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ABSTRACT

Bizerta lagoon is an important socio-economic pole in northern Tunisia. Its shores and maritime
space host lots of human activities, such as coastal fishing, shellfish farming, maritime traffic,
military activity, recreational fishing and nautical sports. These activities cause severe pollution and
they result in many anthropogenic disturbances. Naturally, conflicts of interest between the different
operators have always existed. However, recently these disagreements, particularly between coastal
fishermen and shellfish farmers have degenerated into an act of vandalism in November 2019.
Fishermen destroyed all the bivalve farms facilities and productions. This act is the result of the
build-up of several factors, notably the spatial interaction between the two activities and the improper
practices of the shellfish farmers, which are according to fishermen “the major source of the lagoon
pollution”.

Despite the fact that the Tunisian government has made considerable efforts to solve this issue,
mitigate this conflict, and restore shellfish farming activity in the lagoon, this event has had major
socio-economical, geo-political, environmental, and technological impacts. Within this framework,
the current paper aims to suggest a management plan that should improve the lagoon status and
attain the desired sustainable development of all activities. Turning to Marine Spatial Planning
(MSP), we propose an Allocated Zone for Aquaculture (AZA), effective governance of the lagoon and
fostering of Sustainable Blue Growth (SBG). These proposals are in line with the Tunisian strategies
in terms of aquaculture sustainable development, establishment of MSP along the entire Tunisian
coastline and the promotion of blue economy. They also meet several sustainable blue development
objectives of the United Nations.

INTRODUCTION

Bizerta lagoon is located in the north of Tunisia between latitudes 37°8' and
37°14' and longitudes 9°46' and 9° 56' (Figure 1). It covers an area of about 128 km?,
with a width of 11 km and a length of 13 km. It communicates in its north-western
part with the Mediterranean Sea through a channel of about 6 km length and in
its western part with Ichkeul Lake through Oued Tinja of about 5 km length and
3 meters depth (in flood period) [1-3]. The hydrographic network associated with
Bizerta lagoon is quite well developed and is the result of various watersheds. In
winter, a surplus of fresh water from Ichkeul Lake flows to Bizerta lagoon via Oued
Tinja, while during the dry period; this oued allows marine waters to reach Ichkeul
Lake through Bizerta lagoon [2]. This lagoon is characterized by an important
biodiversity and by a high biological productivity, which makes of it a nursery for
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Figure 1 Geographic location and bathymetry of the Bizerta lagoon [1].
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several marine species, a place of broodstock maturation for
others and a feeding area for many migratory species [2].

Watershed of Bizerta lagoon plays an important socio-
economic role and encourages an important demographic
concentration. Several maritime activities are carried out
in the lagoon, mainly coastal fishing as well as mussels and
oysters farming which have been introduced since 1951 [4].
In addition to fishing activities, the lagoon attracts different
leisure activities such as recreational fishing and nautical
sports. Moreover, it shelters a military zone, a commercial
port (Menzel Bourguiba) and a fishing port (Manzel
Abderrahmen). Different scientific reports [4-7] inform
that the lagoon is subject to many sources of pollution due
to anthropogenic activities. It is the receptacle of a well-
developed hydrographic network composed of several
streams that carry agriculture discharges and wastewater
discharge points from the surrounding districts (domestic
and industrial) [7]. Other factors, such as climate change
and proliferation of invasive species are increasing the
complexity of the lagoon's spatial management.

The limited area of the lagoon and the multiplicity of
activities conducted there naturally lead to several types of
conflict of interest regarding the usage of space between the
different stakeholders: in aquaculture, professional fishing
and recreational fishing. As a matter of course, this nuisance
has negative socio-economic impacts. These competing
interests between coastal fishermen and shellfish farmers
have generated an act of vandalism in November 2019.
Fishermen damaged facilities of existent shellfish farms,
causing the loss of 90% of production and the delay of the
installation of new projects. Estimates of the damage are
between 6 and 8 million Tunisian dinars [8].

The current paper, relates to the preparation of a project
proposal on the establishment of Marine Spatial Planning
(MSP) and the promotion of sustainable blue growth
opportunities in Bizerta lagoon. The aims of this work are
to mitigate the conflicts of interest between fishermen and
shell fish farmers; to contribute to the development of the
socio-economic and environmental aspects; and to promote
the social acceptability of the activity of shellfish farming in
Bizerta lagoon.

Maritime Spatial Planning (MSP), being built on
scientific bases, can overcome the different pressures on
the lagoon and contribute to mitigate the various conflicts
of interest between the different stakeholders. It will allow
to set up a sustainable development strategy for fishing
and aquaculture sectors and to define Allocated Zones for
Aquaculture (AZA) mainly for shellfish farming and other
activities. Through this paper, we tried to find adequate
solutions for the spatial conflicts between fishermen,
shellfish farmers and other users in Bizerta lagoon, which
led to the vandalism act of November 2019.

PRESENTATION OF THE FISHERIES AND
AQUACULTURE ACTIVITIES IN BIZERTA
LAGOON

Bizerta lagoon hosts more than 180 small scale fishing
boats and it is explored by more than 600 fishermen and
60 aquaculture workers. The average total production of
the lagoon for the last 10 years (Figure 2) was about 270
tons: 25% from fishing activities (about 70 tons) and 75%
from shellfish farming. However, shellfish activity occupies
only 3% of the lagoon area [9]. The Student Test reveals a
significant difference between the production of shellfish

Hamdaoui B, et al. (2022) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1413
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Figure 2 Evolution of fisheries and sell fish farming production in Bizerta lagoon [9].
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and fisheries (p = 000001 < 0.05). In addition, One way
ANOVA test applied reported a difference for the production
variation of shell fish among years with F = 4.8000 and p =
0.001200; same result found for the production of fisheries
with a significant variation (F = 6.5000 and p = 0.0090).

It is important to indicate that the production goals
fixed by the government have not been achieved due to
over-exploitation of resources, IUU fishing, pollution
and conflicts of interest between fishermen and shellfish
farmers [8]. The main targeted species in the lagoon are the
cuttlefish Sepia officinalis, the sea bass Dicentrarchus labrax,
different species from Sparidae and Mugilidae families,
the eel Anguilla anguilla, the shrimp Penaeus kerathurus and
the flat fish Solea senegalensis [9]. The fishery production
of the lagoon is often landed in the coastal port of Menzel
Abderrahman.

For shellfish aquaculture, two species are farmed
in the lagoon. These are the European mussel Mytillus
galloprovincialis which reproduces naturally in this area and
the oyster Crassostrea gigas, allochthonous specie, which
cannot reproduce naturally in the ecosystem. Its production
depends on the availability of spat and the importation
or occasional production from the shellfish hatchery of
the Higher Institute of Fisheries and Aquaculture which
is managed by the Technical Center of Aquaculture. The
farming method adopted for shellfish aquaculture is
suspension culture, on raft systems and longlines with
average 'declared" production of about 200 tons/year
where mussels occupy the first place (about 80% of the total
production) [9]. The development of shellfish aquaculture is
nowadays one of the scopes of the national strategy to cope
with two major issues. These are the depletion of natural
stocks of clam Venerupis decussata, where the production
has decreased from 1635 tons in 2014 to 44 tons in 2020,
and the need to create new jobs [9]. Within the framework
of the government’s strategy to promote sustainable
aquaculture in Tunisia and increase aquaculture production,

aregional advisory committee has been set up, since 2015, to
study new applications for the installation of a new project
involving all stakeholders (administration, professional,
scientific research, civil society...). As a result, new operating
authorizations have been issued, since 2017, for 8 shellfish
projects with a production capacity of 1200 tons/year as
well as a farm for seaweed aquaculture (450 tons’/year
production capacity) (Figure 3).

Lovatelli [10] reported that the investigation of the
existing legal framework related to the procedures for site
selection and management in the Mediterranean States
has pointed out a lack of a specific legal framework for
aquaculture (limiting the integration of this sector with
other coastal activities). Quite often, the unavailability of
such a framework engenders conflicts between stakeholders
[11,12] causing human welfare risks [13].

In November 2019, a vandalism act took place due
to several reasons: the interaction on a space for fishing
activities and aquaculture ones; fishermen’s belief that
the aquaculture activity is the main source of pollution of
the lagoon and the cause of the decrease in the production
of coastal fisheries; the improper practices of shellfish
farmers (disposal of waste at the bottom of the lagoon); the
exceeding of the limits of concessions issued to the farms
which are already installed; and the poor representation of
the fishermen in the regional advisory committee. This act
has caused a big damage to the activity: 14 out of the whole
15 installed projects were destroyed where only 4 out of 9
productive projects could save only 10% of their productions
and commercialize them between November 20 and
December 31, 2019 [8]. Eventually, a ministerial committee
was formed by representatives of different stakeholders
in order to assess the damage and suggest a roadmap
(management plan) for the sustainable development of
the fisheries sector and aquaculture in Bizerta lagoon. The
damage was estimated between 6 and 8 million Tunisian
dinars. The interruption of shellfish production has

Hamdaoui B, et al. (2022) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1413
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Figure 3 Location of shellfish farms in Bizerta lagoon, before November 2019 [8].

negatively affected all the parts of the shellfish value chain,
especially the activity of the purification centers and the
bivalve export units.

Regarding this situation, the Tunisian government,
quickly reached a partial resolution of the conflict. This was
achievedthrough therelocation of most of thefarmsadopting
a participatory approach based on direct consultation
with the actors, field surveys and meetings at the regional
and national levels. These actions led to the creation of
an allocated area for shellfish farming where the projects
were reinstalled (Figure 4). This decision was not based on
scientific data but on concertation between representatives
of fishermen and shellfish aquaculture farmers.

URBANIZATION IMPACT IN BIZERTA
LAGOON

Bizerta Lagoon is located in a highly populated area and
is subjected to environmental pollution [14]. The watersheds
flowing into the lagoon are affected by several anthropogenic
pressures resulting from industrial, urbanization and
agricultural activities (metallurgical industry, cement
works, tire factory pollution, etc.) [14,15].

The industrial pollution is resulting from hy-drocarbons
and heavy metals [12,16-19] which come from about 400
industrial units which were created as early as the 1950s on
the shores of Bizerta lagoon. The contents of trace elements
in the sediments show an accumulation of Mn, Zn, Pb, Ba,
Cr, Cu and Ni [20,21]. According to Béjaoui, et al. [4], the
most traced elements building up in the sediments of all the

area of the lagoon are Pb (35 to 100 mg.kg-1) and Zn (210
to 450 mg.kg-1). The urban pollution consists of organic
and bacterial components and it results, on the one hand,
from the discharges of more than 10 million m3 of the main
districts located along the shores of the lagoon and on
the other hand, from untreated wastewater [22,23]. The
sediments constitute the potential reservoir for different
bacterial populations [24] and the shores are severely
contaminated. Souissi, et al. [25] and Saidi, et al. [21] showed
that different species of faecal bacteria are proliferating and
acquiring resistance to several antibiotics. The persistence
of these bacterial populations, especially during the summer
season, poses a significant health risk, particularly for
shellfish farming [4,26,27]. Recently, new risks were
identified in the lagoon in association with contaminating
microplastics which tend to absorb chemical pollutants [28-
30]. The agricultural pollution is the result of the intensive
land cultivation in the proximity of the lagoon, which often
requires fertilizers and excessive use of pesticide treatments.
These compounds are carried away during the irrigation
process and end up flowing into the lagoon.

The nomenclature and taxonomy of direct human-
induced disturbances in Bizerta lagoon is reported in tables
1-4 according to the International Union for Conservation
of Nature and Conservation Measures Partnership (IUCN-
CMP).

The program of Integrated Depollution of Bizerta
Lagoon "Ecopact" financed by the European Investment
Bank (EIB) in the framework of the "Mediterranean
Hotspots Investment Program (MeHSIP)" is the first

Hamdaoui B, et al. (2022) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1413
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Figure 4 Spatial distribution of shellfish farms in Bizerta lagoon after November 2019 [8].

Table 1: Taxonomic nomenclature of direct human threats in Bizerta lagoon (taxonomic level 1) and genus (level 2).

Direct threat (threat family: level 1 and genus: level 2) | Types

1. Residential and commercial development
1.1 Housing and urban areas
1.2 Commercial and industrial areas
2. Agriculture and aquaculture
2.1 Marine and freshwater aquaculture
3. Transportation and service corridors
1.1 Shipping lanes
4. Human Intrusions and Disturbance
4.1 Recreational activities

4.2 Work and other activities

5. Invasive and other problematic species and genes

5.1 Invasive non-native/alien species

6. Pollution
6.1 Household sewage and urban waste water

6.2 Industrial and Military Effluents

6.3 Agricultural and forestry effluents

6.4 Garbage and solid waste

6.5 Air-borne pollutants

Urban agglomerations
Manufacturing plants, military bases, shipyards

Shellfish farms, seeded shellfish beds

Naval base, navigation canal for commercial ships and yachting clubs

Leisure fishing activities, nautical sports

Military uses, commercial port, fishing port, maritime activities, anthropogenic activities, shelfish farmers,
vandalism

Viral, bacterial and protozoan pathogens, invasive species (crabs: Portunus segnis and Callinectes
sapidus; bivalve mollusc: Pinctada imbricata radiate; Jellyfish: Rhopilemano madica; seaweed: Caulerpa
taxifolia; phanerogam: Halophila stipulacea)

Effluent discharge from urban zones, untreated sewage

Toxic chemicals from industrial units (shipping building, metallurgy, tyres industry, fabric industry,
electronic equipment, cement, etc.), illegal dumping of chemicals, leakage from fuel tanks of boats, heavy
metals and trace elements in river sediments and water column, military arsenal

Fertilizers and pesticides from surround agriculture lands (intensive agricultural activities)

Urban zone waste, flotsam and jetsam from recreational and fishing boats, used nets and waste of
shellfish farms

Atmospheric pollutants from factories

investment program labelled in the framework of the Euro-
Mediterranean Initiative Horizon 2020. The overall goal of
this program is to improve and even restore the quality of
the waters and ecosystems of Bizerta Lagoon in order to
promote a sustainable socio-economic development and
improve the quality of the citizens’ life. The total cost of this
program is 90 million euros and it includes 30 investment
and support projects. One of the selected projects in the

coastal area of Menzel Abderrahmane is the rehabilitation
and extension of the fishing port (This study has taken into
account the needs of the shellfish sector) [31].

On the request of the General Directorate of Veterinary
Services (DGSV) in 2017, the National Institute of Marine
Sciences and Technologies (INSTM) conducted a study to
identify a zoning for shellfish aquaculture in Bizerta lagoon

Hamdaoui B, et al. (2022) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1413
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Table 2: Zoning for shellfish aquaculture in Bizerta lagoon Based on data collected on the circulation of water and the distribution of heavy metals and bacteria [5].

Circulation of water Level of metallic and organic pollution Aquaculture Suitability
1 High Low Less suitable for aquaculture
2 Low Low The most suitable for aquaculture
3 High High Unsuitable for aquaculture

Table 3: Classification of human activities in Bizerta Lagoon [33].

. ) Dragging arts Hook and line fishing
Professional fishing - - -
o - Dormant arts Longline fishing ; Netting
Exploitation of living resources - -
Shell fish farming Mussel culture ; Oyster farming
Aquaculture - o
Seaweed farming Gracilaria

- N Trade navigation
Maritime navigation L I
Fishing boat navigation

Military defense Military activity
Water activity Water sport Kayak ; Sailboarding ; Diving

Leisure and sports . ; . . .
Recreational fishing Pleasure fishing on board; Beach fishing; Spearfishing

Table 4: SWOT Analysis assessing the present situation of Bizerta lagoon.

Opportunities

Natural / « Rich ecosystem « Pollution + Depollution: Achievement of Ecopact « Persistence of pollution
Environmental | - High biological productivity | « Climate change program of depollution of Bizerta lagoon  + Algea bloom (in summer)
« Natural stocks of many « Proliferation of Alien species | +Exploitation of invasive species « Proliferation of bacteria
species - + Ecosystem imbalance

« Nurseries for many species

« Area of maturation of
brood stock

+ Feeding area for migratory

species
Social « Involvement of civil society = « Conflict of interest between « Mitigation of conflict of interest between - Reluctance of the beneficiaries of
in different projects will different users different users this project to join.
have a positive impact « Lack of social acceptability of =+ Promotion of social acceptability of » Non-acceptance of the
on the success of its aquaculture aquaculture introduction of new potentials of
activities. fisheries and aquaculture by all
actors
Strengths Weaknesses Opportunities Threats
Economic « Economic development of | - Investment is limited by many | - Potential of development of SBG + Economic crisis and decrease of
many activities and sectors | factors (pollution, spatial opportunities of employability in many investment in Tunisia
« Important employability interaction, conflict of interest,  sectors and activities + Decline in the fishery and
« Important vessel of fishing | administrative process) « Creation of new fisheries (natural stocks = aquaculture production
boats and invasive species) + Drop of the number of aquaculture
» Many shellfish farms are + Implementation of new farming farms
installed and productive activities + Global pandemic (like covid 2019)
+ New project of seaweed « Creation of new jobs (aquaculture farm
farming waste recovery and exploitation of
invasive species)
Scientific / » Many studies conducted in =« Lack of data relating to the « Introduction of new technologies * Reluctance of the fishermen and
Technological many fields about Bizerta eco-biology and the state of (fisheries and fish farming) shellfish farmers to introduce new
Lagoon exploitation of stocks of many | + Conduction of new studies in new technologies
« Shellfish hatchery of species fields (MSP, Modelization, Depollution,
Bizerta of CTA ecotourism)
Strengths Weaknesses Opportunities Threats
Governance « Intervention of many « Lack of fishing port services « Creation of professional organizations | * Non respect of regulation by all
stakeholders (cold storage and wholesale « Extension of Menzel Abderrahmen actors
« Assignment of regional market) fishing port « Non respect of concessions areas
advisory committee « Lack of professional « Strengthening of official control by shellfish farmers
since 2015, to study organizations « Establishment of guide to good shellfish | « Reluctance of the fishermen and
new applications for « Lack of zoosanitary farming practices shellfish farmers to join PO
installation of new project classification. * Increasing awareness of farmers of
with the involvement of all | - Limited official control importance of good practices
stakeholders * zoosanitary classification
Management | - Menzel Abderrahmen « Overexploitation + Marine Spatial Planning * Reluctance of actors to Marine
fishing port +1UU fishing (professional and -« Establishment of AZA Spatial Planning
- Official control recreational fishing) + Proposition of allocated area for * Reluctance of fishermen to AZA
» Well-developed regulatory | « Conflicts of interest between recreational fisheries « Continuation of overexploitation
and legislative framework actors + Achievement of GFCM project and IUU fishing
- Spatial interaction between + Achievement of FAO project
activities * Proposition of our new project

Hamdaoui B, et al. (2022) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1413 m
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and to propose appropriate stations to collect samples for
assessment of the sanitary status of shellfish. Based on data
and information collected on the circulation of water and
the distribution of heavy metals and bacteria, this study has
allowed splitting Bizerta lagoon into three zones (Figures
5,6). Each one has relatively homogeneous physical and
environmental characteristics [5].

DIFFERENT USERS IN BIZERTA LAGOON

In addition to the fishing and aquaculture activities,
Bizerta lagoon hosts several other activities, such as
maritime traffic, military activity, port activity, recreational
fishing, and water sports. It contains a military zone, a
coastal fishing port, a navigation channel for commercial
ships, and yachting clubs.

Hamdaoui B, et al. (2022) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1413



Lif&¥4ture

JOURNAL OF BIOMEDICAL RESEARCH & ENVIRONMENTAL SCIENCES Issn:| 2766-2276

950 245 ss0 885
e
._——7// Legend. I
37.26 - + S 1 - . 5]
= Y e r
AT 7 — Port
ﬁ‘_/"\g /// < —— Study area limit
4 % = Coastline
” 7. Line and longline fishing
D port Menzel Abd Rahmen / Netfishing
7 — L [] Recreational fishing
J o _ lIsobath
7 S
N

37.22

[
X

_4,\“___7_0_’_’&&_‘ -

37124 + +

3720

370

3%

T
9.80 935

Figure 7 Spatial interaction between professional and recreational fishing activities in Bizerta lagoon [33].

9.85
1

9.95
1

37.26

ErerB

37174

724

Legend -

—— Al pont
—— Study area limit
—— Coastline
[ shellfish farm
77 Line and longline fishing
/ Recreational fishing
Isobath

.

375

3710

=371

Figure 8 Spatial interactions between professional fishing activities and shellfish aquaculture in Bizerta lagoon [33].

In order to establish Marine Spatial Planning, it is
important to classify the associated activities in the lagoon.
To do this, we opted for Tixerant typology [32] which allows
organization into several levels according to the mode of
usage. Thus, we split the activities into activities and sub-
activities [33].

INTRODUCTION OF MSP IN BIZERTA
LAGOON

Two research studies have been conducted in order to
introduce MSP in the lagoon of Bizerta: Gharsalli [33] and
Baccouche [34]. The collection of information during these
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Figure 10 Professional and recreational fisheries interaction in Bizerta lagoon [34].

studies was based on field surveys with all stakeholders.
The achieved results based on questionnaires (201 for the
first study and 95 for the second study) helped to identify
and map the different activities in the lagoon using an
appropriate GIS tool. The layering of these maps allowed
to find the "spatial" interactions between users and to
highlight possible conflicts between actors.

The first study which was conducted in 2016, before the
vandalism act, showed several conflicting relationships

between the actors operating in the lagoon. The major spatial
conflict revealed by this study was between professional and
recreational fishing (Figure 7).

The fishermen are very concerned about the recreational
fishing activity; they complain about the use of illegal
nets and illegal sale of fishing products to the public,
and therefore feel their income is being endangered [33].
According to this study, a spatial conflict also exists between
professional fishing and shellfish farming (Figure 8).
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Figure 11 Spatial interactions between discharge points and natural stocks of bivalve and echinoderms in Bizerta lagoon [34].

Indeed, most fishermen consider shellfish farming as
a source of disturbance to the fishing activity because of
the area occupied and shellfish farmers' wrong practices
contributing to the lagoon's pollution [33]. The shellfish
farmers, on the other hand, confirmed that they kept good
relationship with the fishermen and that they allowed them
to fish in the surrounding area of the farms (forbidden
to fishing). They also said that the fishing activity has
never presented a problem for shellfish farming, but their
major concerns are pollution and theft of their materials
and equipment [33]. This study also showed the existence
of a spatial conflict between professional fishing and
spearfishing (Figure 9). In fact, fishermen complained about
using prohibited fishing gear and damaging their nets [33].

The second study recently conducted in 2021 (after the
act of vandalism) has revealed that the conflicting relations
are still existent between the different actors in the lagoon.
In fact, according to this study, fishermen’s distress is
mainly caused by the impact of the invasive non-indigenous
species on the lagoon's fisheries, as well as the recreational
fishing, followed by pollution [34]. Thanks to the new
spatial distribution of shellfish farms, shellfish farming no
longer constitutes a major problem for fishermen. However,
fishermen still complain about the wrong practices of
shellfish farmers, especially the disposal of used nets and
waste which settle on the ground and cause pollution. The
shellfish farmers also stated that their main concern is the
theft and pollution of the lagoon [34]. This study revealed
that the conflict between professional and recreational
fishing still persists (Figure 10).

Indeed, fishermen find the improper practices of the
recreational fishermen very annoying and devastating
because of their disrespect of the regulations and the usage of
illegal fishing gear and methods. It also shows the persisting
spatial conflict between underwater hunting (illegal) and
professional fishing. This study also demonstrated a spatial
interaction between the discharge points and the natural
stocks of bivalves and echinoderms (Figure 11).

Baccouch [34] indicated the occurrence of a new issue
that affects the fishermen of Bizertalagoon. Surveys revealed
fishermen's rejection of the fishing of invasive species such
as the crabs Portunus segnis and Callinectes sapidus as well
as the bivalve mollusc Pinctada imbricata radiata. Besides,
according to local fishermen, Jellyfish Rhopilemano madica,
the seaweed Caulerpa taxifolia and the phanerogam Halophila
stipulacea are causing a great waste of time and money (torn
and clogged nets) [34]. Another issue which was raised by
the fishermen is the shortage of port services in Menzel
Abderrahmen. The lack of refrigeration equipment, for
instance, forces them to sell their products to intermediaries
who control the selling prices. In addition, they indicated
that the quays and landing stages are not suitable to the
number of boats that operate in the port [34].

The superposition of all the geo-entities is represented
by the interaction map (Figure 12) of all activities. This map
highlights the complexity of the management of Bizerta
lagoon's maritime space.
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IMPACTS OF THE ACT OF VANDALISM
(NOVEMBER 2019)

The act of vandalism of November 2019 has generated
impacts of different sorts: socio-economical, geopolitical,
technological and environmental.

At the socio-economic level, the shellfish production has
sharply dropped from 169 tons in 2019 to 62 tons in 2020
as a result of the aforementioned vandalism act [8,9]. This
decline has greatly affected all operators of the value chain
of this product. It has undoubtedly affected the activity of
export units. The activity of the bivalve purification centers
was almost stopped in 2020. Eventually, many jobs were lost
and the employability of the local population was affected,
which in turn, triggered many social problems, such as
unemployment, poverty, immigration, theft, crime, etc. At
the geo-political level, the production objectives set by the
Tunisian government in terms of aquaculture development,
especially shellfish farming, have not been reached. The
five-year strategy 2015-2020 for aquaculture development
has aimed to reach 300 tons of shellfish production in
2020. This goal has not been met because of several factors,
among which are pollution and spatial conflicts between
different actors; the vandalism act has worsened this critical
situation. The governance of the fisheries and aquaculture
sectors in Bizerta lagoon has become more complex and
weaker after this act. Similarly, a delay has been recorded
in the installation of new projects and the issuance of new
authorizations in 2017 (new projects or regularization of

the old projects). At the technological level, the inhibition of
investment and the delay in the installation of new projects,
has sequentially postponed the introduction of new farming
technologies and new fishing techniques, particularly in
terms of exploitation of new fisheries (invasive species).
At the environmental level, the destroyed infrastructure
of aquaculture farms which have fallen into the lagoon
have undoubtedly (if not removed) negative effects on the
marine environment and the stability of the ecosystem. For
this reason, the Tunisian government has ensured that the
farmers recover quickly their infrastructure which drowned
in the lagoon.

SOLUTIONS AND MITIGATION

To meet the development goals of sustainable blue
growth in Bizerta lagoon, we are proposing a management
plan for the lagoon based mainly on Marine Spatial Planning.

The first work package is a set of surveys with
fishermen and shell fish farmers. Surveys will be carried
out to identify different fishing areas and potential new
fisheries. Then we will classify them into overfished areas
(requiring optimization or more efficient exploitation),
efficiently fished areas and underfished areas (with
potentials of development, new activities and new income
sources). The surveys of the shellfish farmers will allow
identifying the suitable areas for aquaculture projects and
the new opportunities for aquaculture farming (seaweeds,
echinoderms, bivalves ...). The investigations will also
address the discharge problem of the shellfish farming
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activity, the identification of their types (empty shells,
plastic ...), the estimation of their quantities and the
potential of their recycling and recovery. In addition, the
surveys will be a tool to find out interactions and conflicts
between different stakeholders in the lagoon.

The second work package will include an inventory for
the fisheries and the mapping of their zones based on the
scientific data available (stock assessment and fishing
effort) and on the results of the surveys carried out among
the fishermen and fish farmers. This mapping can also
identify the availability of natural stocks of some species
that can be a potential for new fisheries development, and so
can the invasive species [35].

The third work package will focus on proposing Allocated
Zone for Aquaculture (AZA) for shellfish farming activities,
as well as AZAs for other potential species for farming (e.g.,
seaweeds) based on available scientific data (measurement
of carrying capacity) and the results of surveys [36]. The
creation of the AZA will solve the problem of conflict of
interest regarding the use of space between fishermen
and shellfish farmers, and this will contribute to promote
the social acceptability of aquaculture by the different
communities that cohabit the lagoon and its shores. The
creation of the AZA will also improve the governance of this
sector and facilitate official administrative and sanitary
control. Bringing the different farms together will allow
to reduce the restricted fishing areas (500 m around the
farms) and to facilitate the collection of the different farms’
discharges (shell waste and plastics).

The fourth work package aims to promote the social
acceptability of aquaculture in the different stakeholders
that coexist in the lagoon and along its shores (fishermen,
local citizens, civil society, etc.). It will be carried out
through an information day or a seminar to raise awareness
about the positive effects of bivalve and seaweeds farming
on the economy as well as the environmental (filtration and
improvement of water quality).

The fifth work package will focus on the enhancement
of the governance of the lagoon by facilitating the setup of
a new local professional organization. It will involve both
fishermen and shell fish farmers and will be in charge of the
management of the lagoon's resources and fisheries. This
synergy can help unify visions and opinions and attenuate
conflicts. It can also be the source of proposals for the
creation or amendment of laws with regards to the lagoon,
for example the reduction of the zones restricted to fishing
around aquaculture farms (currently 500 ml).

The sixth work package will propose new professions (1)
in relation with recycling and recovery of aquaculture farm’s
wastes and (2) the fishing, marketing and processing of
invasive species, such as the blue crab [37]. The introduction
of new jobs promotes both the employability and the
attachment of the local population of the surrounding
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villages to their place. It also allows to involve rural women
in new activities and to promote their integration in the
economic circuit.

In order to support the strategies of the Tunisian
government with regards to the aquaculture sector
development and the promotion of blue economy in Tunisia,
this paper will facilitate joint reflection on the MSP of all
the maritime spaces strategy. Moreover, this work will
open new horizons of scientific research. MSP in Bizerta
lagoon will identify several research axes in relation to stock
assessment and fishing effort of the different natural stocks,
the exploitation of new fisheries and the introduction of new
farming species. The identification of the lagoon's carrying
capacity and the proposal of AZA can inspire other scientific
studies in potential sites for aquaculture in Tunisia.

CROSS-CUTTING SUSTAINABLE AS-
PECTS

The various actions programmed at the level of our study
meet at least four Sustainable Development Goals (SDGs)
that have been set by the United Nations for sustainable blue
development and which were mentioned in the Sustainable
Development Report 2020 [38]. Indeed, this work well
supports the implementation of sustainable development
according to objective 8 “decent work and economic growth:
Promote sustained, inclusive and sustainable economic
growth, full and productive employment and decent work
for all” and objective 14 “Life below water: Conserve and
sustainably use the oceans, seas and marine resources for
sustainable development”. In addition, this paper meets
the first objective of sustainable development with regards
to poverty; “No poverty: End poverty in all its forms
everywhere” and the second objective “Zero hunger: End
hunger, achieve food security and improved nutrition and
promote sustainable agriculture”. Based on these objectives,
our work will involve the three pillars of sustainable
development, namely the environment, the society and the
economy.”

Regarding socio-economic aspects, our paper will
contribute to turning the conflict between the fishermen and
the shellfish farmers into opportunities through the creation
of new potentials and activities of fisheries and aquaculture
in Bizerta lagoon. This work will mostly affect fishermen,
shellfish farmers, unemployed young people and women.
The improvement of the socio-economic environment in
the lagoon through management of space, the enhancement
of employability chances for the vulnerable local population
will (1) promote investment in the lagoon, (2) contribute to
increase the shellfish farming production and exportation
and, (3) improve the income of both fishermen and shellfish
farmers. Besides, the social acceptability of aquaculture
especially shellfish farming will be improved and can be
further enhanced by the creation of a new professional
organization. This organization will bring fishermen and
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shellfish farmers together and will present an opportunity
to manage the available space in the lagoon based on the
participatory approach.

The creation of new potentials related to the recycling
and recovery of shellfish farm waste will increase the
opportunity for the creation of new professions and the
improvement of employability as well as the development of
the circular economy and the blue economy in the lagoon.

Regarding the environment, our project will contribute
to the preservation of biodiversity by identifying the natural
stocks existing in the lagoon and proposing strategies
for their preservation. The introduction of new aquatic
activities such as the farming of seaweeds and echinoderms
can contribute to the improvement of the water quality of
the lagoon.

SWOT ANALYSIS: BIZERTA LAGOON
CURRENT MANAGEMENT STATUS

In this part, we will assess the present situation of Bizerta
lagoon using SWOT Analysis.

CONCLUSION

The main objective of the paper is to contribute to
the sustainable management of Bizerta lagoon and to
mitigate conflicts between fishermen and shellfish farmers.
This work will have a vital socio-economic impact by
improving incomes of fishermen and shellfish farmers,
promoting employability and enhancing the acceptability of
aquaculture projects. It consists in proposing a management
plan for Bizerta lagoon based on Marine Spatial Planning.
It will serve for decision makers in the fisheries and
aquaculture sector in Tunisia, to undertake the required
actions for the sustainable management of the lagoon at
the organizational, regulatory and scientific levels. The
actions will be related to the proposal of AZA, the creation
of a professional organization, the strengthening of official
control of concessions delivered to farms and the application
of the best practices by shellfish farmers. This project is in
line with the strategies of the Tunisian government in terms
of development of the aquaculture sector, the promotion
of the blue economy and the implementation of MSP in the
entire Tunisian coastline.

This paper will surely have scientific impacts, since
MSP will highlight several research and development
potentials related to the exploitation of new fisheries and
the introduction of new farming activities. MSP can also
highlight suitable areas intended for farming of seaweeds
that will serve for both the creation of new projects
and professions and the improvement of the lagoon's
environmental situation.

The Tunisian government's efforts to mitigate the
conflicts between fishermen and farmers in Bizerta lagoon
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which culminated in November 2019 and the relative
improvement of the management situation of the lagoon
have attracted many international donors. The aim was
to deeply investigate the problem and set up projects
to support the efforts of the Tunisian government. Two
projects have been selected: the GFCM has secured funds for
the evaluation of the carrying capacity of the lagoon in order
to propose AZA and the FAO has approved a TCP entitled
"Elaboration of a management plan for Bizerta lagoon in
Tunisia for a territorial socio-economic development'. The
Tunisian government has scheduled also the expansion
of Menzel Abderrahmen Port considering the aquaculture
activity. It will provide facilities for aquaculture projects and
various port services needed. The extension of the fishing
port and the improvement of its services will contribute to
the amelioration of the situation of fishermen and shellfish
farmers. The construction of cold storage and wholesale
market will facilitate the distribution and commercialization
of products, improve their traceability and promote their
export.

Strengthening of the lagoon's governance is a very
important challenge. It is therefore important for all
stakeholders to obey the regulation: shellfish farmers
must comply with the limits of the concessions and apply
the best farming practices; professional fishermen have to
use regulated gear and act in accordance with regulations
regarding the fishing zones; recreational fishermen must
adhere to the use of boats, used gear and sales; nautical
sports must use the allowed type of gear and respect of the
quota (regulation).

Bizerta lagoon possesses important natural and socio-
economic potentials and it is able to attract investors
and bring new projects. These potentials can initiate
opportunities to generate new jobs and promote Sustainable
Blue Growth.
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