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This volume 1s the “1fteernth issue of the Mediterranean Action Plan Technical
Series.

This Series will collect and disseminate selected scientific reports cobtained
through the implementation of the various MAP components: Pollution Monitoring
and Research Programme (MCD POL), Blue Plan, Priority Actions Programne,
Specially Protected Areas and Regional Qil Combating Centre.

Ce volume constitue le quinziéme numéro de la série des Rapprorts techniques du
Plan d'action pour la Méditerrancée.

Cette série permet de rassembler et de diffuser certains des rapports
scientifiques établis dans le cadre de la mise en oceuvre des diverses
composantes du PAM: Programme de surveillance continue et de recherche en
matiére de pollution (MED POL), Plan Bleu, Programme d'actions prioritairss,
Aires spécialement protégées et Centre régional de lutte contre la pollution
par les hydrocarbures.
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PRECACE
The ULpited hat:ions Invironment Programme (UNEP) convened an
overnmental Meetinuy on tne Protecticn or the Mediterranhwvan (Barcelona,
uary - 4 PFebruarzy 1%75), which was attendea by representatives of 16
berdering on the Mediterranean Sea. The meeting discussea the various
necessary for the prevention and control of pollution of the
anean Sea, ana concluaed by adopting an Action Plan consisting of
bstantive components:
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- Integrated planning of the development and management of the resources of
the Mealiterranean Basin (managemc:.. component};

- Co~ordinated programme for research, monitering and exchange of
information and assessment of the state of pollution and of protection

Ineasures (assessmenl component);

Framework convention and related proteocols with their technical annexss
for the protection of the Mediterranean enviroament (legal component).

All cowpenents of the Action Plan are interdependent and provide a
‘ramework for comprehensive action to promote both the protection and the
zontinued developnent of the Mediterranean ecoregion. No component is an end
:a itself. The Action Plan is intended to assist the Mediterranean
governments in formulating their national policies related to the centinuous
development and protection of the Mediterranean area and to improve thelr
ability to identify various options for alternative patterns of uevelopment

and to make choices and appropriate allocaticons of resources.

The Priority Actions Programme {PAP)}, a component of the integrated
programme of the Mediterranean Action Plan (MAP) promotes the exchange of
experlence 1n the fielas of integrated planning and management of rescurces in
the Mediterranean coastal areas.

The starting point of the PAP activities 1s the awareness that the
protection and sound management of the envircnment can only be implemented by
means of a rational development which translates intc an optimum exploitation
£ natural resources. The notion itself of environment in a broader sense and
ecially in the Mediterranean context is at the same time the most precious

ource of the Area.
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Within the framework of the definiticn of the PAP activities, the
resontatives of tie tealterrancan Covernments, the Contracting Parties of
Rarcelona Convention, have establiched the following priorities for the

- human settlements

- water resources management

- so0il protection against erosion
- tourism

~ agquaculture

- renewable sources ol eneLrgy
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In the abovem2ncioned ar=2as, the tollowing activities are bzing completed

- directories of Mediterranean i1npstitutions and experts
- wateg resourcas managemant

integrated planning and manaygezmant of Mediterransan coastal zonas
- protection and rehabilitation of historic s=ctlements

- land-use plann:ing in =arthquaxke zones

~ s0il protaecrtion aJalnst eroslion

- sgolid and liguid waste managemrat, collection and disposal
- development of tourism harmonised with the eavironment

- aguaculrure

- renewable sources of enargy

-~ environmental impact assessmentc

~ balance between the hinterland and the coastal zon:s

The United Nations Agencies, many international organisations and almost
all Maditerranean councrie2s take active parc in all these activities,

3

This volume, which is the 15th 1n the Mediterranean Action Plan Technical
Repores Series, contains selected documents concerning the Priority Action
encitlaed "Envicronmental aspects of aquaculture development in tha
dMeditarranean ragion” covering the 1955-1987 pariod,
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PREFACE

Le Programme des Nations Unies pour l'environnement (PNUE) a convogqué une
réunion intergouvernementale sur la protection de la Méditerranée (Barcelone,
28 janvier - 4 février 1975) & laguelle ont pris part des représentants de 16
Etats riverains de la mer Méditerrande. La réunion a examiné les diverses
mesures nécessaires a la prévention et & la lutte antipollution en mer
Méuiterranée, et elle s'est conclue sur l'acoption d'un Plan d'action
comportant trois éléments fondamen:aux:

- Planification intégrée du développement et de la gestion des ressources
du bassin méditerranéen (élément "gestion"};

- Programme coordonné de surveillance continue, de recherche, d'échange de
renseignements et d'édvaluation de 1l'état de la pellution et des mesures
de protection (&lément “"dvaluation®);

- Convention cadre et protocoles y relatifs avec leurs annexes techniques
pour la protection du milieu méditerranden (élément juridigque).

Tous les éléments du Plan d‘action étaient interdépendants et
fournissaient le cadre d'une action d'ensemble en vue de promouvoir tant la
protection que le développement continu de 1l'écorégion méditerranéenne. Aucun
élément ne constituait une fin & lui seul. Le Plan d'action était destiné 3
aider les gouvernements méditerranéens A formuler leurs politigues nationales
en matiére de développement continu et de protecticn de zone de la
Méditerrande et 3 accroltre leur faculté d'identifier les diverses options
s'offrant pour les schémas de déveloupement, d'arréter leurs choix et d'y
affecter les ressources appropriées.

Le Programme d'Actions Prioritaires (PAP), partie du plan intégré du Plan
d'Action pour la Méditerranée (PAM), a pour but de promouvoir des échanges
d'expériences dans les domaines de la planification intégrée et de la gestion
des ressources des zones cStiéres méditerranéennes.

Le point de départ des activités du PAP est la connaissance que la,
protection et la promotion de l'environnement ne peuvent &tre réalisées que
grice a un développement raisonné qui se traduit par une exploitation optimale
des ressources naturelles. La notion méme de 1l'environnement, congue dans un
sens plus large, et tout particuliérement dans des conditions
méditerranéennes, constitue en méme temps la plus précieuse ressource de la

Région.

Dans la phase de la définition des activités du PAP, les représentants
des Gouvernements meditérranéens, Parties Contractantes de la Convention de
Barcelone, ont précisé les domaines prioritaires du PAP, notamment:

- établissements humains

- gestion des ressources en eau

- protection des sols contre l'érosion
- tourisme

- aguaculture

~ sources d'énergie renocuvelables
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Dans les limites des domaines précltés, las acclons suivantes sont an
vole d'achévement:

- répertoires des 1nstituflons et experts méditerranéens

- gestion des ressources en eau
- planification intégrde et gestion des zones cdtidres méditercandennes

- protectlon et réhabilitation des sites historiques
- am<nagement du territoire dans les zones sismiques

- protection des sols contre l'érosion
-~ ygestion, collecte et élimination des décnets solides et liquides

- développement du tourisme en harmonie avec l'environnement
- aquaculrure

- sources d'dnergie renouvelables

- évaluation des impacts sur l'enviconnement )

- 1nterrelation cBte - arriére-pays

A toutes las actlons prennent part les organismes des N.U. et de
nombreuses organisations internationales, y compris la participacion actives de
presque la totalitd des pays meéditerranéens.

Le présent volume le 153me de la Série des rapports tachnigue du PAH,
englobe un choix de documencs relatifs & l'action prioritaire intitulze
“Aspects environnementaux du développement de l'aquaculture dans la région
mdditercandenne” couvrant la période 1985-1987.

- .
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EDITORIAL

This technical report contains the documents produced in the preparatory
phase of the Priority Action Programme :n aguaculture, They will not be
presented in their entirety, but in such a way as to describe the substance

without superfluous details.

Since 1984 this action has, been initiated along with other actions by the
Regional Activity Centre of the Priority Actions Programme (PAP/RAC) as one of
the components of UNEP's Mediterranean Action Plan and carried out 1in
ccoperation with the Mediterranean Regional Aquaculture Programme (MEDRAP) and

FAC.

The action is focused on agquaculture development which is predominantly
dependent on selection of the sites suitable for aquaculture and on the
quality of the environment. Therefore, the survey covers the existing
Mediterranean aquaculture types as well as the conditions prevailing in
coastal areas which are favourable for aquaculture. The second part of the
report concerns environmental, macro-economic and socioeconomic issues.
Information obtained through consultant missions in a number of sites made
possible an appropriate evaluation of the neeas and constraints of both a
technical and scientific nature. Finally, the report ends with a programme

proposal.

It is hoped that this publication will be useful in assisting the
governments of Mediterranean coastal states to plan and carry out appropriate
actions in the course of promoting aguaculture activities. Furthermore, the
information contained in the report may be useful to professional institutions
and experts in getting aguainted with the situation ana possibilities for
solving the problems of aguaculture in particular areas of the Mediterranean.

Dr. Ivan Katavic
Co~ordinator of the priority
action on aguaculture



EDITORIAL

Ce rapport technique contient les documents rédigés a la phase
préparatoire de l'action prioritaire sur l'aguaculture. Ils ne seront [.as
présentés intégralement mais de maniére & exposer avec concision leur sujet
fondamental, sans les alourdir de détails superflus.

Cette action a été lancée en 1984 par le Centre d'activités régionales
pour le Programme d'actions pricritaires (CAR/PAC) du Plan dfaction pour la
Méditerranée (PAM) du PNUE et exécutée en coopération avec le Programme
régional méditerranéden d'aguaculture (MEDRAP) et la FAO.

L'action est centrée sur le développement de l'aquaculture, qui dépend
principalement du choix des sites propices & l'aquaculture et de la qualité de
l'environnement. En conségquence, dans la premiére partie du présent rapport
sont présentds les types existants de l'aquaculture méuiterranédenne et les
conditions prévalant dons les zones cOtiéres se prétant & l'aguaculture. La
seconde partie du rapport est consacrée a des thémes environnementaux,
macro-économiques et socio-économiques. Les données recueirllies par des
missions d'experts ayant visité un certain nombre de sites ont permis une
évaluation appropriée des besoins et des contraintes de nature technique et
scientifique. [Le rapport se conclue sur par une proposition de programme.

Nous espérons que cette publication aidera les gouvernements des Etats
riverains de la Méditerrande & planifier et & exdcuter des actions approprides
visant a promouvolr les activités aquacoles. Les renseignements contenus dans
ce rapport pourraient aussi €tre utiles pour les institutions professionnelles
et les experts, leur permeltant d'appréhender la situation existante et les
possibilitéds de résoudre les problémes liés 3 l'aguaculture dans des zones
précises de la Méditerranée.

Dr. Ivan Katavic
Coordonnateur de l'action prioritaire
sur l'agquaculture
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1. BACKGROUND OF THE PRIORITY ACTION IN MEDITERRANEAN AQUACULTURE
by

IVAN KATAVIC
Institute of Oceanography and Fisheries, Split, Yugoslavia

Because aguaculture has been includea in cevelopmental plans of a number
of Mediterranean countries, the endeavours of MAP/PAP to promote these
activities are necessary and quite justified.

Aquaculture in the Mediterranean has been rather well developed, but the
relevan. activities have been restricted to individual countries and no
exchange of information existed among them., Therefore, in order to enhance
the efficiency and development of aguaculture, UNEP/FAQ supportod by the
governments of the countries concerned established the tMediterranean Regional
Aquaculture Project (MEDRAP) within the context of Technical Ccoperation
between Developing Countries (TCDC). These activities were initiated by
MEDRAP in the second half of 1981 by establishing an aquaculture centre in

Tunisia.

During the first phase, characterized by organizational activities, MEDRAP
was not connected with either UNEP or MAP. Illowever, the urgent need to
establish communications between these two agencies proved indispensable, even
more so since MEDRAP as a UNDP project did not cover all Mediterranean
countries. At the same time MEDRAP's activities were rather focuced oan tLhe
bio-technological and educational aspects of aquaculture; they did not pay
enough attention to the ecosystem itself, nor to the interactions between
environment and aguaculture.

The need to cocrdinate MEDRAP and PAP activities, particularly regarding
the environmental aspects of Mediterranean aquaculture was discussea in the
meeting of NFP for PAP and Blue Plan held in Athens in 1984. Following the
decisions taken then, the PAP/MEDRAP/FAO representatives held a number of
consultative meetings where the fundamentais of joint long-term activities
were defined. They aimed at formulating further undertakings concerning the
promotion of Mediterranean aquaculture, with a special emphasis on
environmental and socio-economic aspects. From an operational point of view,
it envisages the following specific goals:

i} to disseminate information about the current activities in the field of
Mediterranean aquaculture and provide the necessary conditions for the
coordination of such activities;

ii) to identity, evaluate and protect localities suitable for aguaculture;

iii) to define the ecological criteria for rational aguaculture development
in the Mediterranean;

iv}) to improve existing programmes and current activities and to develop
further activities now that MEDRAP has cecased being a UNDP project.



PAP together with FAO and MEDRAP prepared two basic documents
("Aguaculture and Coastal Planning of Coastal Zones in the Medaiterranean" and
“"Ecological, Social and Economical Aspects of Coastal Aguaculture in the
Mediterranean Region") and sent a number of fact finding missions to
Mediterranean countries. On the basis of these two documents and the missicn

reports a cooperative project proposal was developed,

The project proposal focused on ecological criteria relevant to the
development of aquaculture activities, departing from the fact that each site
potentially suitable for aquaculture is a specific ecosystem., The objectives
of the project are to define, calibrate and improve an integratea strategy of
site evaluation and monitoring for the development and protection of
aguaculture. It is hoped that communication among peoples and nations through
the exchange of knowledge and experience will contribute to the promotion of
Mediterranean aquaculture as a whole. The project will also benefit from the
knowledge derived from cther PAP activities such as: integrated planning of
coastal zones; environmental impact assessment; solid and liquid waste
management and renewable sources of energy.



2. AQUACULTURE AlD COASTAL PLANNING IN Tk MEDITERRANLCAN
by

A team of MEDRAP-PAP/RAC experts: BRUNEL, G., CATAUDELLA, S.,
FERLIM, P., GUELORGET, O., FILIC, Z. and I'RELI, E.

ABSTRACT

The introductory part of this paper offers general information cn
UNEP,MAP, PAP- and MEDRAP which have ptovided a co-operative framework and made
the effort possible. The paper points out the fact that aquaculture is
dependent on the quality of the environment which is its basic rescurce, and
that the availaple sites suitable for aquaculture activities are critically
scarce thus needing to be inventoried, fully taken account of in the
development plans and protected.

A survey of the various types of Mediterranean aquaculture is yiven along
with an explanation of the degree of dependence of each type on the conditions
the prevailing in the immediate and wider environment. The basic criteria are
drawn up for the selection of suitable sites; furthermore, it is shown how
aguaculture development programmes are linked with Environmental Impact
Assessment procedures.

In conclusion, the paper gives decision-makers and physical planncrs
suggestions and recommendations relevant to the development of aquaculture in
the Mediterranean Region.



Introductory remarcks

In recent years the potential of the Mediterranean coastal environment for
the development of aquaculture has been fully recognized. As a consequence,
almost all coastal countries have implemented or planned aquaculture
undertakings.

This process has to be viewed in the broaaer context of "littoralization"
which is affecting, at an accelerated pace, the whole Mediterranean area.
Aquaculture, in fact, is but one of the many productive activities through
which we exploif the natural resources of our coastal environments.

Contrary to this, the development of aquaculture has been viewed so far
mostly in socio-economic and technological perspectives. Environmental
problems have scarcely been considered and sometimes even totally neglected.

This phencmenon can be understood if we take into account the
socio-economic pressures which have cften prevailed over the careful
consideration of environmental problems, the analysis of which is expensive
and time-consuming. The lack of knowleage, however, has produced undesired
effects, since a number of-aquaculture undertakings has proved hardly suitable
to the environmental conaitions of various sites. Sometimes low compatibility
and even serious conflicts with other types of exploitation of natural
resources have arisen.

While the interactions and feed-backs between production processes of any
kind and the characteristics of the ecosystems, where aquaculture projects
have been implemented or are in the planning phase, remain largely unassessed,
the idea that technological solutions would by themselves make up for the
deficiency of environmental information has rapidly revealed its fallacy.

Guidelines and objectives of the paper

It is generally acknowledged that socio-economic, technological and
ecclogic aspects must be considered simultaneously in the planning of coastal
zones where aqguaculture 1s envisaged. -

It is essential to frame the appertionment of the different types of
environmental use into a matrix of potentialities and compatibilities to
warrant equally viable developments.

This seems particularly true when bioclogical resources are considered, as
is the case with aguaculture. The promotion of natural preduction as well as
its socio-economic issues depend, in fact, on the quality of the environment
and its maintenance. In such a context agquaculture can represent one of the
major keys for the conservation of the ecoloyic characteristics of the neritic

biomass.

It is clear, however, that integrating aguaculture developments into such
complex socio-ecosystems, like the Mediterranean coastal regions and their
marginal environments, is not an easy problem. The parameters that must be
consicered are numerous and varied, not only as concerns their nature, but
also in their scale of variability in both space and time.



This poses the problem of defining a sctrategy for the description of the
system which would be operationally feasible, informaticn-rich ana
muathematically tractable. It 1s clear, in fact, that while it is not
profitable to i1gnore any really pertinent part of the vast amount of
information when attempting to describe a system, pragmatically it is not
possible to list explicitly all the inlormation each time the system 1s
described. The problem is therefore to choose the appropriate level of detail

to match the specific purposes of the analysis. In other words, those
variables should be selected that are significant to the overall structure and
dynamics of the system in relation to the goal of the study and that can
actually be measured with an acceptable degree of effort and through
relatively inexpensive means.

From what we stated above, it becomes clear that an inter-disciplinary
approach is necessary; such an approach would integrate, on the basis of
general criteria agreed upon beforehand, the contributions of several
different specialists.

Some guestions must also be answered, such as:

1. What is Mediterranean agquaculture in the variety and complexity of
socio-economic, technological and bioloyical situations?

2. What are the environmental scenarios in which aguaculture exists or
should be developed?

3. What are the interactions with other types of production use of the
natural rcsources in the coastal zones?

Baseda on the above elements, one can Lurther elaborate on:

1. The pertinent descriptors for site evaluation and monitoring fLor the
specific purposes and needs of aquaculture;

2. The way in which to crganize and analyze this information on the basis
of a suitable scientific approach,

The scopes of this paper are therefore:

1. To provide basic information and recommendations for drawing up an
inventory of coastal environments suitable for aquaculture;

2. To provide the elements for the selection, monitoring and timely
protection of suitable sites, in the framework of national development
policies, :

An overview of acuoculture in the heditetrranean

Marine aguaculture is not a new activity in the region. For 500 or 600
vears already fish and then shelltish cultures have been developeu in selected
areas, mostly in the northwvestern part of the iMeuiterranean.

Mediterranean aquaculture is not completely isolated from worla
aguaculture but 1s linked through numerous aspects (technological,
geographical, species, etc.) with European aguaculture producticn as a whole,
It has however a certain individuality, due to the particular geographic and
socio~-economic conditions prevailing in the regicn.



Geographic and ecological factors

The Mediterranean region has particular geographic and hyarobiological
characteristics which call for special forms of aquaculture especially
suitable to the region.

Geographic characteristics

Three types of sites can be distinguished 1n the Mediterranean:

(a) lagoonal zones
(b) sheltered coastal zones
{c) estuary zones

Lagoonal zones )

The Mediterranean ccast has numerous lagocnal zones of various crigins
(tectonic, sedimentary etc.) but with variable salinity levels throughout the
year. These lagoons are located principally in kgypt, Tunisia, Greece,
Turkey, Italy and France. It is difficult to give an estimate of their total
surface area as, on the one hand, marine ana brackish-water lagoons often join
up with freshwater systems and, on the other, the unitary surface areas
themselves cun vary according to precipitation and evaporation. This explains
why the figures given range between 50,000 and 1,000,000 hectares for the
entire Mediterranean periphery. The EEC studies and the UNDP/FAQ/MEDRAP
Project which are in progress should clariry this aspect.

Shelfered coastal zones

Certain parts of the Mediterranean coast (especially karstic zones) are
bays or channels of relative depth which are very well sheltered from winds
and tiadal variations: the Dalmatian coast in Yugoslavia, bays in the west of
Greece, the Aegean Sea islands. It is impossible to give a precise estimate
of these surface areas which are however very suitable to aquaculture in
floating structures (cage, rafts etc.), a type being expanded at present.

-

Estuary zones

The seawards estuary zones or deltas are interesting for aquaculture from
two points of view: firstly, because there is no competition whatsoever for
their use (soil salinity) and secondly, because brackish water is available,
it is more productive in a semi-intensive system than pure sea water. There
are numerous zones of this type in the Northern Mediterranean countries,
covering thousands of hectares. 1In the south they are less developed with
the exception of the Nile delta and the permanent rivers in the North African
. countries.

Fcological factors

The Mediterranean is low in nutrients and 1s reported to be the most
impoverished sea in the world. Scientists have observed that only those areas
under arctic ice or in certain tropical regions are less productive than the
Mediterranean as a whole. However the waters in some parts of the
Mediterranean are much more productive than in other parts. Also, more than
one million hectares of shallow brackish-water basins and lagoons are found
along the Meaiterranean coast and most of them are highly productive.
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Temper.. «re varlies usually between 5°C 1n winter ana 27°C 1in sumier,
but the northern ana western parts of the Mediterranean are c¢oldaer cthan the
southern and eastern regions. Salinity 15 uscally high (between 36 and 33
g“l). All these factors limit mariculture prcduction to selecteu species,
excluding species such as for example salmon and trout (temperature and
salinity levels are too high) as well as tilaplas (temperature is too low)}.

Historical and socio-economic conditions

Marine aguaculture development started in Italy {the Po delta) and Eyypt
{the Nile delta) many ceénturies ago through the progressive improvement of
lagoon fisheries in which mullet, sea-bass, sea-bream and eels, that usually
migrate into coastal lagoons at the juvenile stage in spring, were kept and
caught as they attempted to migrate back to the sea in autumn. About a
century ago, shellfish cultures were ueveloped 1n similar areas in Italy,
France and Spain.

These two activities mostly family-run were conducted on a private basis
by using the natural productivity of the most productive areas in the
Mediterranean (lagoons or semi-enclosed areas).

These conditions should be compared with those prevailing in Japan, where
aguaculture started in the open seas, with intensive methods for fish culture
{bvy using feed) and was carried out by cooperatives of fishermen (KUMIAI);
conditions there are quite difterent and the prices also wiffer greatly Erom
the ones in the Mediterranean, allowing for more expensive production
technologies.

During the last 10 or 15 years, a new type of aguaculture was developed in
the Mediterranean : intensive aquaculture. The difference between this type
and the traditional cnes resembles the difference between traditional farming
and intensive animal breeding. 1In the first case you try to get optimum
production from a farm field and in the second you try to get the largest
production of one selected species even under factory conditions.

However, there are also various intermediate solutions.

Fish production and demand

Most of the lMediterranean countries are considered to be "rich" if
compared with countries in other areas of the world (Africa, South-east Asia
ete.). All Mediterranean countries are over the level of US $500 of
GNP inhabitant™1, year‘l, and the foou and protein consumption per capita
is usually high, with the exception of Egypt and Morocco. However, in the
Mediterrancean countries the guestion is not te produce protein, but fish.
Demand is very sclective and common coastal fish, like sea-bass, sca-brean,
mullet ete., can fetch very high prices and the present producticn of these
species is not very lmportant in wvolume {8% of tne total liediterranean fish
and shellfish production) but guite signifticant i1n terms of value (15 to 20%
of total production wvalue). Demand for the major ayuaculture spocies is not
met; this means that the estimated possible increase of 20 to 3U thousand
tonnes during the next 10 to 15 years would not present major market
difficulties within the Mediterrancan region.



Srate of aguaculture in the Mediterranean region

Types of agquaculture

Several methods of £ish, mollusc and crustacean culture which have a
potential for the future are currently used in the region.

(a) Lagoon management

This system, traditional in the Mediterranean region, is based on the
migration of sea-bass (Dicentrarchus labrax}, sea-bream (Sparus aurata)},
mullet (Mugil spp.), sole (Solea vulgaris) and other species into coastal
lagoons as juveniles and their return to the sea as adults. Eels (Anguilla
anguilla) make a similar migration, but remain in the lagoons for several
years. The fish are simply captured and all are sold regardless of size.

(b) vallicultura

This system, developed in coastal areas of the Northern Adriatic, is an
improvement on lagoon management. Water and salinity levels are controlled
and fry collected in other areas are stocked in embanked places of lagoons
which are called, "valli arginate". The fish are harvested and selected in
complex welr systems called "lavorieri". Undersized fish are held back over
the winter in deep trenches and relecased into the "valli" to grow for the
following summer.

Progressively improved upon by fertilization and artificial fry
restocking, as well as other methods, valliculture is at present the main type
of commerical production of finfish. A new step in the development will be
reached with the change of valliculture into "integrated aguaculture®.

{(c) Pond culture

Pond culture of fish is a recent development in the Mediterranean
countries and is now practiced on a large scale in Israel, Italy, Egypt,
France and Spain. Experimental pond culture is carried out in Tunisia. With
this system, earth ponds provided with water at ambient temperature and
salinity are stocked with fish {(fry or fingerlings} or shrimp (post-larvae or
juveniles) collected from the wild or produced in hatcheries. In some cases
nursery ponds are used to rear the fish from fry to fingerling size, or shrimp
from post-larvae to juvenile stage, before stocking the grow-out ponds.
Supplementary food is usually provided, but for some species natural food is
produced within the ponds by fertilization. When the fish or shrimp reach
marketable size, they are harvested by seining or draining the ponds.

{(d) Cage culture

The culture of sea-bass and sea-bream 1$ a recent innovation in the
region; it is now carried out on a semi-commercial basis in France, Yugoslavia
and Israel and on an experimental basis in Cyprus and Tunisia.



In this system of culture, floating cages or fenced enclosures, usually
made of synthetic netting or wire screens, are placed in protected areas to
grow fish to marketable size. Fry collected from the wild or produced in
hatcheries are held in the cages or enclosures and supplied with foud, usually
floating or sinking pellets or minced fish.

(e) art:ificial environment sytems

These are the most sophisticated and intensive aquaculture systems in
which fish are kept in tanks or raceways and supplied with high-quality water
of satisfactory salinity and optimum temperature for year-round growth. Some
systems include reconditioning and re-use of the water to reduce water and
heating requirements. In some cases the tanks or raceways are insulated or
enclosed in a building or a greenhouse to maintain satisfactory temperature.
Artificial feeding is required. A high stocking rate is employed to maximize
production per unit of surface area because of the high capital cost of these
systems. France and Italy are the two countries in the region that have made
some progress in this technology, particularly for the culture of sea-bream
and sea-bass, as is done in Italy for eels.

(£) lollusc culture system

Oysters and mussels have traditionally been grown in suspension in the
Mediterranean region where the tidal amplitude 1s slight. Spat or juveniles
are suspended in various ways from fixed structures (platforms, tables etc.)
or from floa.s or rafts. 'Oyster and/or mussel farming is now carried out on a
ccmmercial or experimental scale in several countries in the region,
especially Italy, France and Spain.

Clams are grown on-~bottom in the areas where the substrata anu water
currents are suitable. Clam culture is carried out on a small scale in France
and on an expurlmental basis in Spain, Italy and Tunisia.

Mollusc culture is the largest aquaculture production in the
Mediterranean; total production stood at about 80,000 tonnes of oysters and
mussels in 1985.

(g) Polycu.rbure and integrated aquaculture

Recently gxperiments have started in the semi-intensive-ponds with species
that are good substrate utilizers {sea-bream and mullets in Egypt and Italy,
mullets and tilapia in Israel). New systems, combining for example intensive
raceway culture and seni-intensive pond culture, or cage culture and mollusc
culture, are being developed in several countries. The main advantage of such
systems is a better use of capital, layout and energy, re—use of wastes from
the intensive culture etc.

{(h) Other types of aquaculture

Two other types of agunaculture, combining one of the above systems and the
use of efiluents Lrome external sources, have been developed in the
Mediterranean, i.e.
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- Use of treated urban wactewater which can produce, without any
supplementary food, up to 3 tonnes of fish (mullet) per hectare, per
year. Such an experimental station {(2ha} is operating in France and
some new projects are in the planning stage i1n Algeria.

~ Use of heated effluents, mostly for hatcheries and early growth stages,
1n order to accelerate the growth of larvae and fingerlings.
Facilities operate in Italy and France, both on a commercial basis (eel
culture} and on a semi-commercial basis.

Production from aguaculture

The total production in the Mediterranean is estimated at 95,000 tonnes in
1985 (fish and shellfish). The production ot various species of fish,
including sea-bass, sea-bream, mullet, sole and eel, is largely obtained from
lagoon management or, as in Italy, from valliculture (about 12,000 tonnes).
The production of oysters and mussels from mariculture makes up the major part
of the region's supply of farmed proaucts, with about 80,000 tonnes of oysters
and mussels. Eel production (mostly in freshwater farms) is gradually
developing, especially in Italy.

Intensive or semi-intensive production of marine fish is not very
important (a few hundred tonnes, mostly from Italy and France}, but has
gradually been expanding in the last 4 or 5 years.

A classification of the Mediterranean
aquaculture strategies

Mediterranen aguaculture includes many activities that have different
characteristics and play different roles in the production strategies; they
have a diversified impact on the economy and the environment in which they are

carried out.

There are some forms of production that tend to cater to the local market,
or that on the whole have a rather "social" character, since they tend to be
integrated in the activities already existing. There are other forms of
production that tend to achieve optimum profit through industrialized
production. i

This chapter concerns some production strategies of Meaiterranean
aquaculture and attempts to identify and classify the relevant activities. It
is especially addressed to those who are responsible for defining management
policy for the coastal environments.

Basics on the strategies

The recent development of modern Mediterranean aquaculture and the high
level of diversification within this field call for an attempt at
classification. This is also necessary because of the fact that many
technologies and activities overlap and sometimes merge with the traditional
activities known since antiquity. Another aim of this approach is to avoid
generalizations which, even if applicable to certain particular situations,
may lead to false evaluations, thus misleading those wiho have to manage,
conserve and improve the environmental resources on which Mcaiterranean
aquaculture is strictly dependent. Furthermore, the Mediterranean basin is a
mixture of very diversified environmental and cultural situations where the
continents of Burope, Africa and Asia meet, a fact that must not bu neglected
even when we discuss such a specific sector as aguaculture.
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This classification of Mediterranean aguaculture strategies mainly
concerns the rearing, through various technolcylies and methods of those marine
and fregh-water species that are able to adapt to brackish water.

(2a) Seed production for Mediterranean aquaculture

There are two forms of Mediterranean aquaculture which are based on seed
collection in the wild and on seed production in hatcheries. Generally, there
is a trend with technological and managerial groups to ignore seed collection
in the wild although most of the aquaculture actaivities in the Mediterranean
are still dependent on this type of stocking, both for molluscs and £ish.

Many countries do not allow seed collection in the wild fLor aguaculture
purposes, because they fear that this would further increase the capture of
coastal populations which are already being ovg;exploited. However,
agquaculture experts report that survival rates of fry are much higher in fish
farms. In any event accurate cata on this are quite meagre, especially data
on fry survival rates in the wild.

At present and on the basis of evaluations of environmental impact and
conflicts among various activities, it should be taken into account that in
the Mediterranean fry collection is carried out in all tyres of aguaculture
and that artificial production of seed concerns only sea-bass (among
indigenous fish), Paenesus japonicus (among penaeid crustaceans) and certain
other species of shellfish {(clams and oysters).

As far as sea-bream is concerned, breeding technigues are rapialy
developing even if the capacity for artificial reproduction 1s still far from
meeting the needs of aquaculture, i.e. tens of millions of individuals,
whereas the current production of all Mediterranean hatcherics only reaches
one mill:ion at most. )

The dependence of marine aquaculture on wild seed collection places a
constraint on its development. Hence, a considerable effort has been made in
the last decade to improve the methods for controlled seed production. The
results obtained give hopes that a model of Mediterranean aguaculture will be
developed which will be independent of the natural envircnment as far as seed
is concerned. At present, as 1in all transition phases, seed collection in the
wild as well as production in hatcheries must be managed in an integrated way
by improving the survival rates of seed collection in thé wild and by
increasing the present effort to improve seed production methods in order to
obtain an independent, closed cycle in aquaculture, as is now the casc with
sea-bass, for example.

As far as planning is concerned, the origin of seed should clearly be
identified in every development programme; this woula facilitate both the
assessment of the impact of Mediterranean aquaculture on wild populations and
project implementation,. Data would then be correlated with national survey
programmes on fry resources for the species reared and with the possible
effects of their capture on existing and potential small-scale coastal
fisheries.



(b) Identification of traditional activities
in #editerranean aguaculture

Modern Mediterranean aquaculture has aeveloped from a very olu tradition

that can be 1dentified as fisheries managyement in confined coastal areas.
Examples such as Italian valliculture, the areas enclosed by earth dikes in
the Nile delta lagoons and the fixed traps located 1n various lagoonal areas
illustrate what can be classified as aquaculture rather than small-scale

fisheries.

In the case of coastal lagoons, aquaculture activities can be defined as
such if capture is integrated with:

- the presence of fixed traps which permit a seasonal control of
migrating populations:

- activities of selective capture;

1

control of lagoon openings and eventually of the hydraulic system;

restocking with the seed of various origins.

The importance of including coastal basin management in aguaculture
activities is recognized at both social and economic levels because only the
improvement of such activities can guarantee a continuous control of the
quality of the environment.

Lagoonal systems must be considered in their totality as environments to
be managed through aquaculture methods, on the basis of strategies that make
possible evaluations of existing cultures, or any improvements to be brought
to them as well as estimates on preoduction and amelioration of the living
conditions of those who traditionally form a part of this environment. Such a
management approach takes into account the collective interest and should
theréfore be regarded as having a high social value.

The lagoon basins can be used for many activities which should take into
account the elements outlined above. This should permit a sound active
conservation of the environment and all the benefits that derive from it, in
addition to appropriate management or agquaculture.

Finally, scme programmes of Mediterranean aguaculture, such as the
stocking of marine species (mullets} in the artificial freshwater ponds.and
dams, especially in the warmer regions, can be considered traaitional
aguaculture activitaies,

(c) Rearing practices

Concerning rearing practices, the Mediterranean activities can be roughly
classified with regard to (i} technoloygy, (ii) environmental impact and (iii)
secial aspects.
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n the Meuicerranean region there are various situations sceimping Lron
se choicas of development policy. If the Zuyptian situation 1g taken ac
an orxanple, there is a correct trenc towards recaring those specics Llaat are
gooa utilizers cof the substrate and can meet tiie high internal dewanu vor
foocd. However, considerable additional research 1s necded although this
method respends to the avallab:ility of large surfaces unsuitanle L[our
ayguaculture. This corresponds to the bhorizontal development of aguaculbure ca

the basis of the schemes already applied widely 1n other regions of the world.

The tendency in the other Scuthern Mediterranean countries 1s Lo produce
the expensive specles ol sealood, part ot which 1s exported to the Morthern
Mediterranean countries where there is a high demanda for them. In such cases
efforts are made to devise more auvanced technologles and models which would
allow the quickest possible beginning of production.

The limiting factor of such models is foou availability on bkdcn
qualitative and guantitative levels because intensive and seml-intensive
strategies usually depend on heavy imports of teeding stufr.

The rearing models of the Northern Mediterranean tend to exploit small
avallable areas through aguaculture activities by using more sothisticated
technologies that have a greater environmental impact and aie 1n a greater
contlict with existing activities.

In recent years however there is a tendency to move towards a type or
aquaculture that exploits envirommental resources but with a hugher level ol
social responsibility, even if the tendency to produce for the acluxe mariet
still applies.

Generally speaking, it is now [elt that aquaculture activities chould be
planped and luvated in such a way as to take full advantage of the given
environmental resources available in each case. However, there is little
experience in developing a mass-production approach where reliable production
is based on realistic economic estimates. The lack of such an approach 1is not
surprising because Mediterranean aguaculture in its currzent form is still
recent in origin.

Major production strategies

(a} Management of coastal environments

These are strateygies of “"ecological" control in the contined coastal
environments where nan, through [ixed traps anu selective tisneries, controls
the dynamics of the populaticns that are of financial interest. This stratoyy
concerns extensive production where no f{ood is adminlstereu and the control ¢l
the hydraulic regime can alflect prouauection. KRestocking 1s made vthrougn
natural migration ©of juven:iles from the sea, but there 1s also a more advanced
type of management where the seed is introduced oy man.

As far as the production moael is concerned, associations of spoecice that
are more or less balanced can be found (that incluues predators); the
production is generally recorded in j¢ ha — ycar —. These models should
be consivered as highly prolitable since they make possible the caplure or the
valuable product for direct consunmption by making use ol the enviconmental
trophic energy.



-14-

In general, envirconmental control and protection imply high costs but
bring with them relevant social benefits as well; fish producticn 1s only one
of them. Therefore, such a model shoulua be considered as socially beneficial.

{b) Shellfish production

It is a form of aquaculture, which i1n addition to some specific
technologies, makes use of environmental trophic resources, both in the open
marine environments and in the confined areas. From this point of view, such
activities deserve special attention, as there are no intrinsic limitations in
terms of space availability in the Mediterranean region and because they can
be profitably combined with other kinds of intensive production (e.g. floating
cages).

{c) Semi-intensive production in artificial ponds

This is a production method that is wiaely used in fresh and coastal
waters. .

The main criterion for site selection should be the level of the area, in
relation to the sea, so that ponds can be emptied completely, in order to
allow control of the productive c¢ycle. In the rramework of Mediterranean
aquaculture, non ichthyophagous speciés should be favoured (mullet, sea-bream,
shrimp) both in mono- and polyculture, species which exploit the natural
trophic energy with or without manuring and with or without the addition of
integrative diets. Thus the profitability of semi-intensive plants depends on
whether food inputs are expensive or not.

The high costs of earth moving and pumping represent a constraint to the
development of such plants. Some integrated systems (intensive/
semi~-intensive models) are being developed, in which the wastewater from the
intensive basins is used in the semi-~intensive ones. It should be added that
the semi-intensive models can use fresh water for the production of marine
euryhaline species, especially mullet. For the time being the other
constraint is the availability of fish fry. For crustaceans (Japanese prawns)
the availability of seed seems to be rapidly increasing. The semi-intensive
models have good prospects although further research is still needed.

From the point of view of environmental impact, the wastewaters of the
semi~intensive plants have acceptable gualities, especially if the outlet
channels are large enough to allow organic matter recycling if the appropriate
species are reared,. .

The production unit is t ha™t year'l.

(d) Intensive production models

Widespread in the Northern Mediterranean, these model areas were planned
for the production of sea-bass, eel ana sometimes of other species. Intensive
plants produce high bicmass per space unit in compacted earth, concrete,
plastic-lined ponds or floating cages, with the food entirely supplied f£rom
the outside and high water turnover. Such plants need a technologically
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advanced management. From an enerygy point of view, thesy show an untavouranle
balance since they require fairly high quantities of animal proteins. Tunese
plants are generally managed by private firms (sometimes public share-holders)
and usually prouduce expensive products. Anong the latter, sea-bass 1s
recordiing a rapld development owiny to seed production in hatcheries.

Environmental impact i1+ considerable due to large concrete works and the
amount of wastewaters generated. Food requirements and availability of
sultable technologies can be the main limiting factors 1n some reylons.

Such forms of aquaculture do not contribute to large-scalce provduction, but
can pronmote activities, such as food preparaticn in fisheries where minor
species are grown. It should be added that some experiments are being carried
out to integrate the intensive sectors within the primarily semi-intensiva
systems.

Interaction of aguaculture and other activities

Due te the fact that the Mediterranean region is an extremely Eavoured
region with regard to the variety of human activities, aguaculture can elther
play a complementary or a competitive role. For the sake of simplificalion we
shall group these activities into four main categories.

Aquaculture and fisheries

In the minds of the public and of the wmajority of political and
administrative leaders these two sectors are closely connecteu, Not
infrequently this creates confusion at the level of economic policy and
decision making. As a matter of fact, except ror some rare instances, there
is only a minor link between them. Fishing in most countries of the world is
based on analyses of natural resources and demograghic studies, thus enabling
the enterprise, at best, simply to crop the product.

Aquaculture, on the contrary, is an attempt to control the maximumm number
of parameters (physical, biological etc.)}from the very beginning, thus
orienting production towards one or more pre-selected prouucts. 7To this
fundamental difference we must add the fact that aquaculture, for the time
being at least, is concerned with only a small portion of the marine
environment, constituted by the coastal waters, while fishing activities
involve the whole of the marine area.

The exceptions are few and limited to the coastal areas. In Japan the
coastal zone is entirely in the hands of the cooperative companies,
exploitation is carried out in a planned fashion, both throuyh fishing anu
aquaculture. This type of cooperation is unique in the world.
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Competition

In the Mediterranean region in the majority of cases, fishing and
agquaculture are competitive in at least five ways:

- use of territory

—- use of biological resources
- use of human resources

-~ use of financial resources
~ marketing of product

Use of territory

In the Mediterranean region, there are Jdifferent examples of appropriation
of fishing territory Ffor agquaculture. The most typical examples are in the
development of mollusc cultures, especially in the layoon zones, and in the
more recent fish-rearing methods in floating structures (cages, rafts). These
two technigues are not without a certain impact, not only because of the
territory used by the equipment employed, and the obstruction created to the
use of fishing uevices , but also on account of the impact on the
characteristics of the benthos. These conflicting situations, which may
result in the deterioration or destruction of the installations, can be solvea
only with a clear delimitation of the territory (Nador Programme - Morocco},
with retraining or convertiny the fishermen (shell fishermen at Thau, France),
or with an outright abclition cf the fishing activities (Limski channel,
Yugoslavia).

Use of biological resources

Aquaculture can also come into conflict with fisheries due to the use of
biclogical rrsources such as the natural production of fry, nutrient species
or other production factors. The collection of fry for aguaculture could be
congidered by fishermen as the cause of a potential production decrease,
although this need not happen if certain precauticns are taken. Another
example illustrating the conflict is a prohibition enforced in certain areaas
for fishermen to pick the oysters from the natural reefs, in order to preserve
the oyster spat for rearing. Because of the direct impact (wastes), that
certain types of aquaculture have, it is possible that their development can
transform the environment and consegquently the production of fish.

Use of human resources

Fishing is an economic activity that can be very protitable but is still
tough and dangerous. Aquaculture, on the contrary, 1s considercu a steady and
reliable occupation as well as a less primitive one, Even if this assessment
is rather far from reality, it has an effect on the younger generation of
Eishermen similar to that of industrial Job opportunitics vis-3-vis
aguaculture. This attitude, which is reinforced by improved education and
training opportunities may however leaa to a gencration conElict.
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Aguaculture can on the other hand prorit {rom the pre-existence of a
ficshing-oriented social background {know-how, specialized commercial
activities etc.).

*

Use of financial resources

Aquaculture absorbs a large part of the investments in the marine
production field, not necessarily commensurate with its share in the actual
output. Thls is mainly due to an overly optimistic publicity on development
possibilities 1in this sector and on productivity and profitability
expectations., This uncontrolled inflow ol private and public capital
generates a feeling of being neglected in those connected with fishing
activities.

Marketing of product

In the initial stage, the marketing of aguaculture proaucts not only has
no impact on fishing product prices, but is dependent on them. This situation
however changes with the growth of aquaculture production, which tends to
reduce the price of the fish product, owing to the wider and more flexible
marketing of agquaculture products; here producers can actually decide which is
the best moment to put the product in the market and alsoc possibly to
stabilize the market.

Ultimately, f£ishing would not have any influence on the price of fish
products (which are generally rather low); the latter would solely be
controlled by the market supply of aguaculture praoducts. A century ago Lhils
phenomenon did actually coccur in France with oysters anu mussels; twenty years
ago with trout. Today the same phenomenon involves Atlantic salmon ana there
is a risk of experiencing it with sea-bass and the Meditertanean sea-bream.

Complementarity

As it has already been shown there is only limited complementarity between
fishing and aguaculture: the mentality of entrepreneurs is different, the
areas do not coincide and the equipment is specific to each sector (except in
the preservation and processing fields). .

However examples of complementarity can be found in certain restricted
areas where integration of lagoonal fishing and aquaculture coexist:
collection of fry, seed collection, re-population of shrimp post-larvae or
seed from hatcheries, management of rearing cages, enclosures etc.

This integration, with complementary activities either at the level of
supplying fry, or at that of feed, or finally, in the use of labour, can be
implemented only at the level of artisan activity and requires a close
cooperation between operators in the two sectors.

Conclusions

By its development, aguaculture can create some conflicting gituations
with fishing activities, in particular with coastal tishing. It 1s necessary
to remember however that this competition :s limited Lo certain zones and to
specific species and that, in actual fact, contrary to what some believe today

“mr e a memrm—.
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aqguaculture 1s not a replacement tor fishing. Fishing deals with the
exploitation of far larger areas and a much latger variety of species. A
sound managenment should therefore aim at developlng ayguaculture ana promoting
fishing activities at the same time, while mitigating conflicts in the coastal

strip, possibly through integration.

Aquaculture and ayriculture

These two activities, in contrast to what was stated above, are inspired
by the same vision: to orient production in an ecosystem towards one or
several products of commercial value. This is why we find a more
*agronomical' approach in aquaculture, which aims at extracting the maximum
production out of a given environment, or also a more "zoctechnical" approach
consisting of a detailed study of species in order to secure a maximum
controlled preduction. The rearing environment, however, remains different.

It is therefore guite understandable why a number ‘of aquaculture
activities {Italian valliculture, n-fish breeuing etc.) are patterned after
agricultural models. There is nevertheless occasional competition and
conflict between these two activities.

Use of resources

Three types of competition can be expected at this level: land, fresh
water, agriculture by-products.

Land

Sone forms of aquaculture (semi-intensive, extensive)} require areas of
considerable size and are, therefore, liable to compete with agraculture on
the land market. For that reason a sound planning policy should put at the
disposal of aguaculture an area ol relatively sterile land (briny or sandy
s01l) or such sites where the sea influence is felt (sea spray, saline zones),
land that is where cultivation is impossible and stock breeuinyg hardly
aévantageous (less than 200 - 300 kg ha-1 year‘lJ.

Similarly, streches of marsh land which are difficult to drain shoula be
flooded and transformed into ayuaculture zones.

It is estimated that dozens of thousanus of hectares of such land are
available all along the Mediterranean, with no adverse effect of aguaculture
activities on agricultural gevelopment.

Fresh water

- The best production in aquaculture has been obtained in water of medium
salinity (20-25 9/00}; this is difficult to find naturally, which means that
a source of fresh water has to be used to lower the usual salinity of the

Mediterranean sea water (35-409/00),

In scme regions, especiully in the northern Mediterranean, this does not
crezte any problems; however, in the Southern Mediterranean where aguaculture
competes directly with agriculture because of fresh water shortage, the

aguaculture priority use of fresh water cannot be justitied.
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The only remaining solution is to explore the possibilities of
installations that would use water inadequate for agriculture, drilled-well
water with a very high salinity (over 6%/oo) agricultural run-otf water etc.

Agricultural by-products

Low technoloygy aquaculture can be lntegrated very well with various
agricultural projects and utilize by-products available: agricultural produce
waste, wastewater, organic fertilizers etec.

Nevertheless, competitive situations can arise with respect to
agriculture (fertilizers) or stock breeding (fodder waste). The decision on
priorities will depend on the fact that aguaculture cah often make better use
of some types of waste, 1n particular of animal origin, than any other land
culture. This is equally valid tor the so~called "intensive" aguaculture
which is totally dependent on external sources of fcod (fish flour,
soya flour etc.), generally gettiny a better value for these supplies than
most land cultures.

Conflicts

The conflicts arising from the competitive use of products are generated
by the disturbance which the presence of one activity causes to the other. A&t
present, there are two types of conflicting situations in the Mediterranean:

~ impact of the pollution caused by agriculture (pesticides,
insecticides, fertilizers) on the guality of water;

~ impact of coastal aquaculture projects on the salinity of the
neighbouring agricultural land.

The first type is found primarily in the northern countries, especially in
the systems using fresh water from the coastal rivers., In the countries of
the south, the use of chemicals in agriculture is still limited and it is even
possible to utilize the agricultural run-orf water for the fin-fish culture

(Egypt).
Conclusions

As we have just seen, the inter-relation between agriculture ana
aguaculture is more of a commercial than of a conflictual character. It is
however necessary to insist on inteyration wherever possible, in particular
with regard to the use of by-products and the use of land not tit for
agriculture, but suitable to aquaculture projects.

Agquaculture and tourisu

The development of tourism which is favoured in the Meciterranean reyion,
because of its particularly attractive weather and the historical and cultural
interest, is not without impact on ayuaculture activities in this area.

The inter-relations of these two activities are also of three types:
competition, conflict and integration.
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yrretiltion

Tne competition between the two sectors 1s apparent in the use ot land in
1rastal strip. In fact, both of these activities need stretches of territory
;£ the same qual:ity (temperature, easy access etc.). It should be stressed,
aowaver, that in practice some aguaculture systems can prosper in the less
atractive zonus, especially on marshland and lagoonal zones. Competition is
t1kely to arise in such places as cloused bays or narrow caves well suited to
tne use of floating structures predominating in the northern part of the
Mediterranean (Yugoslavia, Greece}.

Conflict

An overly pronounced development of one or the other branch of activity
can provoke a risk of conflict such as:

- impact of wastewater pollution from tourist aevelopments on water
quality;

- interference of tourisme 1n aguaculiure operations;

- restrictions imposed by aquaculture with regard to tourist activitles
and the resulting waste disposal;

~ yisual impact of aguaculture installations on certain sites etc.

Consequently, planning and zoning are equally important here in order to
move from the initial competitive situation te an inteyration.free of contlict.

Inteyraticn

Variocus forms of integration between tourism and aquaculture can be
developed:
- on the level of infrastructure, in particular with regard to access
roads, electrification etc.:;

— concerning labour, more important to aguaculture during winter and to
tourism during summer.

~ with regard to marketing, the ayuaculture product can be almost
entirely absorbed by the tourist population.

Conclusion

Contrary to the ideas expressed by some, tourism and aguaculture can
coexist perfectly well, even integrate. Everything depends on the way in
wilch tourism and agquaculture development is conceived, on the will to
integrate, on the lowering of pollution hazards etc. It should be emphasized
chat several 1ntegration projects are already in existence demonstrating
reciprocal bencfits derived from integration (Yugoslavia, Corsical.
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Aquaculture and urbanization

Urbenlzation, industrialization, development of harbour activities or
constructicn of a large tourist complex 1n a coastal zone have a fundamental
and irreversible impact on i1t. These projects tollow from the political and
soclio—-economic decisions ana have little 1n comnon with an aguaculture
preject. That is why it is difficullt to speak about any possible relation
between these two sectors, unless one wants to underline tue fact that, apart
from some rare exceptions (the use or heated water and of treated wastewater,
utilization of the zones protected by a plan ete¢.), an aquaculture project can
hardly adapt to the requirements of urbanization and should thus be installed
in a less affected zcne.

Aguaculiture and environment

Although environrental protection is not an activity but rather an
attitude, it is at present manifested in the form of actions that can affect
aquaculture development.

The relations between aquaculture and environment cover a large number of
different elements such as water guality, protection of sites, protection of

animal and vegetal species and frequently the political ang aJministrative
decision-makers are not familiar with them.

These problems will be dealt with in a special document.

Sites and productive audels: problems and identification criter:a

Lagoons

Lagoons are traditionally the environment where Mediterranean agquaculture
was born. Every lagoon, although aifferent in character, is a potent:ial
aguaculture site unless the gquality of the environment is irreparably degraded,

Planners have to take into account and study the existing elements of
lagoonal zones as well as the characteristics which determine the production
goal as a result of aguaculture activities.

%

The modern management of lagoons tends to consider them as aguaculture ;
environments rather than fisheries fields. The lagoons, where both the 1
products (through efficient fixed traps) and the water flow can be controlled,
may be considered as suitable environments for extensive aquaculture.
Management criteria in the lagoons appear to be more complex since these
environments attract many versatile interests. They should alsc take into
account traditional fisheries activities, i

These ¢riteria are based on the control or on the attempt to control the =WM
ecological parameters. Ecological characterization can yield fundamental ‘;w"
elements for determining the type of production (more profitable production o

through better utilization of the available trophlc eneryy which often remains
vnutilized for lack of adeguate users.



This new approach which 1s advocated by the majority of ecologists and
zGuaculturists may be 1nitially applied in the small or medium-sized sites
where the methcdologies could be iwproved. lHere there 1s much to do in terms
of scientific research on the environment, taking 1nto consideration the wiae
available areas hitherto unexploited, which is really the foremost objective
to be achieved.

If only the capture of the non-~commerciel size fish could be reduced or
eliminated, production would very easily double. But it 1is clear that thais
would necessitate selective traps, i1ntegrated agquaculture activities,
structures on land, technologies etc. All this however is not easy Lo
achieve. In addition to consideranle resecarch etforts, it requires trained
fi.nermen and operators.

For example, there is an annual capture of many tonnes of small
under-sized sea-bream in the whole Mediter:anean region and this leaus to the
scarsity of sea-bream £fry.

Management criteria for lagoons, therefore, must take into account many
aspocts (starting from the simplest) which must be considered as a whole.
This is true for those cnvironments that are still abundant in fry, whereas in
other more exploited and imperilled regions, the strategy recommends seed
production for restocking purposes.

Once the environmental potentials have boen identifiea, the problem of
producing fry of species suitable for restocking should be tackled.

(a) Identification criteria

As far as layoons are concerned, even more important than determining the
aquaculture sites, is setting up the appropriate general strategy for each
separate type of environment chosen. '

Aquaculture is in fact only one among many activities carried out in the
lagoonal environments, especially in those with the highest level of
eutrophication. However, the only identification criterion for defining the
aquaculture activities to be improved upon or introduced inte the "system
emerges from a global study of the system.

To put it in a nutshell, both the characterization of the areas and the
ldentification of the methods of management should be based on the
inventorization of the following yroups of items:

- geographic, geomorphological and hydrobiological aspects;

- ecolagical characterization of the systems;

- 1dentification of the human activities already existing in the given
system.
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Selection of sites Ffor mollusc culture

Considering that molluscs are consumed raw and fresh, their rearing
requires the highest category oi water guality (cleanliness) and, aepending on
the technology applied, particular hyarographic and ecoloylical conditions.

Physiographical concitions

Gecmorphological conaitions ao not have a cecisive impact on the rearing
possibilities; they determine volume and production, choice of technology and
techniques applied and exert an influence on the protfitability ol production.

In the Mediterranean rearing conditions where, as a general rule,
"suspension" techniques are applied with the use of portable structures, racks
and rafts, the rearing site should 1n particular:

— be sheltered from waves and winds in corder to keep the-installations ¢
safe;

- possess an even miry-sandy sea bottom for in-suspension rearing;
- be deep encugh to make the installation of the floating structures

possible and for attaining the volume necessary to obtain sufficient
inertia in order tv cope with the rapid hydrographical and ecolcyical

changes.

Leological conditions

All conditions, in particular the hydrographical and ecoloyical, shoula be
managed in a flexible manner, in view of the fact that they exert an influence
on aquaculture. They should be known and separately analyzed for each rearing
site.

For successful mollusc rearing, it is desirable that sea water have the
following general characteristics:

~ lower salinity (25-35%)

- higher temperature (above 8°C)

sufficient gquantity of oxygen (near saturation)
a primary production marked by a well balanced and suitficient gquantity
of nutrient salts (to eutrophication limits)

a phytoplankton population of adequate quantity and yuality

dissolved organic matter

high dynamics of water exchange (currents).

. It is desirable, although not a pre-requisite, that the areas chosen for
the rearing should also be sites of reproduction and fixing of the mollusc
spat in order to obtain a completely closed production cycle.

At the present time in the Mediterranesn region, only oysters anu mussels
are actively grown,



Sanitary conditions

Regarding sanitary conditions, many countries apply the criteria
stipulated by national legislation on the production and sale of molluscs.
Legislation differs from one country to the next and it is therefore nhecessary

to harmonize and standardize these laws within the entire Mediterrancan
region. Furthermmore, the values of different parameters may exclude or on the

contrary permit the rearing and sale (either directly or after treatment) af
molluscs depending on the country involved.

Rearing grounds should be free of uncontrolled discharges of waste water
and be immune if possible of temporary accidental pollution. The level of
seawater pollution should be within the limits prescribed by law.

Selection of sites for fish culture in cages

The main criteria for selecting the sites should be the following:

(a) Physiographical conditions

For fish culture in cages the most suitable physiography is comprized
of bays and gulfs sheltered against waves and gales, rather deep and
with a fair exchange of water.

(b} Ecological conditions

In general oligotrophic water with major sea currents {exchange of
water), with a high saturation in oxygen and with winter temperatures
above 10°C, (8°C).

{c) Sanitary conditions

Conditions for the sanitary conformity of waters are more flexible
for fish than for mollusc culture, especially the microbiological
regquirements.

-

Toxiceological conformity of sea water 1s necessary because of the
accumulation of pollutants in the fish tissues.

Selection of sites for the construction of hatcheries

(a) Sea

Considering that sea water is the main primary commodity for hatcheries,
it is important that the water be of good quality ana f{ree of sediment, in
sufficient quantities and without the critical low winter temperatures.

One of the most important running expenses of hatcheries is the heating
(cooling) of sea water and it is theretore desirable to have a water colunin
above and below the thermocline for the installation of puaps necessary to
obtain the initial choice of temperatures (calories) in the periods without
isothermy.
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Deeper waters, that is a larger volume of water, result in more rapid
changes in the system, something very important for the normal functioning of
hatcheries.

(b) Land

It 1s indispensable, whenuver possible, to have flat grouna spread out
along the sea line not far from pumplng facilities. It 1s advisable that the
hatcheries have near-by available space for the construction of installations
for £ish growing or for their intermediary stages.

In order to save on light, heating and phytoplankton production, it is
necessary to have sufficient sunlight (photoperiod).

A naturally protected ground, sheltered from winas and bad weather is
preferred, so that exploitation of the less costly structures and
prefabricated equipment 1s made possible.

Gria patterns for the cholce of sites por sector

In 3 (a) above, a number of criteria was listed concerning selection and
monitoring of different environments, according to different production
strategies, under different scenarios.

In this chapter we shall try to cefine more fully some of the descriptors
that should be considered; we will then propose a scientific appnoach and
discuss its practical implications.

Outlining a strateyy

The descriptors which enter the procedure belong to two categories that
define an egual number of sub-systems: the socio-eccnomic and the
technological descriptors on the one hand and the environmental resource
descriptors on the other.

To each descriptor can be attributed numerical values on the basis of
either the actual measureménts or arbitrary scalars. The analysis design
should also include the monitoring of the evolution in time of the relevant
descriptors.

This information constitutes the inventory of the social, cultural,
economic and environmental characteristics of the system under analysis. When
the descriptors are organized in a metrical form (e.g. socio-economic elements
vs. environmental elements) such as to describe the type and intensity of
mutual interactions, a connectivity table i1s obtalned that permits a global
evaluation of the system. When the aescriptor "agquaculiture" is implemented,
1ts position and role in the system can be specified.

It is clear that the above matrix does not necesuarily neea to bhe Eully
scanned when strong hypotheses or evidence already exist on the prevailing
importance of a given subset of descriptors.

The compatibility of such a configuration with the new activities, which
we wish to integrate into the system, can be assessed by introducing the
pertinent descriptors. This will give some indication about the feasibility
of the new development and the moditications (anu their relevance ana cost)
that are eventually required tor the system to incorporate them successtully.
As far as aquaculture is concerned, we will be in a position to evaluate which
kina ¢f unaertaking fits the system best and which is its optimum extent.
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Querative elements

Even though much experience has been gained concerning various ecclogical
and socio-economic situations, very little has been done i1in the iediterranean
coastal areas with specific reference to ayuaculture.

Only recently have theoretical proposals been developeda and practical
application carried out, both paving the way for further experiments and
improvements. The available examples however concern almost exclusively the
lagoon environments where a strong scientitic tradition, as well as an
empirical one {e.g. Italian valliculture) have already produced the bulk of
basic knowliedge.

It must be addea that generally only a limited number of descriptors
(mainly biological) has been considered; some of them are nelther measured nor
measurable. The idea of "confinement" (Guelorget and Perthuisok, 1983) for
instance which indicates the degree of "separateness" of a basin from the sea,
has proved very useful in the classification of the Mediterranean lagoons and
has provided the framework for a new ecological interpretation of these
environments. The idea holds however only from the gualitative standpoint as
it involves the concept of a manifold ecological gradient which is virtually
not measureable as such.

The analogy approach can be very fruitful in producing hypotheses, but
these must be tested whenever possible with more formal means in order to
avoid the risk of wrong interpretations.

Along these lines of thinking, we may attempt to define the uescription of
a system for aquaculture based on the combination of both the numerical and
the analogy approach.

In the selection of a site, for instance, a first approximation to the
choice of the appropriate descriptors could consist in consiuering some of
them as reflecting the integral properties of the system under examination.
They can thus provide information or allow inference on more general
environmental patterns. The case of the ecological structures inferred on the
Lisis of species~composition, which is a biclogical descriptor, seems
particularly illustrative in this sense.

The dimentionality of the problem hcowever requires that at least a
cross-~reference grid of such descriptors be established. In other words, the
"integral descriptors" should be sought and considered in all the homogeneous
matrices of the system. This should permit cross-checking of the hypotheses
individually derived from each matrix, but concerning the same process orc
pattern. In a first approximation we can content ourselves with observing the
correspondences among these descripters when deciding on the validity of the
hypothesis. Later we can look for correlations (in statistical terms), if
necessary.
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The problem of an assessment specific to the purposes of aguaculture has
to he examined in connection with the various environmental scenarios and
production models. It is clear, on the one hand, that different conditions
can be expected if we are concerned with the sites that are subject to
different levels and kinds of exploitation ana stress. On the other, the
situations we may have to deal with will vary depending on what and how tuch
per space unit we want to produce, the scale of plants and the technology
involved. The assessment of the socio-economic demands plays an important
role in this contex.

Generally speaking, the environmental scenarios can be of three maln types:

1. Sites which are not subject to significant exploitation of whatever
kind;

2. Sites which are already exploited, managed or protected;

3. Sites which are exploited and under stress.

The first scenario includes the coastlines and basins which are away from
urban and industrial concentrations of whatever size. No significant
environmental stress is observea and the exploitation of resources is small.
The development potential is therefore closely relateu to the natural
resources. Only the latter should guide in the selecvtion of the general
options.

The main problem the planners have to cope with in this context is to make
the fundamental choices taking into account not only the potential but also
the fragility of the site being developed. On this basis a sound, long-term
plan can be defined. It should include continued environmental monitoring,
the intensity of which will depend on the type and diversity of the main
development lines. It is understood that the above considerations apply to
those situations where development is already in progress althouyh plans had
not been made on the basis of an assessment of the type being proposed in this
document.. In this case, the results of an environmental study may profitably
be integrated into the original plans.

As far as aquaculture is concerned, its role in such a scenario can be ot
great importance. It can represent a promotion factor, as it is an important
pole in a diversified production strategy. As such it should be a stabilizing
factor in the general development of the site. This concept holds true if we
consider that the pleas for ecological conservation largely coincide with the
needs of aquaculture in the maintenance of the ecology of a site. It is for
this reason, that the selection of the proauction model should be made on the
basis not only of whether it is compatible with other types of development but
also on possible mutual reinforcements. .

The second scenario encompasses those situations where either one or
several uses of the environment are alreaay being carried out at a significant
level. No serious stress is observed, but the ecological balance can be
eventually broken if new exploitations are added or if the existing ones are
expanded. This is a situation common to many areas in the Mediterranean.

In this case, the potential of the site for aquaculture must be evaluated
and the production model designed mostly in terms of compatibility and of
cuulative effects. The stabilizing role of aquaculture appears obvious in
the light of what is stated in the previous paragraph. Exi..sive monitoring
is important because of the multiplicity of interactions that must be expected.
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The third scenario includes those situations where a strong environmental
impact has been demonstratea or can be inferred. Ecological value 1s partly
lost and this brings about a sericus impact on the socio-economic
configuration of the area. The natural potential however i1s not Fully
compromised as yet.

In such cases, aguaculture cannot be seen but as part of the restoration
plans to re-establish the potential of the site. By no means can aquaculture
represent a goal in itself; nevertheless it is important since it can
introduce socio-economic considerations in the environmental recovery poliey
which is often not considered from this standpoint.

t

Patterns and procedures

The objective of this chapter is to propose an operation procedure for the
assessment of the main patterns of a socio-ecosystem where aguaculture
activities are being considered, or are alredy carried out. In this
connection we must point out that the site analysis developed hereafter is
designed to satisfy the specific needs of aquaculture. Therefore 1t cannot be
retained as the overall best aescription of the system except in this precise
context.

The analysis aims at describing the mass and energy exchanges within the
ecosystem in terms of the biological and socio~economic expressions. In doing
this, "the system is broken down into the following phases grouping homogeneous
descriptors:

~abiotic phase

-biotic phase

~-socio-econcmic phase

The latter incorporates the social, economic and technological descriptors.
In general, the following descriptors can be proposed in site evaluation

and monitoring for the purposes of aquaculture. It is assumed that the
delimitation of the area has already been carried out.

a) Abiotic phase

1. morphology: values for area, depth, volume,sediment granulometry. The
shape of the coast, as well as that of the basins and their inlets and
outlets must be recorded, possibly in the form of digital maps.

2, climate: values for air temperature, relative humiaity, wind fregquency,
direction and speed, rainfall, sky cover, irradiance. This information
should be derived trom the statistics obtained from long time series
(e.g. 25 years) and is normally available, at least at regional scale,
almost everywhere.

3. hydrography: values for current direction and speed, waves, water
temperature, watershed, in-and-out flows. Generally speaking, the
hydrographic parameters can be simulated by means of mathematical
models, but they should always be validated through tield observations,
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4. chemistry: values for oxygen, salinity, nitrogen (diflerent species and
total), phosphorus (totul and reactive), silica, total oryanic matter
{(water and sediments), other pollutants, il sources are detected. ‘The
aispersion of zero-mass tracers {concentrations) can be simulated but a
data set of measured values is necessary. MNevertheless, interaction
with the biotic component of the system must be taken into account.

b) Biotic phase

5. pathogenic bacteria: in principal, faecal colitorim concentrations
should be monitored. Other micro-biological forms should be identified
when specifi¢ needs occur.

6. phytoplankton: values for total biomass {both as photosynthetic
pigments and cell numbers), abundance and dispersion of the principal
taxa, production.

7. zooplankton: values for total biomass, abundance and dispersion of the
principal taxa.

8. phytobenthos: values [or total bio-mass, abundance and dispersion of
the principal taxa, production. Estimates of these values over the
area under analysis can be obtained on the basis of a limited number of
samples using interpolation technigues.

9. zoobenthos: values Lor total biomass, abundance, dispoersion and
biometry of the principal taxa. It we consider a number of relevant
constraints (mcbility, patchiness), these values can be predicted in
the same way as for the phytobenthos.

10. necton: population parameters ot the species having an economic
interest should be obtained through the usual stock assessment and
dynamic techniques. Gut contents (food item frequency) should be
analyzed at least for each age class. In the case of confined
environiments, migrations should be stud:ieaq. .

¢) Socio-econcmic phase

As for the socio-econeomic descriptors, there are severe difficulties in
the definition and quantification of some of them. For this reason, the
socio-economic phase has been listed here only pro memoria and will be dealt
with in a separate paper.

The sampling strategy

The sampling aesign 15 the crucial point of the whole procedure since the
final results will entirely depend on its effectiveness.

It must be stated right away that space arld time scales must be adeguate
for the feasibility and cost of the observations, in relation to the desired
accuracy, on the basis of the hypotheses that have already been formulated.
This is true also in relation to the type of data analysis that 1s envisaged.
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The theoretical upper and lower limits of the observation scales between

which an optimal solution can be selected for practical applications must be
defined. These solutions are obviously not the same for all descriptors.

As the sampling design has to be acapted to each individual ecosystem,
especially when dealing with coastal lagoons, a general workplan cannot bhe
established. Whenever possible, a preliminary survey should thus be carried
out with the aim of defining the principal characteristics of the environment,
on the basis of the information available and its critical assessment.

A pilot sampling should then be carried cut on the basis of the results of
the survey and of the numerical simulations that are possible at this stage.
This pilot sampling should serve to select (1) the most relevant aescriptors
(also taking into sccount their "integration power"), {2) the suitable
observation scale {space and time) for each of them and (3) the optimum
sampling size for each biological compartment. A pre-validation ot the
simulation models could also be performed.

Generally speaking, the pilot sampling should consider at least the
following descriptors in: (1) morphology (all items, with particular reference
to sediments), (2) climate (all items), (3) chemistry (salinity and oxygen),
(4) phytobenthos (species composition and biomass}), (5) zoobenthos (see
phytobenthos), {6) necton (observations on the dispersion of principal
species, with particular reference to juveniles). Descriptors 2 and 3 should
be collected alonyg a tide cycle, at least every third hour.

The samples for sediments should be cocllected in the nodes of a grid whose
mesh size is to be defined according to the extention of the study area. The
benthos should be collected on the basis of the apparent physiographic
heterogeneity of the environment, taking into account possible "confinement™
gradients.

Conclusions and recommendations

Although the socio-economic aspects of Mediterranean aquaculture are yet
to be dealt with ana presented in a paper, it has been possible to draw the
following conclusions and recommendations concerning spécifically the
identification and protection of sites suitable for aguaculture activities.

{a) Aguaculture includes many types of activities which are linked with the
environment in which they are carried out. The development of aguaculture
‘is largely dependent on the availability of suitable sites. It is
therefore necessary to identify, classify and determine the use of these
sites and to protect them. All this should be regulated and defined
within the framework of (i) national development policies and (i1)
integrated planning of coastal zones in each Mediterrancan country.
Purthermore, when deciding on development strategies and priorities, the
role and significance of aquaculture should be taken into consideration.

{(b) It is necessary to draw up an inventory of available resources for the
development of aquaculture and especially an inventory of suitable sites.
The task should be entrusted to a competent multidisciplinary tcam of
experts.



{c)

(q)
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Departing from the established cevelopment policy, and on the basis of the
inventory of sites, a choice should be made among them for the development
of aquaculture farms. In selecting the sites, the impact ot existing or
planned conflicting activities, as well as the impact of future
aquaculture farms on the environment, should be investigated, preferably
by applying suitable Environmental Impact Assessment methods. The results
obtainea will be decisive for the final choice of sites.

The selected sites should be protected by the appropriate physical plans
and other planning methods currently available. The implementation of
Planning decisions should be accompanied by effective control measures.
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3. ECOLOGICAL, SOCIAL AND FINANCIAL ASPuCTS OF COALTAL
AQUACULTURE IN THE MEDI'PERRANEAN REGION
by

U.W. SCHMIDT
COFAD Gmbll, Berlin

Introduction

Contrary to freshwater pond culture, modern aguaculture (1) in brackish
and marine waters is of relatively recent origin in the Mediterranean region.
Pond culture of freshwater species like carp has been practiced in scme
Mediterranean countries since meaieval times; today, freshwater aguaculture
can be considered as a technologically and economically established field
which is horizontally and vertically integrated in the primary production
sector,

The culture of brackish water species, i.e. their growth unaer controllea
conditions in marine and brackish water areas is, in most cases, neither
established nor integrated in the sense indicated above. Traultional systems
of extensive lagoon exploitation, which have existed for centuries in many
parts of the Mediterranean littoral, co-~exist, without great conflicts so far
with sectors like capture fisheries and agriculture. Generally speaking, such
systems have neither degraaed their resource base, i.e. the aguatic habitat,
nor endangered their economic viability by saturating markets, clogging
distribution channels or creating monopoly situations.

The question this paper intends to examine is therefore the following: why
have the considerable efforts of the last decades ko raise the performance ot
the traditional patterns of lagoon exploitation, through the intraduction of
more intensive aguaculture systems, remained, (with some exceptions) an
external element within their own geo-financial and social context? The
hypothesis discussed here is that innovation concerning aquaculcure systems 1n
the coastal, lagoonal and estuarian areas of the region has almost always been
understocd and envisaged as a bio-technical task, with inadequate
consideration of environmental, macro-ecconomic and socio~eccnomic factors.

Environment and aguaculture in the Mediterranean

The coastal zone constitutes the geo-physical resource for mariculture (2)
in the overall sense. Out of this large geographical area, three types of
environments are of praincipal interest for mariculture:

(i) lagoons :

(ii} estuaries
{(iii) sheltered coastal zones

1. Historical records show that in ancient times both the Romans and Lhe
Egyptians practiced some torms of brackish water culture.

2. We will use the term "mariculture" in the wider sense here, including
aguaculture in both marine and brackish waters.
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Lagoons and estuaries have been explolted with a certain level of
management for a long time in the region. Wwhether these traditional systems
of resource management are subsumed under small-scale fisheries or labeled as
rudimentary forms of aquaculture is perhaps a question of semantics. Their
exploitation pattern has however evoked territorial use rights claimed by the
respective user groups, limiting "open access" which is generally assumed in
capture fisheries. They have also been the base of indiygenvus development of
veritable aguaculture ({valliculture in Italy, "howash" system in Eyypt).

Protection of the environment for and from aguaculture

As a final remark we believe 1t important to stress that coastal
aquaculture depends on an intact environment on the one hand, but can also
endanger the same environment on the other. Even extensive systems oL lagoon
exploitation can reduce recruitment rates by non-selective harvesting and
impede water exchange with the open sea 1f fish traps do not allow a
sufficient rate of water fiow. Intensive systems can, through unuseu feed
residues, contaminate the waters and spread disease, if no strict sanitary
control measures are taken. In order to establish a legal framework which
would protect the environment from hazards created by aguaculture - and thus
protect an aquaculture potential from aquaculture 1tself ~ 1t would be usetul
to apalyze existing legislation in ftreshwater aquaculture, Schenes of
environmental protection of coastal resvurces can possibly benefit from
existing programmes and prevent repetition of past mistakes. Important areas
to be regulated incluae the following:

{2} type of construction to be allowed;
(ii) areas to be used;
(iii) intensity of the operation;
(iv} sanitary standards and
{v} professional standards of the operators.

Macro~economic det=rminants of aquaculture development

For national economies and the decision makers aguaculture is one of the
many possibilities of making use of physical, human and financial resources.
As part of the primary sector, i.e. the sector of the economy which provides
food, raw materials etc., aquaculture competes with che other subsectors for
the use of these limited resources.

Whereas in a centrally planned economy the choice of how to use resources
is made on the basis of centrally set priorities, in a market economy
different interest groups are in competition. However, even in the most
liberal political systems, the public authorities exercise an intluence
through legal measures, tax policiles and subsiaies. Whether centrally planned
or indirectly steered and influenced, the choice of how to use the existing
resources should take into account how the national economy will derive the
greatest benefits (3).

{3) It goes swhithout saying that influence is not imposed only fLrom top to
bottom, i.e. from the government to the aitferent sectors of the economy
and their protagonists, but also vice versa {rom interest groups at the
production level to the decision makers in public posts.
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The use of the coastal envircnment, 1.e. the physical resource for
mariculture, is tne object of competition of several lnterest groups from
industry, tourism, fisheries, agriculture, human settlement ana
conservationists. In what way mariculture can ofter an ecologically viable
alternative or create potential hazards has been discussed above; in the
macro-econonic perspective aguaculture has an impact on two ailrerent levels:

(i) the production level: by producing fish ana shellfish for huwan
consumption, aquaculture yields potentially three cateyories of
macro-economic benefits: (a) it supplies food for womestic
consumption, thereby improving the food-balance; (b) 1t may
substitute for imports and save foreign exchanye, if the country is a
net importer of fish and fisheries' products and (¢) it may provide
foreign exchange earnings, if the product is exportea.

(iyv) the producer level: by creating revenues aguaculture contributes to
the overall performance of the economy; by creating individual
income, 1t generates demand; i.e. it strengthens the internal market.

As in every concrete context, in the Mediterranean region too these
ideal~-typical formulae imply a number of "1fs", IL there is a lack of
proteins in the country and if the consumer groups in neea ot protein can
afford the fish, aquaculture can contribute to the food balance (as is the
case in Egypt). If aguaculture produces the species which, according te
consumer preference, are imported, and if the proauce 1s marketad
domestically, foreign exchange can be saved (a5, potentially, in Greecc). If
there is an export market for the species ptouuced ana if the revenues are in
foreign exchange and recycled domestically, aquaculture can be of benefit to
the balance of payments.

A similar set of conditions applies to potential benefits on the level of
the producer. Agquaculture produces values which accrue to the Gress National
Product; if however the costs to the national economy to achieve Lhese values
are, in the long term, dispropotional to the accrued benefit, the economy
loses. Income and employment opportunities created through agquaculture can
strengthen the internal market, i.e. the demand for other products, if their
quantity (number of jobs) .and quality (income levels) are signiticant and in
some balance with economic costs. Again, it has to be underlined that in the
Mediterranean, coastal aquaculture is a relatively new technology; efforts to
introduce new systems cannot be measured with the same yardstick as efforts to
improve long established systems. Innovation in this sense means investment
with a perspective of long-term returns. Success however depends on adequate
and realistic planning.

It is appropriate for example that a new and still experilitental technology
is publicly financed with - respect to research ana development
infrastructure. Xt is hazardous on the other hand to {inance the samne
unproven technology on the production level, not only because of the probable
immed:iate losses but also ‘because failure in the early stages oL technoloygical
innovation may discredit a potentially valuable system which, given more time
to mature, may show a positive economic performance.
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Socio-economic considerations

The macro-econemic backgrouna of ayuaculture development 1s defineda by the
needs ana priorities of the national economy and the relative {with respect to
the aifferent user categories) availability and nature of the physical
resource. The declsion of the individual prouucer to invest his capital and
labour 1n coastal aquaculture 1s airectly influenced by the investment climate,

However, whereas conventional production economics assumes this decision
to be taken purely on the basis of the expected financial returns, the
socio~economist takes a more globaiview of how the i1naividugl ana yroups of
individuals act and interact on the production level. While considering
financial cost benefits on the farm level, the socio-ecconomist looks at
macro-eceonomic and ecological determinants. Furthermore, he tries to avoid
the reductionist view of many economists who understand the proaucer &s a
"homo economicus", i.e. an individual who acts solely with the aim of
maximizing his revenues. Especially in primary production, tradition, values
and social interaction are important determinants to be added to the set of
eccnomic and ecological variables which intluence the path of development.
This applies particularly to the developing countries bordering the
Mediterranean to the south. In traditional systems of lagoon exploitation we
often find systems intended to maximize socio-economic benefits, i.e. to
provide a maximum number of families with an adequate income. These
trauiticonal ways of resource sharing, which to some extent are also found 1in
small-scale fisheries, become u .ible 1f the resource is not sufficicent to
meet the needs of local population groups.

In many lagoons, external effects like pollution and increased fishing
pressure as a result of underemployment in lana-based sectors of the economy
have reduced yields and created competition anu conflict. Better resource
management and a progressive change to low/medium intensity aquaculture could
increase yields and meet the needs of the user groups., &low, progressive
technological change could be tunea to the cognitive capacities of these
groups and their ability to accumulate, step by step, the neccessary
investment capital. .

In the Mediterranean region this type of "appropriate" technological
change has not taken place, (with few exceptions such as in Italy where
however it was often accompanied by privatization and concentration of the
means of producticon in fewer hands). The reasons for this are manifold:

(i) Traditional lagoon exploitation, like small-scale fisheries, was more
often than not ignored or bypassed by the dynamic development of
sectors like agro-industry, industry, tourism. It remained an
unknown entity until it was rediscovered as the area lor aquaculture
development.

(ii) Modern systems of marine and brackish water cultures, although
inspired by traditional shellfish cultures in Burope and indigyenous
fin-fish cultures in Asia were, and continue to be, largely a product
of laboratories, lecture halls and academic inst:itutes, i.e. an
external element to existing traditional systems.
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(riy) Being under pressure to demonstrate economic viability ana to provide
eventual benefits for the economic system that haa financed the
experiments, the aquaculture lobby only triea to fina a habitat for
the new technology, rather than to adapt the technoloygy to the
ecological, social and economic needs and conaitions ot a given area.

(iv) The selection criteria were predominantly bilo-chemical, topoyraphic
and hydromorphological. Apart from the fact that many of the
technologies were still in an experimental stage, economic

considerations such as how to provide production inputs,
cost~benefits and market aspects were 1gnored at least initially.

(v} In the absence of an adequate legal framework as well as medium and
long-term development plans for the emerging sector in most
Mediterranean countries, the predominantly bio-technical level ot
aecision making led to an unccocoerdinated establishment of production
units which often ignore their social and economic context.

{vi) Through over—optimistically subsidizea finance opportunities
investors were attracted on a scale which often did not correspond to
either the financial or the economic feasibility goals which one
could realistically expect.

Perhaps the most critical feature of the emerging marine and brackish
water culture schemes is the general emphasis on intensive systems, which
further aggravates most of the problem lssues listed above, Dependency on
ongoing research {as many of the bio~technical problems are not salved),
technical assistance (which often has to be provided externally), expensive
production inputs (like composite feed which most countries have to import)
and foreign markets (which are not sufficiently known and cannot be controlled
by the producers) makes the intensive systems very costly, especially for
developing countries. Because of their cost structure both in teris of
investment, and fixed and variable costs, these countries have to concentrate
on high value species for which the domestic purchasing power, at least in the
southern Mediterranean states, is not sufficient. “The narrow profit margin
between cost price and farm-gate price and the absence of domestic markets
which can act as a buffer if export demand slackens make ‘these ventures, Efrom
a marketing point of view, totally vulnerable.

Socio-economically speaking, intensive systems provide, in relation to the
investment they represent, a minimum of benefits in terms of employment
opportunities, i.e. positive erfects on eguitable income distributicn. It
could be said that in this respect, the socio-economic approprliateness of
coastal aquaculture decreases as the intensity of the respective systeam
increases.

From the above it is obvious that extensive ana semi-~intensive systems
are, macro-economically and ‘sccio-economically, more adequate. Whether they
prove equally preferable, with respect to competition for the use of coastal
resources among the various sectors, e.g. tourism, industry, human settlements
ete., will largely depend on regional ana intersectoral planning.
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Planninyg for aguaculture development

Since the develcpment sequence outlineu akbove has created a dual structure
of coastal aquaculture (i.e. traditional extensive and moaern intensive
systams) in the region, concerted and uynamic efforts will be necessary to
increase the homogeneity of the sector. At present there is an oryanically
growing subsector which progressively moves f[rom extensive to semi-intensive
management. Only in some lnstances are these systems linkeu with intensive
elements, such as artificially produced fry which is needed for stocking the
semi~intensive systems in managed lagocns. 7This process, alrecady advanceda in
for instance Italy, is only in 1its infancy in most other countries. On the

‘other hand thers are several intensive schemes scattered over the regiocn,

implemented mostly on an ad hoc basis and largely as a direct result of
indirect or direct public or semi-public subsidies. In some instances the
latter represent an obstacle rather than an impetus to the sector. DBecause of
a certain affinity of governmental and financing agencies to sophisticated
technology, such advanced technology schemes are given preference.

For the time being regional, naticnal ana local planning ellorts must
focus on the following priorities:

(i) a re-~orlentation of the development strateygy towards i1mprovement of
existing extencive exploitation patterns and a step-by-step change to
semi-intensive systems which have to be in line with the absorption
capacity of the lcocal targeb groups;

{ii} an adjustment, on the part of government ana financing agencies, of
the approach to promote intensive systems to the effect that the
latter will either serve as plLlot/demonstration units to pave the way
for future development (in this case public support will be
justified) or prove their economic viability as private enterprises
in the market-place and within the framework provided for other
ventures operating in the private sector;

(iii) the establishment of social and economic priorities uesigned to
maximize medium and long-term benefits for the community, region or
nation, in line with overall and parallel temporal and spatial
development plans in order to make coastal aquaculture an integral
part of the local production structure and tne national economy;

{iv) the improvement of vertical integration of aguaculture by including
the ecological dimension, i.e. to define, implement and enforce
concerted action to ensure a rational and sustainabié use of the
coastal resources. In this context the social ana economic
priorities of the communities and cthe national economy have to
recelve increased attention, 1n order to provide a lony-term strategy
of resource sharing among the various sectors operating in the
coastal environment, anda

(v) the establishment ot a reglonal information system to provide the
producers with medium and long-term demand forecasts for aguaculture
products.



ecause the limited scope of this paper, 1t 1s not possinle to go beyond
25kE1ny varlous measures, e.g. by outlining planning methoduloyies.

] £8 as an unorthodox postulate we woula liowever encourage an g;proach to
lanning which may counterbalance the philosophy employed so far. Until
recently - and in an exaggeratea sense - a given technology, after beiny
developed on laboratory scale, was transferred to a bio-technically suitable
srn.vironmental substratum under the assumption that markets coula casily be
found. In the Mediterranean context it could however be aavantayeous to look
at the environment, i.e. the physical resource and i1ts economic, social and
cultural implications on the one hand and at the internal and external
markets, i.e. consumer preferences, demanu and price structures, uynamics and
trends etc., on the other and then decide upon which technclogy would be the
mogt appropriate. Appropriate technology in this sense would amply
sustalnable and participatory use of the resource as well as lonu-term
raximization of social and economic benefits.

Regional assistance to aquaculture development

The rele of internaticonal agencies is of particular importance with
respect to the tasks indicated above. The collaboration of UNEP (through
FAP/RAC) and the UN (through MEDRAP) has already yielded good results and will
continue.

MEDRAP will organize, during 1986, a workshop with the aim of establishing
a planning methodology, along the lines mentioned above. The project will
further tackle the task of providing realistic market information. A possible
Further contribution to a meore global approach .o mariculture aevelopuent
would be constituted by an information mecium, such as a newsletter, where
different countries, agencies and individual contributors coula cominunicate
their experiences. With this and other measures intended to change the
technocratic path of mariculture development, UNEP would play an instrumentadl
role to safeguara the environment, 1.e. the resource without which no primary
production is possible.

MEDRAP, according to its terms of reference, will continue to promote
agquaculture in the region, with new emphasis on marketing ana soclo-sconomic
aspects, .

Both programmes should, in the sense indicatea in this paper, advovute the
importance of the social and macro-economic dimensions in their respective
fields of work, in collaboration with each other as well as with other
international agencies or organizations (Like the EEC). The overall objective
would be a coordinated, integrated and total approach to coastal aquaculture
development in the Mediterranean.
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4. REVIEW OF MISSION REPURTS Ol THE SELECTED
AQUACULTURE SITES
by

IVAN KATAVIC
Institute of Oceanography and Fisheries, Split, Yugoslavia

Introductory remarks

In order to cover some of the most relevusit envircenmental and production
scenarics in the Mediterranean coastal areas, seven lccalities with different
characteristics were preselected. Prerequisites for site selection were
certain aquaculture activities either implementcd or planned, the 1interest of
public and/or private agencies, the existence of favourable logistic
conditions and research facilities.

The first four mission reports (Turkey, Egypt, Spain and Yugoslavia)
yielded sufficient information in order to reconsider originally drafted joint
projects {(not only the nature and the number of activities but also the
architecture, timing and components of the buuget). Followiny these
considerations, the project has been reformulated and organized so as to
include:

{a) a Pilot Proyramme, to integrate previous data, to prepare pre-models
and to start the operational calibration of the Project;

{b) a Core Programmne, including a minimum of basic activities that coula
be periormea at all sites and

{c} Parallel National Activities {so-called Satellite Programnes), to
perform, in individual Local Units, specific programmes which can be
developed independently, but consistently with the Core Programme.

The recent missions to Morocco, Tunisia and Algeria have followed this
reformulated scientific component of the project.

Mission objectives

The objective of the missions was to evaluate in cooperation with the
local experts the feasibility of project implementation with the tollowing
terms of reference:

- to cbtain and analyze existing data;

-~ to have an insight into various on-going or scheduled actilvities
with particular reference to ecological investigations;

- to have an insight into on~going and/or planned aquaculture development,
its form and expected production;

- to discuss project proposals with the local experts;

- to set up the Local Units.
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Genercl observations, conclusions and recommendations

It is a fact that the national devslopnent plans in all the Mewiterrancan
countries visited pay great attention to ayuaculture development. 1In almost
all selected sites there 1s both a scientitic basis and a beginning of
aquaculture activities. Well veveloped sclentific knowledge and farms
operating on a commercial or semlcommercial scale exaist inh Yugoslavia,
forocco, Tunisia and EBgypt, while aguacuiture development projecis have been
launched at the visited sites in Turkey ana Algeria; they are beinyg studled in
Spain.

As for programmes related to the joint project they exist to a certain
extent in prac.ically every country. They are often linked to on-goiny or
plannea national aguaculture development plans for which 1t seems thar local
financial support is available everywhere. HMotivation and a climate ot
cooperation are alsc positive factors. The interest to participate in such an
international programme is also strengthened by the opportunities for academic
output on an inaividual basis.

The priority needs of most countries are: identification anu prodtection of
sites suitable for aguaculture, prcper management of such sites, specialized
staff and finally research and production facilities. Almost everywhere there
are numercus published and unpublished data concerning the ecological
properties of the concerned equatory. However, most of these are of limited
value due to variations in the space ana time of sampling; some components or
individual descriptors of the ecosystem have never been studied. Data tor
certain groups of descriptors are not available at all sites. Mhost of the
data are only gualitative, even in recent studies. Expertise and manpower are
unevenly distributed; preoficiency is much to be desired in many cases.

Taking into account the above considerations, we can make the following
recommendations: It is obvious that aguaculture must be based on scientitic
knowledge if commercial production is to be successful. 1t is indeed
important to make possible the exchange of knowledge anu experience among the
various countries, but the methods proposed should be tested to determine
their applicability under particular conaitions. As aguaculture uevelops
further in the various countries, it will become necessary to establish
institutional training of fish farwmers.

Assistance and guidance to local staff should be secured. This should be
done not only by means ot providing the necessary documentation but also by
improving and promoting the motivation and willingness of participants through
Loth financial and direct scientific support, including auvancea training and
related activities that can broaden individual experience and contacts.

As for additional data, they should be collected in a consictent manner by
selecting thosec descriptors that on the one hand provide valuable information
and on the other do not create technical or quality control problems in
sampling or measuring. This will require a standardization and
intercalibration of sampling and measuring techniques and ol guality control
Procedures. Equalization of the instrumentation and laboratory/field
facilities among participating institutions to a minimwa common standard
auapted to the proposed workplan is considered essential.
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MISSION REPORT FOR PILOT OBJECT KAAK EL-BAHR LAGOON
(MANZALAH LAKL, LGYPT)

by
IVAN KATAVIC* and GERD MARMULLA**

*Fishery Biologist - Aquaculture, Institute of Oceanoyraphy ana Fisheries,
Split, Yugoslavia.

**Fishery Resources Officer, FAO, Rome.

Site description

The Kaar El-Bahr lagoon is an integral part of lake Manzalah which 1s the
largest of the four coastal lakes within the Nile delta system occupying a
surface of 1350 km2. fThe major basin has several direct connections to the
sea, with the largest lake-sea communication at El-Gamil. Irrigation waters
collected by a system of drain canals feea the lake inairectly from the Nile.
It is thus a transition basin where active transformations occur between land
drainage and the coastal Mediterranean waters.,

The Kaar El-Bahr lagoon is located on the south-east edge of lake
Manzalah. It has a south tc north axis which i1s twice as long as the east to
west axis. The lagoon was separated from the main lake basin by the
construction of a ayke which extends from east to west along the Al-Kabouti
passage. The greatest part of the land boarding the lagoon lies at present on
the southern shore; 1t is partly under cultivation.

The lagoon shore line, particularly on_the western sice, is covered with
submerged higher plants represented by(Potamogeton)sp. and Ceratophyllum sp.
rising up to the water surface. This ma mypte—~gubsystem has an essential
function in the lake ecosystem: besides restoriny healthy oxygen conditions it
provides the substratum for a variety of sessile organisms and a feeding

ground for many others.

Generally speaking, the layoon is shallow, with aepths that range from
half a metre to 1.2 metres. There are a few submerged islands scattered in
the lagoon.

Review of available data

Various abiotic and biotic aspects of Lake Manzalah have been studied,
with particular reference to hydrographic features, chemistry, plankton,

'fishery biclogy and sedimentology. Unfortunately, very few aata concern the

Kzar El-Bahr lagoon itself, even though i1ts water has been used for farming;
this 1s where the Rashwa Gray mullet farm 1s located; it was chosen as a
MEDRAP pilot object.



-4~

The only field work in this lagoon was done very recently and concerned
mainly the study of the lagoon water guality. This lagoon is also the supply
source of the Raswa fish farm (Abess, 1986, unpublishea data). A significant
1ncrease in sallnity was recorded in the lagoon (about 229/00), compared to
the Manzalah lake salinity (5%/oo). The concentration of ammonia and
suspended organic matter showed a tendency to decrease trom east to west. The
records of plankton show the dominance of euryhaline forms with mixed
populations of very different biogeographic origins. It was observed that
fresh-water cladocerans and copepcds mix with brackish rotifers anu varlous
coastal Mediterranean forms. Variations in the phytoplankton composition were
also observeq, with diatoms accompanied by some green and blue-green algae.

For the entire Manzalah lake it is belieVved that the heavy grazing due to
massive proliferation of pelagic herbivores is the major factor contrulling
the time sequence as well as the extension of blooms in space and time. The
abundance peaks of zooplankton are regularly followed by a drop in the
phytoplankton standing crop.

As far as nekton is concerned, it was shown that mullet is associated with
the pelagic ecosystem and Tilapia with the macrophyte system. Tilapia is
predominant, with an estimated relative yield of 82%, compared to 7% of the
mullet species,

Carnivorous fish contributed only 3% to the total. Productivity, as
judged by the total fish catch, has doubled in the last 20 years; this would
indicate a healthy condition or the basin, but a eutrophication trend as well,
particularly in the south-east basin of the lake, where the Kaar El-Bahr
lagoon is located. Increased phosphate and decreased dissolved oxygen is a
genegal trend 1n lake Manzalah, occurring at an accelerated pace in the last.

ecade,

Conclusions and recommendations

Among the six coastal lakes along the coastline, Lake Manzalah
(1350 kmz) has been chosen by the Egyptian Authorities as the centre of
marine and brackish water aquaculture development. Following this decision,
the Rashwa fish farm was established near Port Said at the eastern edge of
Lake Manzalah, in the vicinity of several private marine tish farms. With the
approval of the Egyptian General Authorities for Fish Resources Development
{G.A.F.R.A.D.}, and after tne completion of several FAO missions (MEDRAP
TR 83/5; MEDRAP TR 85/5; MEDRAP TR 85/8), the Rashwa Ffish farm, located on the
edge of the Kaar El-Bahr lagcon was selected as MEDRAP pilot object in Egypt.

Rashwa and the other fish farms in the surrounding area are provided with
water Erom the Kaar El-Bahr lagocn (with a surface area of approXimately
10-12 kmz) and their water is discharged into the same lagoon.
Unfortunately, until very recently, the water quality in this lagoon had never
been studied, and there is currently no continuous monitoring either in the
lagoon or in the fish ponds of the Rashwa ftish farm. There is also a lack of
information on biotic factors, especially on phytoplankton and zuoplankton
populations.

El Gamil, next to the Kaar El-Bahr lagoon, is to date the most exploited
site for wild fish fry capture, especially for mullet species culturcu in the
neighbouring farms. In addition to the need to improve management,
particularly in terms of appropriate fertilization {time and guantity},
capture, transport and handling of fry, it seems that the lack of
environmental control in the lagoon 1s the principal problem.
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Since the Kaar El-Bahr lagoon, as the site chosen for the joint
FAO-MEDRAP-PAP/RAC project, 1s$ 1integrated in the already existing aquaculture
development prograime in this area, 1t 1s expected that the results of these
environmental studies will be airectly used by the production sector.

Moreover, such a project could serve as a data and training basis for other
lagoons in the Manzalah Lake area, as well as for other similar sites in Egypt.

Taking into consideration local conditions, particularly the professional
staff and the equipment available, this joint project can only be implemented
under specific conditions. Namely, the scientific staff of the Fish Nutrition
Department, which will be involved in the implementaticn of the programme, is
especially qualified to work in fish nutrition, water quality and scil
analysis. Scientists from the Institute of Oceanography (Ministry of
Scientific Research) might take part in the project according to specific
needs, particularly in phytoplankton and zooplankton studies. It for any
reason this should prove impossible, special training of the staff will be
needed at least for phyto- and zooplankton studies. In addit:ion, the
scientific staff contribution should be complemented either on a perimanent
basis or through consultants both from Egypt and other countries especially in
the field of sedimentology, phytobenthos and zoobenthos, pesticides and
hydrocarbon analysis.

As concerns project implementation it must be stated that the laboratory
is mainly equipped with instruments for hyurology and hydrochemistry
{spectrophotometre, 4 sets of transportable multiprobes HACH), certain basic
instruments, such as a high accuracy balance Mettler HP, 2 binocular

microscopes and some basic equipment for bacteriology.

Thus, the programme contribution regarding equipment should include the
following:

- inverted binocular microscope for UtermShl procedure (1);
-~ sampling bottles, type Nansen or Van Dorn (3);
~ zooplankton net, 250 um mesh size "Bongo" (2);

-~ Van Ven grabs 0.1 m2 for sedimentoloyy (2); and
- insulated boxes for the preservation of samples in the tzeld.

Since the laboratory possesses no boat, which is necessary for research in
the lagoon, we recommend that the Local Unit investigate the possibility of
cooperation with other authorities for this purpose. 1If this should Eail, a
small boat with an adequate engine (6-10 HP) should be provided through the
project.
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MISSION REPORT FOR PILOT OLJLCT TULLA LAGOON (TURKEY)
by
IVAN KATAVIC* and GERD MAXHMULLA**

*Fishery Biologist - Aquaculture, Institute of Uceanography and
Fisheries, Spl:it, Yugoslavia

**Fishery Resources Officer, FAO, Rome

Site descrip&ion

The Tuzla Lagoon has a water surface of approximately 320 ha and is
connected to the sea by a channel which is 3km long and approximately 0.5 knm
wide. The depth of this channel varies from 13 m at the entrance to 2.5 m
near the end where there 18 a net enclosure. Fresh water from the Kavaklar
river enters the lagoon from the south-east. The influence of both sea water
and fresh water provides the basis for typical euryhaline balances in the
lagoon. According to the information available, the depth of the greatesc
part of the lagoon, which extends to the south and east of the net enclosure,
does not execeed 0.5-~1.5 m.

The shores of the lagocon are rather flat in the eastern ana south-eastern
parts, gently degrading in the other. Due to heavy rainfalls, the eastern
part of the lagecon is liable to £looding.

Apart from a small fishing village, located cn the shores of the channel
halfway from the sea to the lagoon, there are no other human settlements. On
the basis of the information available, no tourist development or human
settlenents are planned.

The lagoon is linked to the main road which runs 1 km east of it, This
dirt' road crosses the lagoon and runs along the shore up to the outlet to the
sea. The road runs over five briages which ullow communication between the
two parts of the lagoon.

Review of the available data

There is little information on the Tuzla lagoon. Some data, summarized in
a national report with the title "Feasibility studies on the vallicultura
system in the Tuzla lagoon" and including consideration of the possibilities
for cage culture production of the giltheaua sea bream in the Guvercinlik bay,
illustrate some basic environmental features. bata on water conditions
(temperature, dissolved oxygen, weather conditions and tidal situation are
also avaiiable in the Marine Research Centre in Bodrum, but are unpullizheda as
yet. Additional biological character:;tics of the Tazla lagoon
(phytoplankton, zooplankton and necton) are available through the
international project for aguaculture developwent 1n the Guluk area; this
project aims at identifying the resources and suitable sites for aquaculture
umplementation with particular rcterence to lagcons. The latier project 1S
carried oul jointly by an Italian company (&groteam, S5.R.L.) ana the Turkish
Ministry of Agriculture, Forestry ana Rural Afrairs.
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The climate of the region is temperate, with prevailing rainfall during
the winter months., According to the data from the Bodrum Regional
Meteorological Service, the annual average precipitation, calculated for
3 years, is about 700 mm.

During the warmest season {(July) the monthly average of air temperature is
27.7°9C, while the monthly average in the coldest period (February) is
10.5°C.

Water temperature ranges on an average between 13°C in winter and 28°C
in summer. For a few days in February, the temperature can drop to 6°C,
while in July, maximum values of up to 329C have been recorded. In order to
protect the fish population in the lagoon from the low winter temperatures, a
winterising channel has been constructed recently.

Salinity varies depending on the season. Because of river influence it
was approximately 19/00 during winter (Agroteam, February 1985), while in
December 1986, after a long period without rainfall, the measured values
ranged between 28 and 33 ©/cc (Mission measurement). In winter, the
discharge of the river is consistent, approximately 6-8 m3 sec’l, and the
level of the lagoon is frequently higher than the level of the sea. Since the
river influence is not necessarily felt during the entire length of the year
because of the use of the river waters for irrigation purposes during the
summer pericd, the level of the lagoon tends to be lower than the level of the
sea. Those two situations cause salinity variations in the lagoon.

The bottom of the Tuzla lagoon is covered by a stratum of very fine mud.
Prevailing phytobenthic communities are Posidonia sp. and Zoostera sp.

As far as planktonic populations are concerned, both fresh water and sea
water forms were reported from the lagoon. The dominant freshwater
phytoplankton species are Chlorella sp. and Achromatium sp. Seawater forms
are represented by two taxa: diatomea and dinoflagellates.

Rotifers, typical brackish water forms, are common zooplankton species in
the lagoon. Due to the flow coming from the sea, a high number of marine
zooplankton species occurs. Dominant taxa are copepods, with Oithona sp.,
Acartia sp., Temora sp. and Calanus. Cladocerans are represented by
BEvadne sp. Larval forms of Polychaeta, Cirripedia, Lamellibranchiata and
Decapcdes are also found.

The dominant, financially important f£ish in the lagoon are Grey Mullets,
eels and different species of sparidae (Sparus aurata, Diplodus sargus,
Puntazzo puntazzo and Boops salpa). As fingerlings they live in the lagoon
and move to the sea when adult. The abundance of these species, particularly
of the Gilthead sea bream fingerlings (Sparus aurata), is encouraging for its
exploitation in aquaculture. Other species can be caught in the sea
(Cuttlefish, red mullet, sea bass, scle and shrimp - Peneus Kerathurus).




Conzlusions and recommendations

The Marine Research Centre of Bodrum 1s one of the best known centres for
research on sponges, not only in Turkey but also at world level. witn 1its
advanced applied research on sponye stock assessment and processing treatment,
the Centre can provide guidelines for other institutions and the sponge
industry, which is an wmportant sociro-economic tactor in the region. However,
the involvement of the Centre 1n lagoconal research has only started in recent
vears, following the increased interest of the Turkish government in the
development of an integrated strategy of fisheries management in the Mugla
region. With the implementation of such a project, the Centre will make a
major contribution to intensive research consistent with the plans aaopted by
the Turkish government.

Cne example of the activities plannea is the assessment of tingerlings in
the Tuzla lagoon, which will start in January 1987. This is a very important
programme, since these fingerlings coula easily be used in the future for
intensive large scale net-cage culture 1n the Tuzla lagoon area. lLFurthermore,
the Centre has already conducted studies on sea-bream cage culture in the
Guluk bay; the experiment gave encouraging results. It 1s expected that the
joint project will contribute to the stock assessmant of the available natural
population and provide guidelines for national management of the stock.

Six out of 35 staff members of the Centre are scientists; three of them
are agricultural engineers_and three are biol.gists. The scientists are
greatly interested in the proposed project. Two scientists have alreaay
benefited from MCDRAP seminars on shelltish culture (Spain) and artificial
reproduction of marine species under controlled conditions (Yugoslavia).

With regaid to the successful implementation of the joint project, it
should be noted that the personnel needs to be properly gquided and adeguately
trained, either in courses abroad, or by experts sent to Boarum. These
possibilities have been included in the project and money has been earmarked
for their implementation. Furthermore, the Centre should be provided with
guidelines for standard measurements, which are to be carried out within the
framework of the research programme for the Tuzla lagoon. Research eguipment
is at present limited to the basic but useful tovls for hydrography
(O, PH, salinity metre) and the devices needed for research on sponges.

With the exception of a 6 i, high speed boat, not appropriate for lagoonal
research, there are no other research vessels. However it seems that the
Turkish authorities are willing to make further investments in order to boost
research in the Mugla region, as can be concludea from the recent purchase of
some modern instruments and the plans for the purcihase of a research vessel.

The Centre possessecs excellent diving eguipment, very sultable for benthic
studies within the framework of the Tuzla project. However the equipment ol
the Centre should be upgraded; in order to mect the requirements of the joint
FAO-MEDRAP-PAP/RAC project, it is necessary to secure one multiparameter
probe, five current meters, one echosounder, one siever set f[or yranulometry
and one wind freguency-direction-speed metre.
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MISSION REPORT FOR PILOT OBJECT LIMSKI KANAL (YUGUSLAVIA)
by
OLIVIER GUELOKGET*, IVAN KATAVIC** and GERD MARMULLA***

‘*Cnvironmental Bioclogist, CNRS Laboratoire d'ilydrologie Maraine, U.S8.7.L.
Montpellier, France.

**Fishery Biologist - Aquaculturist, Institute of Oceanography and Faisheries,
Split, Yugoslavia.

***Pishery Resources Officer, FAO, Rome.

Site description

The Limski Kanal :is approximately 11 km long, 600 m wide, with a maximum
depth of about 33 m. The shallow part is characterized by a siynificant
influence of underground fresh water with organic matter and this makes i1t the
richest part, suitable Ffor oyster and mussel culture. There are plans for the
deeper waters to be used for intensive cage fish culture. Even though oysters
anéd mussels represent the most profitable proaucts of mariculture activities
in the Limski Kanal, this project is intended as an integrated system of
parallel growing of shellfish and fish (primarily sea bass and gilthead sea
bream). About 35 km of long-line culture of oysters and mussels have been
astablished in a polyculture system. 1Two parallel lines have been stretched
side by side to make the most effective use of the natural feed. OUver 1
million oysters and 200 tonnes of mussels are currently produced.

For fish culture, a floating raft system is used; 1t 1s maue of 1618
cages, with a volume of 150 m3 each. Production is 1 - 1.6 tounes of table
size fish per cage, with the stocking aensity of about 8 - 10 kg w3,

During a two-year cycle, these self-standing units can produce 18-27 tonnes of
fish. Currently, the production of sea bass in cages stands at about 15
tonnes. 1In separate cages, conditioning of sea bass breadstock yhich is about
five years old has been carried out and the produced eggs are regularly
shipped to the CENMAR hatchery located in Nin (near Zadar). A hatchery for
sea bass and sea bream production is under construction.

Manpower at the aquaculture project consists of 30~40 persons; the
majority is involved in shellfish spat collecticn and cleaning of marketable

shellfish.

The on=-going wariculture programmes are presented well and documented.
The global project is linked to the "Mirna" company which covers the catching,
brocessing and marketing sectors. ‘There is a fish-meal processing plant which
was established in order to make use of the by-~product of the cannery. In
addition, the non-marketable part of the regular catch is also occasionally
processed into fish meal.



~51~

Comments on the data available

The collection of biological data i1n Limski Kanal ctarted in the third
decade ot thi. century. Systematic monitoring has been performed at one
station within the Limski Kanal and one at its entrance. The remaining part
of the Limski Kanal had not been covered by systematic studies until very
recently.

Salinity varies during the year depenaing upon the amount ot fresh water
discharge into the bay; the range is betwsen 9 ana 38 ppm. Wwater temperature
varies between 9°C ana 25°C.

The fresh water impact is rather unpredictable, since 1t varies in space
and time, out is mainly limited to the surtace. On the other hana the
hydrographical and chemical parameters are far less variable and show nearly
typical coastal water characteristics. &An increase of nitrate caused by the
fresh water inflow has been noted. However, the increase in nitrate level is
linked to anthropogenic causes.

There is a wealth of published data on benthic communities, marine fauna
and flora, phytoplankton, zooplankton and marine sediments. Shellfish
cultivation is also very well documented. However some of ti. available data
are of limited value due to variations in the space and time of sampling.
Certain essential parameters have almost been neglected such as: current
speed, circulation patterns of the watar masses, sedimentology, cartography of
benthic communities, phytoplankton and zooplankton biomasses etc. There are
unpublished data which might be usefull to the integrated programme; however
for several reasons, the mission could not be provided with them. The mission
therefore recommended that the most interesting of these data be included in
the programme proposal.

Conclusion

The Limskil Kanal is characterized by specific abiotic and biotic features
which greatly favour intensive mariculture activities. Considering the
existing and planned activities in mariculture development, it is strongly
recommended that special attention be paid in order to ayoid a negative impact
of mariculture activities on the environment ana on mariculture itself.

The local conditions, a large general proyramme carried out by "Mirna" ana
an ambitious mariculture production programme supported by the qualified
scientific staff of the Centre for Marine Research of the "Ruder Boskovic",
Institute promise successful implementation of the proposed joint
FAQO-MEDRAP-PAP/ItAC programme in the Limski Kanal.

The infrastructure of the Institute is satisfactory (library, computers,
aguarium, research vessel etc.). Standard equipment 1s mostly limited to
general hydrolegical and biclogical studies with the main field of activities
in the open Adriatic Sea. Certain specific instruments are needed to run this
particular programme, such as a multiparameter probe, current meters and
diving equipment. The Institute should be provided with guidelines for data
collecticn and reference methods.
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Certain junior scientists have already benefited from MEDRAP seminars on

"Agquaculture and the Environment" held in Greesce. Since the Institute staff
has only recently started these specific ullianeretic studies, the youny
personnel needs to be properly guided and trained abroad or by experts sent to

Rovinj.

MEDRAP has been involved in the Limski Kanal pilot project. )
Unfortunately, this project receiveu the least field support, only about l% of

the total recorded.
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HISSION REPORT FOR PILOT OBJECT MAR MENOR (SOUTH-EAST SPAIN)
by
OLIVIER GUELORGET*, IVAN KATAVIC** and GERD MARMULLA***
*Environmantal Biologist; CNRS Labaratoire d'Hydrologie Marine,

U.5.T.L. Montpellier, France.
**Fishery Biologist-Aquaculturist, Institute of Oceanography and Fisheries,

Split, Yugoslavia.
***pFishery Resources Officer, FAQ, Rome,

Site description

Mar Menor 1s a coastal lagoon with a surface area of about 135 km2. It 1is
located in the region of furcia (South-east Spain) and is separated from the
open Maditerranean waters by a sandy barrier {Lido) which is 22km long. 1In
the past there were three communication channels of which Encanizades o Golas
was the most important. Following the increasasd tourist interest for use of
the lagoon (navigation, sporcts, recreational acgtivities etc.), a wider gate
{1500 n lonyg, 52 m wide and 4 m deep) was opened recently, locally named
"Bstacio". There 1s no continuous input ol fresh water; only scasonal streams
locally called "Ramblas" reach the lagoon.

Brief review of existing data

We will now give a summary of the results obtained from studies undertaken
by the Mar Menor Inscitute of the Spanish Oceanographic Institute between
January 1981 and March 1982, Oceanographic data were gathered once a month at
three stacions within the lagoon and one reference station in the open sea
near che Estacio,

The climate of the region is arid. Only scacce precipitation with an
annual average of 350 mm is measured. The rainfall regime, with nearly the
whole amount falling within a few days, favours erosion.

During the warmest season, the average maximum air temperacure is 29%°C
and in January, the average minimum air temperature drops to 5°C.

Salinicy ranges between 42.7%0c0 and 46.7%/co, with the highest values
recorded at the end of summer. Before the new Jgate was opened in 1973, the
values were between 50.93%/co0 and 52.34%/00. The southern part of the
lagoon 1s of higher salinity than the northern part.

The range of water temperaturzs is between 12.39C in winter and 27.5°C
in summer while dissolved axyJen varies between 4.5 ml~! and 6.5 mL-l.



The variations ol ctn+: NO3 concancrations are very nign fcom July to
Januacy, ranging bscween 0.03 and 3.83 paat g N-NOq -1, rrom Feoruary to
Jun2, values range betwa2en 0.0 and 0.3 mac g N=NO3 -1, The concentrations
of M03 1n the interstitial water are esvaluated at berwezn 7.9 and 30.0
pat g ti-tioy "L,

Concerninyg phosphates, the concencrations ars rachef honnj*noous wich
values between (.02 and 0.24 pat g P-POy ~l. Tne intersticial warsr 1s
encichad (0.38 - 5.38 mat g P-POg ~1).

Concencrations of silikates range betwe2n 0.74 and 19.6 paat g si~1,
Maximum values have been found 1n Novembar and minimum values in March-april.,
In the 1ntersciclal water concentracions range betwaen 7.9 and 30.0 auat

2, -1
g 51 .

Thare are remarkable variations of un2 cloropnyll A concencrations. In
genaral, they follow the pattern of the nitrates,

The concencrations of organic carbon in the sedianenc have praviously baen
estimated at 2%. Recent research has Jivan concentrations above 53 ac soma
sampling stacions, but this can still be considered as ralacivaly loa.

The dumping of mineral wast2s from the exploitacion of mines i1n Sierra ot
Cacrcagena nas heavilly polluted the lagoonal sediments with high
concencrations of Pb, 2Zn, Cd, Mn and Fe, wWhile Pb and 2n are accumilatzd by
the bivalves, their concentrations in fish and wacer do not dil..:r from ocher
areas in tae HMedicarcanean.

The sedimzncology of Mar #denor is cnaracterizad by sandy mud. The coastal
line is characterized primarily by a sandy bottom up to 1.5 - 2.0 m of water
depth. The central area of th2 lagoon 18 mostly covered by sandy mud; the
southern parc of the basin is more sandy compared to the norchern part.,

The sanitary water quality 1s constantly menitored by the local lealth
Authorities, There are data on total Coliforms, faecal Coliforms and
Screprococcus only for a few points near the largest tourist complex.

The phytoplankton populations have been mostly studied from the taxonomic
point of view, 7There are some data on phytoplankton biomass which were
irregularly collecced at only a few stations,

The zooplankton communities were studied occasionally by th2 far Menor
Laboratory of the Spanish Oceanographic Institute., Low diversity and
homogzneity in the spatial distribution are che praincipal characteristics.

. A communicy of Cencropages - Acartia charactarized by small-sized speclras
comprises 94% of che zooplankton. The vactirations obsz2cved 1in abundance,
bromass and in the community scructure itself are related to i1ndirect =ffects
Jenerated by rainfall of a seasonal c¢haragrer. Scudies ol che planktonic ’
stag=2s of 0Ostrea edulis are being carrizd out.

The distribution and biomass ©f the main pnytobenthic species (Caulecpa
sp. and Cvmodoc=2a sp.}) in the lagoon have b2en scudied and are presented
cartovdgraphically.
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As far as zoobenthos is concerned, the Mar 'Menor lagoon 1s characterized
by 3 typical marine fauna. It has been pointea out that the total bicmass of
macrofauna is yenerally low.

Following the man-made intervention in the Mar Menor lagoon (comunication
with the open sea), the ichthyofauna has changed ana has beesn enviched by some
typical marine species. According to the statistical data available, a
drastic decrease of total fish catch is evident levelling at about 300 tonnes.

Conclusion

The mission reported that the gualitied and motivated statf of the
Institute of Oceanoyraphy showea an ocutstanding interest in the umplementation
of the programme. Furthermore, the Institute is very well equipped with
various instruments ftor studying most of the environmental paranmneters. There
are researcb vessels, a gas chromatograph AAS, a spectroflucrometer, various
microscopes, current metres, a sea level recorder, a meteorclogical statien,
etc. All instruments are properly maintained, but not used sufficiently since
there are only four scientists {out of 25 staff members) working on a
permanent basis.

The infrastructure of the Institute is satisfactory {(computers, telex,
library}. There is a hatchery under cperation, currently used for the
reproduction of sea bass and sea bream. .

Thanks to the specific organizational systém of the Spanish Marine
Research, i.e. a centralized organization with its headquarters in Mearia,
starf and additional instruments can easily be exchanged with other
programmes, in order to meet the specific requirements of any cone of them.

There has also been productive international assistance (UNEpP-MEDPOL,
cooperation with the U.5.A.), particularly in studying hydrochemistry,
physical oceanography and geology. As far as the national proyramne is
concerned, the Institute is currently involved primarily in open sea
investigations. Proper instructions shoulu be given to the protessiocnal staff
to run this specific lagoonal programme.

. Since the Institute is very well equipped and all instruments are modern
and properly maintained, the mission suggyests that some project money
originally earmarked for equipment be usea to support additional personnel _
either experts on a permanent basis, consultants o. short-term contracts with
students.

Regarding Mar Menor, there will be a contlict between tourism and
fisheries concerning the increaseu use of the lagoon in the future.
A conprehensive strategy for the management of the environment is therefore
needed. Hoth the tourist industry ana the fishing industry are willing to.
cooperate in implementing measures, especially in terms orf water gquality
control and management. The local demand for fish is increasing to a level
higher than the actual supply from catches in Mar Menor (estimatcu at 300
tonnes year “l).

' Considering the above, a successful implementation of the joint
FAO-MEDRAP-PAP/RAC programme in the Mar dMenot lagoon can be expected.
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HMISSION REPORT FOR PILOT ORJECT NADOX LAGOON (HLal0CCO)
by
AMEDEO FREDDLI*, EUGENIO FRESI**, IVAN KATAVIC**Y and GLERD MARMLLLAY#**
*Aguaculturist, MEDRAP Team Leader, salambo, Tunlsia
**Environmental Biologist, University of Naples, Italy
**%Frenery Blologist-aguaculturist, Institute of Oveanography and
Fisheries, Split, Yugoslavia

****Pishery Resources Officer, Fa0, Rome.

Review of on-rning aquaculture and fisheries developmznt

General remarks

Intensive mariculture activities started in the Nador Lagoon at the enda of
1985 and covered productive sectors sich as shellfish and fish cultures; at
the same time extensive research activities were launched., The whole project
is carried out by the MAROSI company {260 employees).

Mollusc culture

The principal artificially reproauced species in the BMAROST hatchery are:
Ostrea edulis (150 millicon spat year‘l), and Tapes decussatus (.0 million
spat year“l).

Commercial oyster production takes place in part of the laucon; the system

employed is longline-culture. The present production of 15-20 tonnes year™l
is expected to increase to up to 100 tonnes yeal"l in the neur future.

Pilot scale production of clams is carried out in the Beni-Lhsar Lay.
Installations cover an area of approximately 2 hectarus. A larger aresa (about
60~80 ha) is earmarked for exploitat:ion in the near Ffuture. 1In order to
improve the circulation of water in this shallow are« of the lagoon, the
opening of a new communicar -1 with the sea is planned for the northernmost
sector of the Lido. A creatment plant is planned for the vicinity of the
abandoned steel factory near Beni Ensar, in order to ensure the sanitary
treatment of the marketable production according to the WHO prescriptions.

Shrimp culture

A pilot scale production of Penaeus keraturug and Penaeus japonicus has
been recently launched indicating better prospectives for the latter. The
original pens covering one hectare each are now halved to facilitate their
At present, a ‘total area of 30 ha is exwloited.

manageiment.

The large-scale production of Penaeus japonicus will be based on the
construction of a hatchery with a total capacity of 10 million postlarvae

month™l to be located at Kariat.



Fisn cultur=

1sa culcucre 1s currencly based on the collaction of wild fing=2rclings,
principally gilthead sea bream. A significant lmprovem2nt 15 expaectad 1n Loy
collecrion this vear (80,000 gilthead sea bream wazre collacted 1n 1986) and
the Ffirst factening unlt has been 1astalled ac Atalavoun.

Aftzr their conditioning 1n raceways, the fingerlings acre transierrzd to
tne fixed cages rearinyg unitc for their fattening. At presant, 10 cages of
160 m3 are stocked with ywarly sea bream and s=2a bass.

A larger production 1s axpacted 1n the near future in cnis s2ctor as
wall. In order to ensure the avairlabilivy of fry the installacion of a
hatchery for the reproducrion or 2.5 million fing=rlingc vear~! 1s planned
for the sduatharn part of the lagoon (Rariat). For furcher detaills, refer to
Zi2sler and Fredd:i, 1987. Howaver, eel production 15 also iacludsd in che
HARQST f£ish culture progranme bacause of the large yuantity of =221s availladle
along the coast of lorocco. ]

Fisheries

The tador lagoon hosts approximately 600 E£isherm2n. Threes hundred
small-sized haoats are uszd for fishing in the lagoon but chey are also used
for £ishin] outside 1t, Total production (Barhoumi, 1983) 13 escimated ac 900
tonnes yeac‘l, including 200 tonnes of =21, 100 tonnes of rad mueller, 60
tonnes of shrimp, 40 tonnes of guilthead sea bream., Fishimy gear 15 still the
traditional gear described by Aloncle (1961l) and lacer by Catuaaslla zc
{1985). One hundred and fifty rishermen have so far heen employad by MARDST.
MAROST 1tself has recantly starced ro market part of cthe vield in the
framework of a plan for the integration of fisheri=s in mariculcure
development. This. plan also sncompasses direct assistcance f{or the lmprovemant
of fishing gear and techniques, and will be backed by dirscr supply of goods
and services (rtax-free gasoline, boat rapair, nets ste.).

‘Supporcing facilitias

The production programme 1s supported by a number of tacilities which wzre
installed 1n order to provide autonomy to the production activitizs,

A plastic and fiberglass manufacturing unit has been builct at Actalayoun 1n
order to supply equipment such as floats for longlines or fiberglass tanks for
fingerlings; a wood workshop and a metal manufacturing plant were alsc builet.
A large stocking hangar for spat collectors has been recencly constructed at
Acalayoun and a second one exists closa to the shrimp pens (Kariac) for the
storage of equipment.

As great imporrtance was given to rasearch activities, l:iboracory
facilities exist for the control of production. This concerns
bacterinlssical, histopatholegical and pdarasitological aspacts, studies on
reproductive physiology (principally shellfish), identificacion of local
strains of pathogrnic bacteria, as well as vaccine prepacation,
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The facilities of the MAROST project in Atalayoun cover al. administravive
needs (oftices, meeting rooms, library ectc.,} including reception fac:ilities
for project officers and visitors.

A well equipped infirmary ensures first aid in case of accident.

Review of available ecological data

his chapter will consider available data on the Nador Lagoon with
reference to descriptors retained in the joint Project Proposal as far as the
Pilot Programme and the (ore Prodgramine are concerned. The relevant sources

are listed in the bibliography.

Meteoroloagical descriptors

Minimum and maximum monthly averages of air temperature, wind speeq,
direction and frequency, total radiation, evaporation and raintall are
available in Lahlou (1983). The taime series include the period 1976-1983 at
the Nador Meteorological Station. Information derived from the time series
1933-63, Carlier (1971) and from other sources is found in Tesson {(l1.77).
Further data (neot available to the mission) are found in Erimesco (1965).
Atamane (unpublished) recently made an attempt to organize the above
information and discussed on a number of parameters.

Continental hyarography descriptors

The major scurce of information is Tesson (1977). This paper includes
data on the watershed and the morphology of the superticial hyarograghic
network, the structure of underground hydrology and estimates of annual
freshwater inputs to the lagoon. Rough figures are also given in terms ot
underground water total salinity. A few data concern the geological nature of
the watershed. .

Data on inflows and estimates on water contribution from the watershed are
contained in Lahlou (1983) where figures are also given on the Nador sewage
treatment plant contributions. Estimates of underground water contribution
were also given by Debrel (1911) as reported in Erimesco (1661).

Geomorphological descriptors

Bathymetric data (recorded in 1950) are reported by Tesson (1977). MAROST
has recently (1982} produced a new detailed bathymetric map.

Data on the present outlet of the lagoon (the bokhana) were updated by

. Guelorget ¢t al. (Nov. 1986) and by Atmane (Dec. 1986), unpublished). The

past evolution of the different passes which ensured the connection of the
lagoon with the sea was reported by Ferlin (1985) ana by Gueloryget et al.
{1985), on the basis of data obtainer from Erimesco (196l1) and Tesson {1977).
The recent evolution of the Bokhana can be derived from the data included in
several reports, most especially those of Vetillard (1982}, Atmane (situation
as of July 1984, unpublished) and Soufflard (1985). Estimates on the
hydraclic exchanges through the present outlet are found in Vetillara (op.
cit.) and Atmane {(unpublished).
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thyveical descriptors

There are several data on temperature values in the Nador Layoon. ‘lhey
concern surface and bottom temperatures at aifferent stations and in aifterent
seasons of the year., Not considering the i1ntorimation which existed for the
period pricr to the opening ot the present Boxhana (1981}, water temperature
values are found in Lahlou (1983), Guelorget et al. (1964 ana 1985) and 1in
Altmane (unpublished).

Data on turbidity ({transparency) are on the contrary rather scarce, as
only few figures are found in Lahlou ({1983).

Chemical descriptors

Not considering reports prior to the opening of the present outlet, data
on salinity (either by titrimetric or by conductimetric aetermination) are
available for Jdifferent sites and depths in Lhe lagoon. Data can be found 1in
Lahlou (1933), Guelorget et al. (1984, 1985) and Atmane (unpublished). The
same applies to dissolved O, concentration data which are found in the

above~ mentioned works.

Biological descriptors

Phytoplankton biomass (as chlorophyll a and pheophytine) are found 1in
Guelorget et al. (1985). This paper includes also cell counts on aifferent
taxa, identified down to the lowest level possible. The above data concern
different stations in different scasons from 1982 to 1984.

No data of whatever kind are available on zooplankton. On the contrary,
there are quite a few data both gualitative and quantitative on macrobenthos.
The information concerns both the phytobenthos and the zoobenthos. Althouyh
papers by Erimesco {1961), Tesson (1977) anu Brethes & Tesson (1978} contain
useful descriptive data, the only available quantitative information 1s
contained in'CGuelorget et al. (1985) where biomass as well as ftloro-~faunistic
spectra are given for different stations of the lagoon.

No data are available on necton population size structure, There is
little information concerning the present yield of tishing activities in the
lagoon and no parameters are available on captured items. Atmane
(unpublished) gives rough estimates on catches and some estimates on the
effort. These data, gquite evidently derived from those given by Lahlou
(1983), are also discussed by Catauaella et al. (1985) in their extensive work
on the Nador fishery. The same authors made no attempt to give an estimate on
fish catches.

Qualitative and quantitative distribution cata for fish fry, including
biometric and gut content analysis, as well as the correspondence of
environmental typologies with the above parameters, are contained in
Cataudella et al. (1985}.

Other descriptors (Pilot Prograuune)

Data on sediment structure and distribution (iithcawylcal only) are ftounu
in Tesson (1977), in Tesson and Gensous (1981l) and in Guelorget et al. (1945).
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Information on CaCO4 and TOM 1n sediment 13 alsc contained in Guelorget
t al. (1885).

Lagoon water level variability 1s reported in Tesson (1977) and Vecillard
{(1982). Water velocity at the outlet has heen measured by Vetillard (1982)
and Atmane (unpublished).

Present ecological monitoring at MAROSLT

MAROST is currently carrying out regular ecological monitoring of the
lagoon, Data are obtained in individual sectors (mollusc hatchery, fry first
fattening; cage culture, Tapes culture, shrimp) as well as in the Research and
Development department and the Ecological Laboratory.

The activities of the Ecological Laboratory represent the framework in
which other monitoring programmes are incluued and with which they interact.
The Ecological Laboratory 1s run by Dr. H. Atmane (ISPM) assisted by an
enygineer and a technicilan. At present four students are doing their thesis
work on subjects concerning ecological aspects of the Nador Lagoon. ‘Iwo cf
them receive f£inancial support by MARUST in crder to cover expenses tor their
stay at Nador. All students are given free laboratory space and erpendable
material.

The Ecological Laboratory is currently running extensive monitoring of
some hydro-biological parameters.

Sampling has a weekly frequency and concerns a grid of 41 stations, 6 of
which are located in the coastal waters bordering the lagoon and used as
reference stations. Station points are arranged in a relatively regular grid
in order to cover most of the surface of the lagoon. A sampling is carried
out on two consecutive days at the same hour. Normally the lag between the
first and the last sampling points is about 3 hours.

The fellowing hydrological descgriptors are regularly taken into account
for surface water only: AT®, Wr°, $%/00, 02, pH, Chlorophyll a,
pheopigments, seston, N0, KH3, NH4, Si, TIM, TOM. Records of
meteorclogical descriptors such as MAT, MxAT, ki, RE, evaporation, total
radiation, wind speed and direction are regularly made at the MALKOSLT
meteocrclogical station.

Thesis students are working in the sectors of phytoplankton, zooplankton,
benthos and microbiology. Their sampling plan consists of 5~10 staticn points
where collections are made on a monthly basis. On-going research concerns
species composition, biomass, diversity etc.

The Ecological Laboratory 1s at present equipped to cover the needs of the
analyses that are currently carried cut. Water samples are taken with simple
bottles. 1In general, salinity measurements are performed both by Kaudcen and
conductivity cell, photosynthetic pigments are ueterminea by a short
light-path spectrophotometer which serves also Lor the determination of
nutrients and seston. Determination is done according te sStrickland and
Parsons. Basic optics are also avalladle.
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AS concerns measurements and aeterminaticn of ecological descriptors
performed i1n other sectors of MAROLT,we should mention that micro-biologyical
studies are regularly performed in Lhe research and devzlopment department.
The micro-organisns concerned are: Coliforms, Faecal Coliforms, Streptococcl,
Staphylococci, Vibrions and Salmonellae. Samples are taken at different
stations, in water, sediment and molluscs. Sampling points are arranged in
space depending on the location of detected and/or suspected contuaminaticn
sourccs. Vibrio and Pseudomonas are recorded in the hatchery at inlet, basins
and outlet. Regular measurements of T°, SO/oo, Oy are performed in all
production sectors.

NO, is monitored in the bottom water under the fish culture cages.

All of the above information remains at the level of raw data since no

treatment whatsoever 1s reqularly performed. There are plans to increase the
regular environmental controls in the lagoon and the contamination control of

the products. MAROST intends to improve laboratotry space, equipment and
manpower in this sector. In part:icular, plans are made to acguire eguipment
such as a high performance Liquid chromatoyrapher and an Atomic Absorption
Spectrometer in order to contreol Hydrocarbon, Pesticides and tieavy Metal

contamination.

Evaluation of available ecolcogical information

There is a good aeal of ecological data concerning the Nacwor layoon.
However, only a limited part of the available information 1s really usable for
the purposes cof the Joint Project. As a matter of fact, sampling proteccouls,
analytical techniques and time coverage are not only heterogeneocus but also
frequently inconsistent. On the other hand no sufficient attention has ever
been paid to the problem of the scales involved in the ecoloyical processes
characterizing the lagoon. In general, space and time scales are largely
inadequate. Some data sets concern a period in which the situation of the
Boikhana was different £rom what it is now and thus the entire hyurology was,
at least in principle, also ditferent.

The on-going MAROST monitering plan presents some problems with reyard to
the analytical techniques (e.g. nutrient determination) and the study of the
vertical structure of the water mass. Too little attention has been paid so
far to biological descriptors such as zooplankton and henthos.

bata on the characteristics of the watershed are very insufficient even
though efforts have been made to estimate its influence on the lagoon. In
this connection, 1t must be emphasized that an assessment of contributions
from the watershed is of paramount importance for the protection of
aguaculture in the Nador lagoon, not only in terms of salinity variations but
also in terms of sediments, nutrients and pollutant inputs.

Data are missing {(or scarce) on hydrodynamic patterns of the lagoon as
well; this hinders the objective evaluation of crucial dynamics such as the
exchanges at the contours of the systems as well as the exchanyes within the
system itself.
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In conclusion, the information available 1s of limited use not only for
the Joint Project, but alseo, more dgenerally, for a correct understanaing of
the Nador Lagoon ecosystem structure ana dynamics. In fact, the mainly
descriptive (and poorly treatea) data give very little help in making
forecasts ¢n the behaviour of the lagoon unuer present and future scrar:ios of

LY

aguaculture development and environmental management.

Nevertheless, of this, some of the data available can be used in the
preparation of a preliminary modelling exercise concerniny water circulation
in the lagocn under different tide and wind conditions. This "pre-model"” will
form the basis of further simulations and will establish a reference point as
far as the execution of the Pilot Programme is concerned.

Conditions for the implementation of the Joint Project

From the above it is clear that:

{AROST is concerned with monitoring and maintaining the present ecological
conditions of the lagoon, in view of further developing agquaculture production
under the Forms that have been described in the previous paragraphs.

To implement thotu goals, MAROST is strongly committed to a large
programme aiming at assessing the global conditions of the lagoon and of
producing infc.wmation useful for product quality control; such a proyramme 18
carried cut both at the Ecological Laboratoty ana at the aifferent production
sectors. Data from the Lceolegical Laboratory form the EFramework in which each
sector considers (or uses as reference} the variables of its specific
interest. Although most of the ecological information is used at the lsvel of
each production sector, such an organlzation allows a feed-back to the
Ecological Laboratory as far as data interpretation is concerned.

Ecological monitoring is implemented with the help of relatively good
laboratory facilities and of competent and motivated staflf, Plans are made by
MAROST to expand the ecolegical sector by adding space, instrunents and
Facilities. It must be stated that this development will mostly deal with
proauct guality control in terms of chemical and microbiological contamination.

The general philosophy of MAROST is to promote the qualifications of
research personnel in the field of aquaculture; thus seven students are at
present given supervision, laboratory space and facilities to perform their
thesis work. Five students are inteygyrated in the on-~going research programmes
on a permanent basis and MAROST has offered a yearly indemnity to cover their
living expenses at Nador. Two students participate in research programmes on
a part-time basis and do not receive financial support. Four studenks {two
permanent and two part-time) are currently contributing to ecoloyical work.
MAROST plans to expand this activity in the future.

MAROST feels that the on-going ecological programme is well suited to its
present needs. Nevertheless it is open to modifications anu improvements in
terms of sampling protocols and meaningful descriptors. Such modifications
however would be acceptable only if the ratio between additional etfort,
implying extra cost, and additional information 1s minimized.
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MAROST endorses both the philosophy anu the scientific content of the
FAQ/MEDRAP/PAP-RAC Joint Project as 1t recoynizes that the results of the
Joint Pro,ject itself can be beneficial to the maintainance and protection of
the Nador lagoon ecosystem ana 1ts present and planned aquaculture
production. For these reasons MAROST is reaay to support the Jjoint Project as
far as the official representatives in UNEP Moroccan Focal Point are concerned.

MAROST feels however that the Joint Project would be more acceptable if
the financial support allcoccated to the Local Units were better adapted to
cover additional costs especially 1in terms of equipment and expendable

material.

MAROST reserves the right to evaluate the performance of any expert
designated by the FAO/MEDRAP/PAP-RAC Joint Project as tar as his work in Nador
is concerned. Furthermore, MAROSY requests that the Joint Project takes into
account its evaluation of the experts that have already participated in the
activities carriea out at Nador.

MAROST reserves the right to auvthorize the dissemination of the data
produced by its staff. It is understood however that data and results of data
treatment and modelling issuing from the activity foreseen in the Joint
Project are in any case of a public nature.

On the basis of the above, it can be concluded that:

- there are highly favourable conditions in MAROST for the impl-omentation
of a Local Unit as described in the Joint Project;

- this means that the Joint Project activities are integrated in the
on-going MAROST programme :n a way as to minimize additional cflforts by
MARUST. It is believea that this integration can be easily achieved.

- a comparative analysis between the Joint Project workplan and the
on-going MAROST activities indicates however that the latter should
incorporate sampling and measurements concerning descriptors listea in
the draft project proposal substituted by numbers d.2, £.1, £.2, £.4,
£.5, £.6, which are not yet covered in the MARUST on~-going programmes.

The possibility of implementing a Satellite Programme is cdefinitely
considered by MAROST. However, a f£inal decision on the subject will not be

taken until a future time.

Conclusions

MAROST agrees with the philosophy, the scientific content and the workplan
propeosed in the Joint Project ana is willing to form a Loc¢al Unit to perform
the research as planned. The Co-ordinator of the Local Unit woula be
Dr. H. Atmane (I.S.P.M.) who is in charge of the MAROSYT Ecological Laberatory.

Nevertheless, MAROST does not entirely agree with the proposed amounts and
the budget formulation of the financial support to Local Units. 1In
particular, MAROST does not agree with the budget formulation .egaraing
equipment and expendable material, which is considered inadequate for the
effort Local Units are reguested to put into the Joint Project implementation.
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MAROST therefore strongly recommends a revision of the budget, in order
that it afford a greater flexibility in the use of financial support once the
execution of the Core Programme 1S guaranteed by existing local means. In
particular, MAROST suggests that the financial support towards the execution
of an agreed upon Satellite Programme should be re-examined.

The Mission believes that this proposal 1s thoroughly considered and that
efforts are made to incorporate it in the final formulation of the financial
contribution to Local Units. 1In fact, it is the opinion of the Mission that
such a proposal does not modify the philosophy under which the original budget
was formulated.
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MISSIUN REFPORT FOR_PILUT OBJECT LARE MELLAH (ALGLKIA)
by
EUGLNIO FRESI* AND IVAMN KATAVIC®*
* Environmental Biologist, University of Naples, Italy

**Pishery Biologlst-Aquaculturist, Institute cf Cceancgraphy and
Fisheries, Split, Yugoslavia.

Review of on=-noing fishery and aguaculture activities

General remarks

At present, the development of aguaculture in Algeria 1s under the
responsibility of two agencies both belonging to the Ministry of Agriculture
and Fishery: tne Centre d'Etudes, Recherches et Documentation pour
l'Aguaculture et la DEche (CERP) and the UEfice National ue la Piche et de
l'Aguaculture (ONDPA), both located in bou Ismail); CERP handles research
programmes and documentation while ONDPA takes care of producticn, both at
experimental and at commercial levels. Research and development struclures

include the PLlot centres of Mazatran and Lake Mellah.

Both Agenciles are in the initial phase of their activity anda the Linancial
support of research and aeveclopment, as well as investients in prouuciion
struccures, are still very limited. Proyrammes on the contrary are alreauy
fairly develcoped at least in their basic form. These i1nclude a number of key
projects which will allow the development of a straceyy for the regular
R and D proyramme. Key projects geal with coastal, lagoon and inland water
resources ana include the following items:

~ establishment of an experimental station, incluaing a hatchery,
especially for fresh water species, in Mazafran;

- completion of the marine fish hatchery and the pre-fattening system at
Lake Mellah;

- establishment of a laboratory for the protection of resources
(environmental control};

- research on Artemia ana Daphnina production;

- research on float.ng cage culture i1n both lagdon anu artiticial fresh
water reservolrs;

- research on fish food preparation;

Research on the last thrie items are currently carried out at CERP, Bou
Iemarl. Subsidiary projects are:

~ restccking lakes any fresh water reservoirs, the stuuy of gopulation
dynamics and experimental fishing technigues:

- the study of natural restocking i1n lake fiellah;

~ 1dentificat:ion of suitable sites 1n lagoon and coastal environments.
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For the implementation of the above programmes, it is recognized that a
strong effort should be made on training qualifiea perscnnel at all levels, in
particular concerning those in natural resources management e.q. of lakes,
lagoons and artificial reserveirs. National, foreign ana international
agencies should help in this connection through direct cooperation, exchange
of experts, seminars etc.

Fisheries

Algeria has very extec.asive marine resources which, if developed to an
optimum sustainable yield, would bring about siynificant benefits to the
country.

Generally there 1is a low level of technology and a lack of specialized
personnel, particularly evident in aguaculture., Important in this regaru are
the figures indicating tlie origin of the catch i.e. 80% pelagic fish
represented mainly by sardines, anchovies and thonids compared to only 15% of
demersal fish. An analysis of fisheries in Algeria shows evidence that
currently the fishing fleets operate mostly along the coastal area and do not
venture out in the open waters.

Fighery activities are practiced along the cocastal line with fishing gear
such as g9ill nets, small trawling nets, various traps, harpoong, fish~hooks
ete, A spccial type of f£ishing activity is being developed in the El-Kala
region (eastern part of Algeria clogse to the Tunisian border), particularly in
the two lakes, El Mellah and Ouberia.

Aquacgulture

Consistent with the Mission's agenda, a site survey of the El-kala area
was performed; land-water utilization and its characteristics were examined.
All available documents and some historical data at national and reyional
levels were reviewed. The sites visited were Lake Ouberia, the Mazafran
Agquactulture Unit and E1 Mellah.

Lake OQuberia

Lake Ouberia which covers approximately 2200 ha and has a maximum depth of
50 m is characterized by typical freshwater fauna. With regard to its
potential Lake Ouberia is a still underexploited site with a total catch of
about 200 tonnes. Carp and eel are the most important f£ish species that
inhabit Lake Ouberia; catches are 50 tonnes and 30 tonnes respectively. Gray
mullet species, Mugil cephalus and Liza ramada have recently been introduced
to Lake Quberia. A hatchery for fresh water fish restocking is planned and
when fully operaticnal it is expected that the level of exploitation will
increase up to 250 tonnes.

Fishermen with both permanent and temporary licences are involved in
fishing activities in accordance with legal provisions, Most of the
production is channeled to the local market, while eel is exported to Italy.
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Acguaculture un:it i1n Mazafran

This aquaculture unit was establishea in 1974 as an experimental station
including a hatchery designed for the reproduction of fresh water fuish,
Primarily Ciprinus carpio and Micropterus salmoides. The outdoor facilities
are composed of 40 raceways for pre-fattening, & pond where integrated {ish
and duck culture is practiced and several 3 ha earthen ponds. Unfortunately,
it is very difficult to manage the ponds properly since they cannct be
emptied. A frequent oxygen depletion associated with ammonlia toxicity hinders
the survival of fish, so there is practically no product:ion for the market.

Significant interventions are needed at the Mazafran Aquaculture Unit.
Due to the lack of adequate water sources, a global hydrotecnnical project
should include the installation of a water recirculation system. The hatchery
has t0 be redesigned and common equlprent employed. The ponas should be
redone so that they can be emptied, dried and fertilized. The water gquality
will be significantly improved 1f airlift pumps could be installed. Tropical
fish reproduction could be the most promising aguaculture activity in Mazafran.

Lake Mellah - General characteristics

The lagoon is about 865 ha with a maximum depth of 6 m. It 1s connected
to the sea in the north, through a narrow channel 900 m long wnich
significantly restricts exchange with the sea. However, the lagoon receives
not only salt water Elows but also fresh water from small oueds, such as
Er-Rik Bit, El Mellah, EL Belaroug and sata. Tne channel linking the lagoon
with the sea has a lot of debris, Tremendous silting was recorded; it has
resulted in deep layers of mud ana sand up to 4 w. This progrecsively reduces
the exchange between the lagoon and the sca. A low water exchange and the
settling of suspended matter gradually turns even deep gones 1nke anoxic.
Oxygen depletion up to 1 ppm Oy is found over a large surface arca where
there are large mud deposits (Bakalem et al., 198l). The tempcrature of the
lagoon water does not differ from sea temperature. The minimum level is about
109C in the winter ana about 27-28°C in the summer. Salinity ranges From
20 to 35 ppt with the minimum at the end of May and the maximum at the end of
September. The southern part of the lagoon is influencea much more by fresh
water, so its salinity drops greatly during floods.

Lake Mellah is characterizea by a typical coastal marine water fauna and
commercially important fish species, among which the most important are gray
mullet, eel, solea, sea bass and varicus sea bream specles. Present
production does not differ very much from the aata available for the past 10
years and reaches about 50 tonnes,

Acuaculture prodyramme in Lake Mellah

The first attempt for shellfish culture was made in 1976 by introducing
oysters and mucssels into Lake Mellah. Encouraging results were obtained at
the very beginning. Production however, has never reached a significant

level; present production, including both mussels and oysters, does not exceed
15 tonnes . Production is based on fixed parks, but floating loaglines are

Eoreseen for the future.
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Fish culture wi1ll be expanded 1in the near futuce. In nrder to ensure the
avallability of fry, the installation of a pilot scale hactchery for cthe
production of 300,000 teo 500,000 fingerlings and marine fish hactchery
pre-fattening raceways 1s under way., <0 support the hatchery opuracion, the
permanent avallabilicy of prook stock Lrom the lagoon should ove ensured. In
addicion to the routine study on fry avallability in the lagoon, the
production of sea bass fingerlings under controllad conditions is planned.
Unforctunately, the lack of expertise and technical assistance prevent the
completion ©of the hatchery in time. In order to ensure a reliable source of
fry for future production, immedlacte action has to be tvaken for the completion
of the hatchery.

In this conn2grion, external raceways tor the pre-fattening and raceways
for commercial production are being constructed. TFor hactchery operations
brood stock from the lagoon should be permanently available. The main
objecrtives of such a project are te conduct feasibility studies on the fish
farming system and to traln perseonnel.

It has been stated that the deeper zones of Lake Mellah could be used for
intens:ive fish and shellfish production by =upluying Lloating installations
{Vincke and Ruer, 1983). However, 1t szems that deep zones act as a settlinyg
pocket whos~e matter 1n suspension is progressively accumulated thus resulting
1n depleted oxygen or even anoxic conditions {Semroud, 1983). This situacion
18 encouncared over a large surface areax of the lake, where thers are large
mud deposits.

Raview of available ecological daca on lake Mellah

This cnapter wlll consider available data on the Mellah Lagoon with
reference to descriptors recained 1n the Joint Project Proposal, as far as che
Pilot Programme and the Core Programme are concerned. The relevant sources
are listed in che bibliography.

Metsorolouical descriptors

Minimum and maximum monthly averages of air tempesrature are available in
Semroud (1983); data on rainfall are available in Semroud (1983) and CROP
{1979); information on wind speed, direction and freguency are found in
Selczer (1946); tocal radiacion (as number of hours day‘l) is razported in
Semroud (1983):; data on water turnover, including evaporation, are available
1n CROP (1979), Bakalem and Roman (in Crop, 1279) and France Aguaculture/Sepia

(1980).

Continental hydrography dascriptors

Data on the watershed, on superficial hydrography and estimates on fresh
water inputs are found in the above mentioned works (Crop, France
Aquaculcure), as wall as in Thomas et al. (1973), Guelorget gt 21. (1983),
Semroud (1983). WVery limiced informacion is available on the geological
nature of the watershed and land usage tn2rein, including possible polliution
sources.
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Geomorpnologlcal descraiptors

Bathymetric data were recorded and charted by Fraunce aquaculture, 190,
Information on tne channel is provided by Thomas et al. (l973), Guelcryet gt
al. (1983) and Cataudella, 1982.

Phvsical descriptors

Data on water temperature in Lake Mellah, concerning both surface ana
bottom temperatures, in various sites and during varicus periods of the year,
are reperteu in Crop (1%79), Guelorget et al. (1983) and Semrouu (1983). Dbata
on turbidity are available in Guelorget et ai. (1943} and 1in Semroud (L1983).
Reference on water circulation in the lagoon 1s maae in Guelorget et al.

(1983).

Chemical descriptors

Data on salinity variability and space distribution (including both
surface and bottom measurements} are reported by Crop (1879%), Chassany de
Casabianca ek al. {198l), Guelorget et al. (1983), and Semroua {1983)
(obtained by either titrimetric or conductimetric determinations). Dissolved
Oxygen Concentration was measured at various sites and in various periods {at
both surface and bottom} by Guelorget et al. (1983) and Semroud (1983).

Biol:sjical descriptors

Phytoplankton biomass (as chlorophyll a) has been determined by sSemroud
{1983} and Guelorget et al. (1983}. The latter paper contains cell counts on
different taxa, identified down to the finest possible level. Further
information con phytoplankton is contained in a thesis submitted at Annaba
University (details not available to the Mission}. NoO qata are available on
zooplankton, with the exception of a thesis, submitted at Annaba University,
which was not made available to the Mission.

There are several data on benthic faune, including information on species
composition, abundance (both as counts and bicmass assessments), distribution,
community structural parameters and population dynamics of selected species at
various sites of the Lagoon and in various pericas. These data are found in
Messili and Rebzani-Zamat (1980), Bakalem et al. (198l), Guelorget gt al.
(1933) , Semroud (1983). The latter paper also includes a guantitative data
treatment by a multidimensional technique.

No data are available on necton population size structure, but there are
records on species composition of fish having commercial interest. Data on
shore fishes (including fry and fingerling distribution) are given by
Guelorget et al. (1983), who also provide information on migration patterns of
marine f£ish. This work also includes data on the lake Mellah Eishery.

Further data on the same subjects can be obtained from Cataudella (1982).

Other descriptors (see Pilot Proyramme)

Data con sediment structure (l:ithology and granulometry) are given by

Semroud (1983) and Guelorget et al. (1983) (lithology). Information on
CaCO, and organic malier concentration is contained in Guelorget et al.
(1983).
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Thomas et al. (1973) give estimates on the hydraulic exchanges through the

channel as well as on tidal patterns. Guelorget et al. also give the results
of theoretical calculations tor the improvewment of the hydraulic performance

of the channel.

Data on pollution are found 1n Guelorget et al. {1983) and in Aissi and
Siblot (L981).

Present ecological monitoring in Lake Mellah

Regular monitoring is currently carried out on Luke Mellah by the L1 Kala
ONDPA office which owns a small laboratory located at the Lake Quberia farm.
Paramcters such as water temperature, salinity, dissolved oxygen and turbidicy
{Secchi disk) are recorded.

The technical staff is at present composed of 3 members and a biology
engineer. Three more posts for technicians are foreseen for the near future.

The laboratory has the basic equipmeni for such measurements. ocently,
equipment for the bacteriological monitoring of products was added. The
installation of a meteorological station at Lake Mellah will be carried out
shortly. . .

Ecological research is going to be enhanced through cooperation with the
Biclogy Department of Annaba University whose students have already done ‘
occasional thesis work at Lake Mellah.

Conditions for the implementation of the Joint Project

The mission proposes Lake Mellah for the implementation of the Joint
Project. FProm the information obtained it is clear that:

~ The ONDPA office in El Kala is involved in regular monitoring and
maintenance of the present ecological conditions in Lake Mellah. The
basic environmental parameters are monitored in order to assess the
global conditions in the lagoon and to produce information useful for
lagoon managenent.

~ Desirable integration and improvement of ecological monitoring can be
expected through cooperation with the Biology Department of Annaba
University.

- The basic equipment for hydrographic measurements is available at the
small laboratery located at the Lake Ouberia farm. The requirenments
for bacterioclogical monitoring and monitoring of metecrological
paraweters will be satisfied in the near futuge.

- The cooperation climate is Favourable anu the staff members are well
motivated.

~ Expertise is potentially available in most of the fields to be covered
by the Joint Project, includiny both physico-chemical and biological
analyses. However, permanent assistance will be needed in the
application ¢f numerical technigques for the processing of ecological
data.
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General conclusions ana recommendations

The coastal and inland aguatic resources of Algeria which comprise salt
and freshwater lakes, lagoons and marine coves have good potent:..l for
aquaculture development. Within the general context of aguaculture
development in Algeria, Lake Mellah 1s characterized by a nuwber of
appropriate aspects such as hydromorphological and ecolegical conditions,
geographical position and other factors of fundamental importance. For the
above reasons, this coastal lagoon has already been chosen (by MEDRAP) for the
implementation of the first intervention, to be followed by a series of future
initiatives on the coastal territory of Algeria. The mission is of the
opinion that the Joint Programme can be easily integrated in the on-geoing Lake
Mellah activities.

For a long~term plan, the Mission proposes to the Ministry of Agriculture
and Fisheries the establishment of an intedgrated aquaculture project for more

stable and permanent activities., This implies:

1. Identification and description of sites suitable for aguaculture
development with particular reference to the lagoon formation of the
area along the coastal belt.

2, Definition of hydroyeological resources avallable for agquaculture with
particular regard to warm waters in the area under study, including
spring water and heated effluents; their yuality, quantity and
temperature regime are most important.

3. Nature of existing aquaculture activities and techniques used
{intensive, semi-intensive and/or extensive; ponds, raceways, cage
production, shellfish culture, breeding techniques used etc.).

4. Evaluation of projects and studies in the planning or implementation
phase.

5. Quality and guantity of the available seed sources (both hatchery
produced or obtained from the natural habitat) and information on the
area where it is caught. Suitable species incluae the grey mullet
species, primarily Mugil cephalus, sea bass, Dicentrarchus labrax, sea
bream Sparus aurata and eel Anguilla anguilla. As for freshwater
species the candidates are common carp, Cyprinus carpio, Tilacia sp.
Micropterus salmoldes and Lucioperca sp.

*

6. Definition of other existing aguaculture activities or activities
connected with aguaculture.

It is hopea that such an approach will lead to detaileu studies ess
for the design of proauctive management plans and ceompreiiensive evaluat
required for future aguaculture project development.

ential
icn

From the preliminary obsecrvations at the site the following short~term
actions can be proposed:

1, Immediate completion of the sea bass pilot scale hactchery to include
breeding, hatchinyg and nursing facilities.
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Establishment of a raceway culture system for commercial sea bass
production.

Pre~feasibility stuay of Artemia culture as a complementary project to
the sea bass hatchery proaucticn. The potential for mass producticn of

Artemia cysts is important in view of the latter's high market price

and great demand by the world's aguaculture inaustry. It is
recommenaed to undertake:

- an identification survey of possible sites in the salt lakes of the
country;

-~ the incculation of the existing solar/salt with a strain suitable to
the environmental conditions; the Tunisian strain could be introduced:

~ before the Artemia inoculation, phytoplankton may be grown with
chemical fertilizers.

Integration of life support facilities and infrastructure for handling
and marketing of the expected product.
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Review of aquaculture development in the Bizerte lagoon

The lagoon of Bizerte covers 15,000 ha and is still an under-exploited

‘site despite its potential for aquaculture. The principal cultured species

are musssels, Mytilus galleprovincialis and oysters, both Ostrea edulis and
Crosostrea gigas. Aguaculture actlvities were initiated by the ONP (Office
National des Péches) at Menzel Jemil in 1963. Production is carried out in 15
fixed parks of about 800 m2 each. It is estimated that at present production
is carried out on less than 1 per cent of the total surface area.

Total shellfish production in the period 1977-1982 ranged from 100 to 150
tonnes (90% of which was mussels}. Production increased in 1982 to 300 tonnes
by importing oyster seeu from France. However, because local markets were not
developed and the existing trade channels for export were not exploited, the
entire production could not be commercializea. The current production is
estimated again at between 100 and 150 tonnes.

Some efforts have been made to grow clams, Tapes semidecussatus. The
bottom culturing techniques were employed; good yrowth rates ana negligible
mortality were reported (Gimazane and Mehaioub, 1979}.

More recently, an aguaculture development programme has been initiated
(MEDRAP/FD/86/07). Within the framework of this programme, in addition to
shellfish culture, a pilot~scale production of gilthead sea bream, Sparus
aurata and sea bass, Dicentrarchus labrax is carried out in 4 net cages (50 m3
each) fixed on the shellfish installations. Fish culture will be expanded by
employing 4 additional floating cages of about 100 m3 each. This production
is based on both collecting wild fingerlings and obtaining them trom a
hat¢hery located 1in Ghaer El Melh (sea bass).

Studies have been conducted in order to evaluate the aguaculture potential
of the Bizerte Lagoon. Some studies indicated that mollusc production could
reach 1G,000~15,000 tonnes year"l {MEDRAP/FD/86/08) and even 20,000 tonnes
year~l (ADCP/MR/83/21).

Fisheries in the Lagoon

No precise statistical data exist on fisheries in the Bizerte lagoon.
This could be because the fishermen of Menzel Jamil and ienzel Abd-Er~Rahmane
fish both inside and outside the lagoon.
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However, a progressive lncrease of the total catch (mullet, sea bass,

eels, gilthead sea bream, sole) has peen recorued: from 30 tonnes in 1976 to
100 tonnes in 1981 (Z2aocuali and Baeten, date missing). The same authors
reported a total catch in the Bizerte layoon of about 400 tonnes year“l in

the beginning of this century.

Review of available ecological data

In this chapter the available data on the Bizerte Lagoon regarding the
descriptors retained in the Programme Proposal of the Joint Project are

considerea.

Meteorological descriptors

Data on air temperature (average of minima, average of maxima) are
available on a monthly basls in Soussi (1%81). Zaouali (1979) and Azouz
{1966) indicate minimum, maximum ana average air temperatures, Azouz yiving
only data for the years 1956-1960 and 1963-1964.

Data on wind (speed, freguoncy and direction) and rainfall are given in
Scussi (1981), Zaouali (1979) and Azocuz (19G66). Azouz however obtained the
data from the Meteorclogical Service of El Aocuina airport (Tunis) and only for
the period of 1944-1950, regaruing wind and for the years 1956-1960 and
1963~1964 regarding rawnfall.

A few data on total radiation time, evaporation and relative humidity can
be found in Zaouali (1975).

Metecrological dat. given by Soussi (1981) are derived from the
reteorclogical station of Bigerte for the per.od 1901-1970, except for wind
{1951-1960 only); those mentioned by Zacuali (1978) are calculated from

ochservations between 1901 and 1960.

Continental hvyvarogravhy descriptors

The major source of information is Soussi (1981) who yives not only data
on the hydrological regime of the tributaries of the Bizerte Lagoon but also
on the geology of the whole regicon. However, data on soils are given by
Kallal (1979) and Lemoalle (1983).

Geomorphological descriptors

Bathymetry can be taken from a map (scale L:25,000) issued by the
Hydroyraphical Service of the Marine, Paris, in 1897 and updated for the last
time in 1984.

Data on the surface area of the Lagoon as well as on the lenath and width
of the channel which connects the Lagoon with the open sea vary according to
the author (Azouz 1966, Zaouali 1979, Soussi 1981, Frisconi et al., 1986,
Gimazane, date missing).
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Physical descriptors

Regarding water temperature, data can be obtained from the papers of Azouz
(1966), Zaouali (1979), Gimazane (date missing), Belkhir et al. (1985),
Frisoni et al. (1986), Frisoni et al. (1986a and b} and Soussi (198l1).

Transparency of water has been measured by Belkhir et al. (1985} and
Friseni et al. (1986).

Chemical descriptors

Chemical descraiptors such as salinity and O,-saturation are reported by
Azouz {l1966), Zaouali (1979), Gimazane (date missing), Soussi (1981, salinity
only), Balkhir et al. (1985), Frisoni et al. (1986} and Frisoni et al. (l98§).

Bioclogical descriptors

Regarding phytoplankton, Azouz (1966) gives results of cell counts as well
as a floristic list. Biomass as Chlorophyll a is shown in Belkhir et al.

1985), Frisoni et al. (1946) and Frisoni et al. (1986).

Data on zooplakton are not available. Only one mostly qualitative study
with some rough indications con the abundance of the most frequent species of

coperods has been carried out by Azouz (1566).

Qualitative studies of the phytobenthic communities have been carried out
by Azouz (1966) and Zaouali {(1979), who also gives some abundance estimates.
In Prisoni et al. (1986), only a few qualitative data on the distribution of

the most important macrophytes can be found.

Regarding zoobenthos, qualitative data are obtainea from Azouz (1966) and
Soussi (1981). This last author, however, only refers to molluscs and
foraminifers. 2Zaouali (1979) also provides quantitative information (number
of individuals and biomass). The same type of cata is found in Frisoni et al.
(1986, both papers) but the data on abundance and biomass estimates only aeal
with the entire fauna. .

So far, no data on necton biomass or necton population size structure are
available.

Other descriptors

A very extensive study on sediments has been completed by Soussi (l19281).

. Other qualitative (mainly lithological) data as well! as data on the crganic

matter content of the sediment are founa in Zaouali (1979) and Frisoni et al.
(1986, both papers). .

Present ecological research on the layoon of Bizerte

At present, there is no regular research programme carcied out by INSTOP
in the Lagoon of Bizerte. Measurements are made, however, on a number of
parameters, especially for the assessment of pollution levels.
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Present activities deal with the following descriptors where values are
determined mostly i1n sediments:

- hydrocarbons

~ organic matter

-~ Hg, €4, Cu, Cr

- pesticides in some organlsms (oysters and mussels).

At the ONP station in Menzel Jemil regular recordings are taken con the
lagocon level, rainfall, wind speed and direction (subjective estimates).

Evaluation of present ecological informat:on

There are many studies on the Lagoon of Bizerte. These studies had
different goals and achievea different results. The majority of these works
is of a descriptive nature with a very poor aata treatment if any at all.
Tneir usefulness is therefore limited as they cannot form the basis for any
advanced analysis. In general, the sampling design is suitable neither for
the application of synthetic numerical descriptions, nor for hypotheses
testing. This 1s largely due to a very poor observation dansity because of
which cne caannct assess the space variability of any descriptor. Thus
cartographic representations of the distribution of certain descriptors wce
mere subjective interpolations and cannot be used as such, in planning
aguaculture davelopment. This applies to most of the zonal pactearn3a
iazntifieaq so far and to relatea maps. The sam2 holds for time series:
Generally only month (or year) averayes have been consigered and this gyives
vather trivial results. No circadian or semi-diusual (e.g. along a tiual
cycle) series have keen established which hinaers the assessment of the short
time variability scales in the ecological processes of the lagoou. N

There is very little also on the hydrodynamic behaviour of the basin:
indirect and subjective determinaticns have been attempted, but they can only
be considered as informal hypotheses on circulat:ion patterns and are thecefore
of limited use.

As it is, present information only allows a premodelling exercise on the
hydrodynamic patterns of the lagoon: sufficient data on bathymetry, tide and
dominant winds are available. The results of such an exercise can be used as
a reference to improve the performance of the Pilot Programme once it is
clearea up. .

Conditions for the implementation of the Joint Project

The INSTOP Laboratories in Salambo and La Goulette offer a full set of
instruments for hydrochemistry and hydrobiology.

Among major items, the following can be mentioned:

~ dual beam lonyg light path spectrophotometer;

- gas chromatoyrapher;

- atomic abscrption spectrophotometer;

- set for hydrocarbon separation and determination.
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The relevant equipment for sampling ana measurement ©f other descriptors
is also availabhle,

Experience is available in all fields to be covered in the Joint Project,
including both physico~chemical and bioloyical analyses.

The cooperation climate is quite favourable and staff members are
competent and well motivated. In particular, several of them showea yreat
interest in the scientific approach used in the formulation of the Project,
with special reference to numerical techniques for ecological data treatment.

The ecological programmes currently carried out at INSTOP also concern the
lagoon of Bizerte. This is due to the will to define a rational plan for the
development of aquaculture in an assessed environmental framework. No great
efforts have however been made so far in research and monitoring of the
lagoen. Such a situation implies that the Joint Project Proposal would
promote integration and improvement, which would provide, in a relatively
short time, preliminary guidelines for the development of aguaculture in the
lagoon of Bizerte.

Conclusions and recommendations

From the above information, it is clear that very favourable conditions
exist at INSTOP for setting up a Local Unit. The latter would implement not
cnly the core programme but one or more Satellite Programmes as well.
Concerning the Satellite Programmes, a number of possible subjects, which will
be better defined during the Pilot Programme, have been discussed to some
extent. The field of contamination {many sources have already been detected)
and the field of aquaculture environmental impact, with special reference to
fish cage culture have already Licn identified as holding major interest, In
this context, some iIndications were given by the Mission with regard to the
implementation and/or modification of the INSTOP short-term proyratunes, with
special reference to sampling strategy and data treatment. ’

In the light of the above, the Mission 1s of the opinion that, in the case

cof the INSTOP Local Unit, the conditions exist for the utilization of the
financial support foreseen in the Joint Project, so that the above mentioned

Satellite Programmes, once they are agreed upon, can bhe implemented.

Mr. C. Rais has been indicated as Co-ordinator of the INSTOP Local Unit.
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6. PROPOSAL FOR A MEDITERRANEAN COOPERATIVE PROJECT

Definition of ecological griteria for the rational development
and protection of aquaculture in the Mediterranean coastal zones.

Prepared jointly
by
FAO and PAP/RAC experts

Introduction

The potential of the Mediterranean coastal environments for the
development of aguaculture has only recently been fully recognized. With this
realization, almost all countries have implemented or are planning substantial
aguaculture activities.

This process should be seen in the broader context of the
"littoralization" which is affecting the entire area. Agquaculture, in fact,
is but one of many productive activities exploiting more and more fully the
natural resources of the coastal environments. Unfortunacely, the development
of aquaculture, especially in its more modern forms, has so far been seen
primarily as a bictechnical problem, even though the objectives are generally
spelled out in socio~economic terms. Potential interactions with other
preductive activities, particularly where those are accompanied by
environmental impact, have been given little consideration.

The programme proposed herein is designed to help the governments of the
Mediterranean to plan and carry out appropriate actions to ensure that in the
course of promoting aguaculture, environmental and broad socio—-economic
considerations are adequately considered along with the more strictly economic
and bio-~technical issues.

Project description

Background of the project proposal

Agquaculture is one of the priority fields of the Praiority Actions
Programme {PAP). In the framework of the PAP workplan for the 1986-1987
biennium (UNEP/WG,129.5), the formulation of a jeoint project of PAP and the
FAO/UNDP Mediterranean Regional Aquaculture Project (MEDRAP) was envisaged in
order to study the environmental aspects of aguaculture management. This came
about as a result of the cooperation between PAP and MEDRAP experts in the

. 1984-87 period, during which the need to define and test an effective

procedure for the proper management of aquaculture in lagoon and coastal
ecosystems was thoroughly investigated.
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The aims of this preparatory phase were, among others, to identify and
select the relevant environmental scenarios andg productlion systems in a number
of sites, to assess the level of information available for each site and to
evaluate the local means and .acilities which could be put at the aisposal of
the project.

The intormation obtained during the Preparatory Phase ({1986-19387) nmade
possible a realistic evaluation of the neeas and c¢onstraints of both a
sclentific and technical nature for the implementation of the project. This
led to the formulaticn of the present proposal.

t

Project objectives

While there is no doubt that an operation procedure, capable of producing
sensible evaluations and forecasts, under difrerent environmental and
production scenarios, would represent a precicus tool both for coastal zone
planners and entrepreneurs, such a procedure does not exist at present.

It is in fact clear from the analysis of the studies that have been
carried out in this field that only qualitative suggestions were possible
within the descriptive and scientifically informal approaches that have been
adopted.

This is due to conceptual, technical and economic constraints, some of
which ‘are specific to the field of agquaculture, especially in terms of
equipment and manpower costs and time necessary for a more scientifically
sound environmental analysis.

The long-term objectivés of the project are therefore:

-~ to establish a conceptual ana operational procedure of site evaluation

and monitoring for the development and protection of aquaculture in
Mediterranean coastal environments, with special reference to lagoons;

- to define a realistic and consistent set-up of operations necessary to
calibrate and validate the procedure as a whole and its individual
components.

It is however essential that the procedure to be developed be in line with
the specific problems and needs of aquaculture, that it be of general
applicability, simple and inexpensive in terms of fiela effort and capable of
providing accurate estimates and predictions.

The immediate objectives (pilot phase) are:

-~ to obtain an evaluation of previous data

- to obtain supplementary data

~ to prepare and run a preliminary model

- to prepare an Operational Handbook

- to provide preliminary indications for aguaculture development and
protection

~ to provide preliminary training of local staff in Ffield operations.



-84~

To achieve these objectives, it is necessary to frame different production
systems and their development in various environmental scenarlos, to define
the scenarios by means of efficient descriptors and to choose a sampling
design for each descriptor according to 1ts specific space and time scales.
Also, a set of numerical techniques has to be defined that can treat the
information obtained so as to produce the desired guantitative assessments and
forecasts, as well as to assess the relative significance of the selected
descriptors. Furthermore, the most appropriate numerical simulation models of
the ecoclogical events that are most relevant to aquaculture production systems
have to be selected and validated.

Expected outputs

When such a procedure 1is constructed and validated, the following outputs
illustrate the results expected i1n the field of agquaculture:

- guidelines for the selection of sites suitable for agquaculture
development;

— guidelines to assess the compatibility of already existing or planned
aguaculture activities with the development of other forms of natural
resources exploitation (e.g. a prediction of the cumulative effects of
organic enrichment from aquaculture and urban wastes);

- guidelines for the selection, within a given ecosystem, ¢f the zones
that are best suited for the varicus production systems {e.g. the
prediction of the best combination of water movement types for the
installation of fish culture cages);

~ guidelines for the definition of how far a given type of production can
be developed without exceeding the carrying capacity of an ecosystem
(e.g. the prediction of achievable shellfish culture density vs.
phytoplankton productivity;

-~ guidelines for the definition of the amount of exploitable resources
(e.g. the accurate estimate of the biomass of prey for the commercially
valuable species in semi-intensive cultures, such as enclosures);

- guidelines for the definition of the extent to which available
resources can be developea by intervention (e.g. the prediction of the
yield obtainable by fertilizing semi-intensive fish cultures).

These guidelines and their associated models will be designed in such a
.way as to be readily used by decision-makers and aguaculture professionals
without specific training. As is implicit in simulation, they can be used to
perform computer experiments utilizing various types of scenarios and
production systems, prior to the real implementation of any aquaculture
development.
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Qrganization of the Project

In the 1light of the above considerations, the project has been organized
in the following integrated parts:

i. Pilot Programme to integrate previous data and to collect supplementary
data, to prepare pre-models and to start the operational calibration of
the project, with particular reference to sampling design and related
technical problens. .

ii. Core Programme, to perform those basic research activities that are
feasible at all sites; to implement Seminars and Advanced Training
Missions.

iii. pParallel National Activitjes (so-called "Satellite Programmes") to_be
performed in individual institutions, depending on both their specific
interests and experience/facilities; the Satelite Programmes will

include complementary parts of the project that can be developed
independently but consistently with the project itself; speciftic local

problems may be taken into account.

iv. Training Component. The project will have a strong training component
consisting of seminars, training missions ana the preparation of a
methodoleogy manual and an Gperations Handbook.

The Pilot Programme

The Pilot Programme will be carried out mostly by the Coorainating Group.
It will be performea una tantum at the onset of the project, on all the
previcusly selected sites. It will cover sampling and measurement of sediment
descriptors, water levels and water flows. Furthermore, 1t will include
sampling and measurement of all the descriptors listed in the Core Programme,
except items a and b (see Technical Annex) Efor which no direct investigation
is considered.

The Pilot Programme will establish:

a. the grid for spatial analyses to be used in the Core Programme for the
benthos;

b. the time variability (high frequency) of physlcal and chemical
descriptors of the water column, thus establishing the optimum sampling
freguency to be adepted in the Jore Programme;

¢. the bathymetry of the basin if the one available is older than 50 years
{or is not available at all};

d. the location and permanent marking of sampling sites to be adoptea in
the Core Programme.

The Pilot Programme also includes the preparation and running of the
hydrodynamic model for each site, the results of which will form the basis for

the definition of the¢ space grid for pelagic sampling to be aaopted in the
Core Programme.
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In addition, a methodology manual will be provided as an output of the

Pilot Programme. This manual will provide "how to" assistance in all the
practical steps of the procedure, including standard cards for data logging
during the Core Programme.

The Core Programme

The Core Programme is designed to validate numerical models (see Annex) on
the basis of a minimum number of descriptors which are easily obtained oz
measured. Some descriptors (e.g. incident radiation) can be calculated from
known physical laws or used as variable-forcing functions (e.g. nutrients).
Consequently, these descriptors are not included in the list that follows.

The expected result is a validated and calibrated model which will permit
simulations by varying the level of the forcing functions and/or border

‘conditions. For example, the model would predict the increase of BOD under a

set of cages in a lagoon under different conditions of water exchanges with
the sea.

The Core Programme will concern the following descriptors:

-~ Meteorological descriptors (25-year time series), such as temperature,
relative humidity, sky cover, rainfall and wind. Data can be obtained
locally or from the nearest Meteorological Office. Raw data are
sufficient if no statistical analyses are availabla.

~ Continental hydrography descriptors, such as watershed, soil data, main
water inflow and runoff sources. Data can be obtained locally or from
the various Regional/National Authorities.

- Geomorphological descriptors, like lagoon-bathymetry and length, width
and depth uf outlets. ’

- Physical descriptors, such as water temperature and transparency.

- Chemical descriptors, such as salinity and oxygen content.

- Biological descriptors, such as biomass of plankton, benthos and nekton.

The operational sampling design for the Core Programme will partly depend
on the results cbtained in the Pilot Programme. It should be considered that

sampling, data analysis and modelling are performed interactively (eventually
with blocks deriving from the Sattellite Programmes). For thig reason,

flexible sampling designs are proposed. The general strategy aims at

-obtaining the best coverage of the system. It can be briefly described as

follows:

- meso-scale space grid for sediment and benthos sampling: the system
will be divided into squares the size and number of which will depend
on the size of the system; two sampling points will be included in each
square; only one of the two samples will be studied while the remaining
one will be part of a reserve to be used, if necessary, on the basis of
a map of errors generated from space distributicn analyses;




-87-

- micro-scale space grid for benthos sampling: the grid will have the
fixed size of 100 x 100 m and will contain a number of squares in which
two samplings will take place with the same criteria as thuse described
above. The location of the micro-~scale grid will depend on the results

of the analysis of meso-scale spatial patterns;

- space scale for pelagic sampling: in general, space resolution will be
kept rather low (4-5 sampling points);

~ sampling time scale: basic frequency for time series generation of
pelagos descriptors is 1/4 of a tidal cycle; sampling will be carried
ocut in seasonal batches of 3 consecutlve agays (6 tidal cycles) centered
on seascnal average meteorological conaitions; sampling freguency ior
benthos will be once a year; fish fry migration studies will be
performed once a month, with cbservations along two consecutive days.

Satellite programmes

The goal of the satellite programmes is to uevelop particular aspects of
the dynamics of an aquatic ecosystem.

The choice depenas on the specific problems generated by the unigue
agpects of different sites and of the different environmental scenarios in

connection with the respective aguaculture activities and/or plans.

It will be up to local institutions to select a subject which best sults
both the site's problems and laboratory facilities/expertise that can be
devoted to these special studies. The only condition required will be
consistency with the sampling and moaelling strategies adopted in the Project

(see Annex).

At this stage, one can only list examples of research that can be
undertaken in the Satellite Programmes. These activities will be agreed upon
with the staff of local Institutions after the completlon of the Pilot

Programme. Possible items are:

-~ Time variability !n nutrients and primary producer biomass
concentration (high frequency, e.9. weekly)

- Oxygen production and respiration by in situ experiments

~ Primary production experiments

~ Spatial distribution of size spectrum in selected benthic species

~ Gut content analysis in fish of commercial interest (by age and time)

- Feeding and exertion rate experiments on selected species
{e.g. Cerastoderma, Sparus auraka)

- TFish stock assessment through different experimental strategies
{(e.g. capture-recapture, etc.)

- Utilization of waste feeds from cage culture by "wild" stocks.
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Training component

Four Project Seminars, spread over the whole auration of the Project, will
provide an opportunity for discussion and planning amony the Coc:idinating
Group and the Local Units {see 2.6 below). They are designed as Plenary
Assemblies of the Project, at the beginning and at the end of particular
phases, where an active flow of ideas and experiences, as well as
problem-solving, can be obtained. Seminars also represent the occasion for
personal contacts and it is expected that they will promote
self-identification in the Project of all its participants.

Two Advanced Training Missions are offered to Local Units. ATMs are meant
to improve the knowledge of already experienced staff Members of Local Units
in particular fields concerning the Project. Special reference ig made Lo
methodology in model building and managing, electronic data processing (EDPR)
and related topics.

An Operations Handbook will be an operative output of the whole Project.
It will proviae reminders to the users- in the application of the procedure
under different environmental scenarios and with different production medels.
The Handbook will condense the experience cbtained in the Project in terms of
problem solutions, data base and case history reports. It will also include
user~friendly software, which will run on most of IuM PC compatibles and which
will be designed to carry out humerical Analysis and Simulations.

¢

The QOperative Structure

The Operative Structure consists of:

= A Coordinating Group, which will be a task team carrying out most of
the work foreseen in the Pilot Programme, with some assistance Lrean the
Local Units (see below). The members of the CG will therefore not
constitute a permanent unit with an established cffice durinyg the whole
duration of the Project, but will meet whenever needed in order to
direct the activities. )

In particular, the role of the CG is:

~ to carry out the Pilot Programme

- to perform guality controls

~ to plan and assist in Seminars and Workchops
- to perform data processing and modelling

~ to prepare reports.

The mewbers of the CG will be assisted by consultants during Lhe Pilot
Programme piiase as neeaed. The CG will have at its disposal its own
instrumentation in order to ensure the uniformity of the collectca data
as well as computer facilities for data processiug.

- Local fnits cunposed of up to seven staff wembers (juniors ana students
included) and a local Coordinator f£rom relevant National Institutions.
The role of a Local Unit is to carry out, in cooperation with che CG,
the activities planned tor the Core Programme and (eventually} for the
Satellite Programmes, to cooperate with the CG and participants in the
Pilot Programme, to provide laboratory racilities, fielu work
facilities, instruments and whatever else is necessary for che
implementation ot the project.
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Timing

Activities of the Project are scheduled as follows {times are computed
from the operative ¢learance):

- Step l: Pilot Programme. Seven field missions, one at each site, are
included. Data analysis, pre-models, preparation of reports,
methodology manual and Data Log. Duration: 10 months.

- Step 2: Core Programme Phase 1. Data collection and analysis,
pre-validation of models, training, Parallel National Activities
(Satellite Programmes). 2 Seminars, 2 guality control-assistance
missions, 2 advanced training missions, 1 meeting of CG are 1includea.
Duration: 12 months.

~ Step 3: Core Programme‘Phase 2. Data collection and analysis,
validation of models, anplication, training, Parallel Katicnal
Activities (Satellite Programmes). 2 Seminars, 2 quality
control-assistance missions and 2 advanced training missions are
included. Preparation of final reports and of an Operations Handbook.
1 CG meeting is included. Duration: 18 months.

Total duration from clearance: 40 months,

Expected achievements

The major practical achievements expected from the project will include a
validated analytical tool for site evaluation and impact assessment with
regard to the specific neeas of aguaculturé under different ecological and
development scenarios. Hence, planning of production activities will become
easier and more efficient. In particular, the project will provide a tool to
manage and increase biological production of economic interest without

inmposing undue stress on the environment. A deeper insight into the
information available sc far will also be gained and additicnal valuable

information on the ecological state of the investigatea sites will be made
available.

This set of achievements will be transferable at both national

decision-maker and professional levels, thus improving rational planning of
aquaculture in the framework of other production activities using the same

environmental resources.

Another important expected achievement is the prometion of advanced
education and specialized training enabling inprovement of national
capabilities for aquaculture development and protection through an efficient
site selection and monitoring.

Finally, the role of the Project in promoting ccoperation, communication
and exchange of both scientific knowledge and practical experience in the
field of applied ecology and aguaculture among llediterranean countries snould

be underlined.
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Financing

The tentative budget has been calculated on the basis of the following
criteria:

~ to provide the Coordinating Group with equipment and data processing
facilities to meet the necessities of both the Pilot Programme and the
Core Programme;

- to provide each Local Unit with a contribution to bring its equipment
to the level required for the Core Proyramme;

~ to provide each Local Unit with a contribution to the costs of field
work anrd expendable materials.

No financial support is initially foreseen for the Satellite Programmes.
wowever, it is definitely considered that those Local Units that are able to

execute the Core Programme using their own means (equipment, manpower etc.) as
required in this proposal may allocate the financial support to the .
development of one (or more) Satellite Programme (s).

This flexibility is designed to compensate for the fact that some Local
Units have a level of equipment that already meets the requirements of the
Core Programme, as well as expertise enabling the successful implementation of
Satellite Programmes, It is expected that this will allow the improvement of
the overall output level of the Project.

I. Pilot Programme

A. Coordinating Group

1. Equipment 96 000
2. Missions 45 800
3. Consultants (6 m/m) 29 400
4. Electronic Data Processing (EDP) 18 Q00
5. Reports . 7 000
6. Meetings 7 200

Sub-total 203 400

B. Local Units
1. Equipment 140 080

Grand total: 343 400

S=sSn=ss



II. Core Programue fhase 1

A. Coordinating Group

l. tiissions 56 000
2. Electronic Data Preocessinyg ‘LDP) 36 000
3. Reports 14 000

g Sub~tutal 106 000

B. Iocal Units

l. Centribution ko field work 51 000
2. Expendable material 6 900
3. Seminars 93 000
4. Advancod Training Missions 22 100
Sub-tota 174 0060
CGrand total: 2860 §00

IXII. Core Progrisme Phagse 2

A. Ccordinating Grouw

l. Missions 56 0G0
2. Blectronic Data Processing (2Db) 35 Gul
3. Reports 14 049

Sub-~total: 106 QG0

B. Local Units

1. Contribution to field work 51 QU9
2. Expendable material 6 300
3. Seminars 93 000
4. Advancad Training Missions .23 139
Sub-total: 174 g0
Grand total: 280 000

===

Project total cost: 903 400
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APPENDTIX

7. METHODOLOGY

A,

Data

to ba collected during the Pilot Prougranme

l‘

Sediment yranulometry aistribution (wentworth or Doeglass classes),
with special reference to clay smaller fractions ( 18f)

2. Sediment CaCOj3 content

3. Sediment TOM content

4. Water level (in selected places)

5. Water velocity (at the outlets)

Data to be collected during the Core Procramne

a. Meteorological descriptors (23-year time series). Data can be
obtained locally or from the nearest dMeteorological Office. Raw data
are sufficient if no statistical analyses are available.
Measurements of descriptors a.l, a.3 and a.5 (direction and speed)
will be made in each sarpling operation. Other data {e.g. 1ncident
radiation, evaporation etc.) necessary for model implementation, will
be calculated on the basis of known relaticonships with the
descriplors measured.

a.l. Air temperature

a.2. Relative humidity

a.3. SKky cover

a.4, Rainfall

a.5. Wind direction frequency, speed and duration

b. Continental hydrography descriptors. Data can be obtaincu locally or
should be available from various Regional/National Authorities.

b.l. Watershed (surface)

b.2. Soil permeability ({(average)

b.3. Type of soils

b.4. Main inflows (max. and min., flows)

b.5. Main runoff sources (max. and min. flows, type: industrial, domectic,
equivalents etc.) )

C. Geomorphological descriptors. Detailed maps (1:5-10,0000) are necedea.

c.l. Bathymetry

c.2. Length, width and depth of outlet.

d. Physical descriptors

d.l. wWater temperature

d.2. Water transparency
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Chemical descriptors

Salinity
O2 saturation (%)

Biclogical descriptors

Phytoplankton biomass (as cell number of Diatoms, Dinoflagellates,
Gymnodiniaceae, Small Flagellates, Chlorophytes)

Zooplankton Biomass (as number of Copepods, Cladocerans, Other Taxa)
Macrozoobenthos Biomass (as wet weight of Anellids, Molluscs,
Crustaceans, Others)

Macrophytobenthos Biomass (as cover and wet weight)

Nekton biomass, including fry, of Sparids, Mugilids, Serranids, Eels
Nekton population size structure

Sampling and measurement techniques for the Core Programme

Methods and equipment to be used are as follows:

- Air temperature: mercury thermcmeter

- Sky cover: direct estimation

- Wind speed and direction: hand anemometer

- Salinity: refractometer

- Dissolved oxygen: polarographic electrode

- Temperature: mercury thermometer

- Transparency: Secchi disk

~ Phytoplankton: Niskins bottles, Lugol fixation and Utermohl counting
techniques; cell volume-~based bicmass estimates

- Zcoblankton: bongo net, sample splitting and counting; biomass
estimates according to Shmeleva's conversion formulae

- Benthos: Petersen grab, sieving onto lmm mesh, weighing on
technical balance

~ Nekton (Ery): visual catches with Italian fish fry net; samples with
purse seins

- Nekton (sub-adults and adults}: fisheries catches, measurements
as usual.
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8. LCCOLUGICAL MODLLLING
v

EUGLELIO FRESI
University of kaples, Italy

Med2llina Mediterran=zan lagoons

The term modelling is used here in 1ts proadest sense of rational
implification and abstraction of the real world.

Ordinatvion or cluster models have been used in several instances and
mainly reqgarded zonal patterns of both abiotic and biotic characterisiics.
Most of them have sultered fror inggeguate sanpling designs. bodel time
series are rarer and scme also address the stability of spatial
configurations. A few examples exist of path analysis {linear) and i
predictive application. There have also been several exerclses in moselling
population dynamics of some species of econonic lnterssk.

=
[43]

Mechanistic models and simulations are very rare. Some of tuem doal with
the Lagoon ol Venice ana Rhone Delta lagcons. There are a couple of
applications in Sardinian lagoons. Several wmouelling exercises ure now
develeping in a variety of sites (France, I:taly, Tunisia). In general, the
physical sub-system is the one whicn has attracted the major elicrts,
Simulations of bi-dimensiocnal velocity [ields as basis for the study of
advective transpurt phenomena are the most interesting applicatione.
Numer:ical approximations of Navier-Stokes equations were useu ana £olvea by
geither the finite difference or the finite element methicd. These mulels are
inspired to Leendertse's solution which is particularly suited to shallow
waters and proved to be rather satisfactory in both estuaries and clused

bays.

Ecological (trophic) models have also been used. Solutions are
0-dimensional (the space component is not considered)} and therefore ‘numerical
solutions deal with ordinary differential equations. There are a few
applications (e.g. the Lagoon of Venice} the formulation of which is largely
inspired by the classic Kremer ana Mixons's Narragansett Bay model.
Simulations of primary and secondary production in the pelagic coumpartment
seem to offer the most interesting perspectives,

Elaboration of the procedure .

The procedurse results from a methedological amalganation bascd on the
convergent and integrated application ol duffgerent approaches und technigques
(or their agaptations) to the study oif aquatic ecusystems. The procedure is
scientifically formal in that it maxes reference to inductive and deductive
methods both in the planning of information collection and in data analysis.
For these reasons, although it does not disregard iaputs Lrow purely
descriptive and analoyic readings, the proceaure aims «t the coanstructicn and
testing of numerical models. Mocels are of a statistical and a mechanistic
nature ana are used interactively. %Their major role is to proauce at least
sonsible assescments ana forecasts.
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Due to the nature of the specific problems concernlng aguaculture, the
evaluation of ccnceptual, technical and mathematical constraints 1s done in
the light of economic constraints, in terms of cost, time and manpower. The
parametrization of the above items 1s expected to lead to an optimized
operational scheme.

The procedure consists of the following steps:

Step A: construction of the mechanistic model. It implies

(1) identification of the system of interest, (2) definition of the
objectives of the model, (3) definitions of conceptual, physical and
temporal boundaries, (4) identification of sub-systems, (5) identification
of internal and external forcing functions, (6) selection of state
variables (descriptors), (7) creation of the conceptual model, (8)
collectivn and evaluation of available information, (9) specification of
functional relationships, (10) translation into mathematics, (11)
translation into a computer programme, {(12) test for sensitivity and
select coefficients, (13) simulations, (14) comparison with reality often
based on sub-step 8.

Step B: based on the results of the model, establish a sampling design
which should afford: (1) a validation scheme for the mocel as a whole by
comparisons, (2) data for synthetic descriptions and factorizations, (3) a
scheme for the statistical testing of some of the relevant hypotheses
worked out in the previous step (e.g. correlations, causal paths, zonal
patterns and anisotropies), (4) construction of statistical models in bhoth
space and time, (5) interpretation of facts. The sampling design does not
necessarily imply a unique set of variables and is not restrict.d to
passive observation. . Some manipulative experiments are, in fact,
recommendea if not necessary. Finally, some ot the variables are of
interest only in a synchronic context: their spatial configurations may be
used for indirect validations by analogy or correspondence. A list of
"variables to be measured during the Pilot and the Core Programmes as well
as information on sampling and measurement technigques is given in the

Appendix.

Step C: feed back onto the conceptual model and its mathematical
formulation. At this point, the mechanistic model has a stochastic
component.,

Step D: iterations through Steps A and B up to the point where the results
match with observed aata.

Step E: applications.

It is worth noting that in many mouelling exercises, Step.B 1s either
simplified or lacking. In this case, sub-step 14 may represent nothing else
than a fitting exercise.
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In both Steps A and B the selection of descriptors is crucial, since from
this point on, the system will coincice with the list of its descriptors.
There is no prescribed way of choosing these descriptors, besides consistency
with formulateu hypotheses and the consideration of a number of constraints.
These are of a technical as well as of a mathematical nature in the sense that

they must be readily measurable and their number manageable with limited
computing facilities. Natural constraints, depending on the properities of the

variables, should be carefully considered.

The procedure described above has never been applied as such. 1Its main
advantage seems to consist in the interaction between mechanistic and

statistic modelling, since it should solve problems connected with the fact
that mechanistic models often lack data tor validation and statistical moaels
need large and expensive sampling efforts, In our case, the mechanistic nodel
guides the sampling design for the statistical model, the results of which
will serve for validation. .

Modelling approach proposea for the project

The formulation of the mechanistic model is derived from:

- Leedertse approximation f£or the hydrodynamic ana £or the dispersicn
model. A finite difference solution ana the elated NSMODEL programme,
written in BASIC for a MS-DOS environment {PC-level hardware), is
available for the hydrodynamic subsystem. A finite element solution is
being developea which seems better adapted to manage the complex
geometries of coastal lagoons. This will form the basis for a
2~dimensional dispersion and trophic model (at least for pelagic
primary and seccndary production). At present, the model also computes
water exchanges at the opened boundary (e.g. lagoon-sea boundary).
There are several applications to coastal lagoons and bays. Validation

is mostly indirect (by analogy).

- Kremer and Nixon O-dimensional ecological mocel, including a stochastic
component for the forcing functions at the water-air boundary’
{meteorological events are defined at random within the 25-year
statistical limits of the region). At present, spatial elements are
identified on the basis of the results of the hydrodynamic model
{persistent isokinetic fields ane circulation patterns). The coupling
with pelagic production to selected benthic elements (e.g. Molluscs} is
being developed. Computer programmes are available under the same
conditions as NSMODEL. This mouel will be later merged with NSMODEL in
order to obtain two-dimensicnal bioclogical reactors. Validation of
physical exchanges has been performed. '

- BEvapo-transpiration model to simulate surface hydrography in the
watershed.
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As for the statistical models, several methods are available depending on
the scopes, hypotheses and type of variables. A major role is taken by space
configuration analysis especially of conservative or semi-conservative
characteristics of the system, A variety of technigues is available for
stochastic interpolative mapping (Kriging), regionalizatiocn by free and
constrained clustering, fuzzy partitions, anisotropy and clump detections,
clump size evaluation, coherence evaluation of physical and ecological spaces
etc. for both uni- and multi-dimensional data sets. Several algorithms are
available for the study of "resemblance" matrices, such as Multi-dimensional
Scaling, Coordinate Analysis, Factor Analysis, Component Analysis,
Correspondence Analysis (both simple and multiple) etc., which perform
"ordinations" in two-way data sets.

Another important class of statistical models is represented by Casual
Analysis. Canonical Correlations, Procuste's Analysis and Mantel's statistics
are considered (and computer programmes available} for multiple data sets.
Path-analysis is another relevant approach to detect direct and indirect
causation models and derive linear (multi-regressive type) predictive

equations.

Time series can be analysed (and models constructed) by a series of
innovative techniques such as chronological clustering, auto-distance
analysis, contingency periodograms, Markovian chains and related nethods.
More conventional methods (e.g. Spectrum Analysis, ARMA and ARINMA models etc.)
are *available depending on the quality and the amount of data.

Finally, population models, growth statistics, biometric evaluation
metheds, and meore generally the classic tools of parametric statistics have

their own typical applications in modelling exercilces, whenever hypothesis
testing is feasible.

A library of computer programmes developed for IBM compatible PC is
available for the project. This library ensures an interactive use of the
techniques available; a part of the library can be used for didactic purposes.
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No. 1

No. 2

No. 3

No. 4

No. §

No. 6

Ko. 7

No. 8

No. 8

PUBLICATIONS Iu THE HMAP PLCHLICAL RE2ORTIL SEQILLS

UNEP/IOC/WiM0: Baseline studies and monitoring of oil and petrolsom
hydrocarbons in wmarine waters (HED POL I). MAP Technical keworts
Series No. 1. UNEP, Athens 1986.

UNEP/i AQ: Baseline studies and monitoring of metals, particularly
mercury and cadmium, in marine organisms (I1ED POL II). HMHAP
Technical Reports Series No. 2. UnEP, Athens 1936.

UNEP/FAD: Baseline studies and monitoring of DDT, PCBs and other
chlorinated hydrocarbons in marine organisms (MED POL III). MAP
Technical Reports Series No. 3. Uhe?, Athens 1985,

UNEP/FAQ: kesearch on the eflects of pollutants on macine
organisms and their populations (MED POL IV}). MAP Tochnical
Reports Series No. 4. UnhuP, Athens 1%86.

UNEP/FAO: Research on the effects of pollutants on marine
communities and ecosystems (MED POL V). MAP Technical Reports
Series No. 5. U\EP, Athens 19845,

UNLP/ICC: Problems of coastal transport of pollutants (LD POL
VI). #AP Technical Reports Series ko. 6. UNEP, Atnens 1%u46.

UREPATHO: Coastal water yuality control (MED FUL VII). MAP
Technical Reports Series No. 7. UNEP, Athens 1984.

UNEP/IAEA/IOC: Biogeochemical studies of selected pollutants in
the open waters of the Mediterranean (MED POL VIII)., MAP Teclhnical
Reports Series No. 8. UNLP, Athens 19&6.

UNEP: Bilogeochemical studies of selected pollutants in the open
waters )

Add. of the Mediterranean (MED POL VIII). Addendum, Greek Oceanograpiilic

No. 9

‘NOO 10

No.1ll

Cruise 1930. MAP Technical Reports Scvries Ne. 8, addenaum. UNEP, Atheus

UNEP: Co-ordinated mediterranean pollution monitoring and research
programme (MED POL -~ PHASE I). Final report, 1975 - 1980. MAP
Technical Reports Series No. 9. UNEP, Athens, 1986.

UNLCP: Research on the toxicity, persistence, bicaccumulation,
carcinogenicity and mutagenicity of selected substances (Activity
G). Final reports on projucts dealing with toxicity (1983-45).
MAP Technical Reports Series No. 10. UNEP, Athens, 1987.

UNEP: Rehabilitation amd reconstruction of Mediterranean historice
settlements. Documents produced in the first staye of the Priority
Action (1984-1985). MAP Technical Reports Series No. 1Xl. URLP,
Priority Actions Prcgramme, Regional Activity Centre, Split, 1986.
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No.l3

No.l4
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UNEP: Water resources development of small Mediterranean 1slands
and isolated coastal areas. Documen’s produced in the first stage
of the Priority Action (1984-1985). MAP Technical Reports Series
No. 12. UNEP, Priority Actions Programme, Regional Activity Centre,
Split, 1987.

UNEP: Specific topics related to water resources development of
large Mediterranean islands. Documents produced in the second phase
of the Priority Action (1985-1986). MAP Technical Reports Series
No. 13. UNEP, Priority Actions Programme, Regicnal Activity Centre,

Split, 1987.

UNEP: Experience of Mediterranean historic towns in the integrated
process of rehabilitation of urban and architectural heritage.
Deocuments producea in the secona phase of the Priority Action
{1986). MAP Technical Reports Series No. 14. UNEP, Priority
Actions Programme, Regional Activity Centre, Split, 1987
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No. 4

No., 6

No. 7

No. 8

No. 8

Add.

No. 9

No.l1l0

No.ll

FUBLICATIUNS "MAP TECHNICAL REPORIS SERIES"

PNUD/COI/OMM: Etudes de base et surveillance continue du pétrole et
des hydrocarbures contenus dans les eaux de la mer (MELD POL 1). HMAP
Technical Reports Series No, 1. UNEP, Athens 19486,

PNUL/FAO: Etudes de base et surveillance cuntinue des métaux,
notamment du mercure et du cadmium, dans les organismes marins (MED PUL
II}. MAP Technical Reports Series No. 2. UNEP, Athens 1986.

PNUE/FAQ: Etudes de base et surveillance continue au DDT, des PCB et
des autres hydrocarbures chlorés contenus dans les organismes marins
(MED POL III). MAP Technical Reports Series No. 3. UNEP, Athens 1586.

PNUE/FAO: Recherche sur les effets des polluants sur les organismes
marins et leurs peuplements (MED POL IV). MAP Technical Reports Series
No. 4. UNEP, Athens 198e.

PNUE/FAC: Recherche sur les effets des polluants sur les communautés
et écosystémnns marins (MED POL V). MAP Technical Reports Series
No. 5. UNEP, Athens 1986.

PNUE/CUOI: Problémes du transfert des polluants le long des c8tes
(MED POL VI). MAP Technical Reports Series No. 6., UNLP, Athens 1986.

PNUE/OMS: Contrdle de la qualité des eaux cStiéres (MED POL VII). MAP
Technical Reports Series No. 7. UNEP, Athens 1986.

PNUE/AIEA/COI: Etudes biogdochimigues de certains polluants au large
de la Méditerranée (MED POL VIII). MAP Technical Reports Series No.
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