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Preface

Preface

In 1999, recognising the lack of timely and targeted 
inform ation for action, EEA and UNEP/MAP 
collaborated on a joint publication: State and 
pressures of the marine and coastal Mediterranean 
environment. Further cooperation to provide m ore 
in-depth assessments which form  the basis for global 
action to reverse the present trends in the region has 
continued and is exemplified by this joint report.

Following the principles of the European Thematic 
Strategy on the Protection and Conservation of 
the M arine Environment, the collective interest 
of EEA and UNEP/MAP has been developed 
tow ards a product focusing on priority pollution 
zones in the M editerranean Sea and addressing 
em erging issues. All these issues come under the 
prism  of an ecosystem approach. The core of this 
report derives from  the latest (2003-2004) country 
National Diagnostic Analyses reports (NDA).
These have been prepared w ithin the fram ework of 
Im plem entation of the Strategic Action Plan (SAP) to 
address pollution from  land-based activities in the 
M editerranean Sea. Additionally, a Transboundary 
Diagnostic Analysis (TDA) (UNEP/MAP, 2004a), 
based on the UNEP/MAP MEDPOL program m e, has 
highlighted endangered m arine and coastal areas 
from  land-based activities (i.e. pollution arising 
from  urbanisation, population grow th, tourism, 
wastewater, industrial activity — including the oil 
industry  and m aritim e traffic — and agriculture).

The report does not attem pt to give an overall analysis 
of the state of the M editerranean marine environment 
but addresses in more detail some emerging issues in 
the M editerranean region. These issues are of concern 
for maintaining a sustainable ecosystem and have 
been recognised as such in previous EEA reports 
(EEA, 1999; 2002). They include:

• Biological invasions which m ay cause 
significant changes to m arine biodiversity, 
particularly in the eastern basin;

• Unsustainable fisheries and aquaculture 
practises in certain Mediterranean countries, 
w hich m ay lead to overexploitation of living 
resources as well as have an im pact on the 
coastal and m arine ecosystem, i.e. traw ling on 
sea-bottom  habitats and non-target species;

• Harmful Algal Blooms cany  risks to hum an 
health across the M editerranean Sea;

• Natural hazards and ecological quality status 
have also been added  to the list of em erging 
issues given the global interest they receive.

Finally, it should be acknowledged that the core 
data of this report were provided by the countries 
to UNEP/MAP. The report can be used to focus 
on alternative policy options to help regional and 
national policy-makers develop priority policy 
actions that will have a positive effect on the 
M editerranean m arine environm ent.
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Executive summary

This report is a product of EEA and  UNEP/MAP.
It aims to identify priority pollution zones and 
em erging issues in the M editerranean Sea. The 
report does not attem pt to give an overall state of 
the M editerranean m arine environm ent. Instead it 
addresses specific issues w hich are of m ain concern 
to the sustainable developm ent of the region and 
w hich have been recognised as such in  previous 
EEA reports (EEA, 1999; 2002).

The M editerranean coast hosts m any hum an 
activities w hich constitute im portant causes for the 
degradation of the m arine ecosystem. The m ain 
issues of concern are:

Sewage and urban run-off. From 601 coastal cities 
w ith a population of m ore than  10 000 inhabitants 
(total resident population of 58.7 million) only 69 % 
operate a w astew ater treatm ent plant. Flowever, 
the efficiency of the plants to remove pollutants is 
often rather low  and  inadequate. The problem  is 
exacerbated by the rap id  grow th of m any coastal 
cities and towns, especially on the southern 
M editerranean coast.

Solid w aste  produced in urban centres along 
the M editerranean coastline is often disposed of 
in dum ping sites w ith  m inim al or no sanitary 
treatm ent. D ischarge of fine solids from  coastal 
industrial plants or discharge of inert m aterial from 
construction activities m ay lead to blanketing of the 
sea-bed w ith land-based material.

Industrial effluents including oil processing. M ost of 
the M editerranean coastal areas host chemical and 
m ining industries that produce significant am ounts 
of industrial wastes (e.g. heavy metals, hazardous 
substances, and persistent organic pollutants 
(POPs) w hich m ay reach the m arine environm ents 
of the M editerranean Sea directly or indirectly (i.e. 
through rivers and run-offs). In addition, stockpiles 
of obsolete chemicals (such as POPs and  pesticides) 
are considered a significant source of contam inants 
into the m arine environm ent. Most of these 
com pounds are presented during the discussion on 
the occurrence of POPs in the M editerranean region. 
In m any cases, no m easures have been taken to 
control and  treat leachates from  the dum ping sites 
w hich are polluting groundw ater and/or the coastal 
m arine environm ent w ith organic pollutants and 
heavy metals. Furtherm ore, accidental fires emit

smoke particles, poly cyclic arom atic hydrocarbons 
(PAHs) and dioxins, seriously affecting air quality.

Urbanisation  of the coastline is one of the major 
problem s in the M editerranean region, often leading 
to loss of biodiversity due to habitat destruction 
and physical alteration. Problems related to the 
concrétisation of the coastline are encountered 
through the M editerranean. This is usually due 
to uncontrolled developm ent, especially tourist 
infrastructure. Both w etland and salt-m arsh 
destruction for land  reclam ation and m ining of 
coastal resources (sand and rock quarrying) for 
construction needs are also altering irreparably the 
natural M editerranean coastline.

Eutrophication  is veiy com m on in sheltered m arine 
w ater bodies such as harbours and semi-enclosed 
bays along the M editerranean coast, m ainly in the 
vicinity of coastal towns. U ntreated or partly treated 
urban  effluents contain significant loads of nutrients 
and suspended m atter (degradable or inert). They 
largely contribute to the accum ulation of deposits 
rich in organic m atter and contam inated w ith metals 
and other pollutants.

Sand erosion  is a common problem  in m any 
M editerranean countries. A lthough it is rooted in 
natural causes, such as m arine sedim ent transport, 
it can be am plified by hum an activities (e.g. sand 
quarrying). Sand erosion m ay have a m ultitude of 
impacts on the coastal ecosystem; destroying soil 
surface layers leading to groundw ater pollution; 
degrading the dune system  leading to reduction 
of sedim entary resources; and desertification and 
reduction of biological diversity.

Marine transport is one of the m ain sources of 
petroleum  hydrocarbon (crude oil) and PAH 
pollution in the M editerranean Sea. It is estimated 
that about 220 000 vessels of more than 100 tonnes 
each cross the M editerranean annually. These vessels 
discharge approximately 250 000 tonnes of oil due 
to shipping operations such as deballasting, tank 
washing, dry-docking, and fuel and oil discharges.
In addition, approximately 80 000 tonnes of oil have 
been spilled between 1990-2005 from shipping 
accidents. Finally, incidents at oil terminals, together 
w ith routine discharges from land-based installations, 
are estim ated at 120 000 tonnes/year, thus leading to 
elevated oil concentrations in their vicinity.
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All these issues served as guidelines w ith  which to 
assess major environm ental problem s in the coastal 
zone of the M editerranean countries (Table 1). 
Identification of hot spots and areas of major 
environm ental concern are show n on a countiy-by- 
country basis. However, it m ust be stated that the 
country reports sometime contained conflicting data 
and the data availability was not identical for all the 
countries. Therefore pollution stress was evaluated 
at the national rather than  pan-M editerranean level.

In addition to land-based and shipping-related 
threats, a num ber of issues have been recognised as 
being of concern to the health of m arine ecosystems 
in the M editerranean.

Biological invasions. Climatic changes in 
conjunction w ith  deteriorated ecosystems near 
ports and lagoons have resulted in significant 
changes of biodiversity due to the introduction 
and establishm ent of exotic species. The majority of 
exotics are found in the eastern basin (Levantine). 
The introduction of exotic species (more than 
600 records in  2004) is a dynam ic non-stop process 
w ith approxim ately 15 new  species reported  each 
year. It is notew orthy that in the 21st century,
64 new species have been reported in the 
Mediterranean, 23 of them  recorded in 2004.

T a b l e  1 M a jo r  e n v i r o n m e n t a l  p r o b l e m s  in  t h e  c o a s t a l  z o n e  o f  t h e  M e d i t e r r a n e a n  c o u n t r i e s

Urban Urban Industrial Oily Stockp iles Coastal Coastal
e fflu en ts solid

w a ste s
efflu en ts e fflu en ts of toxic  

chem icals
eutrophication  urbanisation

Albania + + - - + + /- + / -
Algeria + + + + - + /- +
Bosnia and 
Herzegovina

+ + - - + / - - +

Croatia + + - + (expected) - + +
Cyprus + /- - + - - - + / -
Egypt + + + + /- - + +
Greece + + + - - + / - + / -
France + - + - - + / - +
Israel + - + + /- - + / - + / -
Italy + - + + - + +
Lebanon + + + /- - - - +
Libya + + + + /- - - -

Malta + + /- + / - + / - - - +
Monaco - - - - - - +
Morocco + + + + + /- + / - +
Gaza Strip + + + - - + /- +
Spain + - + - - + /- +
Slovenia + - + - - + /- +
Syria + + + + - + /- + / -
Turkey + + + + /- - + +
Tunisia + + + - - + /- +

+ : Im portan t  problem; + / -  : Medium problem; -  : Small problem

Priority issues in the  Mediterranean environment

H arm ful A lgal B loom s (HABs). In the 
M editerranean, increasing appearance of HABs has 
led to significant public health  problem s caused 
by the consum ption of seafood contam inated by 
toxic algae. Based on the outcom e of the EU-funded 
research project ECOHARM, it has been estim ated 
that the socio-economic im pact of HABs for three 
evaluated M editerranean countries — Italy, Greece 
and  France — was around  329 m illion euro  per 
year.

E xplo ita tion  o f  marine resources. Fishing down 
the marine food web has a negative im pact on 
w hole ecosystems. A ccording to the FAO fisheries 
statistics, the m ean trophic level of M editerranean 
catches has declined by about one level during  
the last 50 years, e.g. there has been a significant 
loss of top  predators from  the ecosystem. A nother 
docum ented im pact of fishing relates to changes 
observed in the structure of fish populations. 
D em ersal stocks in  the M editerranean are 
dom inated by young fish indicative of high fishing 
pressure. There is a high economic interest in  small 
fish, leading to high catches of undersized  fish in 
som e bottom  traw l-fisheries. H igh discard  rates of 
undersized, targeted  species is also contributing to 
a loss of biodiversity  of non-target species.
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Expansion o f  aquaculture. According to 
UNEP/MAP/MEDPOL, intensive aquaculture 
is 'undoubtedly a m atter of concern for the 
M editerranean', for a regional sea w here 
aquaculture increased overall from  19 997 tonnes 
in 1970 to 339 185 in 2002. The changes in diversity 
(reduction in abundance, diversity and biomass of 
m acrofauna and flora as well as in abundance and 
diversity of organism s living in the sedim ents and 
bottom  habitats) are am ong the negative effects of 
aquaculture that have been docum ented. However, 
severe effects are generally confined to local areas, 
i.e. a few hundred  metres at most. Recoveiy of the 
local ecosystem, albeit at slow rates, can follow if the 
farm  operation ceases.

N atural hazards. The social and economic 
impacts of major earthquakes can be devastating, 
particularly in  coastal urban areas. Enhanced 
seismicity in certain M editerranean regions and 
subsequent tsunam i activity intensifies the need for 
better coastal protection.

D uring the wr iting of this report it became apparent 
that only lim ited know ledge exists for the following 
subject areas:

a) levels and loads of pollutants;
b) issues of transboundary concern;
c) inventories of exotic species, specific ecosystems 

and  hot spots;
d) trends in ecological quality status and 

biodiversity changes of coastal ecosystems 
related to hum an impact, e.g. urbanisation, 
industrial activities, shipping, fishing, 
aquaculture;

e) regional cooperation. Inform ation for the
south and east M editerranean is, unlike for the 
northern  part, generated through scattered, 
inconsistent and frequently unreliable 
investigation program m es.

Conclusions

The m ain problem s in southern and eastern 
M editerranean countries are the inadequate 
treatm ent of urban waste and m anagem ent 
of chemicals in contrast to northern  countries 
w here efforts should be deployed to overcome 
the problem s raised by use of chemicals and 
their im pacts on environm ent. In the northern 
M editerranean region, which is the most 
industrialised, there are a priori necessary prevention 
mechanisms, correction technologies and the 
appropriate legal fram ework. However, there is a 
lack of political willingness from  the countries to 
enforce environm ental regulation. The southern 
M editerranean region is, however, grow ing at 
the expense of the environm ent since neither the 
economic conditions nor the required technologies 
are available.

The number one priority in environmental 
management in the Mediterranean region is to 
develop the necessary environmental legislation  
and to enforce it. Ratification of protocols remains 
a challenge for the region. M ost of the existing 
m ultilateral environm ental agreem ents have low 
num bers of ratifications.
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1 Introduction

B ox  1 .1  Main c h a r a c te r i s t i c s  o f  t h e  M ed iterran ean  S ea

• High t e mp era tu res :  (annual  minimum of 12 °C, reaching up to 25 °C during su m m er )  which induce 
high metabol ic rates.

• High salinity: the  mos t  saline of Europe ' s seas .  As evaporat ion exceeds  precipitation and river run-off 
the  sea has  a f re shwate r  deficit of abou t  2 500 km3/ y e a r  (EEA, 1999).

• Microtidal: r egime with a tidal range typically less than 50 cm which,  the re fore,  r educes  the  potential 
for dilution and dispersion of dissolved and part iculate wastes .

• Oligotrophy: poor in nutr ients ,  low pr imary production and low phytoplankton biomass.  Oligotrophy 
increases  from wes t  to east .  Primary production in the  open sea is considered to be phosphorus  limited 
in cont rast  to nitrogen limitation in mos t  of the  world's oceans.

• Rich biodiversity: the  fauna and flora is one of the  richest  in the  world particularly in the  coastal  zone,  
highly diverse and with a high rate  of endemism.

• Biological invasions: high n um be rs  of introduced alien species  which a re  increasing in por ts  and 
lagoons.  Transportat ion via the  Suez Canal is impor tant ,  hence the  g r ea te r  n um be r  of alien species  in 
the  eas te rn  basin.

1.1 Fingerprint of the Mediterranean Sea

The m ain characteristics of the M editerranean 
m arine ecosystems (Box 1.1 and Table 1.1) are 
quite different from  other European seas. These 
characteristics determ ine in a unique way the fate of 
physicochemical and biological cycles affecting all 
aspects of ecological processes.

Oxygen levels are almost saturated in the surface 
layer (6 ml/1 in  w inter and 4.8 ml/1 in summer). In 
the deep water the oxygen concentration is around 
4.5 ml/1 in the w estern and 4.2 ml/1 in the eastern 
basin. The m ain rivers are the Ebro, Rhone, Po and 
Nile. The yearly average tem perature for surface and 
deep waters are show n in Table 1.2.

1.2 Physical environment

The M editerranean Sea is the largest semi-enclosed 
European sea, characterised by a narrow  shelf, a 
narrow  littoral zone and a small drainage basin 
especially in the northern part. The Sicilian Channel 
(150 km  wide, 400 m  deep), separates two distinct 
basins, the western and the eastern, and acts as a 
geographical and  hydrological frontier betw een 
them.

1.3 Hydrography

The circulation pattern  and general physiography 
in the M editerranean is complex and is show n 
schematically in Figure 1.1.

Table 1.2 Mean surface temperature 
(w inter-sum m er) values in 
the surface and intermediate 
(2 0 0 -1  000 m) layers of the 
Mediterranean Sea

Sea area T em perature °C

Surface Layer from  
2 0 0  to  10 0 0  m

Gibraltar 1 5 -20 13.5
Sicily S traits 1 4 -23 13.8
Straits of Crete and south 
Aegean

1 6 -2 4 14.9

Levantine 1 6 -26 14.9

Source: EEA, 2002.

Table 1.1 Statistics of the Mediterranean Sea

Surface km 2 Coastal len gth  Depth Tem perature Salinity
km avera g e  m a v era g e  °C (W-E) avera g e  °/oo (W-E)

2 .5  million 46 000 1 500 15-21 3 6 .2 -3 9

Source: EEA, 2002.
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Figure 1.1 The Mediterranean Sea physiography (depth distribution and main currents)
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1.4 Ecosystem productivity

Oligotrophic conditions: low  prim ary production 
(Figure 1.2) and low  phytoplankton biomass 
characterise the M editerranean basin. Low 
phytoplankton biomass m eans high transparency 
of the w ater and light penetration deep into the 
w ater colum n (Ignatiades, 1998) thus allowing 
photosynthesis at a greater depth. Prim ary 
production is considered to be phosphorus (P) 
lim ited as opposed to nitrogen (N) lim itation in 
m ost of the w orld's oceans. In this context, increased 
prim ary production could be expected only w hen 
phosphorus is increased. However, recent research 
experim ents to increase phosphorus loading in 
the eastern M editerranean could not verify this 
statem ent (EU funded  research project CYCLOPS). 
The working hypothesis has changed to one in 
w hich the eastern M editerranean is unequivocally 
P lim ited during the w inter phytoplankton bloom.
It then evolves into a system  in sum m er in w hich N 
and P are close to co-limiting.

A clear w est-east gradient in chlorophyll 
and nutrient concentrations is present in the 
M editerranean. The SeaWiFS satellite image 
(Figure 1.2) shows the clear, pigm ent-poor 
oligotrophic waters of the M editerranean Sea 
com pared to the eutrophic waters in the Black Sea, 
indicative of increasing oligotrophy tow ards the 
east. The m ain exception to the overall oligotrophic 
nature of the eastern M editerranean is the highly 
eutrophic system  of the north  A driatic Sea caused 
by discharges of nutrients by the northern  rivers, 
m ainly the Po River.

1.5 Fauna and flora: biodiversity status

The M editerranean fauna and flora have evolved 
over millions of years into a unique m ixture of 
tem perate and subtropical elements, w ith  a large 
proportion (28 %) of endem ic species (Fredj et ah, 
1992). The present-day variety of climatic and 
hydrological situations and M editerranean-specific
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Figure 1.2 Mean surface chlorophyll-a concentrations in autumn 1998
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Note: A composite of all data  received during September, October  and November 1998 derived from the  SeaWiFS ocean colour sensor.

Source: NASA SeaWiFS project and ORBIMAGE Inc.

biotopes account for the great species variety 
resulting partly from  the geological history of the 
area. A total of 10 000 to 12 000 m arine species have 
been recorded (with 8 500 species of macroscopic 
fauna and m ore than 1 300 plant species). This 
rich biodiversity represents 8 to 9 % of the total 
num ber of species in the w orld's seas and new  
species are still being recorded, especially in hitherto 
unexplored w ater depths or areas.

The general pattern  of species richness in 
the M editerranean Sea (Figure 1.3) matches 
that of prim ary production and chlorophyll a 
concentrations show n in Figure 1.2.

1.6 Pressures from human activities 
and their impacts

1.6.1 Nature and severity o f  problems on the 
Mediterranean coastline and coastal sea

M any hum an activities are im portant sources 
of degradation to the M editerranean m arine 
ecosystem. Pollution is only one of the problem s

threatening the viability of the M editerranean as 
an ecosystem. The modification and  destruction 
of m arine and coastal habitats through im proper 
developm ent practices and poor m anagem ent are 
also veiy significant problems. A nthropogenic stress 
on the M editerranean m arine environm ent can be 
categorised under the following scheme:

Land-based sources o f  po llu tion

• sewage and urban run-off
• urban  solid wastes
• persistent organic pollutants (POPs)
• heavy metals
• organohalogen com pounds
• radioactive substances
• nutrients
• suspended solids
• hazardous wastes.

H abita t destruction and physical alteration

• shoreline construction and alteration
• w etland and salt-m arsh alteration
• m arine waters and coastal w atershed alteration.

Priority issues in the  Mediterranean environment
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Figure 1.3 Patterns in species diversity of benthic invertebrates in the Mediterranean
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Note: Total n um ber  of benthic inver tebra te  species by sea a rea  is indicated below th e  bar  d iagrams.  Overall total  for the
Mediterranean is about 5 900 species.

Source: Z enetos  e f  a/., 2003.

O ffshore and marine-based pollu tion

• petroleum  hydrocarbons from  shipping 
activities

• m arine litter.

Emerging issues (see 1.6.3)

• biological invasions
• overexploitation of fisheries resources
• expansion of aquaculture
• increasing appearance of H arm ful Algal Blooms 

(HABs).

The population of the M editerranean countries was 
about 450 million in 1996 and it is estim ated to reach 
520-570 million by 2030 (EEA, 1999). This constantly 
increasing population pressure is exacerbated by 
tourism . The m ild climate and the natural and 
cultural heritage attract huge num bers of tourists.
In fact, the figure represents about one th ird  of the 
world's international tourism . Tourism is seasonally 
concentrated in the coastal zones, particularly on the 
shores of the north-w estern basin. The 135 million 
tourists visiting the area in 1996 are expected to rise 
to 235-300 million per year in the next 20 years.

Along the M editerranean coastline, 131 'pollution 
hot spots' have been identified by the countries in 
the frame of the Strategic Action Program m e (SAP) 
of UNEP (Figure 1.4 -  UNEP/WHO, 2003). These 
hot spots are point pollution sources or polluted 
coastal areas w hich m ay affect hum an health, 
ecosystems, biodiversity, sustainability, or economy.

Of these hot spots, 26 % are urban, 18 % industrial 
and 56 % m ixed (urban and industrial) (UNEP/MAP, 
2003a). Additionally, 59 sensitive areas (marine 
areas under threat of becoming pollution hot spots) 
have also been identified along the M editerranean 
coastline. All these pressures have led to the 
degradation of environm ental quality in  certain 
coastal areas. The im pact on the open M editerranean 
Sea environm ent, however, is still uncertain.

1.6.2 Priority issues on a country-by-country basis

The policies addressing environm ental concerns 
tow ards pollution elim ination in  the M editerranean 
area are described in detail in C hapter 10. The m ain 
initiatives are sum m arised in Box 1.2.

In the NDAs, environm ental issues were prioritised 
and ranked according to their environm ental 
im portance. Pollution hot spots and sensitive areas 
were included in the countries' priority lists, which 
also contained additional areas of concern. The 
major pollution issues on the M editerranean coast 
are presented country by country in alphabetical 
order using the available inform ation from  the 
countries' NDAs, as well as other additional sources 
w here NDAs are not available, i.e. Monaco, Italy and 
Spain.

1.6.3 Emerging issues threatening ecosystems

The following issues have been highlighted as the 
m ain fu ture threats to the m arine ecosystems in the 
M editerranean (EEA, 1999; 2002):
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Figure 1.4 Pollution hot spots along the Mediterranean coast
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Source: HCMR based on UNEP/WHO, 2003.

• Biological invasions. The introduction of exotic 
species through ballast waters, fouling, im port 
and invasion has resulted in  the establishm ent 
of dense alien populations of species. This has 
sometimes led to catastrophic effects on the 
natural environm ent.

• Over-exploitation of fisheries resources. 
Unsustainable fishing practices have resulted 
in over-exploitation of several fish stocks in 
the M editerranean. Eutrophication in some 
coastal areas has almost certainly resulted
in an increase in catches of some pelagic fish 
species in the formerly low -nutrient waters 
of the M editerranean Sea. By-catches and 
discards from  traw ling are considered to have a 
detrim ental effect on the ecosystem.

• Expansion of aquaculture. Aquaculture 
takes place mainly in  the coastal zone w here 
biodiversity is high and hum an pressures are 
increasing (e.g. tourism , urban development, 
transport and agriculture). Therefore it 
exacerbates the effects of potential impacts. 
Habitat degradation in the vicinity of the cages 
and conflicts w ith the tourist business on the 
use of natural coves occur. Diseases of the fish, 
w hich could affect the w ild population, as well 
as degradation of the benthic com m unity under 
the cages, are also included in the possible 
impacts of aquaculture on the coastal m arine 
environm ent.

B ox  1 .2  I n i t ia t iv e s  to  con tro l and e l im in a te  p o llu tion  in t h e  M ed iterran ean  area

LBS p rotoco l:  Protocol related to the  protection of the  Mediterranean Sea from Land-based Sources  of 
Pollution adop ted  on 17 May 1980,  en te red  into force on 17 June 1983 and was  am en d e d  on 7 March 1996. 
The am en d e d  version is not  yet  in force.

SAP: The Strategic Action Programme,  adop ted  in 1997,  is an act ion-or iented initiative under  MAP/MEDPOL 
th a t  identifies the  priority t a rge t  ca tegories  of subs ta nce s  and activities to be el iminated or controlled by 
the  Medi terranean countries.  This is to be achieved through a planned t imetable  for the  implementat ion of 
specific m e as u r es  and interventions.  The SAP/MED is the  basis for the implementat ion of the  LBS Protocol 
by the  Mediterranean countr ies  over  the  next  25 year s ,  s tart ing in the  yea r  2001.

NDA: National Diagnostic Analysis is the  first s tep  in the  preparat ion of a National Action Plan (NAP) to 
ad dress  LBS of pollution. It is an integrated analysis  of the  main issues related to LBS in coastal  areas ,  
including their  envi ronmental  impacts.
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• Increasing appearance of Harmful Algal 
Blooms (HABs). Their expansion across 
the M editerranean is a problem  not only 
causing ecosystem changes bu t also affecting 
hum an health through the consum ption of 
contam inated sea-food. This constitutes a 
sodo-econom ic im pad .

• Natural hazards. A lthough not anthropogenic, 
enhanced seismicity in certain M editerranean 
regions and subsequent tsunam i activity 
intensify the need for better coastal protection.
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2 Analysis of problems

2.1 Land-based sources of pollution

Sewage and urban run-o ff (urban wastewater)

Sewage generation from  coastal cities is one of the 
major pollution problem s on the M editerranean 
coast. Its influence on the m arine coastal 
environm ent directly or indirectly affects hum an 
health, the stability of the m arine ecosystem and the 
economy of the coastal zone (impact on tourism  and 
fisheries).

The problem  is exacerbated due to the rap id  grow th 
of m any coastal cities and  towns, especially on the 
southern M editerranean coast. The sewage collection 
system  is often only connected to parts of the 
urban population, w hich leads to direct discharge 
of un treated  w astew ater into the sea through 
other outfalls. The major pollutants of m unicipal 
w astew ater are: organic m atter (m easured as BOD5 
and COD), suspended solids, nutrients (nitrogen 
and phosphorus) and pathogenic micro-organisms. 
O ther pollutants such as heavy metals, petroleum  
and chlorinated hydrocarbons are also present in the 
wastewater.

The perm anent population on the M editerranean 
coast is in the order of 150 million inhabitants.

However, this figure could be doubled during 
the sum m er period as the area is one of the m ost 
frequented tourist destinations of the world.
Along the M editerranean coast, 601 cities w ith  a 
population above 10 000 inhabitants were reported 
from  19 countries, m aking a resident population of 
58.7 million (UNEP/MAP/MEDPOL/WHO, 2004) 
(Figure 2.1).

Sixtynine percent of these cities operate a 
w astew ater treatm ent p lant (WWTP), 21 % do 
not possess a WWTP while 6 % are currently 
constructing a plant and 4 % have a p lant out 
of operation for various reasons (Figure 2.2a). 
Secondary treatm ent is m ostly used (55 %) in 
M editerranean WWTPs, while 18 % of the plants 
have only prim ary treatm ent (Figure 2.2b).

The distribution of treatm ent plants is not uniform  
across the M editerranean region, the northern 
M editerranean coast having a greater part of its 
u rban  population served by a WWTP than the 
southern coast. Also, due to increasing population in 
cities and failures in treatm ent p lant operation, some 
WWTPs cannot produce effluent of an adequate 
quality as initially p lanned (case study: City of 
Nador, Morocco).

Figure 2.1 Mediterranean coastal cities
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•  Less than  100 000

Source: HCMR based on UNEP/MAP/MEDPOL/WHO, 2004.
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Solid w astes

Solid wastes produced in the urban  centres along 
the M editerranean coastline present a serious 
threat to both  hum an health and the m arine coastal 
environm ent.

In addition to uncontrolled disposal of wastes in 
the form  of litter, in  m ost countries solid wastes are 
disposed of at dum ping sites w ith  m inim al or no 
sanitary treatm ent. Furtherm ore, these uncontrolled 
dum ping sites are often w ithin the tow n limits or 
literally at the waterfront. Such uncontrolled dum ps

Figure 2.2 W astewater treatm ent in 601 Mediterranean coastal cities with a population 
> 10 0 0 0

a:  WWTP in c o a s ta l  cities
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Note: A: Coastal cities served by WWTPs B: Coastal cities without WWTPs C: WWTP under  construction/projec ted
D: WWTPs under  m ain tenance / tem porar i ly  out of opera t ion /no  information.

Source: UNEP/MAP/MEDPOL/WHO, 2004.

B ox 2 .1  C a s e s t u d y  — City o f  N ador, M orocco

In Nador an urban was te wa t e r  t r e a tm e n t  plant  was built in 1980 to se rve  a population of 50 000.  In 1990 
its t r e a tm e n t  capaci ty was  enlarged to cover 100 000 people.  Four was te wa t e r  polishing lagoons with 
a total surface of 17 hec ta res  were const ructed.  However,  t he  t r e a tm e n t  capacity of the  plant  has  been 
su rpassed  by the  city's population which now totals  a lmost  150 000.  Furthe rmore ,  mechanical  failures and 
abrup t  fur the r  w as te w a t e r  load increases  during the  s u m m e r  months  have led to only partial t r e a tm e n t  of 
inflowing wastewater .  To add to the  difficulties, two of the  four polishing lagoons have had sea-infiltrat ion 
problems leaving only two of them operational .  As a result ,  t he  urban was te wa t e r  of Nador  r eaches  the 
coastal  env i ronment  only partly t r ea ted ,  thus  degrading the  marine ecosys tem.

Box 2 .2  C ase  s t u d y  — L ebanon

Domest ic solid w as t es  are improperly collected in mos t  coastal  a reas ,  often mixed with industrial solid 
was t es  and  disposed of in open du mp s  without  proper  ma n ag e m en t .  The mos t  impor tan t  du mp s  directly 
on the  shore  a re  located in Tripoli (surface area  3 ha) ,  Beirut (Borj Hammoud  15 ha) ,  Normandy  (10 ha) 
and Saida (Photo 2.1).  These  coastal  du mp s  a re  sources  of l eachates  loaded with me tal s  and  organic 
compounds  which directly affect the  coastal  marine envi ronment .  It is e s t ima ted  th a t  the  total BOD load 
leached from the  du mp s  of Borj Hammoud ,  Normandy  and Tripoli are respectively 36,  24 and 7.2 million 
tonn es  per  year.

Leachates  cont inue to p resen t  a th r ea t  to the  coastal  env i ronment  despi te  the  fact tha t  the  dumpsi t e  at  
Borj Hammoud has  been closed since 1997 and a project  to r emed y  the  Normandy dumpsi t e  is in progress.  
Also, the  long lifetime of drifting debris  and floating waste  has  led to the  sea-f loor  being covered with was te  
(including cans,  tyres  and plastic bags )  in many  locations in front of th es e  dumps.  This has  the  effect of 
reducing photosynthes i s  and suffocating the  marine flora and fauna.

Priority issues in the  Mediterranean environment



Analysis of problems

Photo 2.1: Borj Hammoud dum psi te  close to th e  coastline 
(Lebanon).

Source: NDA Lebanon, 2003.

are sources of disease and litter to the surrounding 
areas. In m any cases, no m easures have been taken 
to control and  treat leachates from  the dum ping 
sites w hich are polluting groundw ater and/or the 
coastal m arine environm ent w ith organic pollutants 
and heavy metals. Moreover, accidental fires emit 
smoke particles, Poly cyclic Arom atic H ydrocarbons 
(PAHs) and dioxins, seriously affecting the health of 
neighbouring towns.

Persistent organic po llu tan ts — POPs

Persistent organic pollutants include certain 
prohibited pesticides and industrial chemicals 
the m anufacturing of w hich is also prohibited.
For example, polychlorinated biphenyls (PCBs) 
and unw anted contam inants (hexachlorobenzene, 
dioxins and fur ans). The proposed targets agreed by 
the Barcelona Convention Contracting Parties in the 
SAP include the following:

• Phasing out the following pesticides 
by 2010 (DDT, aldrin, dieldrin, endrin, 
chlordane, heptachlor, mirex, toxaphene and 
hexachlorobenzene). Exceptions have been m ade 
for those used for the safeguarding of hum an life 
or w hen a risk/benefit analysis is very conclusive 
according to W HO recom m endations;

• Prohibition of all existing uses of PCBs by the 
year 2010;

• Reduction of the em ission of hexachlorobenzene, 
dioxins and  fur ans.

For m any M editerranean countries, no detailed 
inform ation is available on the releases of 
POPs from  point sources (urban centres and 
industry). Limited studies have been carried 
out on the bioaccum ulation of selected POPs in 
M editerranean biota (Figures 2.3a and 2.3b). On 
the Spanish M editerranean coast, the distribution 
of POP concentrations as m easured in  Mytilus 
galloprovincialis shows the highest concentrations 
in the area of Barcelona, both for PCBs and DDTs 
(BIOMEJIMED project). In general, local or national 
authorities do not routinely m onitor m ost of the 
POPs. The m ain source of POPs — since m ost POPs 
have been banned in  the majority of the countries 
of the region — is believed to be stockpiles and 
inventories due to form er production and/or im port 
(i.e. PCBs in transformers), as well as secondary 
releases from  environm ental reservoirs (i.e. 
contam inated sediments) due to previous usage and 
accidental spills. The contribution from  industrial 
p roduction is only im portant in those cases where 
some restricted usage of POPs is allowed (i.e. DDT 
as precursor of dicofol) and for the POPs that 
are generated as unw anted secondary products 
(i.e. PAHs and dioxins from  combustion) (UNEP 
Chemicals, 2002).

• Organochlorine pesticides have been extensively 
used in the region but their production and 
usage is now  banned in the majority of the 
countries. However, rem aining stockpiles of 
these pesticides are found in m any countries 
(Table 2.1).

Table 2.1 Stockpiles of pesticides in the 
Mediterranean region

Country Location P estic ide kg
Algeria Algiers, Tipaza Aldrin 345

Algiers, Ain
Tremouchent,  Mascara, 
M ustaganem , Sid i bel 
Abbas, Tizi Ouzou

DDT 189 400*

Libya Tripoli-Bengazi Dieldrin 20**
Morocco DDT

Dieldrin

Endrin

Heptachlor

2 062* 

880 

2 626 

2 062
Syria Hamah DDT 1 500
Turkey Kirikka le DDT 10 930
Tunisia Pesticides 882

*For locust control **Reported 

Source: UNEP Chemicals , 2002.
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Figure 2.3 POPs in mussels (Mytilus edulis), median concentration 1996-2002

a: DDT b: PCBs
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Source: EEA, 2004b (WHS6) H azardous su b s tan ces  in marine organisms.

• Equipm ent containing PCBs has also been 
used extensively in the M editerranean region. 
The total production of PCBs in France, Italy 
and  Spain has been estim ated to be about 
300 000 tonnes for the period 1954-1984. 
Production stopped in 1985 in France and 1987 
in  Spain.

The m ain source of PCBs in the region is the 
disposal of equipm ent w ith  PCB-containing oils. 
The m ain stockpiles are located in  the northern 
M editerranean countries due to their extensive use 
(and as a result of economic developm ent) prior to 
the ban. A large num ber of these stockpiles have 
been elim inated during the past years, m ainly in 
the N orthern M editerranean countries (i.e. France, 
Italy, and Spain). The stocks still rem aining in the 
M editerranean region are presented in Figure 2.4.

Figure 2.4 Country contribution to the 
stockpiles of PCBs in the 
Mediterranean region during the 
mid-1990s
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Source: UNEP Chemicals, 2002.

• Dioxins and furans are largely produced during 
combustion of waste m aterials (see Solid Waste 
section). Unfortunately, inform ation is mainly 
restricted to the EU M editerranean countries as 
can be seen in Table 2.2 (EC, 2000).

H eavy m etals (arsenic, cadmium, chromium, copper, 
nickel, lead and mercury)

• U rban and industrial wastewater, and run-off 
from  metal contam inated sites (e.g. mines), 
constitute m ajor land-based sources of toxic 
metals.

Metal enhancem ents in local geology m ay also 
influence sedim ent metal content (e.g. m ercury 
enhancem ent due to the geochemical m ercury 
anom aly of M ount Amiata). Regardless of the 
origin of the land-based metal source, contam inated 
coastal sedim ents constitute an im portant secondary 
non-point pollution source because they release 
metals into the overlying water.

As metals tend  to precipitate after their introduction 
into the coastal m arine environm ent they 
accum ulate in sedim ents and biota (Figures 2.5a 
and 2.5b). This occurs especially in sheltered areas 
such as harbours and semi-enclosed bays in the 
vicinity of land-based metal sources. Increased metal 
concentrations have been identified in m any coastal 
areas in the M editerranean Sea, such as the coast 
of Tuscany (Tyrrhenian Sea), Rastella Bay (Adriatic 
Sea), Haifa Bay and the coast of A lexandria (eastern 
M editerranean), and Izm ir Bay and Elefsina Bay 
(Aegean Sea) (EEA, 1999).

M ercury is of particular concern because it is easily 
released from  the sedim ents into the overlying 
w ater and consequently re-enters the food chain. 
H igh consum ption of m ercury-contam inated fish 
has been proven to result in neurological effects.
The weekly intake of m ost people in central
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Table 2.2 Assessment of dioxin emissions in EU Mediterranean countries until 2005

Country Sources Revised for 1995 Data from 2 0 0 0 Projections for 200 5
France Total sources 1 3 5 0 -1  529 8 0 4 -9 4 9 6 9 2 -8 1 3

Industrial 9 8 7 -1  027 461 340
Non-industrial 3 6 3 -5 0 2 3 4 3 -4 8 8 3 5 2 -4 7 3

Italy Total sources 3 6 6 -9 6 7 3 7 0 -9 8 5 2 2 7 -6 2 8
Industrial 2 7 1 -6 2 0 2 8 1 -6 4 8 15 3 -3 0 3
Non-industrial 9 5 -3 4 8 8 9 -3 3 6 7 4 -3 2 5

Spain Total sources 1 3 1 -3 8 8 11 7 -3 2 7 12 2 -3 2 3
Industrial 7 7 - 1 8 4 6 4 -1 3 2 7 1 -1 3 7
Non-industrial 5 4 -2 0 3 5 3 -1 9 5 5 1 -1 8 7

Greece Total sources 8 9 -1 3 6 9 0 -1 3 5 9 1 -1 3 6
Industrial 5 5 -5 8 56 58
Non-industrial 3 4 - 7 9 3 4 -7 9 3 4 -7 8

Note: Ranges in g I-TEQ/year (g International  Toxic Equivalent/year)  r ep re sen t  differences in emission es t im ations (low and high
emission scenarios).

Source: EC, 2000.

Figure 2.5 Heavy metals in mussels {Mytilus edulis), median concentration 1996-2002

A: Lead (Pb) b: Mercury (Hg)
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Source: EEA, 2004b.

and northern  Europe is below the international 
'Provisional Tolerable Weekly Intake' (PTWI) for 
m ethylm ercury (1.6 pg/kg body weight/week), 
and a lower US 'Reference Dose' (RfD) (0.7 pg/kg 
body weight/week). However, the intake of m ost 
people in coastal areas of M editerranean countries, 
and around 1-5 % of the population in central and 
northern  Europe is around the RfD. In addition, part 
of the M editerranean fishing com m unities is above 
the US 'Benchmark Dose Limit' (BMDL) of 10 times

the RfD — the level at w hich it is accepted that there 
are clear neurological effects (EC, 2005).

Release of pollutants from  sedim ents has been 
reported  in  the Gulf of Trieste, in the northern 
A driatic Sea off the m outh  of the river Po, w here a 
net flux has been recorded of Cd and Cu into the 
overlying w ater from  the contam inated sedim ents 
(Zago et aí., 2000).

B ox  2 .3  C ase  s t u d y  — A lexan d ria  a r e a ,  Egypt

Industrial was t ewa te r  from the  Alexandria a rea is discharged into Mex Bay, Abou-Qir Bay and lake Maryut. 
This p resen t s  severe  signs of envi ronmental  degradat ion (lack of oxygen,  discolouration,  algal blooms) 
(Table 2.3).  Land-based heavy metal  d ischarges  a re  causing increased metal  concent ra t ions in coastal  
seawater .
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On the Spanish M editerranean coast, the distribution 
of heavy metal content in Mytilus galloprovincialis 
shows the highest concentrations in the area of 
Cartagena, especially for mercury, cadm ium  and 
lead (BIOMEJIMED project).

Organohalogen compounds

Hexachlorocyclohexanes (HCHs) are ubiquitous 
along the M editerranean coast due to their 
environm ental persistence although they are 
no longer used. The m ain sources of HCHs 
(and particularly lindane), are stockpiles and 
contam inated land at hot spots. This has resulted 
from  previous m anufacturing and stocking. The 
com pounds were extensively used against pests 
in m any M editerranean countries. In France 
1 600 tonnes/year of lindane were used in the 
mid-1990s, in Egypt m ore than 11 300 tonnes 
between 1952 and 1981, while in Turkey, the usage 
of lindane am ounted in 1976 to 96.6 tonnes (UNEP 
Chemicals, 2002).

R adioactive substances

Radioactivity is not a major pollution problem  in the 
M editerranean Sea. A tm ospheric fallout (as a result 
of nuclear w eapon testing in the early 1960s for the 
total M editerranean area and the Chernobyl accident 
in 1986 for the northern  and eastern basins) has 
been the m ajor source of 137Cs and 239'240Pu in the 
M editerranean m arine environm ent. O ther sources 
(input from  rivers, nuclear industry, exchanges 
through the straights) am ount to no m ore than 10 % 
of the total load from  fallout. Inputs deriving from 
nuclear industry  and from  accidents (other than 
Chernobyl) are negligible w hen considered in terms 
of contribution to the total budget. However, they

Photo 2.2: Contam inated  soil containing sulphur and chromium 
salts  at  a closed chemical  factory, Porto Romano 
(Durres,  Albania).

Source: Michalis Angelides.

m ight lead to local enhancem ent of radioactivity 
levels (EEA, 1999).

N utrients

The increase of nutrients (nitrogen and phosphorus) 
to a m arine ecosystem enhances prim ary production 
and m ay lead to eutrophication of the w ater body. 
This phenom enon has as side effects: proliferation 
of planktonic biomass, discolouration of the water, 
reduction of water transparency, reduction of 
dissolved oxygen in deeper waters and, in extreme 
cases, occurrence of toxic algal species. Urban 
w astew ater discharges are im portant nutrient 
loads, especially w hen untreated. As a result, all 
coastal areas in the v idn ity  of large towns or dties

Table 2.3 Quality of marine waters near Alexandria

Param eter R eference
station Mex bay W estern

harbour A nfoushy area Eastern
harbour Abu-Qir bay

Dissolved oxygen (DO) 
(ml/l) 5.3 2.01 4.81 3.32 3.98 4.93
BOD5 (mg/l) 0.2 10.6 8.05 39.3 22.5 16.2
Total suspended  m a t te r  
(mg/l) 1.5 15.6 154.0 92.3 54.7 35.5
Chlorophyll-a (Chl-a)
(Mg/0 0.05 1.21 1.15 4.3 8 .94 3.32
Dissolved inorganic 
phosphorus (DIP) (pg/l) 0.07 1.60 0.62 2.59 1.69 1.11
Nitrates (N 0 3) (pM/l) 1.8 13.23 2.5 4.40 6.80 5.87
Ammonium (NH4) (pM/l) 20.62 5.38 16.77 3.77 3.0
Lead (Pb) (pg/l) 0.13 0.85 4.45 1.33 0.61 1.48
Cadmium (Cd) (pg/l) 0 .017 0.83 0.63 0.31 0 .14 1.15
Mercury (Hg) (pg/l) No data 505 383 125 83 147

Source: NDA Egypt, 2003.
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B ox  2 .4  C ase  s t u d y  — D u rres ,  A lbania

One of the  major  lindane stockpiles on the  Mediterranean coast  is located a t  Durres,  Albania, where a plant 
producing sodium dichromate for leather  tanning and pesticides such as  lindane (y-HCH) and thiram was 
operational until 1991. The releases  from the production process heavily contaminated the area  of the 
former  plant. The nearby dumpsi te  contains approximately 20 000 tonnes  of toxic was tes  including lindane 
and chromium-rich residues,  and abandoned chemical s torage facilities containing 370 tonnes  of chemicals 
including lindane,  methanol ,  carbon sulphite,  sodium dichromate,  and mono-  and di-methylamine.  Rainwater 
from the  contaminated area flows into the sea through a pumping station which collects the sewage wa te r  
from the  city of Durres.  High concentrat ions of PCBs and pesticides have been found in marine samples 
collected from Porto Romano Bay. Human health risk is imminent  in the area  since thousands  of people 
recently arrived from o ther  par ts  of Albania and are living in and around the highly contaminated area.

(Photo 2.3) w hich do not efficiently operate a 
w astew ater treatm ent plant are receiving high loads 
of nutrients and m ay suffer the consequences. The 
coastal cities presented in the chapter on sewage are 
also sources of nutrients. Rivers are also im portant 
transporters of nutrients and  suspended solids 
since they drain basins w ith agricultural activities

(fertilisers) and  urban  centres. It has been estim ated 
that 605 000 tonnes of N -N 0 3 and 14 000 tonnes 
of P -P 0 4 are entering annually (1995) into the 
M editerranean Sea from  the rivers Po, Rhone and 
Ebro (UNEP/MAP, 2003a). The average nutrient 
concentrations in various M editerranean rivers are 
show n in Table 2.4.

Table 2.4 Average nutrient concentrations in various Mediterranean rivers, sampling periods 
are not identical (1 9 8 5 -1 9 9 6 )

River Country N - N O 3
m g /l

n - n h 4
m g /l

p - p o 4
m g /l

Total P 
m g /l

Adige Italy 1.248 0.111 0.033 0.113
Acheloos Greece 0.350 0.020 0.020
Aliakmon Greece 2.350 0.110 0.140
Argens France 0.740 0.090 0.110 0.220
Arno Italy 3 .620 1.347 0.406
Aude France 1.420 0.090 0.090 0.490
Axios Greece 2.590 0.150 0.880
Besos Spain 1.900 31 .000 12.700
Buyuk Menderes Turkey 1.440 0.550
Ceyhan Turkey 8.680
Ebro Spain 2.323 0.167 0.115 0.243
Evros/Meric Greece/Turkey 1.900 0.050 0.280
Gediz Turkey 1.650 0.050 0.190
Goksu Turkey 8.870
Hérault France 0.610 0.060 0.045 0.220
Kishon Israel 20 .000
Krka Croatia 0 .526 0.093 0.046
Llobregat Spain 1.900 3.200 1.200 1.530
Neretva Croatia 0 .269 0.029 0.050
Nestos Greece 0.780 0.040 0.120
Nile Egypt 3 .000
Orb France 0.670 0.440 0.140 0.450
Pinios Greece 1.890 0.090 0.140
Po Italy 2 .192 0.261 0 .084 0.239
Rhone France 1.320 0.091 0 .044 0 .124
Seyhan Turkey 0.590 0.310 0.010
Strymon Greece 1.100 0.030 0.110
Tet France 1.800 1.500 0.470 0.800
Tiber Italy 1.370 1.038 0.260 0.355
Var France 0.180 0.031 0.006 0.130

Source: UNEP/MAP, 2003a.
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2.2 Habitat destruction and physical 
alteration

Shoreline construction and alteration

• Im properly m anaged coastal developm ent 
due m ainly to urbanisation is one of the major 
problem s in the M editerranean region often 
leading to loss of biodiversity.

The concentration of people on the coastline leads 
to various constructions which alter the waterfront. 
Concrétisation problem s of the coastline are 
encountered on m any M editerranean coasts. These 
problem s are usually related to urbanisation and the 
developm ent of tourist facilities.

As the coastal zone presents better em ploym ent 
opportunities in  m any countries (due to the 
presence of industry, tourism  and commerce) 
internal m igration results in higher housing needs 
and in the rap id  grow th of coastal cities and towns. 
For example, in  Morocco the m ean population 
density on the coast is 90 persons/km 2 com pared 
to the national average density of 64 persons/km 2. 
This figure is even higher in urban centres (e.g.
108 persons/km 2 in AÍ Hoceima). From 1977 to 
1994, the num ber of m edium -sized coastal towns 
increased from  16 to 30, while small tow ns increased 
from  tw o to 14 (NDA Morocco, 2003). A similar 
concentration of activities on the coast is also found 
in m any other M editerranean countries, such as

Source: Helmut Zibrowius.

Lebanon w here almost half (49 %) of the coastline is 
built-up. Along the same lines, the built-up coastal 
zone of Barcelona, Spain, has increased by 10 % over 
the 1990s (EEA/TE, 2004) (Figure 2.6).

W etland and sa lt m arsh alteration

Im properly m anaged coastal developm ent and land 
reclam ation for agricultural purposes have reduced 
the size of the M editerranean w etlands leading to a 
loss of biological diversity.

Figure 2.6 Built-up area by distance to the coast (Barcelona, Spain) in 1990 and 2000
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Note: In order  to unders tand  th e  sha pe  of th e  graph,  th e re  is a mountain range behind Barcelona which is a p ro tected  area.
The urban growth a p p ea rs  to continue landwards of th e  mountain range.

Source: ETC/TE 2004.
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B ox  2 .5  C ase  s t u d y  — Croatia

In Croat ia,  intense uncontrol led construction along the  coastl ine for recreat ion,  houses ,  tourist  facilities, 
mar inas  and small harbours  has  led to serious physical a l terat ions of the  coastal  zone.  This is due to the 
dumping and deposit ing of inert  material .  The si tuation is highly critical in the  river Zrnovnica es tuary,  the  
Tarska vala cove — river Mima es tuary,  the  river Neretva es tuary,  the  river Cetina e s tua ry  and in som e  
par t s  of the  Pirovac Bay.

B ox  2 .6  C ase  s t u d y  — Egypt

In Egypt,  recreational  const ruct ions a re  confined to a narrow strip of land rarely exceeding a few hundred 
m e t res  in width be tween  the  coastal  highway and  the  coastl ine.  Most of the  tourist  resor ts  a re  being built 
on calcareous r idges th a t  run parallel to the  coastl ine,  and in many  cases  the  removal of those  r idges has  
led to the  destruct ion of natural  vege ta t ion  (olives and figs). Quarrying activities for construct ion needs  are 
also exhaust ing the  coastal  l imestone ridges,  ir reparably damaging  the  coastal  envi ronment .  The pressure 
on the  coastal  zone is fur the r  intensified by shorel ine modifications (dredging,  creation of artificial lakes,  
etc. )  for the  benefi t  of recreational  resorts.  All th es e  coastl ine modifications affect the  coastal  stability as  
well a s  the  quality of coastal  habi tats.

Erosion is an impor tant  envi ronmental  problem on the  Egyptian coast .  Owing to dam construct ion along the 
Nile, t he  a m ou n t  of sed imen t  t r anspor ted by the  river is great ly reduced.  As a consequence ,  erosion is very 
seve re  in the  nor thern del ta from Roset ta eas twards .  In som e  places the  coastl ine has  receded one hundred 
m e t res  (mouth of the  Rosetta branch of the  Nile). In an a t t e m p t  to stop the  loss of sand from beaches ,  
erosion protection s t ruc tures  have been built along the  coastl ine.  However  th ese  const ruct ions have created 
artificial coastl ine condit ions and in many  cases  relative s tagnat ion of the  w a te r  and fur ther  degradat ion of 
the  marine envi ronment .

As an example, at the Nile Delta (Egypt) lake 
M aryut has been drained to only 25 % of its original 
size for the creation of agricultural land  while 
lake M anzala was reduced to 1 200 km 2 by the 
year 1980 com pared to its original 1 710 km 2. Lake 
Burullus has also suffered an area loss because of 
drainage works for agricultural land reclamation. 
Furtherm ore, m any w etlands in  the vicinity of 
cities and industrial areas are used as receptors 
of wastewater. Major M editerranean endangered 
w etlands are show n in Table 2.5.

Marine waters and coastal watershed alteration

Coastal erosion is a com m on problem  in m any 
M editerranean countries and m ay have natural

causes (m arine sedim ent transport). H owever it is 
am plified by hum an activities such as:

• Trapping of sedim ents at drainage-basin level;
• badly designed constructions on the waterfront; 

and
• excessive sand extraction from  the beaches for 

construction purposes.

Erosion m ay have a m ultitude of im pacts on the 
coastal ecosystem:

• destruction of soil surface layers leading to 
groundw ater pollution and reduction of water 
resources;

Table 2.5 Mediterranean endangered wetlands

Endangered w etland Country Source

Delta of river Evros/Meric Greece/Turkey NDA Greece, 2003

Salt lake Regahaia Algeria NDA Algeria, 2003

23rd of July lake Libya NDA Libya, 2003

Karavasta lagoon Albania NDA Albania, 2003

Lake Bizerta Tunisia NDA Tunisia, 2003
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Box 2 .7  C ase  s t u d y  — A lgeria

Out of 2 5 0 - 3 0 0  km of sandy  bea ches  in Algeria, 85 % are ret reat ing and losing sand  a t  a rate ranging from 
0.30 to 10.4 m /y e a r  (NDA Algeria 2004) .  At Bejaia beach,  the  sea advanced 345 m from 1959 to 1995. 
Similar problems are encoun te red  a t  Boumerdes ,  Bou Ismail,  Macta and  Beni Saf. Few of the  sandy beaches  
r emained  stable (10 %)  and only 5 % of the  bea ches  are progressively accumulat ing more sand during the  
last decades .  The main cau ses  for this erosion are:

(i) Feeding of the  littoral zone with se d imen t  has  great ly diminished recent ly because  sed imen ta ry  material  
is t r apped  behind d a m s  which were cons truc ted for irrigation or  o ther  purposes  along rivers and  s t r eams .
It is calculated th a t  during 1992 approximately 219 million m 3 of sed imen t  were  t r apped  behind the
39 principal Algerian da m s  a t  a rate of 9 million m 3/y e a r  (or 16.4 million tonnes /yea r ) .

(ii) Less sed imen t  material  is t r anspor ted  along the  coastl ine because  harbour  infrastructure has  often led 
to sed imen t  en t rapment .  The total vo lume of sed imen t  t r apped  in Algerian harbours  is e s t ima ted  to be 
more than 20 million m 3, and is mainly located in the  harbours  of Oran,  Azrew, Bethioua,  Algiers,  Bejaia, 
Skikda and Annaba (78 % of the  total sed imen t  volume) .  Also, due to sed imen t  accumulat ion,  harbours 
need f r equent  dredging in o rder  to maintain the  necessa ry  depth for navigation purposes .

(iii) Sand mining for construct ion purposes  t akes  place a t  ma ny  locations along the  coastl ine at: alluvial 
deposi ts  of coastal  s t r e a m s  (oueds) ,  zones of r ecent  windborne deposit ion,  the  upper  par ts  of beaches  
and even a t  the  under -wa te r  level of beaches.  Although sand mining from coastal  deposi ts  is often a legal 
process ,  t he  excessive removal of sand  des troys the  coastal  ecosystem.  Also, illegal operat ions  fur ther  
increase sand removal r a t es  (Photo 2.4).

• degradation of the dune system, leading to 
desertification and reduction of biological 
diversity;

• destruction of dunes w ith  adverse effects 
on beach dynam ics and reduction of the 
sedim entary resources;

• disappearance of the sandy littoral lanes which 
protect agricultural land against the intrusion 
of seawater (leading to soil and g round water 
salination).

Photo 2.4: Illegal sand extraction in Kheloufi beach (East 
Algiers).

Source: NDA A lgeria , 2003.

2.3 Off-shore and marine based 
pollution

Petroleum hydrocarbons fro m  shipping activities

M arine transport is one of the m ain sources of 
petroleum  hydrocarbon (oil) and poly cyclic aromatic 
hydrocarbon (PAH) pollution in the M editerranean 
Sea.

•  Shipping and oil slicks

It is estim ated that about 220 000 vessels of m ore 
than  100 tonnes each cross the M editerranean 
each year discharging 250 000 tonnes of oil. This 
discharge is the result of shipping operations (such 
as deballasting, tank washing, dry-docking, fuel and 
discharge oil, etc.) and takes place in an area which 
since 1973 has been declared as a 'Special Sea Area' 
by the MARPOL 73/78 convention, i.e. w here oily 
discharges are virtually prohibited. The PAH input 
varies according to the type of oil discharged and its 
range is estim ated at betw een 0.3 and 1 000 tonnes 
annually (UNEP Chemicals, 2002).

Illicit vessel discharges can be detected through 
the interpretation of ERS SAR (Synthetic A perture 
Radar) satellite images. In pioneering work 
carried out in the M editerranean by Pavlakis et al, 
(2001), 1 600 ERS SAR images acquired during 
1999 were interpreted to reveal the degree of the
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Figure 2.7 Major tanker oil spills (>  700 tonnes) 1990-2005

Major tank er  
oil sp ills  
(>  7 0 0  to n n e s )  
1 9 9 0 - 2 0 0 5

•  Oil spill even t

Note: Numbers correspond to accidents  listed in Table 2.6.

Source: UNEP -  WCMC, 2004.

problem  of the deliberate oil spill discharges in the 
M editerranean Sea for the first time.

•  O il spills

In addition, over the 1990-2005 period, about 
80 000 tonnes of oil have been spilled in the 
M editerranean Sea and its im m ediate approaches 
because of shipping accidents (taking into account 
accidents resulting in releases of m ore than  700 
tonnes). The four major ones were responsible for

77 % of the quantity spilled. The distribution of these 
oil spills in the M editerranean and its approaches 
according to UNEP-WCMC is show n in Figure 2.7 
and Table 2.6. According to the Regional M arine 
Pollution Emergency Centre in the M editerranean 
(REMPEC) statistics, 82 accidents involving oil 
spills were recorded during the period January 
1990 to January 1999 and the quantity of spilt oil 
was 22 150 tonnes (REMPEC, 2001). Incidents at oil 
term inals and routine discharges from  land-based 
installations (estim ated at 120 000 tonnes/year,

Table 2.6 Major tanker oil spills ( >  700 tonnes) 1990 -2005

Code Date Nam e T onnes Cause
1 06 August 1990 SEA SPIRIT 10 000 Collision
2 17 August 1993 LYRIA 2 200 Collision
3 11 April 1991 HAVEN 10 000* Fire/explosion
4 10 April 1991 AGIP ABRUZZO 2 000 Collision
5 30 October 1997 SERIFOS 900 Grounding
6 14 August 1990 VASILIOS V 1 000 Unknown
7 03 May 1992 GEROI CHERNOMORYA 1 600 Collision
8 29 March 1990 JAMBUR 1 800 Collision
9 13 March 1994 NASSIA 33 000 Collision
10 29 D ecember  1999 VOLGONEFT 248 1 578 Hull failure
11 01 November 1998 GIOVANNA 3 000 Fire/explosion
12 18 August 1990 SILVER ENERGY 3 200 Grounding
13 18 November 2004 GOOD HOPE 1 353 Equipment failure
14 14 D ecember  2004 AL SAMIDOON 9 000 Grounding
15 04 February 2005 GENMAR KESTREL 1 000 Collision

*Based on e s t im a te  from REMPEC

Note: Code n um ber  refers  to Figure 2.7.

Source: HCMR based on UNEP -  WCMC, 2004.
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UNEP/MAP/WHO, 1999) contribute to elevated 
concentrations of oil in their vicinity.

Marine litter

• M editerranean coasts are becoming littered 
m ainly w ith  plastic debris (Photo 2.5). However, 
the degree of the im pact has not been quantified 
yet. Growing evidence indicates that when 
dum ped, lost or abandoned in the marine 
environm ent, plastic debris has an adverse 
im pact on the environm ent. N ot only does it 
become an aesthetic nuisance, it also requires 
costly clean-up procedures.

Environm ental im pacts arise from  entanglem ent of 
m arine animals in plastic debris and from ingestion 
of plastic by these organisms. M arine debris poses 
a threat to hum ans w hen divers, ships or boats 
become fouled by debris.

Photo 2.5: Marine debris on a coast of Attiki, Greece 

Source: M. Salomidi.

Box 2 .8  C ase  s t u d y  — Algeria

Maritime oil shipping lanes pass  close to the  Algerian coas t  t r anspor t ing 150 million tonne s  of oil per  
yea r  (out  of 500 million t o n ne s / ye a r  total oil t r anspor ted in the  Medi terranean Sea) .  This cor responds  to 
the  pa ss age  of 1 800 t anker s  annually.  Also, more than 50 million to nne s  of oil per  yea r  pass  through oil 
te rminals  in the  Algerian ma jor  harbours  (Arzew, Bethioua,  Bejaia and Skikda),  result ing in significant 
operational  losses into the  sea (10 000 tonnes /yea r ) .  Deballast ing operat ions  a re  also responsible for the  
re lease  of an additional 12 000 tonne s  of oil annually into the  coastal  waters .  This occurs because  the  
available ballast reception facilities cannot  cope with the  bal last  quant i t ies.  Furthe rmore ,  oil pollution is 
caused  by the  discharge of industrial and urban wastewater ,  toxic s ludge from oil refineries a t  Algiers, Oran 
and Skikda and  natural  gas  production.  Due to the  p resence  of oil-related activities in Algeria, harbour  and 
coastal  sed imen t s  have high concent ra t ions  of total,  as  well as  PAH (Table 2.7).

Table 2.7 Concentrations of total petroleum hydrocarbons (TPH) in harbour sediments 
of Algeria

Harbours TPH in m g /k g  d.w .
Oran 1 5 0 0 -1 7  000
Arzew 9 3 0 - 8  600
Bethioua 6 7 -9 4 0
M ostaganem 1 6 0 0 - 8  800
Ténès 6 8 0 -9 9 0
Alger 1 9 0 0 -3 1  000
Bejaia 1 4 0 -2 6 0
Jijel 1 8 0 -4 3 0
Ancient port of Skikda 4 5 0 - 2  000
New port of Skikda 7 9 -1 2 0
Annaba 1 3 0 -6  200
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3 Pollution issues country by country

Identification of pollution hot spots and areas of 
major environm ental concern was based on:

• UNEP/W HO data (including UNEP/MAP/WHO, 
1999 and  UNEP/WHO, 2003);

• 2003 country reports to UNEP/MAP (Country 
National Diagnostic Analysis, NDA);

• a country National Action Plan (NAP France 
2005).

The com m ents received from  MEDPOL N ational 
C oordinators of France, Slovenia and  Spain during 
the revision of the final draft w ere included  as 
appropriate. However, it m ust be stated that the 
NDA reports contained conflicting data  in some 
cases, and  data  availability was not identical for all 
countries. Therefore pollu tion stress was evaluated 
at the national ra ther than  pan-M editerranean level. 
As a result, some discrepancy am ong countries 
can be expected in  the appraisal of an area as a 
pollu tion  hot spot or area of m ajor environm ental 
concern.

3.1 Albania

A pproxim ately 58 % of the Albanian population live 
in the coastal areas along the Adriatic and the Ionian 
Seas (Figure 3.1). After 1991, m ost large Albanian 
industries (e.g. m ineral production and processing, 
pesticides, fertilisers, chemicals, plastics, paper, food 
and textiles) were obliged to close down. This left 
stockpiles w ith  obsolete hazardous substances as 
well as contam inated land. The main contamination 
problems are stockpiles of obsolete chemicals, 
untreated urban wastewater and solid wastes. 
D ischarge of un treated  urban wastewater, beach 
erosion and illegal construction on the coastline are 
witnessed at Vlora Bay, Porto Romano Bay, D urres 
Bay, Saranda Bay, Kune-Vaini lagoon, Drini River 
m outh  (at the city of Lezhe), the Fieri district (on the 
Sernani River), K arabasta lagoon and Divjaka Beach. 
Most LBS are located in:

• D urres district: Stockpiles of lindane and
chrom ium  VI salts, untreated  urban  wastew ater 
(9 600 m 3/day), incorrect m anagem ent of solid 
wastes (150-200 t/day); harbour activity.

Figure 3.1 Albanian coast with areas of major environmental concern and pollution hot spots
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• Vlora district: Mercury contamination inland of 
the former chlor-alkali plant detected in an area 
of 20 ha around the factory at a soil depth of 1.5 m  
(mercury concentrations 5 000-60 000 mg/kg soil); 
m ercury in groundw ater and coastal sedim ents 
of Vlora Bay (up to 2.33 mg/kg); chlorinated 
hydrocarbons and  other dangerous pollutants in 
soil.

3.2 Algeria

Algeria's coast hosts approximately 12.5 million 
people (1998), representing 45 % of the country's 
population. During the sum m er months tourists 
increase the perm anent population. Algiers, Oran, 
Annaba, Ghazaouet, Mostaganem, Arzew, Bejaia 
and Skikda are the most im portant coastal cities. 
(Figure 3.2) (NDA Algeria, 2003). Major pollution  
problems include untreated urban and industrial 
wastewater, petroleum hydrocarbon slicks and 
coastal erosion. Most of the urban wastewater is 
discharged untreated directly into the sea (Photo 3.1). 
A lthough 17 treatm ent plants for urban wastewater 
have been constructed in the Algerian coastal zone, 
only five are in norm al operation. This represents 
approximately 25 % of the total treatm ent capacity. 
Faecal microorganisms are present on most Algerian 
bathing beaches, exceeding sanitary standards. Also, 
petroleum  hydrocarbon pollution is veiy common 
along the Algerian coastline because of maritime 
oil-shipping lanes that pass close to the Algerian 
coast. Erosion is also a major issue. O ut of 250-300 km  
of sandy beaches in Algeria 85 % are retreating, losing 
sand at a rate ranging from 0.30 to 10.4 m/year.

Photo 3.1: W astew ate r  discharged directly into th e  sea (Algiers).

Source: NDA Algeria, 2003.

The areas of concern are:

• Bay of Algiers: urban  and industrial wastewater, 
cadmium , copper, mercury, lead and zinc in 
sediments;

• Oran: urban  and industrial w astew ater (oil 
term inal and  refinery, tanneries);

• Skikda: urban  and industrial w astewater 
(natural gas, m ercury production, oil term inal 
and refinery, chemical industry), heavy metals;

• Annaba: urban  and industrial w astewater 
(fertilisers, chromium);

• Ghazaouet: urban and industrial wastewater 
(zinc and sulphuric add);

• M ostaganem: urban and industrial wastewater, 
lead, mercury;

Figure 3.2 Algerian coast with areas of major environmental concern and pollution hot spots
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Figure 3.3 Coastline of Bosnia and Herzegovina and Croatia with a rea s  of major
environmental concern and pollution hot spots
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• Arzew: urban and industrial wastewater, 
liquified gas, oil spills, fertilisers;

• Bejaia: urban and industrial wastewater 
(oil pipeline).

3.3 Bosnia and Herzegovina

The M editerranean coast of Bosnia and Herzegovina 
on the A driatic is 25 km  long, hosting the tow n of 
N eum  (population 4 300). The pollutants generated 
in the drainage basins of the major Bosnian rivers of 
N eretva (from the nearby tow ns of Konjic, Mostar, 
Caplinja, Ploce and Metcovic) and Trebisnjica (from 
the towns of Bileca and Neum) can be carried to the 
Adriatic Sea affecting its environm ent (Figure 3.3) 
(NDA Bosnia and Herzegovina, 2003). The 
major pollution problems are untreated urban 
wastewater and occasional stockpiles of obsolete 
chemicals. The areas of concern are:

• M ostar (population 130 000). U rban and 
industrial w astew ater is discharged into the 
River N eretva w ithout any treatm ent and 
urban solid wastes are dum ped w ithout proper 
m anagem ent. Barrels of obsolete chemicals
are left on both riverbanks. D uring the w ar 
(1992-1995), bom bing destroyed electric 
pow er transform ers leading to oil leakage and 
contam ination of soil and w ater w ith PCBs.

• N eum  (population 4 300) is the only urban centre 
in Bosnia and H erzegovina that discharges its 
prim arily treated  urban w astewater directly into 
the A driatic Sea. The tow n population doubles 
during sum m er m onths because of tourism .

3.4 Croatia

C roatia has a perm anent coastal population of 
1 000 000 w hich increases considerably during the 
sum m er because of tourism . The larger coastal 
tow ns are Split (population 207 000), Rijeka 
(population 206 000), Zadar (population 137 000), 
Puia (population 85 000), Sibenik (population 
85 000) and D ubrovnik (population 71 400). Ongoing 
physical alterations in m any areas are the results of 
intense uncontrolled construction along the coastline 
(recreational buildings, tourist facilities, m arinas 
and small harbours). This has led to dum ping and 
depositing of inert materials. A nother threat to the 
coastline is fish farming, w hich has caused habitat 
degradation in the vicinity of the fish cages and 
conflicts w ith  the tourist business.

Major endangered coastal areas are presented 
in Figure 3.3 (NDA Croatia, 2003). Major 
pollution problems include urban wastewater, 
eutrophication of coastal waters, and urbanisation 
and destruction of the marine coastal habitat in:

• Kastela Bay (Split): Eutrophication and 
accum ulation of organic matter, metals and 
organohalogen com pounds in the sedim ent 
due to the discharge of un treated  urban and 
industrial wastewater. Biodiversity changes due 
to exotic species;

• Rijeka, Zadar, Puia, Sibenik and Dubrovnik: 
U ntreated urban  and industrial wastewater;

• Prim orsko-Goranska County (Omisalj/Rijeka 
oil term inal and refinery): The A driatic Pipeline 
System is located in  the area (ƒ ANAF, Pic
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JAdranski NAFtovod Joint Stock Company), and 
an international oil transport system  from  the 
oil term inal to refineries in  eastern and central 
Europe. The design capacity of the pipeline is 
34 million tonnes of oil per year and the current 
installed capacity is 20 million tonnes per year. 
A lthough no major pollution has occurred so far, 
there is concern about future crude oil leakages. 
In addition, introduction of alien species by the 
fouling/ballast dum ped by tankers is possible if 
the term inal is used for loading of crude oil from 
Russia.

3.5 Cyprus

The southern coastal zone of C yprus is densely 
populated  by about 370 000 perm anent inhabitants 
(47 % of the total perm anent population) and 
tourists (3 million per year). The country's industrial 
sector is small and therefore industrial pollution 
is limited. All coastal towns and  tourist centres 
operate w astew ater treatm ent plants. The major 
environmental problems are coastline alteration, 
industrial m ining activities and urban wastewater, 
in the Bay of Limassol, the Bay of Liopetri and Ayia 
Napa, and the Bay of Vassilikos (NDA Cyprus, 2003) 
(Figure 3.4). In m ore detail:

• Bay of Limassol: Urban and untreated
industrial wastewater. The construction of the 
Limassol harbour resulted in  beach erosion 
and  the rectification m easures (breakwaters 
perpendicular to the coastline) resulted in 
serious degradation of w ater quality;

• Bay of Liopetri and Ayia Napa: N itrogen 
leaching from  the intense agricultural area 
because of over-fertilisation (150 tonnes of 
nitrogen per year);

• Bay of Vassilikos: M ining activity (ferrous- 
pyrite ore) resulted in copper, iron and zinc 
contam ination of the m arine environm ent. Inert 
m aterial from  industrial activity blanketed
the bay's sedim ents destroying the benthic 
com m unity of the area.

3.6 Egypt

The coastal area around A lexandria (Lake M anzala, 
Abu-Qir Bay and Mex Bay, A lexandrian coast) is 
the major area of concern in Egypt as is Port Said 
(Figure 3.5). Major environmental problems 
are caused by untreated urban and industrial 
wastewater and intense urbanisation has caused 
coastline degradation (NDA Egypt, 2003). Sensitive 
areas and pollution hot spots include:

• A lexandrian coast: a critical wastewater problem  
because of high population grow th and rap id  
industrial developm ent;

• Mex Bay and Abu-Qir Bay: total BOD5 load 
is 219 500 tonnes/year and 91 700 tonnes/year 
respectively for urban and industrial wastewater. 
Fligh metal concentrations in the sedim ents of 
the bays;

• Lake M aiyut: receives industrial w astew ater and 
shows severe signs of eutrophication (anaerobic 
conditions, hydrogen sulphide odours) as well 
as a significant accum ulation of heavy metals 
(mercury, cadmium, lead, zinc) in sedim ents and 
biota;

Figure 3.4 Coastline of Cyprus with areas of major environmental concern and pollution 
hot spots
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Figure 3.5 Alexandrian coast in Egypt with a reas  of major environmental concern and
pollution hot spots
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• A lexandria to Mers M atruh coastline: intensive 
urbanisation along the coastline leading to the 
destruction of the natural calcareous ridges;

• Rosetta branch of the River Nile: erosion;
• W etlands of lakes M anzala, M aryut, Burullus 

and Idku: seriously reduced in size because of 
drainage for the irrigation of new  agricultural 
land.

3.7 France

France's coastline in the M editerranean extends for 
1 960 km  in the regions of Languedoc-Roussillon, 
Provence-Alpes-Côte d 'A zur and Corsica. Major 
environmental problems are caused by river- 
transported pollution, and treated industrial 
and urban wastewater. In addition, intense  
urbanisation along the densely populated  
coastline is also a m ajor cause for concern (IFEN,
1999). C oncrétisation of the coastline ow ing to 
construction of m arinas alters im portan t parts 
of the natu ra l coastline. Between the tow ns of 
M artigues and  M enton, 15 % of the coastal zone 
w ith  depths 0 to 10 m  and  17 % of the coastline 
(110 km) consists of concrete. Similarly, 20 % of 
the 120 km  long coast in  the A lpes-M aritim es 
area is occupied by small harbours, m arinas and 
boat shelters. Areas of environm ental concern are 
show n in Figure 3.6 while the m ajor anthropogenic 
activities in them  are listed below:

• Marseilles and  Nice are relatively big coastal 
cities (density > 3 000 persons per km 2) 
discharging m ostly treated urban wastewater 
into the sea;

• river Rhone: transports significant loads of 
nutrients and other pollutants (organic matter, 
metals) from  its drainage basin;

• Fos Etang de Berre: Fos is the biggest French and 
the second largest European harbour hosting oil 
and m ethane term inals (natural gas is im ported 
from  Algeria), as well as a large industrial 
complex;

• rivers Hérault, G ard and Vaucluse are 
considered as vectors of industrial pollution 
(hydroelectric and nuclear plants, petroleum  
processing, electronic, metal plants and 
chemicals);

• harbours of Marseilles, Sète, Port-la-Nouvelle, 
Port-Vendres, Toulon (French naval base), Nice, 
Bastia and Ajaccio: petroleum  hydrocarbon 
pollution occurs because of deballasting 
practices and accidental oil spills.

3.8 Greece

The coastline of Greece has a length of 
approxim ately 15 000 km. It hosts 50 % of the 
country's population and the majority of the 
industrial activity (NDA Greece, 2003). Most 
coastal cities operate w astew ater treatm ent plants. 
Localised environmental problems are caused by 
poorly treated urban and industrial wastewater, 
and run-off from agricultural areas. The major 
source of nitrogen to the m arine coastal areas of 
Greece is run-off from  agricultural land, which 
contributes from  45 % (in the Aegean Sea islands) to 
70 % (in the eastern Peloponnesus) of the total load. 
The endangered m arine coastal areas in Greece are 
presented in Figure 3.7 and are as follows:
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Figure 3.6 Mediterranean coastline of France with a reas  of major environmental concern
and pollution hot spots
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• Elefsis Bay: un treated  industrial wastewater 
(1 000 industrial plants) including shipyards, 
iron and  steel, petroleum  refineries, cement, 
paper, detergents and  food. Heavy metals 
are detected in high concentrations in water, 
sedim ent and some biota (mussels);

• Saronikos Gulf (Athina): prim ary treated 
wastew ater from  the capital and industrial 
wastewater. Occasional signs of eutrophication 
are present;

• Thessaloniki Gulf: treated industrial and urban 
w astew ater from  the d ty  of Thessaloniki and the 
Kalohori industrial area;

• Pagasitikos Gulf (Volos): treated  industrial 
and urban w astew ater from  the city of Volos 
and agricultural land run-off through the river 
Pinios;

• Am vrakikos Gulf (Preveza): treated  industrial 
and urban w astew ater as well as agricultural 
(nitrogen) run-off;

Figure 3.7 Greek coast with areas of major environmental concern and pollution hot spots
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• Patra and Irakleio: urban and industrial 
wastewater;

• Argolikos Gulf (Argos): agricultural land run-off 
results in excessive nitrogen load;

• Lagoon of Messolongi: urban  and agricultural 
land run-off.

3.9 Israel

Seventy percent of the population resides w ithin 
15 km  of the M editerranean coastline, w here the 
major economic and commercial activities are 
concentrated. The main pollution sources include 
industrial and urban wastewater, although most 
of the urban  w astew ater is treated and recycled 
(Figure 3.8). The rivers N a'am an (near the city 
of Akko), Yarkon and  Taninim are transporting 
nutrients from  agricultural run-off. According 
to NDA Israel (2003), the areas of environm ental 
concern along w ith  the major LBS are:

• Haifa area: urban  wastewater, industrial 
wastewater including oil refinery (directly 
and through the Kishon River) and harbour. 
Apart from  Haifa, the area is also affected by 
discharges from  the cities of Akko, Kiryat Haim  
and Kiryat Yam. Cadm ium , mercury, lead and 
zinc are accum ulated in the sedim ents of the 
harbour. Industrial discharges via the N a'am an 
River are affecting Haifa Bay;

• H adera area: receives urban  and industrial 
wastewater from  the coast as well as run-off

from  agricultural land  through the H adera and 
Taninim streams;

• Tel Aviv — Jaffa area: industrial and urban 
wastewater, port facilities. Pollution vectors 
include the Gush D an and Yarkon River. Tel 
Aviv harbour and the m arinas of Tel Aviv and 
Jaffa are contam inated w ith PCBs and TBT;

• Ashod: Israel's m ain industrial harbour and its 
sedim ents are contam inated by heavy metals, 
organochlorine pesticides and TBT.

3.10 West Bank and Gaza

The G aza Strip is 42 km  long and 5.7-12 km  wide.
It hosts a 1 million population w ith strong grow th 
potential as 50.2 % of the inhabitants are less than 
15 years old. The area is highly urbanised, including 
the towns (Gaza, Khan-Yunis and Rafah) and 
54 villages. Poorly treated municipal wastewater is 
the main source of pollution of the coastal zone of 
Gaza Strip. Several small and medium industries 
also contribute to the pollution of the coastal area. 
M ore than  20 individual sewage drains end either on 
the beach or a short distance away in the surf zone. 
These drains carry m ainly un treated  wastewater 
(only 40 % of the wastewater generated in the Gaza 
Strip is properly treated). Furtherm ore only 60 % of 
the population is served by sewerage systems.
The m ajor areas of concern are:

• G aza dty: urban  and industrial wastew ater 
(fuel, asphalt, clothing, mechanical workshops, 
printing, plastic, tiles);

Figure 3.8 Coast of Israel with areas of major environmental concern and pollution hot spots
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Figure 3.9 Gaza Strip with major towns
where environmental problems 
are encountered

• Khan Younis town: urban  and  industrial 
wastew ater (fuel, cement, food, clothing, 
mechanical w orkshops, printing, plastic);

• Rafah town: urban and industrial wastewater 
(fuel, cement, clothing, mechanical workshops, 
metal, wood);

• D ayr El-Balah town: urban  wastewater.

3.11 Italy

Italy's coastline stretches 7 500 km  and the whole 
territory is located in drainage basins flowing into 
the M editerranean Sea. Major environmental 
problems are caused by urban and industrial 
wastewater, agricultural run-off and shipping. 
Urbanisation and concrétisation of the coastline 
is also occurring because of tourist infrastructure 
developm ent. Most cities have w astew ater treatm ent 
plants, however only 63 % of the population is 
connected to them. Furtherm ore, 13 % of the existing 
plants have operational problem s or need upgrading 
(OECD, 2002) (Figure 3.10). The river Po is a veiy 
im portant pollution vector in the area transporting 
urban  and industrial w astew ater as well as 
agricultural run-off from  its drainage basin to the 
Adriatic Sea. In the m id 1990s the nitrogen load 
transported  through the river am ounted to 270 000 
tonnes per year, leading to eutrophic algal blooms in 
the area. Areas of environm ental concern are:

• Gulf of Trieste: eutrophication problem s because 
of nutrients transported  by the river Po, as well 
as coastal discharges;
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Figure 3.10 Coastline of Ita ly  with areas of major environmental concern and pollution 
hot spots
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• lagoons of Venice, Comacchio and Orbetello are 
eutrophic to hypertrophic;

• the coastal areas of Liguria, Lazio and Emilia- 
Romagna: show  eutrophication problem s 
because of urban/industrial wastewater;

• the Tyrrhenian coast near the m ouths of 
the rivers Arno and Tevere: show  signs of 
eutrophication;

• harbours of Trieste, Venice, Genova, Livorno, 
Naples, Taranto, Brindisi, Ancona, A ugusta- 
Priolo-Melilli, Milazzo, Ravenna and Gela: 
show petroleum  hydrocarbon contam ination 
because of intense m aritim e traffic (41 % of the 
M editerranean oil transport takes place through 
Italian ports) and refineries' oil losses (150 oil 
slicks were recorded in 2000), (OECD, 2002).

3.12 Lebanon

It is estim ated that 2.3 million people are resident in 
the Lebanese coastal zone. This zone is very narrow  
and lies betw een the west m ountainous chain and 
the sea. Major pollution problems are untreated 
urban wastewater, solid wastes and coastline 
urbanisation. Beirut, Tripoli, Sidon, Jounieh and 
Tyre are the major coastal cities (Figure 3.11). Urban 
wastew ater is discharged into the sea untreated  
(44 000 tonnes of BOD5 per year) as no m unicipal 
WWTP is in operation in the country (NDA 
Lebanon, 2003). Furtherm ore, beachfront dum ping 
sites of m unicipal and industrial solid wastes 
constitute an im portant LBS. The major factor for the 
physical alteration of the coastal zone is urbanisation

since m ost of the coastal fringe (at a w id th  of 8 to
10 km) is built-up. Areas w ith major environm ental 
problem s include:

• Tripoli area: urban and industrial wastewater, 
harbour and coastal dum psites contam inate the 
coastal zone;

• Beirut area: un treated  urban and industrial 
w astew ater is discharged directly from  outfalls 
and through the AÍ G hadir River. The coastal 
area is also affected by leachates and litter from 
Burj H am m oud and N orm andy dum psites;

• M ount Lebanon area hosts industrial activities 
at Jbeil, Jounieh, Halat, Zouk Mosgeh, Antelias, 
w hich discharge their w astew ater into the sea;

• Sidon: urban  and industrial wastewater, solid 
waste dum ping.

3.13 Libya

Libya's coastal zone hosts 85 % of the country's 
population and m ost of its industrial, agricultural 
and tourist activity (NDA Libya, 2003). There are 
no natural rivers in the area, only wadis (tem porary 
d iy  rivers) which transport sediment, litter and 
pollutants from  inland to the sea during storms. 
W ith the exception of the larger coastal cities, most 
tow ns have no effective sewer system. Therefore, 
discharge of w astew ater into the sea is minimised. 
Major environmental problems in Libya are
011 pollution near terminal facilities as w ell as 
untreated urban and industrial wastewater from 
the bigger cities (Figure 3.12). U rban solid wastes

Figure 3.11 Lebanese coast with pollution hot spots
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Figure 3.12 Libyan coast with a reas  of major environmental concern and pollution hot spots
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are often disposed of in em pty plots w ithin the tow n
limits, w hich creates serious health problems.

• Tripoli and Benghazi: urban w astew ater partly 
treated;

• Az Zawiya: petroleum  hydrocarbon 
contam ination from  the oil term inal and refinery 
w ith  a production capacity of 120 000 barrels per 
day;

• Zuwarah: industrial w astew ater (chemical 
industries) and urban  wastewater;

• M isratah: urban, industrial (steel) and harbour 
facilities;

• AÍ Khums: pow er generation plant, oil term inal 
and  cement plant;

• Sirt: urban  wastewater.

Away from  the cities, a significant part of the Libyan
coastline is under no serious hum an stress because

in m any areas there is no paved access to the 
seashore.

3.14 Malta

M alta has a coastline of 190 km, 43 % of which 
is heavily utilised (the rem aining 57 % being 
inaccessible). The built-up area comprises 24 % of 
the coast. This constitutes a very high population 
density (1 300 persons/km 2). The southern part of 
the island of Malta is the area w ith the majority 
of human activities (cities, harbours, and tourist 
resorts) and the major environmental problems, i.e. 
urban and industrial wastewater (Figure 3.13). On 
the island, 85 % of urban  and industrial wastew ater 
is disposed of un treated  w hile solid wastes are 
m ainly disposed of in tw o landfill sites (Malta 
M inistry of Environm ent, 2001; M alta National 
Statistics Office, 2002).

Figure 3.13 Malta with areas of major environmental concern and pollution hot spots
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Figure 3.14 Moroccan coast with a rea s  of major environmental concern and pollution hot
spots  in the  Mediterranean
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• Southern H arbour District: M ostly untreated  
urban and industrial w astew ater discharged into 
the sea through subm arine outfalls. Southern 
beaches in the vicinity of the G rand H arbour 
and M arsaxlokk Bay (Figure 3.13) are affected by 
microbial contam ination. Oil pollution related to 
oil transport and shipping occurs in the vicinity 
of the G rand H arbour and M sida Yacht Marine.

3.15 Monaco

Monaco has a population of 33 000, and a high 
population density (16 500 people per km 2). The d ty  
wastew ater (urban and industrial) is discharged into 
the sea through subm arine outfalls after treatm ent. 
Furtherm ore, there is also prim ary treatm ent of 
storm  w ater before it is discharged into the m arine 
environm ent. Solid wastes are recycled (glass,

Photo 3.2: Urbanisation along the  coastline of Monaco. 

Source: Helmut Zibrowius.

paper, batteries, lubricating oil) or incinerated, 
reducing their weight by 70 % before sanitary 
disposal. Special industrial wastes are also treated 
(Principauté de Monaco, 1997). The greater part of 
the coastline of M onaco is urbanised (Photo 3.2).

3.16 Morocco

The M editerranean coast of Morocco has w itnessed 
increased urbanisation over recent years. From  1977 
to 1994, m edium -sized coastal tow ns grew  from 
16 to 30, and small towns from  2 to 14. The major 
urban  centres, which are also the m ost polluted 
areas on the M editerranean coast, are: Tangiers 
(population 640 000), Tetouan (333 000), N ador 
(149 000) and AÍ Hoceima (65 000) (NDA Morocco, 
2003) (Figure 3.14). The main environmental 
problems are caused by urban and industrial 
wastewater, maritime traffic and coastal 
urbanisation. For example, construction, sand 
extraction and erosion have resulted in serious stress 
on the beaches. This has led to the disappearance 
of seven out of 47 beaches in recent years. The 
major beaches under stress are in Tetouan, Mdiq, 
Restinga-Smir, AÍ Hoceima, Cala Iris, N ador and 
Essaidia. D ue to bacteriological contamination, 17 % 
of recently surveyed beaches were not in conformity 
w ith  sanitary standards for bathing. M aritime traffic 
is one of the major concerns for oil and hazardous 
com pounds contamination. It is estim ated that 
60 000 ships pass through the straits of Gibraltar 
yearly, including 2 000 ships carrying chemicals,
5 000 oil tankers and 12 000 gas tankers. Major 
problem s in the coastal areas w hich are also urban 
centres are listed below:
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• Tetouan: industrial and urban wastewater, sand 
erosion, eutrophication and toxic algal blooms;

• N ador: urban  and industrial wastewater, solid 
wastes, sand erosion;

• AÍ Hoceima: urban and industrial wastewater, 
solid wastes, sand erosion.

3.17 Serbia and Montenegro

The M editerranean coast of Serbia and M ontenegro 
has a population of 409 000. Four percent of the 
total population of the country reside in  urban 
areas. The major tow ns are: Bar (population 
47 000), Herceg Novi (37 000), Kotor (23 000),
Ulcinj (21 500), Budva (18 000) and Tivat (15 600) 
(Census 2003 — including refugees) (NDA Serbia 
and M ontenegro, 2004). The sum m er population  of 
these tow ns increases because of tourism . Owing 
to the discharge of un treated  urban  wastewater, 
eutrophication problem s and microbial pollution 
can be detected in the vicinity of coastal tow ns (west 
beaches of Bar, Herceg-Novi Bay, Kotor Bay, Port 
M ilena [Ulcinj] and Tivat Bay). Similar problem s 
exist at Velika Plaza and A da at the river m ouths. It 
is estim ated that 50 % of the produced solid wastes 
in the coastal area are being collected and disposed 
of in open dum ps w ithout sanitary treatm ent. 
Q uarrying of stones occurs near the tow n of Bar and 
Platam uni peninsula. This causes dust generation 
and alteration of the coastal morphology. Land 
erosion signs are detected in all the coastal areas.

The major pollution problems are untreated urban 
wastewater, eutrophication of coastal waters and 
uncollected solid  wastes. The areas of concern 
(Figure 3.15) are:

• Bar: urban and industrial w astewater (food);
• Herceg Novi: urban and industrial (shipyard, 

harbour and food);
• Kotor: urban and industrial (metal, chemicals, 

petroleum  storage and harbour);
• Ulcinj: urban and industrial (salt and harbour);
• Budva: urban  and harbour;
• Tivat: urban  and industrial (shipyard and 

harbour).

3.18 Slovenia

Slovenia possesses a short coastline on the Adriatic 
Sea (46.6 km). It hosts approxim ately 80 000 people 
w ho mainly reside in the towns of Koper, Izóla and 
Piran (Figure 3.16). M ore than  80 % of the Slovenian 
coastline is urbanised and m ostly w ithin 1.5 km  
from  the sea front. This leaves only 8 km  (18 %) 
of coast in its natural state. Major environmental 
problems are related to discharge of partly treated 
urban and industrial wastewater and run-off from 
agricultural land (NDA Slovenia, 2003):

• Koper Bay: receives prim ary treated  wastewater 
from  the tow n of Koper, nutrients and heavy 
metals (Ni, Cr and Zn) through the rivers Rizana 
and Badasevica (585 tonnes of nitrogen and 
eight tonnes of phosphorus per year);

Figure 3.15 Coastline of Serbia and Montenegro with areas of major environmental concern
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Figure 3.16 Slovenian coast with a rea s  of major environmental concern and pollution
hot spots

Trieste

Koper
Izóla

Slovenian co a st

•  Hot spot
9  Area of major 

environmental  
concern

•  Capital

■ Coastal cities 

— Country border

Adm. boundaries:
© EuroGeographics

• Bay of Piran: receives prim ary treated 
wastewater from  Piran and untreated  
wastewater from  Izola, as well as nutrients and 
heavy metals through the rivers Dragonja and 
Drnica (61 tonnes of nitrogen and 1 tonne of 
phosphorus per year).

3.19 Spain

The Spanish M editerranean coast has a population 
of 15.6 million, representing m ore than  39 % of the 
country's population. Urbanisation is very intense 
as 85 % of the M editerranean coastal population 
lives in  cities and tow ns of m ore than  10 000 people. 
The m ajor cities are: Barcelona (4 million), Valencia 
(2.1 million), M alaga (900 000), M urcia (400 000), 
Palm a de Mallorca (370 000), G ranada (310 000), 
C artagena (185 000), Benidorm  (125 000), Tarragona 
(110 000) and A lgedras (105 000) (UNEP/Plan Bleu, 
2001). Urbanisation affects the m ost valuable and

Figure 3.18 Mediterranean coastline of Spain with areas of major environmental concern and 
pollution hot spots
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fragile coastal biotopes, such as dunes, coastal 
forests, w etlands and beaches. Built-up areas act 
as an im portant barrier between land and sea (the 
so-called 'M ed wall' occupies m ore than  50 % of the 
coast). On the other hand, the proxim ity of these 
built-up areas to the sea m akes the settlements 
extremely vulnerable during sea storms, floods 
and other exceptional events. Up to 6 million of 
the buildings are second hom es that are seasonally 
occupied. The building rate is especially high on 
the M editerranean coast (Figure 3.17) due to two 
major factors: tourist resorts and second homes 
developm ent, and grow th of urban sprawl in 
m etropolitan areas of the major cities.

Figure 3.17 Percentage of built-up area in the 
first km of the coast by province 
in Spain (1990 and 2000)
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The rivers Ebro, Segura and Jucar are also im portant 
routes by w hich urban  and industrial pollution 
are transported  to the M editerranean Sea near 
the cities of Amposta, M urcia and  Valencia, 
respectively. A lthough m ost of the coastal cities 
operate w astew ater treatm ent plants, the major 
pollution problems include discharge of urban and 
industrial wastewater. Intense urbanisation of the 
coastline is also a major issue.

Figure 3.18 shows the m ain pollution spots on the 
M editerranean coast. These are:

• Barcelona, Valencia, Cartagena, Tarragona and 
Algeciras: urban and industrial wastewater;

• M outh of the River Ebro (Aragosta): urban  and 
industrial pollutants.

3.20 Syria

The Syrian coastal area represents only 2 % of the 
country's surface but hosts 11 % of its population 
(i.e. 1.5 million). The major coastal cities are 
Lattakia, Jableh, Tartous and Banias (Figure 3.19). 
Coastal urbanisation, due to housing needs (local 
and tourist) and industrial development, (harbour 
facilities) has led to serious environmental problems. 
These problems are: disposal of untreated urban 
and industrial wastewater, oil slicks from the oil 
refinery and the oil terminal, and the management 
of solid wastes (NDA Syria, 2003). In total it is 
estim ated that 24.8 million m 3 of urban wastewater, 
99 % of which is untreated, is discharged into the 
sea. As a result, the loads of heavy metals discharged 
into the sea can be high, for example the m axim um  
value of lead (Pb) m easured in marine sediments has 
reached 358.5 mg/kg in Tartous harbour.

• Lattakia area: urban w astew ater (7 364 tonnes of 
BOD5, 1 664 tonnes of nitrogen and 377 tonnes 
of phosphorus), solid waste dum ping site on the 
shore and  eutrophication of the coastal zone.

• Tartous-Banias area: urban wastewater,
(5 582 tonnes of BOD5, 714 tonnes of nitrogen 
and 218 tonnes of phosphorus), industrial plants 
including a petroleum  refinery (at Banias) and a 
pow er generation plant.

Figure 3.19 Coastline of Syria with hot spot 
areas
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Figure 3.20 Tunisian coast with a rea s  of major environmental concern and pollution hot spots
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3.21 Tunisia

The coastal zone of Tunisia is densely populated, 
hosting 6.3 million (70.2 % of the country's 
population) in 1995. Tunis (population 1.6 million), 
Stax (510 000), Sousse (185 000), Gabes (140 000) and 
Bizerta (130 000), are the most im portant cities. A 
major part (81 %) of the cities' wastewater is treated. 
The major environmental problems are industrial 
and urban wastewater, industrial (phosphogypsum) 
and urban solid wastes, and coastal urbanisation. 
The most endangered areas are shown in Figure 3.20 
while LBS are presented below.

• Gulf of Gabes: phosphogypsum  slurry
(10 000-12 000 tonnes per year) from  production 
of phosphoric a d d  and fertilisers discharged into 
the sea (aridity, suspended particulate matter, 
fluoride, phosphorus and cadmium); urban 
wastewater.

• Stax coastal zone: industrial wastewater 
(12 000 tonnes of fluoride, 5 700 tonnes of 
phosphorus, 2.4 tonnes of cadm ium  and one 
tonne of m ercury) and phosphogypsum  wastes 
dum ped on the seafront (19 million m 3 in two 
dum ping sites); urban solid wastes; illegal 
dum ps.

• Lake of Bizerta: urban and industrial wastewater, 
as well as leachates from two m ain solid waste 
dum ping sites at Sabra Bay and El Fouledh.

• Island of Djerba: tourist developm ent, sand 
extraction for construction purposes (building of 
hotels at the north-eastern side of the island) and 
traw ling in the Posidonia m eadows.

3.22 Turkey

The Turkish coast extends for 8 333 km  and can 
be divided into the Aegean region and the eastern 
M editerranean region. Urban and industrial 
centres, oil terminals, agricultural and recreational 
facilities on the coast are the major land-based 
pollution sources in both regions (NDA Turkey,
2003). Rapid urbanisation is taking place in Turkey 
because of recreational constructions and extensive 
building of second (vacation) houses on the Aegean 
and eastern M editerranean coastline. This is 
drastically altering the landscape. Coastal erosion 
is also an im portant problem. O ut of 110 sand dune 
systems recorded in the 1980s only 30 (27 %) are 
relatively intact today. Areas of concern (Figure 3.21) 
and LBS include:
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Figure 3.21 Turkish Mediterranean coast with a rea s  of major environmental concern and
pollution hot spots
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Bay of Izmir: urban  and industrial wastewater; 
Rivers Gediz and Bakircay drain large 
agricultural and urban  areas transporting 
significant nutrient loads into the sea causing 
eutrophication;
Buyuk M enderes River: untreated  industrial 
wastew ater (mercury, cadm ium  and chrom ium  
from  leather industry);
Aliaga and Foca regions: harbours and untreated  
industrial wastewater;
Iskenderun Bay: industrial activity including 
petroleum  pipeline term inal (oil pollution from 
deballasting and operational oil spills);
Mersin: industrial and urban  wastewater, heavy 
shipping activity;
Bodrum: tourism  and aquaculture activities.
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4 Key issue: natural hazards

4.1 Seismicity

The present form  of the M editerranean Sea is 
the result of continuous interaction of complex 
geodynam ic processes during the last 50-70 million 
years. This is addressed in detail in the State and 
pressures of the marine and coastal Mediterranean 
Environment (EEA, 1999).

Seismic activity in the M editerranean region is 
closely related to the active geodynam ic processes.

Figure 4.1 highlights the m ain regions of enhanced 
seismicity.

In the eastern M editerranean, the earthquake 
epicentres are concentrated along the active Hellenic 
and Cypriotic arcs as well as behind them, w ithin 
the deform ing Aegean and w estern Asia M inor 
regions. Specific areas w ithin this region, such as the 
Ionian Islands, the Gulf of Korinthos, the area along 
the north  A natolian fault and others are well know n 
for their veiy high seismicity. The entire Italian 
Peninsula constitutes the second region of enhanced 
seismicity. Seismic activity is related to the ongoing 
subduction of the Ionian basin below  the Calabrian 
arc and the associated deform ation of the overriding 
Italian microplate.

Earthquakes of a m agnitude higher than M = 6 
or M = 7 occur frequently causing the death of 
thousands of people and extensive dam age to 
buildings (Table 4.1).

4.2 Volcanic activity

Active volcanoes in the M editerranean region date 
back 1-2 million years and are associated w ith the 
active orogenic arcs, namely the Calabrian and the 
Hellenic ones.

In Italy, Etna and Vesuvius are the volcanic centres 
together w ith the volcanoes of the Aeolian islands, 
such as Stromboli, and these are associated w ith the 
ongoing subduction of the Ionian oceanic crust below 
the Calabrian arc and the opening of the Tyrrhenian 
back-arc basin. The spectacular and frequent lava 
eruptions from the top and the sides of the Etna 
volcano started some 700 000 years ago, while the 
oldest dated rock from Vesuvius is about 300 000 
years old. Both volcanoes remain active, attracting 
tourists from all over the world, as does Stromboli, 
bu t also threaten their surrounding, densely 
populated areas. Historical cases of devastation of 
entire cities, w ith the best know n example being the 
total destruction of Pompeii (Vesuvius) and adjacent 
cities in about 79 AD, point to the possibility of future 
catastrophic eruptions.

Santorini and Nisyros islands are the most famous 
volcanic islands of the Hellenic volcanic arc in the 
Aegean Sea. They are volcanically active. In addition, 
the lesser known volcanic centres distributed along 
the arc are also active. The 400 m  deep caldera of 
Santorini, an internationally know n target for tourists, 
was formed during the largest ever known volcanic 
eruption on earth in the 17th century BC, which led

Figure 4.1 Seismic zones of the Mediterranean. Hypocenter depth < 50 km

Source: Vannucci e t al., 2004.
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Table 4.1 Selected catastrophic earthquakes during the last decade (1 9 9 5 -2 0 0 4 )

Date Area M agnitude D eaths Im pact
14.08 .2003 Lefkas isl., Greece M = 6.3 None Low impact: collapse of th e  su m m e r  2003 touris t  season
21 .05 .2003 Boumerdes ,  Algeria M = 6.8 2 200 Thousands  of houses  w ere  demolished or seriously dam aged  

3 m high tsunami
31 .10 .2002 Foggia, South Italy M = 5.9 29 70 % of houses  dam ag ed  in th e  C am pobasso  area
09 .09 .1999 Athens, Greece M = 5.9 135 A few thousand  houses  w ere  demolished or  seriously dam aged
17.08 .1999 Izmit,  NW Turkey M = 7.4 18 000 15 400  houses  w ere  des troyed 

Coastal  zone collapsed 
Tsunami

15.06 .1995 Aigion, Greece M = 6.5 31 Collapse of num erous  houses/ho te ls  
Im pac t  on touris t  season 
Coastal  zone collapsed 
3 m high tsunami

to the fall of the M inoan civilisation. The volcano is 
still active 3 650 years after this event and the rising 
lava gives birth to new  islands emerging above sea 
level within the caldera. Even though no destructive 
eruption from the Nisyros volcano has taken place 
during the last thousand years, the perfectly shaped 
craters and the num erous fumaroles w ithin its caldera 
are evidence of the ongoing volcanic activity.

4.3 Mass m ovem ents — tsunami

Submarine slope failures and gravity-driven mass 
m ovem ents of various origins occur frequently in 
the M editerranean region and have generated m any 
destructive tsunam is.

The active geotectonic processes in the 
M editerranean region favour the creation of 
the appropriate morphological and  geological 
conditions w hich m ay give rise to tsunam is. About 
200 tsunam igenic events occurred over the last 
500 years (1500-1990) around the M editerranean 
(after Soloviev et al., 1997). Most of the reported 
tsunam is occurred in the m ost tectonically and 
volcanically active regions like the Aegean, Ionian 
and Tyrrhenian Seas, the Sea of M arm ara and 
subsequently along the A lgerian m argin and Cyprus 
arc, or off-delta areas.

Earthquakes are the m ost frequent triggering 
m echanism  for the destabilisation of sedim entary 
bodies deposited on subm arine slopes or for coastal 
collapses. Slope failure m ay take place right after 
the earthquake or m ay be delayed for days, weeks, 
or months). The m ost recent earthquakes, which 
triggered tsunam is, are those of Izmit, Boumerdes 
and Aigion. On 31 December 1995, about 6 m onths 
after the lethal Aigion earthquake, a 3 m  high 
tsunam i inundated  m any km 2 of coastal areas 
along the southern shore of the Gulf of Korinthos. 
Tsunamis generated by volcanic or volcanically

driven processes comprise a considerable threat to 
coastal areas around the Aegean and Tyrrhenian 
Seas.

On 30 December 2002, a major instability occurred 
on the Sdara del Fuoco slope, on the western flank 
of the volcanic Stromboli island (Bosman et al.,
2004). The total volum e of the rock mass involved 
in the sub-aerial subm arine slide was estim ated to 
be m ore than  28.5 million m 3. The resulting scar 
extended to a depth  of 700 m. The tsunam i induced 
by the landslide spread around the island and the 
surrounding Aeolian archipelago and was felt as far 
away as the coast of Sicily.

Nevertheless, tsunam igenic events occur also in 
areas of no or w eak seismic/volcanic activity and are 
related to instabilities of sedim ents deposited on the 
shelf or the slope off large river m ouths.

Figure 4.2 Schematic submarine landslide 
(from the Gulf of Korinthos)
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The m ost striking example took place on 16 October 
1979 in the w estern M editerranean. A large slide 
involving at least 8 million m 3 occurred in shallow 
w ater during infilling operations related to the 
enlargem ent of Nice airport at the Var River m outh. 
Fine to m edium  sand from  the coastal zone was 
transported  up  to m ore than  200 km  from  the

fault site (Migeon et ál, 2004). The tsunam i, which 
followed the collapse, drow ned the coastal zone of 
Nice and several people were killed.

Figure 4.2 illustrates a typical case of subm arine 
landslide (from the Gulf of Korinthos), w hich may 
have triggered a large tsunam i in the past.
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5 Key issue: exotic species

5.1 Biological invasions: a non-stop  
process

Exotic species — sometimes term ed alien, 
introduced or non-native species — are extra- 
M editerranean plants and  animals that have been 
unintentionally introduced, have invaded and/or 
have been im ported, and are subsequently living in 
the wild.

• Over 600 m arine exotic species have been 
recorded in the M editerranean Sea.

• The rate of introduction of exotic species in the 
M editerranean Sea peaked in the 1970-1980 
period, and since then has rem ained stable or 
kept increasing for m ost groups, especially for 
zoobenthos (bottom-living animals).

• A n average of one introduction eveiy four weeks 
has been estim ated over the past five years.

The introduction of exotic species is an ongoing 
process. The phenom enon, which peaked in 
the 1970-1980 period (a total of 105 records), is 
continuing at a steady rate (95 and 100 species in 
the following tw o decades) bu t not equally for all 
groups (Figure 5.1). It is characteristic that in the

21st century, 64 new species have been reported 
in the Mediterranean, 23 of them  recorded in 2004, 
w hich reveals the difficulties in keeping records up  
to date as well as calling for continuous research on 
this issue (Streftaris et ah, 2005).

5.2 Mode of introduction and
distribution of exotic species  
across the Mediterranean

The phenom enon of introduction of exotic species 
is apparent across the M editerranean (Figure 5.2). 
However, it is m ore intensive in the eastern 
M editerranean, especially in the Levantine basin. 
The m ode of introduction is different betw een the 
tw o basins. W hereas in  the eastern M editerranean, 
penetration via the Suez Canal is the m ain m ode 
of introduction, in the western M editerranean, 
shipping and/or aquaculture are responsible for 
the great majority of exotic species. Lagoonal 
ecosystems in the northern  Adriatic and the south 
of France (with 70 and 96 exotic species respectively, 
m ostly introduced via aquaculture) are considered 
hot-spot areas for exotic species.

Figure 5.1 Rate of detection of exotic species in the Mediterranean
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Figure 5.2 Distribution of exotic species across the Mediterranean Sea and mode of
introduction in selected areas. Ship/Aqua denotes transportation via shipping 
and/or aquaculture
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M igration and shipping via the Suez Canal 
constitute the major pathw ays for the introduction 
of new  species to the M editerranean, followed by 
aquaculture (deliberate and unintentional) and 
those cases w here the m ode of introduction remains 
undeterm ined.

It is argued that exotic species have increased 
the biodiversity of the eastern M editerranean.
Today, 12 % (68 out of 569) of the benthic biota of 
Israeli coasts are of Indo-Padfic origin (Fishelson,
2000). According to an updated  check-list of 
the m acroalgae of Thau lagoon (France), it was 
estim ated that introduced species m ade up  23 % of 
the total flora (Verlague, 2001).

Photo 5.1: The enorm ous proliferation of Anadara inaequivalvis 
in the  N. Adriatic (Rinaldi, 1985) has changed the  
physiognomy of the  seashore .

Source: Emidio Rinaldi.

5.3 Impact of exotic species

Exotic species are the next biggest cause of loss of 
biodiversity after habitat destruction (Breithaupt, 
2003) having m odified all aspects of m arine 
ecosystems. They represent a grow ing problem  due 
to the unexpected and harm ful im pacts that they 
have on the environm ent, economy and hum an 
health.

A  threat to biodiversity?

The alterations of m arine ecosystems due to new  
introductions have been scarcely studied in m ost 
areas. There are only a few w ell-docum ented cases 
such as that of Caulerpa racemosa.

Biodiversity changes, such as the dom inance of 
certain species exhibiting an invasive character at the 
expense of others, has often been reported  bu t not 
quantified. Typical examples are the rap id  decrease 
in Israel of populations of the sea star Asterina 
gibbosa, the praw n Melicertus kerathurus, and the 
jelly fish Rhizostoma pulmo. W hereas exotic species 
such as Asterina burtoni, Marsupenaeus (= Penaeus) 
japonicus and Rhopilema pulmo have increased in 
num bers. Fish populations of red  m ullet (Midias 
barbatus) and hake (Merluccius merluccius) have been 
forced to m igrate to deeper waters by the exotic 
species Upeneus moluccensis and Saurida undosquamis, 
respectively (Galil and Zenetos, 2002).
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B ox 5 .1  E xp an s ion  o f  Caulerpa racemosa  in t h e  M ed iterran ean

Recorded for th e  first t im e in the  Mediterranean in th e  early  1990s in Libya, the  invasive Caulerpa racem osa  
ap p eared  during the  s a m e  period in different p ar ts  of the  basin. The species  showed trai ts  of invasiveness 
right from the  first phase  of its spread .  Thirteen yea rs  on, nearly  the  whole Mediterranean basin is colonised 
and th e  Canary  Islands have ju s t  been reached  (Verlaque e t  al., 2004).

Piazzi e t  al. (in p ress)  reports  th a t  Caulerpa racem osa  has  been recorded along th e  coas ts  of 11 countries 
developing on all kinds of subs t ra ta .  It has  been found in both polluted and unpolluted a re a s  between  0 and 
70 m depth. At the  end of 2003, the  length of coastline affected by the  invasion of Caulerpa racem osa  in 
Spain, France (Figure 5 .3),  Italy and Croatia totalled 700 to 750 km.

Photo 5.2: C a u l e r p a  r a c e m o s a .  

Source: P. Panagiotides.

Figure 5.3 Increase in length of the French 
coastline affected by Caulerpa 
racemosa (from Meinesz e ta /., 
2003)
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In the M editerranean, the M anila clam Ruditapes 
philippinarum, in addition to out-com peting native 
species, have im pacted the physical environm ent 
because their harvesting has led to increased loads 
of suspended material (Occhipinti Ambrogi, 2002).

Economic losses are also know n to be caused by 
massive appearance of species such as:

• The m acroalgae Womersleyella setacea and 
Acrothamnion preissii clog up  fishing nets in 
France and Italy, respectively, w here it is know n 
as 'pelo' due to its im pact on the fishing gear 
(Verlaque, 1989; Cinelli et al, 1984).

• The m acroalga Codium fragile: its removal from 
the coasts of Marseilles in the 1960s has led to 
m echanical removal of accum ulated m aterial on 
the beaches (Boudouresque, 1994).

• The jellyfish Rhopilema nomadica reported 
along the eastern M editerranean coast and as 
far north  as the southeastern coast of Turkey: 
im pact on tourism , fisheries and clogged coastal 
installations (Galil and Zenetos, 2002).

• Caulerpa taxifolia infestations are also renow ned 
for the negative im pact on fishing, both 
commercial and recreational; tourism  (e.g. on 
recreational activities such as scuba diving).

5.4 Exotic species as a fishery resource

A significant num ber of exotic species have become 
valuable fisheiy resources in the Levantine area. 
Those m ost notable are: the conch Strombus persicus; 
the praw ns Marsupenaeus japonicus, Metapenaeus 
monoceros and M. stebbingi; the crab Portunus 
pelagicus and a few fish species, such as the mullids 
(Upeneus moluccensis and U. pori), the Red Sea obtuse 
barracuda (Sphyranea chrysotaenia) and clupeids 
(Dussummieria acuta, Herklotsichthys punctatus). 
Strombus persicus was first reported  in M ersin Bay, 
Turkey in 1978 and  by 1987 had  colonised areas in 
Israel, Greece (Rhodes), C yprus and Lebanon. In 
Israel densities of tens of specimens per m 2 have 
been reported  and consequently it has found its 
way to the fishing m arket (Mienis, 1999). Similarly,
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it was discovered served in restaurants on the 
island of Rhodes in 2004, w here recent surveys have 
discovered a massive proliferation of the conch.

5.5 Added value from studying exotic 
species in the Mediterranean

Indicators o f  clim atic changes

M uch has been w ritten about the phenom ena 
collectively nam ed 'tropicalisation of the 
M editerranean'. These phenom ena have introduced 
changes in the biodiversity and biogeography of the 
area. Significant changes in the Adriatic's physical 
conditions have been recorded that m ay have 
favoured the establishm ent of therm ophilic species. 
According to Bello et al. (2004), the tropicalisation 
of the A driatic is confirmed by the occurrence and 
establishm ent of three tropical species, namely: 
the toxic dinoflagellates (microalgae) Ostreopsis 
lenticidaris, Coolia monotis and Prorocentrum 
mexicanum.

Indicators o f  disturbance

Polluted or physically degraded environm ents are 
m ore prone to invasion than pristine sites. A recent 
study of m acrofouling organism s discovered that 
m any m ore species were found in a polluted than  in 
a non-polluted m arina. The cosm opolitan serpulid 
w orm  Hydroides elegans that dom inated the fauna 
in the polluted m arina was only infrequently found

P hoto 5.3: Marsupenaeus japonicus  (a prawn).

Commercially important  for f isher ies in th e  Levant w here  it 
invaded via th e  Suez Canal (Balss, 1927). Now in aquaculture  
from which wild populations have been es tablished in th e  Aegean 
S ea ,  central  and western  Mediterranean (Galil e t a / . ,  2002).

Source: Kosmas Kevrekides.

in the non-polluted m arina (Kocak et al, 1999). The 
m ari culture introductions are mostly restricted 
to lagoonal or estuarine habitats and the vessel- 
transported  exotics to polluted harbours (Zibrowius, 
1992); environm ents that are know n for their low 
biodiversity. Therefore, the response of exotic 
species to pollution makes them good candidates 
for assessing Ecological Quality Status, a strategic 
issue for both the WFD and the forthcoming 
European Thematic Strategy on the Protection and 
Conservation of the Marine Environment.
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6 Key issue: Harmful Algal Blooms

6.1 Harmful Algal Blooms (HABs) in 
the Mediterranean Sea

Microscopic algae (phytoplankton) are norm al 
com ponents of all aquatic environm ents. Sudden 
population explosions of certain species, also called 
algal blooms (Photo 6.1), occur naturally. However, 
there is good evidence that m any blooms are 
caused by eutrophication (especially nitrogen and 
phosphorus enrichm ent) from  land-based sources 
(e.g. agricultural run-off, urban and industrial 
sewage). A study (EMEP/MSC-W, 2000) found 
that ship traffic contributed to m ore than 50 % of 
exceeded critical loads for nutrient nitrogen in parts 
of the coastline of Greece, Italy, Croatia and Spain.

W hen m arine algae occur in significant num bers 
and produce biotoxins they are term ed H arm ful 
Algal Blooms (HABs). HABs are truly a global 
phenom enon, and evidence is m ounting that the 
nature and extent of the problem  has been increasing 
over the last 10-20 years. This w orldw ide increase 
of HABs has also affected the M editerranean Sea 
(Smayda, 1990).

To investigate the increase of HABs several 
research program m es have been initiated. In 1999 
a European Initiative on H arm ful Algal Blooms 
(EUROHAB) started. M editerranean countries such 
as Spain, Greece and Italy took part. EUROHAB was 
formulated to generate and coordinate the required 
research to better manage the effects of toxic/harmful 
m arine microalgae and cyanobacteria in  the 
m arine and  brackish waters of the EU (Table 6.1).
To prom ote scientific research and cooperation 
between north  African countries on m onitoring and 
m anagem ent of HABs a netw ork of scientists was 
established.

Photo 6.1: Bloom of Noctiluca scintillans in Thessaloniki, 
February 2002.

Source: A. Soupilas.

HAB phenom ena take a variety of forms and have 
m ultiple im pacts w hich can be differentiated into 
the following m ain im pact categories:

1. toxic effects on hum ans;
2. fish kills and contam inated seafood;
3. ecosystem changes;
4. socio-economic effects.

6.2 Toxic effects on humans

H um ans are particularly vulnerable and 
become sick w hen consum ing foods that have 
bioaccum ulated microalgal toxins (filter-feeding 
shellfish and fish). The m ost significant public health 
problem s caused by the consum ption of seafood, 
w hich is contam inated by HABs, are called Seafood 
Toxin Blooms (STB). In the M editerranean, the

Table 6.1 The projects of the EUROHAB initiative (Mediterranean countries)

• BIOHAB (Biological control of harmful algal blooms in European coastal w aters :  Role of eutrophication) (France, Spain) 
ht tp : / /w w w .n ioz .n l /p ro jec ts /b iohab / index .h tm l

• HABES (Harmful Algal Bloom Expert sys tem ) ,  Harmful Introductions by Ships (Test monitoring sy s te m s  for risk a s s e s s m e n t  of 
harmful introduction by ships to European w ate rs)  (Spain) h t tp : / /w w w .h a b e s .n e t /

• STRATEGY (New s t ra tegy  of monitoring and m a n a g e m e n t  of HABs in the  Mediterranean S e a ) -u n d e r  negotiation 
(France, G reece, Ita ly , Spain) h t tp : / /w w w .icm .cs ic .e s /b io /p ro jec ts /s t ra tegy /

• ALIENS (Algal introductions to  European shores)  (France, Ita ly , Spain) ht tp : / /w ww.uniovi.es/bos/A liens/E-a liens .h tm  
FATE (Tra sfer and fa te  of Harmful Algal Bloom toxins in European marine waters)  (G reece) h t tp : / /w w w .b o m .h ik .se /~ fa te /

Source: h t tp : / /w w w .co rd is . lu /eesd /k a 3 /c lu s te r5 .h tm .
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Figure 6.1 Harmful Algal Blooms (HABs) and Seafood Toxin Blooms (STBs) in the 
Mediterranean Sea

★ STB

• HAB

Source: Compiled by th e  HCMR based on STRATEGY, FATE, Country report of th e  EU-Commission and Koray, 2002.

three m ajor sym ptom s of STB are DSP (Diarrhetic 
Shellfish Poisoning), PSP (Paralytic Shellfish 
Poisoning), and ASP (Amnesic Shellfish Poisoning) 
(Table 6.2). The distribution of HAB and STB blooms 
in the M editerranean Sea by country is m apped  in 
Figure 6.1.

6.3 Fish kills and contaminated  
seafood

One major type of im pact is m ass fish mortality, 
w hich occurs w hen HABs have a high level of 
toxicity. Accum ulation of toxins in filter-feeding 
m arine biota, threatens hum ans, birds and m arine

Table 6.2 Health problems caused by algal toxins in the Mediterranean

STB type C ausative sp ec ie s Toxin
produced Sym ptom s S h ellfish /fish

PSP
Paralytic
Shellfish
Poisoning

Alexandrium andersonii 
Alexandrium catenel la 
Alexandrium minutum 
Alexandrium t a m a re n s e  
Gonyaulax spinifera 
Gymnodinium ca ten a tu m  
Pyrodinium ba h a m e n s e

Saxitoxins • Potentially fatal; dea th  occurs within 24 
hours in se ve re  cases

• Num bness  in th e  mouth and 
extremities ,  a taxia ,  dizziness, floating 
sensat ion ,  headac he ,  respiratory 
dis tress ,  paralysis, death

Mussels, cockles, 
clams, scallops, 
oysters ,  crabs,  
lobsters

DSP
Diarrhetic
Shellfish
Poisoning

Dinophysis acuminata  
Dinophysis acuta 
Dinophysis caudata 
Dinophysis fortii 
Dinophysis mitra 
Dinophysis ro tundata  
Dinophysis sacculus 
Dinophysis tripos 
Dinophysis trypsos 
Gonyaulax grindley 
Prorocentrum cassubicum 
Prorocentrum lima

Okadaic acid • Diarrhoea, n au sea ,  vomiting, abdominal 
c ram ps and chills

Mussel, cockles, 
oyste rs

ASP
Amnesic
Shellfish
Poisoning

Pseudo-nitzschia delicatissima 
Pseudo-nitzschia multiseries  
Pseudo-nitzschia multistria ta 
Pseudo-nitzschia 
pseudodelicatissima 
Pseudo-nitzschia pungens

Domoic acid • Potentially fatal; within 24 hours of 
ea ting con tam ina ted  shellfish

• Abdominal cram ps,  diarrhoea ,  dizziness, 
headache ,  se izures ,  disorientation, 
sho r t- te rm  m em ory  loss, paralysis

Oysters ,  clams

Source: Hawkey J (ed .) ,  2003 ,  EEA, 1999, www.bi.ku.dk/ioc/IOC_List .doc, Country report  of th e  EU-Commission and Koray, 2002.
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m am m als feeding on them. In 2001, no HAB 
m onitoring occurred for fish farms in Spain, Greece 
and Italy (Anderson et al., 2001). A lthough there 
is increasing discussion on the potential role of 
acquaculture in HAB developm ent, only a few 
studies are available w hich underline the relation 
between HAB frequency and hum an activities. 
International transport and increased interstate 
distribution of seafood and international travel by 
seafood consum ers m eans that practically nobody 
is wholly free of risk from  biotoxins that originate 
from  microscopic m arine algae.

6.4 Ecosystem changes

Until now, the im pact of HAB species on the 
ecosystem is one of the least understood. A lthough 
the negative effects are obvious, the causes are 
subtle and difficult to discern. Such effects include:

• mass mortalities of fish or m arine mammals;
• accum ulation of unpleasant foam and mucilage 

on the coast;
• discolouration of the water;
• low  oxygen levels in bottom  w ater caused by 

degradation of HABs.

To understand  these effects, researchers are trying 
to describe the factors that control the dynam ics 
of individual HAB species and to understand  the 
physiological, behavioural and morphological 
characteristics of HABs and how  these interact 
w ith  environm ental conditions. In parallel, current 
research is addressing the transportation of resistant 
cysts via ballast waters or the introduction/invasion 
through canals (e.g. Suez Canal) — see also NIS.
The increasing threat posed by such organism s has 
been on the agenda of the International M aritime 
O rganization (IMO) since 1973.

Box 6 .1  Alexandrium  sp p . -  STRATEGY, an EU -funded  r e se a r c h  p ro jec t

The gen u s  Alexandrium  is a group of dinoflagellates which cause  m any HABs in th e  M editerranean Sea 
(Garcés e t  al., 2000). The research  of STRATEGY puts  em phas is  on th ree  Alexandrium  species. A. taylori, 
A. m inutum  and A. catenella. From the  STRATEGY study  a re as  (Figure 6 .2)  only th e  coas t  of Greece was 
not affected by blooms. A nother  relevant ou tpu t of STRATEGY is related to the  finding of resting cys ts  in 
sed im en t harbours ,  an indication of transporta t ion  via ballast waters.

Figure 6.2 Presence of Alexandrium  species and areas affected by blooms during first 
sampling period (March-October 2002) in the Mediterranean Sea

Bloomo A. taylori

o A. m inutum

o A. catenella

P resence

#  A. taylori 

A. m inutum

#  A. catenella

Source: STRATEGY pro ject.
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6.5 Socio-econom ic effects

B ox  6 .2  S o c io - e c o n o m ic  e f f e c t s  o f  HABs — ECOHARM, an EU -funded  r e se a r c h  p ro jec t

The total ex p e n se s  for medical t r e a tm e n t ,  t ransporta t ion  and lost w ages  due  to illness caused  by HABs 
a re  considered by Todd (1993) as  a public health impact. He es t im a ted  th a t  each reported  DSP case  costs 
1 462  EUR and each reported  PSP case  1 154 EUR. Case s tudies  of ECOHARM, which were  conducted  in 
th e  su m m e r  of 2003, and mussel aquacu ltu re  da ta  collected by th e  FAO from 1984 to 2001 w ere  used 
to eva lua te  the  socio-economic impact of HABs. The results  for th re e  eva lua ted  Mediterranean countries 
(Greece, Italy and Spain) show th a t  the  total socio-economic impact of HABs is around  329 million euro 
per  y ea r  based  on available information on HAB even ts  and reported  cases  of illness from 1989 to 1998.

Source: ECOHARM, http: / /www.bom.h ik.se/ECOHARM/.
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7 Key issue: ecosystem changes due to 
unsustainable fishing

7.1 The ecosystem  approach in 
fisheries

W idespread interest in the environm ental im pact 
of fishing and its ecosystem effects has stim ulated 
intense research in the last 15 years. It is not just 
the fish populations that need protecting b u t also 
the environm ent that supports them. A num ber 
of recent studies has established that intensive 
fishing dramatically impacts all levels of biological 
organisation of m arine life, i.e. population, 
com m unities and the ecosystem.

Fishing in the M editerranean has increased by 
about 48 % since 1970 w ith high exploitation of both 
bottom-living (demersal) and big pelagic stocks, e.g. 
tuna and swordfish (Figure 7.1). The overall upw ard  
catch trends for m any species registered up  until 
about a decade ago suggest that perhaps recruitm ent 
of young fish has been conserved unintentionally 
despite intensive fisheiy for dem ersals and a lack of 
quota control. However, short-term  trends over the 
last ten years now  reflect a general picture of full- to 
over-exploitation for m ost dem ersal and shellfish 
populations.

Figure 7.1 Trends in capture fisheries production
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Source: HCMR based on FAO FISHSTAT PLUS, 2004a.

P )  Funded by EU in France, Greece, Italy and Spain since 1994 to carry out regular  s tandard ised  trawl surveys  along the  northern 
she lves of th e  Mediterranean.

Figure 7.2 Trend in discard rates in %  
(biomass discarded to total 
catch) with fishing depth
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Source: HCMR based on Vassilopoulou and Papaconstantinou,
1998; Carboneli e ta !.,  1998.

Based on the results of the MEDITS program m e (1), 
Bertrand et cd. (2002) concluded that 
over-exploitation has led to a serious decline in 
m any fish stocks.
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7.2 Biodiversity loss — the problem of 
discards

A major im pact of fishing on the m arine ecosystem 
comes from  the fact that fishing practices lead to 
discards.

Discard rates range w ith fishing depth  (Figure 7.2), 
gear used (mesh size) and targeted species (complex 
of species). However, analysing discards from  deep 
water traw ling (250-750 m), D 'O nghia et aí. (2003) 
found that discard rates increased w ith total catch 
and depth. The species com position of discards in 
the M editerranean and the num ber of discarded 
animals are different betw een the eastern and 
w estern parts (Figure 7.3). However, this difference 
m ay be attributed to the lack of data.

Effects on the biodiversity of non-target species and 
habitats caused by traw ling are key issues because 
loss of biodiversity has been docum ented in m any 
cases.

In deep fishing grounds, such as the biotopes of 
the Norw ay lobster and red  shrim p, biodiversity 
loss is crucial (Figure 7.4). Thus, of the 162 species 
caught in the traw l (eastern M editerranean), 
two were the target species, 34 were by-catch of 
variable commercial value and the rem aining 126 
were unw anted species (D 'Onghia et al., 2003).
It is characteristic that am ong the discarded 
unw anted species, sensitive taxa such as stony corals 
('Caryophylla smithii, Desmophyllum cristagalli), sea 
pens (Funiculina quadrangularis, Pennatula rubra, 
Kophobelemnon leucarti), sea fans (Isidella elongata) 
and soft coral (Alcyonium palmatum) prevailed.

The physical disturbance of the sea-bed by the 
dragging of gear can cause long-term  changes to

Figure 7.4 Qualitative composition of hauls 
in the Mediterranean deep sea 
fisheries for lobster and shrimp
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S o u r c e :  FICMR based on D'Onghia e t al., 2003 (Eastern
Mediterranean) and Sar to r  e t a i ,  2003  (Western 
Mediterranean).

fragile habitats and affect the num ber and diversity 
of organisms that live there. A recent report by 
M. Gianni for WWF, IUCN and NRDC, titled, 'High 
Seas Bottom Fisheries and their Impact on the Biodiversity 
of Vulnerable Deep-Sea Ecosystems', stresses that ’some 
species, such as corals and sponges, are particularly 
sensitive to disturbance. Deep sea ecosystems such as cold- 
water coral reefs can be destroyed by a single trawl. It is 
time that the international community takes action before 
they are completely wiped out’ (Gianni, 2004).

• A key issue is the frequent destruction of the 
Posidonia m eadow s as a result of illegal beam  
traw ling activities in addition to otter trawling. 
A recent study in the western M editerranean 
show ed a destruction of 10 % in sea-grass cover 
on degraded m eadow s and of only 3.5 % on 
dense m eadow s (Ardizzone et al, 2000; UNEP, 
RAC/SPA, 2003).

Figure 7.3 Discarded species composition resulting from trawling activities at 150 -400  m 
depth in the Mediterranean
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S o u r c e :  FICMR based on Carboneli e t al., 1998 (for western  Mediterranean) and Machias e t al., 2001; TRIBE, 1997 (for eas te rn
Mediterranean).
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• W ell-preserved M editerranean rnaerl grounds 
(Photo 7.1) are sites w ith a high diversity 
that support a high macrobenthic secondary 
production. These sites can be im portant for 
species of commercial interest. H igh traw ling 
pressure on m aerl areas m ay negatively affect 
assemblages by breaking up  rhodoliths, 
dim inishing their cover and hence affecting the 
associated biota. Indirectly, they m ay enhance 
siltation and turbidity  (Bordehore et al., 2003).

7.3 Changes in the structure of fish 
populations

Demersal stocks in the M editerranean are 
dom inated by juveniles, w hich can be indicative of 
high fishing pressure.

Some analyses of this phenom enon include:

• A population dynam ics study of hake 
{Merluccius merluccius) exploited w ith two 
different traw l nets (i.e. the Italian traditional 
one and the so called 'French' net) in the north 
Tyrrhenian Sea revealed that the length- 
frequency distributions of the landings for both 
gears principally consisted of size classes smaller 
than  first time spaw ners (Reale et al, 1995).

• The dom inance of young fish in  the MEDITS 
sam ples of red m ullet (Mullus barbatus) and 
striped red  m ullet (Mullus surmuletus) m akes the 
stocks highly vulnerable to recruitm ent changes. 
Hence protection of spaw ning and nursery areas 
seems to be essential for their protection (Tserpes 
et al, 2002).

• Age structure of populations of the four-spotted 
m egrim  (Lepidorhombus boscii) and the spotted 
flounder (Citharus linguatula) show ed that
the sam pled populations mainly consisted of 
juveniles (Sartor et al, 2002).

UNEP, RAC/SPA (2003) noted: 'Demersal populations 
are consequently overfished; shallow areas (within 
the 3-mile coastal limit or on bottoms less than 50 m 
deep, depending on the country) are illegally trawled, 
and small, illegal mesh sizes are used. The use of small 
and illegal mesh sizes in codend is certainly a common 
practice for many artisanal fisheries but poorly reported 
in the literature. Due to the traditional large interest 
in small fishes, massive catches of undersized fish are 
seasonally carried out in some bottom trawl fisheries. For 
example, the well-known massive harvest of undersized 
red nudlet which are caught in shallow grounds in the 
autumn in the Gulf of Lions or in the Adriatic Sea'.

Photo 7.1: Maerl beds.

Source: http :/ /w w w .m arl in .ac .uk /bask i / im age_v iew er .
a sp? images=phycal&topic=Species .

Fishing dow n marine fo o d  web

As over-fishing reduces the populations of more 
valuable larger fish that are at higher trophic levels, 
such as pisdvores (fish that feed on other fish), the 
landings of fish lower dow n the food web, such as 
zooplanktivores (fish, w hich feed on Zooplankton), 
m ake up  a larger proportion of the overall catch. 
This is generally indicative of a negative im pact on 
the whole ecosystem caused by fishing and  has been 
called 'fishing dow n marine fo o d  webs' (Figure 7.5). 
This phenom enon was first dem onstrated by Pauly 
et al. (1998) and is evident in  m any fishing areas 
globally.

• According to FAO fisheries statistics, the m ean 
trophic level of M editerranean catches d ed ined

Figure 7.5 Fishing down marine food web
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by about one trophic level during the last 50 
years (Pauly et al., 1998). For example, the m ean 
trophic level of catches in Hellenic waters has 
decreased in the late 1990s (Figure 7.6).

One simple indicator that can be derived from 
commercial statistics, as a m easure of the status of 
the fish community, is the ratio of pelagic/demersal 
catches (P/D ratio). The P/D ratio for European 
semi-enclosed seas ranges from  just over 1:1 for

Figure 7.6 Long-term changes in fish 
catches in Hellenic waters 
aggregated by four trophic level 
classes

4  r<
T ropJuc lo v ei * -* . i  —

oligo tropha or nutrient-poor basins such as the 
M editerranean. In the N orth  Sea it is betw een 2:1 
and 5:1 and is m ore than  10:1 for enclosed basins 
(De Leiva M oreno et al, 2000). While examining 
the im pact on fish resources over the past 30 years, 
a clear spatial pattern  has been found from  the 
oligotrophic eastern M editerranean (Levantine, 
Ionian and Aegean Seas) to the w estern basin w ith 
m oderate levels of nutrient availability (Gulf of 
Lions and Balearic Sea) (Figure 7.7).

Figure 7.7 Trends in (average) ratio of
Pelagic/Demersal fish catches 
in 1970 -2002  across the 
Mediterranean

P/D 
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□  1970s ■  1980s □  1990s ■  2002

Note: 70s,  80s  and 90s  = average  values of ca tches  for each
decade.

2002 = ca tches  value in 2002.

Catches: Fish th a t  a re  caught  and landed.

Source: HCMR based on FAO FISHSTAT Plus, 2004a  and 
De Leiva Moreno e t al., 2000.
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8 Key issue: ecosystem changes due to 
aquaculture development

In recent years, aquaculture has been the only 
segm ent of the fisheries industry  in  the European 
Com m unity to experience a rise in employm ent. The 
sector accounts for approxim ately 60 000 full-time 
jobs, m ostly in coastal and rural areas (Fischler,
1999). In the M editerranean, aquaculture increased 
overall from  19 997 tonnes in 1970 to 339 185 in  2002 
(Figure 8.1).

However, recent expansion of aquaculture has often 
been associated w ith negative publicity. The fact that 
aquaculture takes place mainly in the coastal zone 
w here biodiversity is high and hum an pressures are 
increasing has aggravated the effects of potential 
impacts.

An integrated ecosystem approach has only seldom  
been applied to aquaculture. M ost environm ental 
studies have been done at local level, i.e. single 
farm. The effects on a local scale are thus well 
docum ented w hereas the effects at an ecosystem 
level rem ain unexplored. Assessing effects at 
ecosystem level are h indered because there is a large 
difference in  sensitivity and  assim ilation capacity 
of different ecosystems. Furtherm ore, general 
conclusions cannot be easily draw n since the im pact 
of aquaculture depends on species, culture method, 
stocking density, feed type and hydrography of the 
site and aquaculture practices.

In general, farm ing of finfish and shellfish is 
regarded as a threat to the m arine environm ent 
since it can induce pollution and can lead to 
conflicts w ith other users. In the M editerranean, 
such threats m ust be regarded as potential as there 
is little direct evidence of aquaculture impact. 
However, it should be pointed out that a lack of 
scientific validation of a perceived im pact does not 
reduce its potential im portance (Gowen et al, 1990). 
According to UNEP/MAP/MEDPOL, intensive 
aquaculture is 'undoubtedly a m atter of concern for 
the M editerranean' (UNEP/MAP/MEDPOL, 2004).

8.1 Key issues of aquaculture impact

Eutrophication  => no clear connection

Lim ited studies on the issue in the M editerranean 
lead to inconclusive evidence as to the threat 
of eutrophication. It has been argued  that the 
quantities of nu trien ts (phosphorus and  nitrogen) 
released from  aquaculture are small relative to 
the total discharges from  hum an  activity (P and 
N  loads into the M editerranean from  agriculture 
w ere estim ated at 976 000 t/y and  1 570 000 t/y 
respectively, as contrasted to 394 t/y and 8 678 t/y 
attribu ted  to aquaculture (Izzo, 2001)). However, 
discharge from  intensive aquaculture often 
represents a localised discharge of w aste into

Figure 8.1 Aquaculture production (marine and brackish; thousand tonnes) in 1970 -2002  in 
the Mediterranean Sea
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Source: HCMR based on FAO FISHSTAT PLUS, 2004b.
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nutrien t poor w aters w here such im pact could be 
significant (UNEP/MAP/MEDPOL, 2004).

Enrichment o f  sedim ents  => im pact lim ited spatia lly

The m ost w idely know n effect of fish farm ing is 
benthic enrichment, i.e. increased organic content of 
the sedim ent beneath the fish cages. The deposition 
of particulate organic material, i.e. faecal material 
and uneaten fish feed, in the im m ediate vicinity 
of the farm  leads to increased oxygen dem and, a 
condition that often results in anaerobic m etabolism 
and anoxia. The severity of the im pact is site- 
specific and related to local attributes such as depth, 
hydrographical conditions, quality of am bient water, 
and geom orphology (sedim ent type). Impacts are 
in general lim ited both  on a tem poral and a spatial 
scale, and recovery can be swift w hen the operation 
ceases, i.e. betw een 3 to 10 m onths. Time of recovery 
to the initial state is 10 times quicker for m arine 
aquaculture than  for industrial and urban  discharge 
impacts (Johnson and Frid, 1995).

Increased organic supply m ay encompass a 
positive aspect, i.e. im m igration of new  species.
The relatively low im pact of organic enrichm ent 
on the sea-bed has been attributed to the 
consum ption of the organic m atter by dem ersal 
fish and invertebrates according to data from  the 
M editerranean Sea (McDougall and  Black, 1999). 
U nderw ater video surveys beneath fish farms in  the 
w estern and eastern M editerranean confirmed the 
aggregation of various species of w ild fish under the 
fish cages during feed supply. Similar prelim inary 
results from  Israel suggest that cages can act as 
attractors of schooling species that feed on fouling 
algae and discharged organic matter.

Studies in Greece revealed that the overall 
abundance of the fish assemblage increased by a 
factor of four and the average trophic level of the 
fish com m unity increased from  3.59 to 3.79 after the 
introduction of fish farms in oligotrophic waters 
(Machias et al, 2004).

P hoto 8.1: S ea-g ra ss  meadow. 

Source: N. Krstulovic and G. Kuspilic, Inst i tu te  of 
O ceanography and Fisheries, Split, Croatia, 2003.

Changes in diversity  => reduction in abundance, 
diversity and biomass o f  macrofauna and flora, as 
w ell as in abundance and diversity o fm eio fauna

The m ortality of large benthic fauna, the 
deterioration of sea-grass m eadow s and the changes 
in the trophic status of large w ater bodies are the 
m ain potential im pacts of aquaculture on ecosystem 
biodiversity. However, severe effects are generally 
confined to the local area, i.e. a few hundred  metres 
at m ost and recovery of the local ecosystem, albeit at 
slow rates, can follow if the farm  operation ceases.

Ecosystem  health  => probable deterioration

At present, m ost of the scientifically docum ented 
effects of fish farm ing are those on m acrofaunal 
invertebrates at a zone beneath and close to the 
farm  cages. The docum ented local elim ination 
of m acrofauna is ecologically im portant bu t it 
is very unlikely that they will become extinct or 
that the population at larger spatial scales will be 
significantly affected.

Changes have been docum ented in the microbial 
com ponent of the benthic com m unity as a result of 
fish farm ing activities (Table 8.1).

Table 8.1 Reported impacts of fish farming on meiobenthos

Area Im pact R eference
Eastern Mediterranean Microbial densities of th e  sed im ent  n ea r  th e  cages  w as found to 

increase by 4 - 2 8  t imes
Karakassis e t al., 2000

Tyrrhenian Sea Density of bacterial and vibrio microbial aerobic communities  
rapidly increased following th e  deploym ent of a fish cage

La Rosa e t al., 2004

Northwestern Mediterranean Incre ase  in bacterial ab undance La Rosa e t al., 2004

Priority issues in the  Mediterranean environment



Key issue: ecosystem  changes due to aquaculture development

B ox 8 .1  D etr im e n ta l  and ch ron ic  e f f e c t s  on  s e a - g r a s s  m e a d o w s

The close proximity of fish farm s and se a -g ra ss  a re a s  pose a serious th re a t  to the  integrity of th e  Posidonia 
m eadow s. T hese  m eadow s constitu te  key eco sy s te m s  of th e  Mediterranean m arine env ironm ent and play 
a m ajor  role in th e  spawning and rec ru itm en t of various m arine organism s. There has  been evidence th a t  
s e a -g ra ss  m eadow s were  severely  affected or b ecam e totally eliminated as  a consequence  of fish farming 
in Fornells Bay, Minorca, Balearic Isles (Delgado e t a / . ,  1999). Here, th e re  w ere  no signs of recovery for at 
least th re e  yea rs  af te r  cessation  of aquacu ltu re  activities.

O ther  docum en ted  cases  in:
• W estern M editerranean, SE Spain

53 %  of th e  m eadow  area  had d ec reased  shoo t sizes, leaves per  shoo t and leaf growth rate (Ruiz e t a / . ,  
2 0 0 1 ).

• W estern M editerranean, Corsica
The m eadow  shoo t density  decreased  from 466  (re ference sta tion) to 108 per  m 2 a t  impacted  site 
(Cancemi e t a / . ,  2003).

• W estern M editerranean, Sardinia
Disappearance of the  s e a -g ra s se s  undernea th  th e  cages  (Pergent e ta ! .,  1999).

• Central M editerranean, Malta
Severe  changes  in m eadow  ec osys tem s  (Dimech e t  ai., 2002).

• Eastern M editerranean, Croatia
Beds have a lm ost d isappeared  benea th  th e  cages  and have reg ressed  in th e  entire  bay (Katavic and 
Antolic, 1999).

B ox 8 .2  C a se  s t u d y  — c o m b in e d  im p a c ts  o f  tu n a  farm in g

Tuna farming (specifically the  penning of bluefin tuna  for fa tten ing) is an activity th a t  poses  several th re a ts  
to the  m arine environm ent and se rves  a s  an exam ple  of th e  range of potential aquacu l tu re  impacts. Such 
im pacts include:

• local pollution, if the  activity is not se ttled  in offshore water;
• resource  depletion ( tuna farming industry currently  dep e n d s  on the  cap tu re  of wild fish, with increasing 

and uncontrolled d em an d ) ;
• and impact on small pelagic fish s tocks which serve as  food for the  tuna.

Tuna cage culture has  becom e a subject  of hea ted  d eb a te s  in Croatia (NDA, Croatia, 2003). Degradation 
of the  benthic com m unity  below th e  cages  w as recorded from all the  culture sites along with som e adverse  
effects on the  w a te r  column as  well as  on the  sed im en ts .  There is an ongoing discussion on the  possible 
impact of removal of fry (sea  bass ,  sea  bream  and Mugilidae spp .)  to satisfy th e  food n eeds  of aquaculture ,  
particularly in Egypt. However, as  th e  industry is m ore  and m ore d ep e n d en t  on hatchery-ra ised  fry, the  
practice is not regarded  a s  a hazard. ICCAT (International Commission for the  Conservation of Atlantic 
Tuna) and GFCM (General Fisheries Commission for the  M editerranean) are  convening a Working Group on 
the  bluefin tuna  farming issue. They aim to develop practical guidelines on the  collection of tuna  spaw ners  
used for fry production, the  m a n a g e m e n t  of th e  tuna  farming as  well as  potential environm enta l,  social and 
economic issues.

• Studies underneath  m ussel farms revealed 
similar results to fish farms w ith  increased 
densities of microbial assemblages. However, the 
im pact of m ussel farms has proven considerably 
less severe than that of fish farms.

• Studies in the A driatic suggest that m ussel 
farms do not significantly alter the m arine 
ecosystem w hen benthos, biochemical, microbial 
and  m eiofaunal param eters were investigated 
(Danovaro et al, 2004).

Pharmaceuticals and chemicals => no clear 
connection; m onitoring required

The use of a variety of organic chemicals and 
pharm aceuticals for disease prevention, disinfection 
and therapy as well as metals for anti-foulants is a 
com m on practice in fish farming. These chemicals 
can pose a serious threat to the environm ent. 
Currently, studies in the M editerranean are lacking, 
especially on a long-term  and a large spatial scale.
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According to a UNEP/MAP/MEDPOL report, even 
'the compilation of a complete and  quantitative list 
of m ariculture chemicals used in the M editerranean 
is at present impossible'.

Transfer o f  parasites and diseases => no clear 
connection; m onitoring required

In the M editerranean no such impacts have been 
observed so far (IUCN, 2004).

Escapees/GMOs => no clear connection; m onitoring  
required

This is not an issue in the M editerranean as no 
impacts have been observed in the area so far.

However, a joint ICES-CIESM effort has been put 
forw ard to address the issue on a pan-European 
level. These efforts are taking a precautionary 
approach.

O ther users o f  the coastal area => im pact on tourism

Tourism and m arine aquaculture interact negatively 
w ith  each other as illustrated by cases from  Cyprus 
and Croatia. An integrated approach in planning 
coastal zone m anagem ent is strongly advised 
to m itigate the problem. In both countries the 
im plem entation of ICZM has m inim ised the im pact 
of ill-planned aquaculture activity near areas of 
im portance for tourism  (Stephanou, 1997; NDA 
Croatia, 2003).
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9 Key issue: ecological quality status in 
coastal areas

At their 12th m eeting held in M onaco in Novem ber 
2001, the contracting parties to the Barcelona 
Convention requested the MED POL Program m e 
to review  and develop a set of m arine pollution 
indicators, in cooperation w ith  Blue Plan, EEA, 
UNIDO-ICS and  other com petent bodies and 
organisations (UNEP/MAP, 2003b). Based on 
Guidelines for the D evelopm ent of Ecological Status 
and Stress Reduction Indicators (UNEP/MAP, 2003c) 
and the outcom e of the relevant M arine Pollution 
Indicators (MPI) W orkshop (UNEP/MAP, 2005), 
the proposed biological indicators of the core set of 
MPIs, adopting the DPSIR fram ework, includes the 
following:

• num ber of exotic species (all taxa) (see C hapter 5) 
(state impact);

• presence and coverage of benthic m acrophytes 
(sensitive/opportunistic) (state);

• presence/abundance of sensitive/opportunistic 
zoobenthic spedes/taxa (state);

• com m unity diversity (zoobenthos/phytobenthos) 
(state);

• biotic indices;
• Ecological evaluation index based on macrophytes 

(EEI) — not covered in this report (state);
• Ecological quality index based on zoobenthos 

(BENTIX) (state).

The proposed ROAD MAP of UNEP/MAP in the 
short term  (2004—2006) includes:

a) developing m ethodology sheets for each of the 
above indicators to correspond w ith existing 
sheets developed by related organisations;

b) undertaking a test procedure in a few 
M editerranean countries. The invasion of exotic 
species, being a key issue in the M editerranean, 
is covered separately (Chapter 5).

It has to be noted that the above-proposed system  is 
one of the possibilities to be used as the discussion 
about indicators remains still open.

9.1 Presence and coverage of
benthic macrophytes (sen sitiv e / 
opportunistic)

The presence and coverage of benthic macrophytes 
(sensitive/opportunistic) has received m uch

attention. A specific action plan entitled 
'M editerranean M arine Vegetation' is included in 
the UNEP/MAP. The sea-grasses are already used 
in some m onitoring projects of the EU countries 
(e.g. France). In addition, species such as Posidonia 
oceanica, Cymodocea nodosa, Zostera noltii and 
the brow n seaweed Cystoseira are described as 
endangered in the Barcelona Convention.

Key messages

• Presence of sensitive benthic m acrophytes is 
indicative of good ecological quality.

• D epth distribution limit and density of roots of 
rooted sea-grasses are successfully em ployed in 
assessing ecological quality status/changes.

• Presence of opportunistic benthic m acrophytes 
(such as some new ly introduced macroalgae) 
m ay be indicative of environm ental degradation.

Benthic m acrophytes are a com m on biological 
elem ent along the M editerranean coastline. The 
Cystoseira com m unities together w ith the Posidonia 
m eadow s are the m ain supporters of biodiversity 
in shallow water. Since these communities best 
develop between the surface and 10 m  depth, they 
are often exposed to intertidal pollution. The most 
typical example is that of Posidonia oceanica, which 
is a key species for the M editerranean region. Its 
population is therefore m onitored as 'Popidations of 
key species including protected ones'. Deterioration of 
the Posidonia m eadow s attributed to anthropogenic 
im pact across the M editerranean is depicted in 
Figure 9.1.

There are indications that im provem ent 
of w astew ater treatm ent along the French 
M editerranean coastline and direct protection 
regulation of Posidonia oceanica (since 1988) has led 
to im provem ent of the m eadow s (in 1990 50 % of the 
sites were in regression; from  1990-1993 27 % were 
in regression; 46 % were stable and 27 % were in 
progression).

A lthough highly invasive, Caulerpa racemosa has not 
been the subject of large-scale research projects to 
describe its expansion (Table 9.1, Figure 9.2). A randa 
(2004) reports the presence of Caulerpa racemosa in 
the Valencia area (Spanish coast). In 1999, about 
3 km 2 of the bottom  were occupied by Caulerpa 
racemosa at Castellón. In 2000, the species was found
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Figure 9.1 Distribution of the marine sea-grasses Posidonia oceanica and Zostera spp. 
in the Mediterranean

Toulon:
Marseilles: -  90 %

Completely disappeared

Ligurian Sea: -  20 %

Alicante: -  52 %

Gabes: Completely disappeared

S o u rc e :  EEA, 2004a.

Posidonia
deterioration

Posidonia
oceanica

Zostera  spp.

Table 9.1 First records of Caulerpa
racemosa in Mediterranean 
countries

A l b a n i a  1 9 9 5  

C roatia 2 0 0 '

I I

ljcb an on  1931* 

Libya 1991

C yprus 1999  |  M alta 1999

Egypt 19S O * |^ ^ G a ir-a  S trip  1941'

France 2 0 0 « ^ * ^ ^  S p a in  1999

G reece 1994 1957*

'Tunisia 1926*

T urkey 1976*«993

*cited as  Caulerpa racemosa  (forma lamourouxii)

S o u r c e :  HCMR based on: Piazzi e t a i ,  in press ,
w w w .cau le rpa .o rg .

Israel

in Alicante and a survey carried out in 2002 show ed 
that 10 km 2 of the bottom  was occupied along 18 km  
of coastline. In 2002, the species was also found at 
Sagundo (Valencia) and in 2003 at Tabarca (Marine 
Park) w here 3 000 m 2 of the bottom  were occupied.

9.2 Presence/abundance of
sensitive/opportunistic zoobenthic 
sp ecies/taxa

Key messages

• The presence of sensitive taxa is a reliable 
m easure of ecosystem health.

• The dom inance of tolerant species/taxa is 
proportionate to the degree of disturbance.

9.3 Community diversity index (H) 
based on zoobenthos

The Shannon-Wiener diversity index (H) has been 
widely used and tested in various environments. 
However, the use and interpretation of this index has 
been subjected to long debate. This index depends 
on sample size, effort and on habitat type. Ideally, it 
should refer to a standard sampling surface. Based 
on the community diversity index, five classes of 
community health can be found in M editerranean

Priority issues in the  Mediterranean environment
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Figure 9.2 Caulerpa racemosa records in the Mediterranean Sea

•  C . r a c e m o s a  
occurrence

Source: HCMR based on: Piazzi e t  a ! . ,  in press , www .cau le rpa .o rg , UNEP/MAP, 2004a.

B ox 9 .1  Mortality  o f  k ey  s p e c i e s  o f  s p o n g e s

The phenom enon  of m a ss  mortality of m arine inverteb ra tes  is not rare in th e  Mediterranean. Mortality of 
sponges  w as reported  in the  north w es t  M editerranean in th e  su m m e r  of 1999. The area  affected s tre tches  
from Elba Island in Italy to th e  Bay of Marseilles in France. All o the r  north w estern  Mediterranean regions 
ap p eared  to have been spared  by this even t  (w w w .biom arew eb.org ). However, ca ses  of mortality have 
been reported  in August and S e p te m b e r  1999 in Tunisia, G reece, Morocco, Cyprus and Turkey (Perez e t a / . ,
2000). The degradation  of biodiversity-rich ecosys tem s ,  such as  th a t  of the  m arine park  of the  isles of 
Zebra in Tunisia, can be indicated by the  reduced population density  of sponges  (Table 9 .3).  It is a s su m ed  
th a t  th e  degradation  is related to the  p resence  of Caulerpa racem osa  and Caulerpa taxifolia.

Table 9.3 Density of gorgonians (colonies/m 2)

O c  °  " 5  E iS racü E r a ï! o i j r a S  ï; E  jè  
m  u  ra  .Q  m  Ô  £  i )  ¿ i  i )il ;  L Î  t  i- ' S i -  ra
a .  m . n  £  c = 3 . a  ï ï  . n  . a
ra m i l i i  o  o  m > 1 1  m
U  Ul N  N  N U )  U) N  > N  H

E u n i c e l l a  s i n g u l a r i s  8 to  10 17 to 25 50 40 35 70
E u n i c e l l a  c a v o l i n i i  2 to 3 3 to 5 25 15 ab s en t  absen t

Source: Ben Mustafa and Abed, 2001.

Photo 9.1: E u n i c e l l a  s i n g u l a r i s  Porquerolles  Island, France
(13 m). This E u n i c e l l a  has been severe ly affected 
by two mortality even ts  which occurred in 1999 
and 2003 in th e  nor thwestern  Mediterranean.

Source: Thierry Perez.
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coastal waters (Table 9.4). These apply mostly to 
m uddy sands or sandy m ud m arine benthic habitats. 
The limits of these classes are somewhat arbitrary 
and they are based on literature and experience of the 
authors. However, it is further supported by literature 
from other M editerranean areas.

9.4 Ecological quality status based on 
zoobenthos

The various tools used as indicators are often 
adapted  to regional requirem ents and biological 
particularities. In Spain, a biotic index called AMBI 
was developed by Borja et al. (2000). This is used for 
the assessm ent of the ecological quality of European 
coasts and estuaries, analysing the response of 
soft-bottom benthic com m unities to natural and 
m an-induced changes in w ater and sedim ent 
quality. AMBI is based on five ecological groups 
related to the degree of sensitivity/tolerance to an 
environm ental stress gradient, and is now  being 
used in  the im plem entation of the Water Fram ew ork 
Directive (WFD) and inter-calibration w ith other 
countries. BENTIX (Simboura and Zenetos, 2002) is a 
new ly developed tool (based on macrozoobenthos of 
soft substrata) to assess ecological quality status in 
accordance w ith  the needs of the WFD. The resulting 
classification system  (Table 9.5) includes five levels 
of ecological quality status (EQS) in accordance w ith 
the needs of the WFD.

Table 9.4 Classification of EQS according to range of the community diversity index (H )

Pollution
classification H EQS WFD H in physically  

str e sse d  mud
Normal/pris tine H > 4.6 High H > 5
Slightly polluted, transitional 4 < H < 4.6 Good 4 < H < 5
Moderately polluted 3 < H < 4 Moderate
Heavily polluted 1.5 < H < 3 Poor
Devoid of animal  life to heavily polluted 0 < H < 1.5 Bad

Source: Z enetos  and S imboura, 2001; Simboura and Z enetos,  2002.

Table 9.5 Classification of EQS according to the range of BENTIX

Pollution
Classification BENTIX EQS WFD BENTIX in physically  

str e sse d  m uds
Normal/Pristine 4.5  < BENTIX <6 High 4 < BENTIX < 6
Slightly polluted, transitional 3.5 < BENTIX < 4.5 Good 3.0 < BENTIX < 4.00
Moderately polluted 2.5 < BENTIX < 3.5 Moderate 2.5 < BENTIX < 3.00
Heavily polluted 2 < BENTIX < 2.5 Poor
Devoid of animal  life BENTIX < 2 Bad

Source: Z enetos  and S imboura, 2001; Simboura and Z enetos,  2002.
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AMBI and BENTIX have a lot of similarities. AMBI 
has been used in m any locations in the Atlantic and 
in some locations in the M editerranean (Borja et al., 
2003). The BENTIX index discriminates between 
only tw o ecological groups and is probably more 
appropriate and convenient for M editerranean 
ecosystems w ith  a high species richness and 
diversity. The results obtained are consistent 
w ith  those obtained using several w idely applied 
m ethods and param eters, such as species richness 
and com m unity diversity.

Key messages

• Ecological evaluation of benthic ecosystems 
across the M editerranean is feasible by using a 
simple tool (BENTIX), w hich is not com m unity 
type specific or site specific (global application).

• BENTIX appears to w ork well for different types 
of stress (sewage, fishing, dum ping) bu t is best 
applicable to assess effects of wastew ater in 
coastal waters.

• AMBI has been checked under different 
environm ental im pact sources, both in coastal 
and estuarine waters; however, it appears to 
w ork successfully under a variety of impacts.

• Best assessm ent of EQS is achieved by a 
com bination of BENTIX w ith H  (community 
diversity) and S (num ber of species).
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Figure 9.3 Yearly average values of BENTIX and community diversity (H ) along a pollution 
gradient in Izm ir Bay at stations 1 -1 5

Bentix Diversity

5 .00  -,

4 .0 0  -

3 .00  -

2 .0 0  -

1.00  -

0.00
K >  K >  O  V *  O ' O’ O  'V ><5“ <ÿ> £j.> £j.> q.>

0.00

in n e r  bay ] [ middle bay ] [ o u te r  bay

□  □  □  □  BENTIX Diversity

S o u r c e :  Dogan, 2004.

Both BENTIX and H  have been tested w ith datasets 
derived from:

• various geographic areas w ithin the 
M editerranean;

• coastal areas affected by different anthropogenic 
activities nam ely fishing, tourism , sewage and 
chemical effluents;

• the use of different sam pling m ethodologies 
(sampler, m esh size, num ber of replicates).

Case study: EQS in Izm ir  Bay, Turkey and 
Saronikos Gulf, Greece

M ean values of the BENTIX and H  index are 
increasing from  the inner tow ards the outer bay and 
so is EQS (Figure 9.3). The poor quality of the inner 
bay, w hich is subject to a com bination of pollution 
impacts, is reflected in  all param eters. This, in turn, 
affects the m iddle bay. This gradient is also evident 
in the chemical param eters of the w ater column. 
Based on the faunistic and hydrographical features 
Kocata§ (1978) d ivided Izm ir Bay into three parts i.e. 
the inner, m iddle and outer one (Figure 9.3).

The Saronikos Gulf receives the w astew ater from 
the M etropolitan city of Athens. A lthough a 
prim ary WWTP started  to w ork in 1994 the benthic 
communities' ecological quality status of the gulf has

only been followed since 1999. As show n in recent 
trend  analyses of all abiotic (sedim ent type, depth, 
concentration of organic carbon in sediment), and 
biotic param eters (including H, BENTIX, AMBI), the 
EQS is im proving w ith  distance from  the sewage 
outfall (HCMR, 2005).

AMBI appears to w ork successfully under m any 
environm ental impacts, including drill discharges, 
subm arine outfalls, harbour and dyke construction, 
heavy metal inputs, eutrophication, engineering 
works, diffuse pollutant inputs, recovery of polluted 
systems under the im pact of sewerage schemes, 
dredging processes, m ud  disposal, oil spills, fish 
farming, etc. (Borja et al, 2003).

BENTIX appears to w ork successfully, m ostly in 
the eastern M editerranean, provided that a certain 
taxonom ic effort is exerted (specimens assigned 
m ostly to species level). Results were independent 
of m esh size used, bu t were m isleading w hen based 
on semi qualitative data from  dredges. EQS should 
be based on a combination of indices as results 
m ay be m isleading e.g. in the case of heavy metal 
pollution. Moreover, further developm ent of this 
type of environm ental tool requires the consensus 
of scientists in assigning species to a particular 
ecological group.
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10 Legal and policy instruments

This chapter outlines the m ost im portant 
sub-regional, regional and global laws and policy 
instrum ents that address the major environm ental 
concerns in the M editerranean region.

10.1 The Barcelona Convention and its 
protocols (Barcelona system)

The Barcelona Convention on the Protection of the 
M editerranean Sea against Pollution, w hich entered 
into force on 12 February 1978, is the m ost im portant 
regional policy instrum ent related to the protection 
of the M editerranean Sea and its coasts (2). The 
EU and seven other countries (3) w hich are today 
mem bers of the EU, are the contracting parties to the 
Convention and some of its protocols (Table 10.1). 
They provide a significant contribution to the 
functioning of the Barcelona system.

Since 1994, several com ponents of the Barcelona 
system  have undergone im portant changes.
An am bitious revision of the Convention was 
concluded in  2002. The objective of the revision 
was to m odernise the Convention to bring it into 
line w ith the principles of the Rio Declaration and 
the philosophy of the new  U N Convention on the

Law of the Sea (UNCLOS). Then it should be m ade 
into an instrum ent of sustainable developm ent 
to m irror the progress achieved in international 
environm ental law.

The structure of the present Barcelona legal system 
includes the following instrum ents:

• The Convention for the Protection of the M arine 
Environm ent and the Coastal Region of the 
M editerranean (in force since 9 July 2004);

• The Dum ping Protocol for the Prevention and 
Elimination of Pollution of the M editerranean 
Sea by D um ping from  Ships and Aircraft or 
Incineration at Sea, am ended in Barcelona on 
10 June 1995 (the am endm ents are not yet in 
force);

• The Emergency Protocol concerning 
Cooperation in Preventing Pollution from 
Ships and, in Cases of Emergency, Com bating 
Pollution of the M editerranean Sea, signed in 
Valletta on 25 January 2002 (entered into force 
on 17 M arch 2004). The Emergency Protocol 
acknowledges in the pream ble the role of the 
International M aritime Organization, as well as 
'the contribution of the European C om m unity to 
the im plem entation of international standards

Table 10.1 List of EC instruments related to the Barcelona Convention for the protection of 
the Mediterranean Sea

Council Decision 77/585/EEC of 25 July 1977 concluding th e  Convention for th e  protection of th e  Mediterranean Sea agains t  pollution 
and th e  Protocol for th e  prevention of th e  pollution of th e  Mediterranean Sea by dumping from ships and aircraft.
Council Decision 81/420/EEC of 19 May 1981 on the  conclusion of th e  Protocol concerning cooperation in combating pollution of the  
Mediterranean Sea by oil and o ther  harmful su b s ta n c e s  in cases  of emergency.
Council Decision 83/101/EEC of 28 February 1983 concluding th e  Protocol for th e  protection of th e  Mediterranean Sea agains t  pollution 
from land-based  sources.
Council Decision 84/132/EEC of 1 March 1984 on th e  conclusion of th e  Protocol concerning Mediterranean specially protected areas .  
Council Decision 1999/800/EC of 22 October 1999 on concluding the  Protocol concerning specially protected a re a s  and biological 
diversity in th e  Medite rranean, and on accepting the  an n ex es  to tha t  Protocol (Barcelona Convention).
Council Decision 1999/801/EC of 22 October 1999 on accepting th e  a m e n d m e n ts  to th e  Protocol for th e  protection of the  
Mediterranean Sea agains t  pollution from land-based  sources (Barcelona Convention).
Council Decision 1999/802/EC of 22 October 1999 on th e  accep tance  of a m e n d m e n ts  to  th e  Convention for th e  Protection of the  
Mediterranean Sea agains t  Pollution and to th e  Protocol for th e  Prevention of Pollution by Dumping from Ships and Aircraft (Barcelona 
Convention) .
Council Decision 2004 /575 /E C  of 29 April 2004 on th e  conclusion,  on behalf of th e  European Community,  of th e  Protocol to the  
Barcelona Convention for th e  Protection of th e  Mediterranean Sea agains t  Pollution, concerning cooperation in preventing pollution 
from ships and,  in cases  of emergency,  combating pollution of th e  Mediterranean Sea.

(2) Contracting Parties: Albania, Algeria, Bosnia and Herzegovina,  Croatia, Cyprus, Egypt, European Community, France, Greece, 
Israel,  Italy, Lebanon, Libya, Malta, Monaco, Morocco, Slovenia,  Spain, Syria, Tunisia, Turkey, Serbia and Montenegro, see  
w w w .u n ep m ap .o rg .

(3) Cyprus, France, Greece, Italy, Malta, Slovenia and Spain.
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as regards m aritim e safety and the prevention 
of pollution from  ships'. In fact, the Com m unity 
has enacted a num ber of legal instrum ents.
The m ost recent ones are: Directive 2002/6, of 
18 February 2002, on reporting formalities for 
ships arriving in and/or departing from  ports of 
the M ember States of the Community; Directive 
2002/84/EC, of 5 N ovem ber 2002 am ending the 
Directives on m aritim e safety and the prevention 
of pollution from  ships; and Commission 
Regulation 2172/2004/EC of 17 December 
2004 am ending Regulation 417/2002/EC of the 
European Parliam ent and of the Council on 
the accelerated phasing-in of double-hull or 
equivalent design requirem ents for single oil 
tankers, to include the am endm ents adopted by 
the M arine Environm ent Protection Committee 
of IMO;

• The LBS Protocol: see Box 1.2;
• The SPA and Biodiversity Protocol concerning 

Specially Protected Areas and Biological 
Diversity in the M editerranean (in force since 
12 December 1999);

• The Offshore Protocol concerning Pollution 
Resulting from  Exploration and Exploitation of 
the Continental Shelf, the Seabed and its Subsoil, 
signed in M adrid on 14 October 1994, (not yet in 
force); and

• The Hazardous Wastes Protocol on the 
Prevention of Pollution of the M editerranean Sea 
by Transboundary M ovements of H azardous 
Wastes and their Disposal, (not yet in force).

As concerns cooperation in the field of response 
to m arine pollution, the Council Decision of 
23 October 2001 (2001/792/EC, Euratom ) has 
established a C om m unity M echanism to facilitate 
reinforced cooperation in civil protection assistance 
interventions, covering both dv il protection and 
m arine pollution. The general purpose of the 
M echanism is to provide, on request, support in 
the event of major emergencies and to facilitate 
im proved coordination of assistance intervention 
provided by the M ember States and the Community.

The recent updating of the Barcelona legal 
fram ework shows that the Parties consider it to 
be a dynam ic system  capable of being subject to 
re-examination and im provem ent, if appropriate.
As a result, at their last M eeting in Catania in  2003, 
the Contracting Parties asked the Secretariat to start 
developing an additional Protocol on Integrated 
Coastal Zone M anagement.

10.2 EU cooperation with the
Mediterranean partner countries

The Euro-M editerranean Partnership (EMP) 
was established in 1995 as a m eans to reinforce 
relations betw een the European Union and its 
partner countries in the southern and eastern 
M editerranean. In Helsinki in 1997, the Euro- 
M editerranean Environm ent Ministers adopted 
a Declaration establishing the 'Short and 
M edium-Term Priority Environm ental Action 
Program m e' (SMAP). This was in tended to be the 
operational tool for the im plem entation of the 
policy adopted  by Euro-M editerranean partners 
in the environm ent area. It should also provide 
project financing from  the Regional Environm ent 
Program m e of the MEDA financing instrum ent. In 
2002, Euro-M editerranean Environm ent Ministers 
reaffirm ed their com m itm ent to the SMAP through 
the adoption of the A thens Declaration. This 
declaration particularly em phasized the im portance 
of ensuring synergies betw een SMAP and other 
regional environm ent initiatives. MEDA financing 
for regional environm ent through three successive 
SMAP program m es has am ounted to a total of 
some EUR 50 million over the past 10 years. MEDA 
has also provided substantial funding for regional 
projects in the specific sector of water.

In addition to the regional component, the EU has 
concluded bilateral association agreem ents w ith 
m ost of its partner countries under the fram ework 
of the EMP. These agreem ents set the basis for 
cooperation targeted to the individual needs 
and conditions of each country. Through these 
agreements, the EU and its partner countries agree 
to w ork tow ards legislative approxim ation and 
cooperation in  a w ide range of sectors, including 
environm ent. At present, such agreem ents are in 
force w ith Morocco, Tunisia, Egypt, Jordan, Israel, 
Palestinian A uthority and Lebanon. The agreem ents 
w ith  Algeria and Syria are in the process of being 
finalised. As the association agreem ents come into 
force, specific sub-committees are being established 
to prom ote bilateral political dialogue on the 
environm ent.

In term s of bilateral financing under the EMP, 80 % 
of the total MEDA budget is allocated to national 
program m es. Since the MEDA instrum ent was 
first launched, financing has been allocated for 
a substantial num ber of environm ent projects, 
including grants to subsidise the interest on IEB 
loans for environm ental infrastructure. Regrettably, 
however, the environm ent has not been consistently 
set out as a top priority by all partner countries in 
the developm ent of these national program m es.
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In view of the Extraordinary 10th anniversary 
Conference of the EMP held in Barcelona in 
Novem ber 2005, this partnership  is being 
reoriented for the future. Initial indications point 
to an increased focus on environm ent, including 
a high-visibility initiative to 'depollute the 
M editerranean by 2020'.

The European N eighbourhood Policy (ENP) has 
been launched w ith  the aim  to create enhanced 
relationships w ith  the EU neighbouring countries, 
based on shared values and com m on interests. It 
builds on existing instrum ents and frameworks, 
such as the association agreem ents w hich have 
been concluded w ith the majority of the southern 
neighbouring countries around the M editerranean 
Sea. As its m ain operational tool, the ENP uses 
jointly agreed action plans, w hich cover a broad 
range of policy areas including environm ent.

10.3 A review of environmental
concerns and their corresponding 
legal and policy instruments

This section surveys the policy responses adopted 
to address the major perceived problem s and issues 
identified in the M editerranean:

A. Pollution spans diverse activities including 
land-based activities, m arine transport and 
sea-bed exploitation.

B. Conservation of biodiversity.
C. Sustainable exploitation of fisheiy resources.

Policy responses on a regional, global and EU level 
are presented for each type of the three above 
concerns, while some subregional approaches are 
also considered.

10.3.1 Pollution

Regional agreements and policy instrum ents

• The SAP/MED: Strategic Action Program m e in 
the M editerranean for the im plem entation of the 
LBS Protocol to the Barcelona Convention.

The SAP/MED, adopted in 1997, is an action- 
oriented MAP/MEDPOL initiative identifying 
priority target categories of substances and activities 
to be elim inated or controlled by the M editerranean 
countries. The schedule for the im plem entation of 
specific control m easures and interventions extends 
over 25 years.

The key land-based activities addressed in the 
SAP/MED are linked to the urban environm ent, 
(particularly m unicipal w astew ater treatm ent and 
disposal, urban solid waste disposal and activities 
contributing to air pollution from  mobile sources) 
and to industrial activities. These activities target 
those responsible for the release of toxic persistent 
and bio accumulative (TPB) substances into the 
m arine environm ent. They give special attention to 
persistent organic pollutants (POPs). Also addressed 
are the release of harm ful concentrations of 
nutrients into the m arine environm ent, the storage, 
transportation and disposal of radioactive and 
hazardous wastes and activities that contribute to 
the destruction of the coastline and coastal habitats.

• EU W ater Fram ew ork Directive (WFD)

O n the EU level, the legal instrum ent provided 
to safeguard the ecological status of waters from 
land-based points and diffuse sources is the Water 
Fram ew ork Directive (2000/60/EC). This is designed 
to integrate a num ber of earlier directives tackling 
w ater pollution into a single piece of legislation.
It m ay be considered that im plem entation of their 
obligations under the WFD the EU-M editerranean 
countries w ould in effect be fulfilling their general 
obligations under the SAP/MED. Both the SAP/MED 
and the WFD, in  its 'Strategy against pollution of 
water', establish a list of priority substances to which 
w ater quality standards and em ission controls 
m ust be applied. Of these priority substances, 
certain ones will be subject to cessation or phasing 
out of discharges, emissions and losses w ithin an 
appropriate timescale. In general, these include 
toxic, persistent and bio-accumulative substances, 
subject to phasing out at the latest around 
2025 (SAP)-2027(WFD).

• HAB related policies

Recognising the im portance of H arm ful Algal 
Blooms, a num ber of research and m onitoring efforts 
have been directed at their study. The aim  is to 
protect public health, fisheries resources, ecosystem 
structure and function, and  coastal aesthetics. 
However, m ethods, perform ance criteria and action 
levels have not been clearly established for toxin 
control, resulting in  inconsistencies betw een EU 
countries. To harm onise this difference the EU 
has established a C om m unity Reference Library 
(CRL) w hich handles the problem s associated w ith 
HAB toxins in seafood and coordinates meetings 
w ith  representatives from  National Reference 
Laboratories (NRL) w ithin the EU and associated 
countries (ICES). In 2002, the EU Commission 
adopted the Decision (2002/225/EC) concerning
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m axim um  levels of certain biotoxins in  m arine 
gastropods, tunicates, bivalve molluscs and 
echinoderms.

International conventions and policy instruments

The following m ultilateral environm ental 
agreem ents (MEAs) interact w ith  the existing 
regional and international agreem ents aiming to 
combat pollution in the M editerranean. They are 
particularly relevant to reducing pollution from 
Persistent Toxic Substances:

• The International Convention for the Prevention 
of Pollution from  Ships, 1973, as m odified by the 
Protocol of 1978, (MARPOL 73/78).

• The Stockholm Convention on Persistent 
Organic Pollutants (POPs).

• The Basel Convention strictly regulates the 
transboundary  m ovem ents of hazardous wastes 
and  provides obligations to its parties to ensure 
that such wastes and their disposal are m anaged 
of in an environm entally sound m anner w hen 
m oved across national boundaries.

• The Rotterdam  Convention on the Prior 
Inform ed C onsent Procedure for Certain 
H azardous Chemicals and Pesticides in 
International Trade.

• International Code of Conduct on the 
D istribution and Use of Pesticides.

10.3.2 Conservation o f  biodiversity

Regional agreements and policy instrum ents

• The Specially Protected Areas and Biodiversity 
Protocol to the Convention of Barcelona (SPA).

The SPA and Biodiversity Protocol provides for the 
establishm ent of a list of specially protected areas 
of M editerranean interest (the SPAMI List). The 
SP AMI list m ay include sites that 'are of im portance 
for conserving the com ponents of biological 
diversity in  the M editerranean; contain ecosystems 
specific to the M editerranean area or the habitats 
of endangered species; are of special interest at 
scientific, aesthetic, cultural or educational levels'. 
The procedures for the establishm ent and listing of 
SPAMIs are specified in detail in the Protocol.

• The Strategic Action Program m e for Biodiversity 
in  the M editerranean Region (SAP/BIO).

The Strategic Action Plan for Biodiversity (SAP/BIO) 
adopted in 2003 establishes a measurable framework 
of actions for the im plementation of the 1995 SPA 
Protocol. The SAP/BIO assesses the status of marine

and coastal biodiversity, evaluates the m ain problems 
affecting biodiversity and identifies concrete remedial 
actions at national and regional levels.

The basic objective of this Strategic Action 
Program m e is to be used w ithin the context of the 
SPA Protocol to (i) im prove the m anagem ent of 
existing and favour the creation of new  M arine 
and Coastal Protected Areas; (ii) favour the 
im plem entation of SAP BIO NAPs and Priority 
Actions; (iii) enhance the protection of endangered 
species and habitats; (iv) contribute to the 
reinforcement of relevant national legislation and 
national and international capacity building; (v) 
foster the im provem ent of know ledge of m arine 
and coastal biodiversity; and (vi) contribute to 
fundraising efforts.

Other regional conventions, directives and action plans 
for biodiversity protection in the M editerranean Sea 
include:

• The A greem ent on the Conservation of 
Cetaceans of the Black Sea, M editerranean Sea 
and contiguous Atlantic area (ACCOBAMS) was 
m ade in  1996 under the Bonn Convention.

• The Berne Convention (on the Conservation 
of European Wildlife and N atural Habitats) 
is being im plem ented in all the European 
countries.

• Action plan for the conservation of cetaceans in 
the M editerranean Sea.

• Action plan for the m anagem ent of the 
M editerranean m onk seal (Monachus monachus).

• Action plan for the conservation of 
M editerranean m arine turtles.

• Action plan for the conservation of m arine 
vegetation in  the M editerranean Sea.

EU legislation on biodiversity

The legislation on specially protected areas of 
the M editerranean States, w hich m em bers of the 
European U nion m ust conform to, is the EC Council 
Directive 92/43 on the conservation of natural 
habitats and w ild fauna and flora. Its geographical 
scope includes the internal waters and the territorial 
sea along the coasts of the four EU M editerranean 
countries. The Directive sets up  a coherent ecological 
netw ork of special areas of conservation under the 
title 'N atura 2000'. This netw ork is com posed of sites 
hosting the natural habitat types of Com m unity 
interest listed in  Annex I and habitats of the species 
listed in  Annex II (species of w ild fauna and flora of 
C om m unity interest) w hose conservation requires 
the designation of special areas of conservation. 
However, under Art. 4, para. 1 for aquatic species
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that range over w ide areas, such sites will be 
proposed only w here there is a clearly identifiable 
area representing the physical and biological factors 
essential to their life and  reproduction.

International conventions

• Global Convention on the Protection of 
Biological Diversity (CBD).

• The Convention on the Conservation of 
M igratory Species of W ild Animals (Bonn 
Convention, 1979).

• The Convention on International Trade in 
Endangered Species of W ild Fauna and Flora 
(CITES).

• The RAMSAR Convention on W etlands 
of International Im portance especially as 
W aterfowl H abitat (1971).

10.3.3 Fisheries — aquaculture

Regional and subregional policies

• FAO General Fisheries Com mission for the 
M editerranean (GFCM) aim ed at establishing 
m anagem ent m easures for fisheiy resources at 
regional level.

More specifically it aims to prom ote the 
developm ent, conservation and m anagem ent 
of living m arine resources occurring in the 
M editerranean, the Black Sea and connecting waters, 
both in areas under national jurisdiction and on the 
high seas. In order to achieve its goal, the GFCM can, 
by a tw o-thirds majority, adopt recom m endations 
on the m easures for the conservation and rational 
m anagem ent of living m arine resources.

O ther FAO projects on a subregional level in the 
M editerranean include ADRIAMED, fostering 
scientific cooperation to prom ote responsible 
fisheries in the Adriatic. FAO COPEMED, another 
M editerranean Project, focuses on advice, technical 
support and establishm ent of cooperation networks 
to facilitate coordination to support fisheries 
m anagem ent in the M editerranean. COPEMED area 
covers the w estern and central subregions of the 
M editerranean.

EU Common Fisheries Policy

• The EU Com m on Fisheries Policy (CFP) is 
the European Union's instrum ent for the 
m anagem ent of fisheries and aquaculture.

The CFP, w hich has been in operation since 1983, 
recently (2002) underw ent extensive changes.
Am ong others, a p lan to ensure the sustainability

of fisheries in the M editerranean was adopted in 
October 2002. The m easures foreseen in the Action 
Plan include:

• a concerted approach to declaring fisheries 
protection zones;

• the use of fishing effort as the m ain instrum ent 
in fisheries m anagem ent;

• im proving fishing techniques so as to reduce 
the adverse im pact on stocks and  the m arine 
ecosystem;

• prom oting international cooperation.

The EU has exclusive expertise in international 
relations concerning fisheries. It is em pow ered to 
undertake international com m itm ents tow ards 
th ird  countries or international organisations 
in m atters relating to fisheries and aquaculture.
The European Commission, on behalf of the EU, 
negotiates fisheries agreem ents w ith  th ird  countries 
and participates in  various regional fisheries 
organisations (RFOs).

In ter national con ven tions

• ICCAT (International Convention for the 
Conservation of Atlantic Tunas), in force since 
1969, is designed to ensure the sustainable 
exploitation of A tlantic tuna and tuna-like 
species not only in the Atlantic Ocean but in 
adjacent seas, such as the M editerranean.

The Contracting Parties to the International 
Convention for the Conservation of A tlantic Tunas 
include Morocco, Libya, Croatia, Turkey, Tunisia and 
the EC. O n the basis of scientific research ICCAT 
can through its International Commission make 
recom m endations aim ed at ensuring the m axim um  
sustainable catch. These recom m endations, if not 
objected to by a majority of Parties, are binding 
on all Parties, except those that register formal 
objections.

Global policy framework

• FAO Code of Conduct for Responsible Fisheries.

This Code adopted in 1995, sets out principles and 
international standards of behaviour for responsible 
practices w ith  a view to ensuring the effective 
conservation, m anagem ent and developm ent of 
living aquatic resources w ith due respect for the 
ecosystem and biodiversity.
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11 Conclusions

11.1 Main findings

The top priority for environm ental m anagem ent in 
the region is to enforce national and international 
environm ental legislation. However, enforcement 
is carried out quite differently in M editerranean 
countries, reflecting different socio-economic 
conditions. In addition to im plem entation and 
enforcement of existing legislation, there is an 
increasing need to apply integrated ecosystem-based 
approaches for protection of the M editerranean 
environm ent, w hich currently is being plagued by 
several pressures im pacting coastal and m arine 
habitats. The m ost im portant issues are:

• pollution related to urbanisation and industrial 
activities;

• unsustainable exploitation of fisheries and 
aquaculture resources;

• inadequate regulatory m echanisms (mainly lack 
of law  enforcement);

• lack of know ledge and appreciation of the 
biological and  cultural value of existing habitats.

All around the M editerranean basin, coastal 
urbanisation implies production of wastes 
(untreated or poorly treated  wastewater and urban 
run-off and solids), increase of w ater dem and, 
and pollution. In m any cases habitat destruction 
and physical alteration have led to biodiversity 
and w etland losses and  environm ent degradation 
im posing a serious threat to m any aquatic species.

Most of the M editerranean coastal areas host 
chemical and m ining industries that produce 
large am ounts of industrial wastes (heavy metals, 
hazardous substances, and POPs) w hich could 
reach the M editerranean Sea directly or indirectly 
(through rivers and run-offs). In addition, 
stockpiles of obsolete chemicals (such as POPs and 
pesticides) are considered as an im portant source 
of contam inants into the m arine environm ent. On 
the other hand, discharge of fine solids from  coastal 
industrial plants also has a considerable adverse 
im pact on the m arine ecosystem.

Overexploitation of fisheries resources has affected 
the m arine food web and particularly traw ling 
has im pacted the ecosystem in sensitive habitats 
e.g. Posidonia beds and deep corals. In parallel, an 
excessive expansion of the aquaculture industry  has

added  to the degradation of the m arine and coastal 
environm ent (e.g. Croatia, southeast Turkey).

Climatic changes in conjunction w ith  deteriorated 
ecosystems near ports and lagoons have resulted 
in significant changes of biodiversity due to the 
introduction and  establishm ent of exotic species. 
N utrient pollution (especially nitrogen and 
phosphorus) has favoured some of the introduced 
microscopic m arine algae species w hich are toxic 
and has thus led to Harmful Algal Blooms and 
associated problems.

The m ain problem s in southern and eastern 
M editerranean countries are the poorer treatm ent of 
urban  waste and m anagem ent of chemicals than  in 
the northern  countries w here considerable effort has 
been deployed to overcome the problem s caused by 
pollution from  wastewater and the use of chemicals 
and their impacts on the environm ent. In general, 
in southern M editerranean countries, the lack of 
law  enforcement im pedes proper m anagem ent of 
environm ental issues. These countries are lacking 
the necessary technical, financial and  hum an 
resources to comply w ith national and regional 
regulations (e.g. stockpiles of hazardous substances).

Furtherm ore, in the northern  M editerranean region, 
the m ost industrialised, and consequently the one 
bringing m ore pollutants into the system, there 
are a priori the necessary prevention mechanisms, 
correction technologies and the appropriate legal 
framework. However, there is a lack of political 
w illingness from  these countries to enforce the 
environm ental regulations. Nevertheless, there is 
hope for self-control of the industrial contam ination 
from  this part of the region. The southern side of 
the M editerranean region is, however, grow ing at a 
large expense to the environm ent, since neither the 
financial conditions nor the required  technologies 
are available.

Taking into consideration the above-m entioned 
environm ental, political and socio-economic issues 
identified throughout the report, the need for an 
integrated ecosystem-based approach for protection 
of the M editerranean environm ent becomes evident. 
Key elements related to the im plem entation of such 
a holistic approach have already been taken into 
consideration by the different M editerranean Action 
Plan com ponents such as: assessm ent and control
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of pollution, ICZM, environm ent and development, 
biodiversity, m arine pollution indicators, EQSs 
etc. Thus, the need is to adapt and integrate these 
elements into a proper ecosystem-based approach.

11.2 Steps towards better
environmental m anagement

In order to develop an integrated ecosystem-based 
approach to better protect the M editerranean 
environm ent the following issues should be 
addressed:

• C urrent knowledge gaps have to be filled;
• m onitoring/assessm ent schemes have to be 

im proved thus allowing inform ed policy
making;

• Im provem ent of m anagem ent practices;
• Increase of socio-economic capacity for 

environm ental m anagem ent;
• Strengthening of Integrated Coastal Zone 

M anagem ent (ICZM);
• Decentralisation of action tailored to take into 

account specific contexts, pressures, im pacts and 
needs in  each country.

11.2.1 Gaps in knowledge and further w ork needed

The definition of problem s of the m arine 
environm ent of the M editerranean Sea and 
identification of gaps is a prerequisite to all 
inform ed policy-making. In this respect, as already 
pointed out, the M editerranean region exhibits 
im portant gaps of knowledge regarding more 
reliable data on levels and loads of pollutants, 
inform ation on issues of transboundary concern, 
inventories of specific ecosystems and hot spots and 
regional cooperation. Even though the inform ation 
is collected from  National Diagnostic Analysis 
reports, in m ost cases it comes from  case studies and 
research program m es rather than com prehensive 
national m onitoring program m es. Overall the 
inform ation about the environm ental state, trends 
and pressures is rather poor in the M editerranean as 
com pared to the N orth and Baltic Seas. In particular, 
inform ation for the south and east M editerranean 
is generated through scattered, inconsistent and 
sometimes unreliable investigation program m es.

D ata on loads

D ata on transfer of loads via air-sea interaction are 
not well covered and w hen they are, the spatial 
coverage is veiy heterogeneous. For example, 
data on hazardous substances and nutrients in 
aerosols and  rainw ater exist for the north  western

M editerranean since the late 1980s, as opposed to 
the south w estern M editerranean w here there is 
little information.

D ata on riverine discharges are very scarce. Most 
rivers, even though they are very im portant, are 
not adequately m onitored for loads of organic and 
inorganic pollutants.

As far as the urban-industrial discharges are 
concerned, the inform ation so far collected is 
the result of an estim ation program m e based on 
emission factors in the fram ework of the preparation 
of the NDAs of the impacts of land-based sources 
and the National Baseline Budget of releases from 
land-based point sources. This im plies lack of 
long time-series data. Nevertheless, the collection 
of inpu t data from  point sources is considered a 
breakthrough by the M editerranean countries.

D ata on biodiversity issues: Inventories and 
m onitoring o f  ecosystems

To adequately ensure that the best m anagem ent 
decisions are being m ade w ith  the best available 
scientific data, changes in the functional processes 
of an ecosystem m ust be m easured on the physical, 
biological and chemical levels using various 
indicators. To accomplish this, baseline studies 
are needed along w ith the archiving of the data in 
the form  of inventories and data banks. The m ore 
sensitive coastal habitat types in the M editerranean 
are defined and  partly m apped  (Spain, France,
Italy and  Greece). This could be accomplished for 
all M editerranean countries if a protocol for rap id  
assessm ent surveys were developed and agreed 
upon. Based on the changes in habitat distribution 
of a few 'key species', a clear sign of environm ental 
degradation will be discerned and quantified.
Rapid assessment techniques (e.g. rap id  ecological 
assessm ent or side-scan for landscape diversity) and 
in particular specific surveys of species considered 
as 'key species' for m arine biodiversity are gaining 
increased attention.

• Countries will have to agree on common criteria 
or metrics for producing assessments that are 
com parable between countries. It is essential to 
initiate the process to arrive at common criteria 
for the interpretation of norm ative definitions 
of the high/good and the good/m oderate class 
boundaries. This will not be achievable until 
countries have developed classification schemes 
compatible w ith  the requirem ents of the Blue 
Plan, EEA, UNIDO-ICS or WFD.

• It is, therefore, recom m ended that data flows be 
developed between countries and UNEP/MAP
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so that advanced indicators can be developed 
in line w ith w ork at the European level.
These indicators could then be progressively 
developed and  m odified as the inform ation 
required  to achieve better com parability 
becomes available during progressive 
im plem entation of the WFD.

Increased attention should be paid  to the concept 
of ecoregions as proposed in the EU M arine 
Strategy, provided that high-risk ecoregions 
will usually require m ore conservation attention 
(protected areas being only one of the tools) in 
order to m aintain their biodiversity. In that sense, 
scientists and m anagers should take advantage of 
the m ethodology and results from  international 
program m es applied in sub-regions. This effort of 
integration m ade by a netw ork of interdisciplinary 
scientific groups w ould be an excellent opportunity  
for 'good science' inpu t into to the m anagem ent 
process.

11.2.2 Pollu tion prevention and improved  
management practices

The modification and destruction of m arine and 
coastal habitats through im proper developm ent 
practices and poor m anagem ent threaten the 
viability of the M editerranean as an ecosystem.
Both problem s need to be adequately addressed 
in establishing a strategy of reduction of pressures 
especially of transboundary concern. The first issue 
prim arily requires a com bination of prevention 
of pollution at source and im proved wastewater 
treatm ent and the second requires im proved 
m anagem ent practices.

Po llution prevention

Investm ents in technology could assist in reducing 
the pressures on the environm ent as well as in 
avoiding specific impacts. A recom m ended key 
action tow ards preventing direct urban  and 
industrial coastal discharges should go through 
the integration of cleaner production and pollution 
prevention concepts in national environm ental 
policy. Pollution prevention (4) prom otes continuous 
im provem ent through operational and behavioural 
changes, being a shared responsibility among 
governments, individuals and industrial, and 
commercial, institutional and com m unity sectors.

In this context, UNEP could play a catalyst role in 
order to enable the suitable technological transfer 
alongside the prevailing socio-economic conditions 
and to prevent further environm ental deterioration 
of the M editerranean basin at the expense of the 
industrialisation of the southern countries.

Im proved managem ent practices

Im proved m anagem ent practices are required  in 
the area. In this context, an integrated ecosystem 
approach, as prom oted by the upcom ing EU M arine 
Strategy, is needed to protect and restore ecosystems 
together w ith  strengthening and im proving the 
Integrated Coastal Zone M anagem ent (ICZM; 
elaborated in  11.2.4). Along the same lines regional 
and m ultilateral cooperation should be encouraged 
to enhance the efficacy of such an approach. Such 
cooperation is of param ount im portance particularly 
for the southern countries of the region, w ho are 
facing major problem s w ith  regards to pollution 
m anagem ent capacities in  term s of finances 
(elaborated also in 11.2.3).

The creation of m arine protected areas for 
conservation purposes is a step in the direction of 
im proved m anagem ent practices. However, it is not 
always sufficient as an impact-lim itation m easure 
since m any of the impacts derive from  pressures that 
are not necessarily of local origin. The protection 
of the M editerranean's biodiversity, both  in terms 
of species and  habitats, should not be based on a 
num ber of separate m easures directed tow ards the 
protection of certain species or certain habitats. It 
should rather be an integrated ecosystem approach.

The developm ent of a M editerranean Regional 
A dvisoiy Council (5) is a good example of 
m ultilateral cooperation. The enhanced role of all 
stakeholders envisaged in the RAC can ensure 
the developm ent and im plem entation of a new  
legislative fram ework tow ards a m ore effective 
and sustainable m anagem ent of the fisheries 
in the region. In addition, a new  association, 
M edisam ak (6), was set up  in the M editerranean in 
May 2004. M edisamak, w hich also includes non-EU 
countries, envisages working w ith  both  GFCM and 
ICCAT to increase stakeholder involvem ent under 
the latest decision by fisheries ministers from  the 
M editerranean states to revive the GFCM w ith  a 
view  to encouraging m ultilateral cooperation.

(4) Pollution prevention is defined as th e  use  of materials,  p rocesses  or practices th a t  reduce or el iminate th e  creation of pollutants or 
w as te s  at  th e  source.

(5) 2004 /585 /EC  Council Decision of 19 July 2004 establishing Regional Advisory Councils (RAC) under  th e  Common Fisheries Policy.
(6) under  EU's Action Plan for sus ta inab le  f isheries in th e  Mediterranean.
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Coastal Area M anagem ent Program m es are aiso 
good examples of im proved m anagem ent practices 
and regional cooperation. They constitute practical 
MAP initiatives lasting an average of 3-4 years, 
aiming at the introduction of integrated coastal- 
area m anagem ent at local or national levels and 
institutional strengthening and  capacity building 
in an effort to rehabilitate areas w ith  the heaviest 
load of environm ental problems. In a broader sense, 
the im provem ent of the institutional capabilities 
of the M editerranean countries in the sustainable 
m anagem ent of their environm ent and its rational 
integration in developm ent policies is a major 
challenge for the region.

11.2.3 Socio-economic capacity fo r  environm ental 
m anagement

The socio-economic conditions prevailing in  each 
country play an im portant role in its capacity to 
apply and  enforce the appropriate environm ental 
m anagem ent, particularly on rem edying the im pact 
of urban and industrial pollution. Financial aid 
through regional and m ultilateral cooperation 
constitutes an integral part for upgrading the socio
economic capacity and capability particularly of the 
southern European countries.

It is obvious that the im plem entation of the National 
Action Plans (NAP) to address land-based sources 
of pollution in the fram ework of the Strategic Action 
Program m e (SAP) cannot take place under the 
same conditions in  all countries. Several southern, 
eastern and Adriatic M editerranean countries 
w ould face major economic problem s w ith regard 
to pollution m anagem ent capacities and therefore 
require external cooperation. Treatment technologies 
involving costs cannot be developed as long as they 
are not economically integrated into production 
costs, and technologies for the m anagem ent of urban 
waste and especially industrial waste that could be 
developed should generate a local economic activity 
solely based on supply and  dem and. National and 
regional action plans should, therefore, consider the 
following aspects:

• development of a systemic approach for the 
global, nationally based, m anagement of pollution;

• extension of registers to production flows;
• the issue of environm entally rational 

m anagem ent of hazardous industrial waste.

All environm ental conventions have raised the 
problem  of treatm ent of industrial wastewater 
generated by producers or users of dangerous 
substances. However, environm ental conventions 
have been im plem ented according to a pattern

that does not take into consideration the close 
interrelation betw een the process of combating 
pollution and the socio-economic conditions 
prevailing in different countries. It is, therefore, of 
p rim ary im portance to encourage in  each country 
the adoption of an integrated approach w hich could 
cover:

• financial capacity;
• technological capacity;
• harm onisation of regulations.

The EU M arine Strategy provides the fram ework for 
fostering such strengthened cooperation between 
northern  and southern M editerranean countries 
through the Barcelona Convention. W ithin this 
fram ework, and  particularly through its regional 
im plem entation, cooperation to protect the m arine 
environm ent of the M editerranean, taking into 
account the different socio-economic capacities in 
the area, is already underway.

The Euro-M editerranean Partnership and the EU 
N eighbourhood Policy constitute a good political 
base necessary for the developm ent of the required 
m ultilateral cooperation. The M editerranean 
Strategy for Sustainable D evelopm ent (MSSD) 
aims to increase the synergies betw een the 
various regional bodies, the Euro-M editerranean 
Partnerships and the MAP (along w ith the 
enhancem ent of regional cooperation tow ards 
capacity building and fund mobilisation).

MEDPOL, through the im plementation of the 
SAP/NAP, continues to develop national financial 
instrum ents and tools to enable the M editerranean 
countries to im plement their NAPs. In this respect 
the north/south financial responsibilities should 
be considered for an effective im plementation of 
environmental conventions in the southern countries.

11.2.4 Needs and fu ture interventions fo r  Integrated  
Coastal Zone M anagement (ICZM)

In order to m itigate negative trends caused by 
the previously m entioned pressures affecting the 
M editerranean Sea, proposed interventions m ust 
satisfy specific needs such as:

• harm onisation and strengthening of ICZM 
im plem entation at regional, national and local 
levels;

• securing and upgrading the application of ICZM 
w hen dealing w ith  transboundary issues;

• upgrading specific com ponents of ICZM (control 
of urbanisation and exposure to natural hazards, 
including climate change impacts);
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• upgrading the hum an and institutional capacity 
for the im plem entation of transboundary related 
projects;

• compatibility and coherence w ith external 
relations, obligations and priorities through 
policies such as the European N eighbourhood 
Policy and the Euro-M editerranean Partnership 
Process;

• sustainability of proposed m easures 
(particularly if financial assistance is sought).

Before describing the nature of interventions 
needed in coastal zone m anagem ent or form ulating 
proposals for action, the following m ust be 
considered and respected:

• the need for a realistic approach, form ulation 
of viable proposals applicable w ith  short- 
and  m edium -term  deadlines, bu t providing 
grounds for further larger and/or m ore extended 
initiatives;

• proactive context, including future or potential 
transboundary  im pacts and issues;

• harm onisation w ith past and ongoing relevant 
initiatives at all levels;

• consistence w ith  global/national/regional/local 
objectives, strategies and program m es;

• provisions form ulated in Agenda 21,
MED A genda 21, MAP, GPA, GEF and EU 
dem onstration program m es;

• a requirem ent that proposed activities are 
specific, issue and target oriented, providing 
for practical ou tputs and results, in tended to 
m itigate/control/prevent present and future 
transboundary sources and issues;

• adoption of a com m on fram ework of policies 
general or specific to a particular type of a 
coastal area;

• building political support.

11.3 Needs for adequate regulatory 
mechanisms

The num ber one priority in environm ental 
m anagem ent in  the M editerranean region is to

develop the necessary environm ental legislation 
and  to enforce it. It is im portan t that policies 
leading to actions be based on legal instrum ents 
that take into account regional and  international 
processes and  it should  be stressed that the success 
of im plem entation w ould  require the application of 
a num ber of o ther possibilities.

The regulatory status of the region mimics the 
socio-economic and  political structure. The 
legislation for hazardous substances m anagem ent 
for EU M em ber States and associated countries 
is regulated  by European directives, although 
the degree of compliance varies w ith in  the seven 
M editerranean EU M em ber States and  their 
investm ent in  prevention of pollu tion  by hazardous 
substances has been slow. O n the o ther hand, 
states facing low  levels of organisational capacity 
and  weak economies have serious difficulties in 
increasing environm ental protection and fulfilling 
international com m itm ents.

The control and  m anagem ent of pollu tion  at 
national levels is d ispersed  am ong various 
authorities. U rban w astew ater m anagem ent and 
hazardous substances control and  regulation 
in  m any of the countries of the region is quite 
decentralised w hich im plies that m any of the 
responsibilities are transferred  to provincial or 
local authorities.

O ther M editerranean countries exhibit low  
com m itm ent to relevant national and  regional 
regulations even though  they have developed a 
com prehensive national legal and  institutional 
fram ew ork for im plem entation of national and 
regional regulations.

Ratification of protocols rem ains a challenge for 
the region. M ost of the existing MEAs have low  
num bers of ratifications. For example, neither the 
revised Barcelona C onvention nor any of the m ost 
recent Protocols (including the revised ones) have 
en tered  into force despite having been adop ted  in 
1995 and  1996.
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Acronyms

ACCOBAMS: A greem ent on the Conservation of Cetaceans of the Black Sea, M editerranean Sea and
Contiguous A tlantic Area

ASP: Amnesic shellfish poisoning

BOD: Biochemical oxygen dem and

CBD: Convention on Biological Diversity

CFP: Com m on Fisheries Policy

CIESM: International Com mission for the Scientific Exploration of the M editerranean Sea

CITES: Convention on International Trade in  Endangered Species of Wild Fauna and Flora

COD: Chemical oxygen dem and

CRL: C om m unity Reference Library

DSP: Diarrhetic shellfish poisoning

EEA: European Environm ent Agency

EC: European Com mission

EMP: Euro-M editerranean Partnership

ENP: European N eighbourhood Policy

ETC/TE: European Topic Centre/Terrestrial Environm ent

FAO: Food and Agriculture Organization

GEF: Global Environm ent Facility

GFCM: General Fisheries Com mission for the M editerranean

HABs: Harm ful Algal Blooms

HCH: HexaChlorocycloHexanes

HCMR: Hellenic Centre for M arine Research

ICC AT: International Convention on the Conservation of the Atlantic Tunas (the International
Com mission has the same acronym)

ICES: International Council for the Exploration of the Sea

ICZM: Integrated Coastal Zone M anagem ent

IMO: International M aritime Organisation
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IOC:

IOC- HANA: 

IUCN:

LBS:

MEAs:

MEDA:

MEPC:

NAP:

NDA:

NIS:

NRL:

OECD:

PAHs:

PCBs:

P/D ratio: 

POPs:

PSP:

PTS:

REMPEC:

RFO:

SAP:

SAP/BIO:

SAP/MED:

SMAP:

SPA:

SPAMI:

STB:

TDA:

Intergovernm ental Oceanographic Com mission

Intergoverm ental O ceanographic Com mission — Harm ful Algae of N orth Africa

The W orld Conservation Union

Land-based Sources

M ultilateral environm ental agreem ents

'M editerranean Assistance' program m e. Financial and  technical m easures to accompany 
reforms to the economic and social structures in the M editerranean non-EU m em ber 
countries

M arine Environm ent Protection Committee 

National Action Plan 

National Diagnostic Analysis 

N on-Indigenous Species 

National Reference Laboratories

Organisation for Economic Co-operation and Developm ent

Polycyclic Arom atic H ydrocarbons

PolyChlorinated Biphenyls

Pelagic/Demersal ratio

Persistent organic pollutants

Paralytic shellfish poisoning

Persistent toxic substances

Regional M arine Pollution Emergency Centre in the M editerranean 

Regional Fisheries Organisations 

Strategic Action Plan

Strategic Action Program m e for Biodiversity in the M editerranean Region 

Strategic Action Program m e in the M editerranean 

Short and M edium-Term Environm ental Action Program m e 

Specially Protected Areas

Specially Protected Areas of M editerranean Interest 

Seafood Toxic Blooms 

Transboundary Diagnostic Analysis
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TL:

UNCLOS:

UNEP:

UNEP/MAP:

UNEP/RAC/SPA:

UNEP-W CMC:

UNEP/WHO:

UNIDO-ICS:

WFD:

WWTP:

Trophic level

U nited N ations Convention on the Law of the Sea 

U nited N ations Environm ent Program m e

U nited N ations Environm ent Program m e/M editerranean Action Plan

U nited N ations Environm ent Programm e/Regional Activity Centre for Specially 
Protected Areas

U nited N ations Environm ent Program m e — W orld Conservation M onitoring Centre

U nited N ations Environm ent Program m e/W orld H ealth Organization

U nited N ations Industrial D evelopm ent Organization — International Centre for Science 
and H igh Technology

Water Fram ew ork Directive

W astewater Treatment Plant
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