., 2014). 

VI.3. Confusion about the nomenclature of lagoons in the 

context of North Africa 

The terminology used for coastal lagoons is extremely varied throughout the world and it 

hampers the transfer of knowledge (Newton et al., 2014). The vocabulary also changes between 

North African countries even if they are using the same language (Arabic, Amazigh and the 

two official foreign languages, French in Morocco, Tunisia and Algeria / English in Libya and 

Egypt). “Lagune” is the most common French term used in Maghreb countries. Moroccan 

Arabic dialect includes “Merja” as in Merja zerga Moulay Bousselham and sometimes the term 
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“sebkha”. Others names include “Mar Chica” for Nador lagoon a left-over of Spanish 

colonisation. In Algeria, “Lac” which means lake is used, e.g. “Lac El Mellah”, and also “Ildo” 

for coastal lakes. Tunisia also uses the French term “lac” such as “lac de Tunis”, “lac Bizert”.  

“Bouhaira” is the Arabic term. Farwa “Island” is the term used for “Farwa lagoon” in Libya or 

“Jazirat Farwa” which means an island. The term “Bouhaira” is used in most of the Egyptian 

lagoons, “Bihira” in the eastern part and sometimes using even “Bouhaira El Malha” which 

means “Salted lake”, but in English term, they are still using sometimes “lake” such as Burullus 

or Manzala lake. 

Moreover, Libya used “lagoon” for four ecosystems of which only two can be considered as 

lagoons since Ain Ghazala and El Burdi are coastal indentations. 

VI.4. knowledge gaps about lagoons  

The analysis carried out in the present study revealed the lack of interdisciplinary studies on 

lagoons. Most studies are in specific areas, mostly in natural sciences such as biological 

physicochemical, environmental, hydrological studies and a few geological studies (Ayache et 

al., 2009; Flower et al., 2009; Ramdani et al., 2009; Thompson et al., 2009, 2009; Raji et al., 

2018) . Few of the studies even combine natural sciences. 

North African countries need targeted studies about coastal lagoons to provide more 

information and knowledge in order to better understand the issues and provide more 

appropriate management measures. For instance, Libya has some literature reviews 

(ESSGHAIER et al., 2013b; Khamis and El-Sayed , 2015; Banana and Mohamed, 2016b) 

mostly from international cooperation and no governmental platform providing data about the 

coastal areas generally and especially lagoons.  
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More data are needed for all north African lagoons. Most necessary is information on the 

relationship between the water-catchment and the lagoons that can provide more knowledge 

about pressures. 

Social, economic and even cultural studies about coastal lagoons are not available. These can 

provide more knowledge about the ecosystem services and the impact on human health and 

human welfare. 
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VIII. CONCLUSION 

North Africans coastal lagoons are ecosystems with an important ecological role as habitats, 

but they also provide many essential socio-economic goods and services for the inhabitants in 

the surrounding communities. 

North African coastal lagoons are complex, social-ecological environments so a multi-

disciplinary approach is needed for their analysis and their management. The approach used in 

this research was different from the previous uses (Newton et al., 2014; Dolbeth et al., 2016) 

because of the newly available and expanded DAPSIWORM framework. Moreover, the use of 

such an approach for lagoons management is a new application in the North African countries. 

The research mapped the existing North African lagoons and provide new knowledge and an 

overview of their situation.  

Eleven out of twenty-one coastal lagoons in North Africa were analysed in order to provide a 

diversity of their ecosystems such as their adjacent sea, typology, climate, activities, pressures 

and their state changes. 

Many drivers, activities and pressures affected and still affecting the environmental state of 

these ecosystems and had an impact on human welfare.  

The most common sectors of activities in the analysed lagoons were the extraction of living 

resources (mostly, fishing) and aquaculture, followed by agriculture, transport and shipping, 

land-based industries, coastal infrastructures and urbanisation as second major activities in 

most of the North African lagoons.  
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Underwater noise, Introduction of synthetic compounds (e.g. Pesticides) and non-synthetic 

compounds (e.g. heavy metals), Input of organic matter and nutrient and phosphors enrichment 

(e.g. fertilizers, sewage) are the commune pressures in North African lagoons 

There were many state changes on marine ecosystems (components and processes), 

intermediate services (supporting and regulating services) and the final ecosystem services 

(provisioning, regulating and cultural) of most environment except the Khnifiss lagoon. 

These changes have led to an impact in human welfare, especially in provisioning services (e.g. 

fish) and other impacts are expected in North African lagoons. 

The total analysis showed that Khnifiss lagoon is still a pristine lagoon that can be as a reference 

site in protecting the environment. However, the information about North Africa is dispersed, 

heterogeneous and the terminology is often confusing with some few scientific publications 

and missing knowledge about some lagoon such as the Farwa lagoon in Libya. 

Since there are numerous drivers, pressures affecting the state of the lagoons and the impact of 

human welfare, within the lack of knowledge, the management of North African lagoons 

become complex. The countries should provide immediate responses as management 

measures, adopt more participatory methods to include all stakeholders, develop a more 

multidisciplinary research project and improve their policies in order to manage the multiple 

issues affecting the ecosystem services the social, economic and ecology of this important 

environment. 

Coastal lagoons are unique coastal ecosystems, separate and different from other environment 

and thus require separate attention. An investment in sustainable extraction of resources, Bio-

agriculture, tourism, ecological transport and shipping and raising awareness could ensure the 

Blue growth of the lagoons in North Africa. 
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