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     Abstract 

   Current projections for the twenty-fi rst century show that global warming will accelerate, 
with stronger storms, extreme precipitation, dry spells and rising sea levels as the primary 
symptoms. Such changes will have implications in seafood production, security, and safety, 
as well as in human health, due to the increase in the frequency of harmful algal blooms, 
levels and bioaccumulation of several chemical contaminants, prevalence and virulence of 
common foodborne pathogenic microorganisms. The Mediterranean will be particularly 
affected by climate change due to water scarcity in the region. Assuring seafood safety in 
such scenario requires the active involvement of all stakeholders to elaborate and imple-
ment adaptation and mitigation plans. In this context, the current chapter aims to provide an 
overview of the potential effects of climate change in the Mediterranean seafood safety and 
human health, taking into account chemical and biological contaminants, and to discuss 
potential adaptation and mitigation measures.  

  Keywords: 

   Climate change   •   Seafood safety   •   Benefi t and risk assessment   •   Adaptation   •   Mitigation     

      Seafood Safety and Human Health 
Implications 

           António     Marques     ,     Rui     Rosa     , and     Maria     Leonor     Nunes    

  36

        A.   Marques      (*) •    M.  L.   Nunes      
  Divisão de valorização e Aquacultura,   Instituto Português do Mar e 
da Atmosfera (IPMA, I.P.) ,   Avenida de Brasília,   1449-006   Lisbon , 
 Portugal   
 e-mail: amarques@ipma.pt; mlnunes@ipma.pt   

    R.   Rosa      
  Laboratório Marítimo da Guia, Centro de Oceanografi a, 
Faculdade de Ciências da ,  Universidade de Lisboa , 
  Av. Nossa Senhora do Cabo, 939 ,  2750-374   Cascais ,  Portugal   
 e-mail: rrosa@fc.ul.pt  

     Introduction 

 Seafood is a balanced, nutritious, readily digestible and 
healthy food for human consumption, able to prevent coro-
nary heart diseases, hypertension, diabetes and cancer, since 
contains low cholesterol levels, high quality proteins with all 
essential amino acids, polyunsaturated n-3 fatty acids, 
liposoluble vitamins and essential elements like calcium, 
iodine and selenium (Simopolpoulos  1997 ). Compared with 

land animals, seafood has a far higher percentage of edible 
fl esh and little waste, with few exceptions like shellfi sh. 
Nonetheless, some seafood is affected by the accumulation 
of microbiological and chemical contaminants, particularly 
toxic elements (e.g. Hg, Cd, Pb and As), toxins from harmful 
algal blooms (HABs) and pathogenic microorganisms, 
which can be extremely dangerous for human health. 

 The Mediterranean is an oligothrophic, semi-enclosed 
and water defi citary sea with 2.5 million km 2  surface, 
incorporating water from the Atlantic Ocean and Black Sea, 
and contributing with 0.8 % to the total world marine 
surface and 0.3 % volume (Lleonart and Maynou  2003 ). 
The Mediterranean Sea is located in the temperate zone of 
the Northern hemisphere with a marked seasonal cycle, i.e. 
absence of precipitation and stratifi ed water masses in 
summer with constant temperature 13 °C below 400 m and 
surface temperatures ranging between 14 and 26 °C (Lleonart 
and Maynou  2003 ; EEA  2006 ). Its salinity is high (mean 
around 39 g L −1 ), higher in the Eastern basin and lower in the 
western. Oxygen levels are almost saturated in the surface 
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layer (6 mg L −1  in winter and 4.8 mg L −1  in summer), and 
slightly lower in deep waters (4.5 mg L −1  in the western and 
4.2 mg L −1  in the eastern) (EEA  2006 ). The Mediterranean 
counts 22 border countries, only possess territorial waters 
within 12 nautical miles, and the continental shelf is mostly 
a narrow coastal fringe (Ronzitti  1999 ). Consequently, the 
international management structures have not been enforced 
suffi ciently and regular assessment by international working 
groups have only recently started (Lleonart and Maynou 
 2003 ). From fi sheries and aquaculture point of view, the 
Mediterranean has a rich marine fauna and fl ora, representing 
8–9 % of world seas species richness (4–18 % according to 
the group of species considered e.g. mollusc, echinoderms, 
crustaceans, etc.), including 18 % of the fl ora, of which 28 % 
are endemic (Caddy  1998 ; EEA  2006 ). Mediterranean 
seafood production in 2009 accounted 3.5 % of the world 
production (Eurostat  2011 ). 

 The Mediterranean has long been identifi ed as a “hot 
spot” for substantial impact of climate change in the future 
because of water scarcity in the region, a rapidly increasing 
population. Mediterranean climate modelling project 
increased risk of changes in temperature, precipitation, 
moisture, extreme events (droughts and fl oods) and sea level 
rise (EEA  1999 ).  

    Importance of Seafood in Mediterranean 
Countries 

 Seafood is widely consumed in the Mediterranean (average 
16.5 kg/capita/year in the 22 countries, ranging from 5.2 in 
Algeria and 40.0 in Spain; data from 2007; FAO  2011a ), 
being the consumption of several seafood species strongly 
linked to religious traditions and social (e.g. cod in 
Christmas). Interestingly, Mediterranean fi sheries provide 
only 7.2 kg of the total consumption, with the rest being 
imported. The growth of seafood demand in the Mediterranean 
is expected to increase in the future, especially in southern 
countries (Cochrane and de Young  2007 ). 

 One fourth of the Mediterranean seafood supply comes 
from aquaculture activities, whereas the remaining is from 
fi sheries. Aquaculture production in the Mediterranean 
reached 1.3 million tonnes in 2009, representing approxi-
mately 1.8 % of the world aquaculture production (72 million 
tonnes) (FAO  2011a ). Although Mediterranean aquaculture 
was mostly focused on mollusc production in the past (62 % 
in 1992), the share of fi sh production is constantly increasing 
(from 37 % in 1992 to 84 % in 2009) (FAO  2011a ). Fish 
aquaculture production is mainly represented by tilapia 
( Oreochromis niloticus ), carp ( Cyprinus carpio ), trout 
( Oncorhynchus mykiss ), seabream ( Sparus aurata ), seabass 
( Dicentrarchus labrax ), mullet ( Mugil cephalus ), European 
eel ( Anguilla anguilla ) and turbot ( Psetta maxima ) (Basurco 
and Lovatelli  2003 ). In contrast, molluscan shellfish 

aquaculture production is mainly represented by mussels 
( Mytilus edulis  and  Mytilus galloprovincialis ), oysters 
( Crassostrea gigas ) and clams ( Ruditapes philippinarum ) 
(Basurco and Lovatelli  2003 ). 

 Fisheries production in the Mediterranean region 
attained four million tonnes in 2009, approximately 4.5 % 
of the world fi sheries production (90 million tonnes) (FAO 
 2011a ). Mediterranean fi sheries are mostly dependent on 
small scale artisanal fi sheries (80 % vessels are lower than 
12 m length) with bottom otter trawls, purse seines and 
coastal gears (e.g. gillnets, trammel nets, long-lines, hand-
lines with hooks, traps and pots) that mostly capture fi sh 
(89 %), molluscs (8 %) and crustaceans (3 %) (data from 
2009, FAO  2011a ). The most important species captured in 
Mediterranean are European anchovy ( Engraulis encrasi-
colus ), sardine ( Sardina pilchardus ), sardinellas ( Sardinella  
sp.), horse mackerel ( Trachurus  spp.), sprat ( Sprattus sprat-
tus ), bonito ( Sarda  sp.), bogue ( Boops boops ), hake 
( Merluccius  sp.), bluefi n tuna ( Thunnus thynnus ), blue 
whiting ( Micromesistius poutassou ), swordfi sh ( Xiphias 
gladius ), octopus ( Octopus  sp.) and striped venus clam 
( Chamelea gallina ) (Eurostat  2008 ). Currently, several 
Mediterranean seafood stocks are overexploited: (a) demer-
sal fi sh are almost fully exploited, if not over-exploited, 
with a general trend towards smaller individual sizes; 
(b) small pelagic fi sh stocks are highly variable in abun-
dance (depending on environmental conditions) and not 
fully exploited, except for anchovy; (c) large pelagic fi sh 
(tuna and swordfi sh) are overexploited, especially red tuna 
for which the Mediterranean is an important spawning area; 
and (d) habitats of high biological signifi cance, such as the 
 Posidonia oceanica  meadows, are frequently destroyed by 
trawl-nets operating close to the shore (EEA  1999 ).  

    Current Problems Affecting 
the Mediterranean Sea 

    Socio-economical 

 The concentration of resident and non-resident populations 
and human activities around the Mediterranean Sea repre-
sent considerable threats to coastal ecosystems and seafood 
resources that are expected to increase in the future. The 
resident population of the Mediterranean was 246 million 
in 1960, is currently 450 million, and is expected to rise to 
520–570 million in 2030 and 600 million in 2050 (EEA 
 1999 ). Population density is greater in coastal regions, 
especially near big cities. Additionally, the Mediterranean 
is the world’s leading tourist destination, accounting 
30 % of international tourism. Coastal tourism is strongly 
seasonal and has been steadily increasing annually (135 
million in 1990 and is expected to reach 350 million in 
2025, EEA  1999 ). 
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 The specifi c morphology of the Mediterranean basin 
allows intense agricultural activity in the limited coastal 
plains. The main pressures from agriculture are soil erosion 
and nutrient surplus when excessive fertilisers are applied 
(EEA  1999 ). 

 There is a wide range of industrial activities scattered 
around the Mediterranean basin, with 161 identifi ed hot- 
spots of heavy industrial complexes (e.g. chemical/petro-
chemical and metallurgy) and big commercial harbours 
concentrated mainly in the north-west (EEA  1999 ,  2006 ). 
Other industrial sectors include treatment of wastes and 
solvent regeneration, surface treatment of metals, production 
of paper, paints and plastics, and tanneries (EEA  1999 ). 

 Concerning maritime traffi c, the Mediterranean is one of 
the most important routes in the world. It is estimated that 
about 220,000 vessels of more than 100 tonnes cross the 
Mediterranean each year, representing 30 % of the total mer-
chant shipping in the world and 20 % of oil shipping (EEA 
 1999 ). This represents a huge concern with the introduction 
of exotic species and pollution.  

    Chemical Contaminants in Seafood 

 Mediterranean health authorities and consumers are deeply 
concerned with the exposure to toxic chemical contaminants 
in seafood. In recent years, the contamination of the marine 
environment by chemical contaminants has risen due to the 

global increase of population and industrial development 
(e.g. non controlled discharges from chemical industries, 
sewage and agriculture, EEA  1999 , see pollution hot-spots in 
Fig.  36.1 ). In order to ensure seafood stakeholders confi -
dence, EU authorities have established Maximum Permissible 
Levels (MPLs) for the presence of several contaminants in 
seafood (e.g. Commission regulation 1881/2006 and later 
amendments for Hg, Cd and Pb).

   Toxic elements like Hg, Cd, As and Pb are the chemical 
contaminants of major concern in aquatic environments. 
These contaminants bioaccumulate along the food chain, 
though only part is used for metabolic purposes, while the 
remaining is excreted (through faeces, eggs or moulting) or 
detoxifi ed (binding to proteins, such as metallothioneins, or 
to insoluble metaliferous granules) (Rainbow  2002 ). 
Bioaccumulation is a serious problem due to the toxicity for 
fi sh and humans when reaching a substantially high level 
(Islam and Tanaka  2004 ; Francesconi  2007 ). 

 The main toxicity mechanisms of these contaminants are 
related to the osmotic disturbances and alterations of enzyme 
synthesis and activity (Jezierska et al.  2009 ). Additionally, 
toxic metals in seafood can affect various physiological 
processes, including tissue damages, inability to regenerate 
damaged tissues, growth inhibition, damages to genetic 
material and changes in breeding and development (Jezierska 
et al.  2009 ). The embryonic development, soon after ferti-
lization, and the hatching period are the most sensitive periods 
to toxic elements intoxication, resulting in disturbances of 

  Fig. 36.1    Pollution hot spots ( red dots ) along the Mediterranean coast (Adapted from EEA  2006 )       
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developmental processes and causing embryonic and larval 
malformation and mortality (Jezierska et al.  2009 ). Such 
physiological changes in marine organisms can be amplifi ed 
by changes in environmental conditions (Jezierska et al. 
 2009 ). Concerning Hg, particularly fi sh species, like tuna, 
black scabbardfi sh, anglerfi sh and elasmobranchs, typically 
accumulate high levels in muscle tissues (e.g. Afonso et al. 
 2007 ). Additionally, Hg values in Mediterranean seafood 
species are generally higher than those found in the Atlantic 
Ocean, mainly due to the fact that Mediterranean is located 
in the Himalayan mercuriferous belt (EEA  1999 ; Bernhard 
 1988 ). Part of the Mediterranean fi shing communities is 
above the United States Benchmark Hg Dose Limit of ten 
times the Hg Reference Dose, i.e. the level with clear neuro-
logical effects (EC  2005 ). As far as Cd is concerned, most 
seafood has low levels, with the exception of shellfi sh like 
lobsters, crabs, oysters, gastropods and bivalves, where Cd 
binds with proteins (FDA  1993 ). Crabs and lobsters hepato-
pancreas have particularly high Cd concentration (up to 
40 mg kg −1 ), being systematically above the MPLs set by the 
EU for crustacean’s muscle (no limits were set for hepato-
pancreas despite being widely consumed; Barrento et al. 
 2008 ,  2009 ; Marques et al.  2010a ). The release of Cd from 
sediments has been reported in several Mediterranean 
regions, including the Gulf of Trieste, in the northern Adriatic 
Sea off the mouth of the river Po (Zago et al.  2000 ). Arsenic 
and lead are commonly found in seafood, particularly Pb in 
shrimps and bivalves, and As in algae, fi sh and crustaceans 
(e.g. Anacleto et al.  2009 ). 

 Persistent organic pollutants (POPs) are also of concern 
in Mediterranean seafood, since they have the ability to 
accumulate in the biota, being mostly released from 
anthropogenic sources (Islam and Tanaka  2004 ). These 
pollutants include certain prohibited pesticides and industrial 
chemicals like polycyclic aromatic hydrocarbons (PAHs), 
dicloro-difenil-tricloroetano (DDT), aldrin, dieldrin, endrin, 
chlordane, hexachlorocyclohexanes (HCHs, like lindane), 
heptachlor, hexachlorobenzene, mirex, toxaphene, polychlo-
rinated biphenyls (PCBs), dioxins and furans. Recently, 
particular attention is being paid to the presence of emerging 
contaminants in seafood like pharmaceutical and personal 
care pro ducts, new endocrine disruptors, perfl uorinated 
compounds (PFCs), brominated fl ame retardants (BFRs) and 
marine litter released into the environment. The use of 
organochlorine pesticides (OCPs), like DDT and PCBs, was 
banned more than 30 years ago in Mediterranean countries, 
being refl ected in the low values registered in Mediterranean 
seafood (average PCBs below 30 and 20 ng g −1  for DDT, 
EEA  1999 ). Nonetheless, marine mammals, sardines and 
swordfi sh are still affected by high levels of OCPs that tend 
to accumulate in seafood body fat. In contrast, PFCs tend 
to accumulate in blood proteins and liver, being recently 
found in dolphins, swordfi sh and tuna, despite data is still 

scarce (Alessi et al.  2006 ). BFRs, such as polybrominated 
diphenylethers, are ubiquitous compounds that were recently 
found in Mediter ranean dolphins (Alessi et al.  2006 ). 
Yet, BFRs data is still limited as far as other Mediterranean 
seafood is concerned. Concerning PAHs compounds, the 
carcinogenic benzo(a)pyrene accumulate in marine organ-
isms, such as bivalve molluscs and demersal fi sh (Moon 
et al.  2010 ). Recently, accumulation of total PAHs was 
detected in Mediterranean mussels, being higher in native 
specimens compared to farmed ones (e.g. Galgani et al.  2011 ).  

    Biological Contaminants in Seafood 

 Seafood biological contaminants include micro-organisms 
and parasites. 

 Pathogenic microorganisms enter the Mediterranean 
marine coastal environment mainly through municipal 
wastewater discharges and rivers, principally bacteria, 
viruses and fungi. Yet, other microorganisms naturally 
occurring in the marine environment have the capability to 
become pathogenic to humans, particularly members of the 
 Vibrio  genus. These microorganisms are accumulated by 
seafood, particularly fi lter-feeding organisms like bivalves. 
 Vibrio cholerae  is still the leading cause of Vibrio-associated 
illnesses worldwide, being usually transmitted to humans 
through contaminated water and not generally considered 
to be a threat to human health through seafood con-
sumption (Faruque et al.  1998 ). Yet,  V. vulnifi cus  and 
 V. parahaemolyticus  also cause a signifi cant number of 
 clinical infections, usually through the ingestion of raw or 
incompletely cooked fi sh or shellfi sh (Bonner et al.  1983 ). 

 Apart from pathogenic microorganisms discharged into 
the marine environment, another group of naturally occur-
ring marine microorganisms can pose a similar threat to 
human health when present in large numbers, i.e. marine 
algae that produce toxins, also known as Harmful Algal 
Blooms (HABs), mainly composed by dinofl agellates 
(Table  36.1 ), to which man is exposed mainly through the 
consumption of contaminated shellfi sh. HABs usually occur 
in areas with excessive organic material, i.e. eutrophication 
areas (Fig.  36.2 ), being responsible for the consumption or 
even depletion of oxygen, and causing a series of secondary 
problems, including mortality of marine organisms, formation 
of corrosive and other undesirable substances (e.g. CH 4 , H 2 S, 
and NH 3 ), taste and odour-producing substances, organic 
acids, mucilage and toxins (EEA  1999 ,  2006 ). Marine toxins 
originating from HABs are generally tasteless and odorless, 
and heat- and acid-stable, and can cause gastrointestinal, 
cardiological and neurological problems or induce mortalities 
after the consumption of contaminated seafood (EEA  2006 ). 
Therefore, legislation is available in the EU to protect 
consumers from ASP (Amnesic Shellfi sh Poisoning), PSP 
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(Paralytic Shellfi sh Poisoning), and some lipophilic toxins, 
including okadaic acid, dinophysistoxins, pectenotoxins and 
azaspiracids. Yet, many other natural toxins produced by 
HAB organisms can affect human health due to the ingestion 
of contaminated seafood (primarily shellfi sh), such as diar-
rheic shellfi sh poisoning (DSP), neurotoxic shellfi sh poison-
ing (NSP) and ciguatera fi sh poisoning. Recent detection of 
the tropical genus  Gambierdiscus  responsible for the produc-
tion of ciguatera fi sh poisoning (CFP) ciguatoxins occurred 
in the Mediterranean Sea, as well as in north-eastern Atlantic 
Ocean, Canary Islands and Madeira (Caillaud et al.  2010 ). 
CFP is responsible for severe human disorders due to the 
consumption contaminated fi sh. Palytoxin is one of the most 
potent toxins known in nature, reported in Mediterranean 
seafood, including sardines, but was also reported to occur in 
other fi sh, molluscs, crustaceans and equinoderms (Yasumoto 
and Satake  1998 ; Onuma et al.  1999 ). Gymnodimine toxin 
(GYM) was also recently identifi ed in the digestive gland of 
clams  Ruditapes decussatus  from Tunisia, as well as in 
greenshell mussel, blue mussel, scallop, cockle, surf clam, 
oyster and abalone (Stirling  2001 ; Biré et al.  2002 ; 
MacKenzie et al.  2002 ). Despite the GYM chronic toxicity 
remains unclear, its role in the development of neurodegen-
erative illnesses like Alzheimer or Parkinson’s diseases has 
been debated (Alonso et al.  2011 ).

    About 35 parasitic diseases have been reported in the 
Mediterranean Sea (Athanassopoulous et al.  2009 ). The main 
parasitic diseases in freshwater seafood are trichodiniasis, 
costiasis, white spot diseases,  Dactylogyrus  and gyrodactilosis. 

In contrast, the main parasitic diseases in marine seafood are 
trichodiniasis, costiasis,  Enteromyxum leei ,  Ceratomyxa , amy-
loodiniosis, mycrocotylosis and sea lice disease. There is an 
increasing concern of parasitic diseases in seafood from the 
Mediterranean area, particularly farmed seafood, since some 
parasites triggers mortality episodes, such as  Amyloodinium  
(Dinofl agellates), Scuticociliatida (Ciliates),  Enteromyxum  
spp. (Myxosporea) or Mycrocotylidae (Monogenea). The 
geographical spread of parasites (and their hosts) to areas 
where previously they were inhibited by lower temperature is 
a reality despite being moderated by several ecological and 
environmental factors (Harvell et al.  1999 ,  2002 ).   

    Climate Change in the Mediterranean 
and Seafood Safety 

    Projected Environmental Fluctuations 

 Several reports from the Intergovernmental Panel on Climate 
Change (IPCC) indicate that variations in world climate will 
be refl ected in the Mediterranean region, with a discernible 
trend of increased salinity and warmer temperature in key 
water masses registered over the last 50 years (IPCC  2007 ). 
According to IPCC, potential impacts in the Mediterranean 
associated to climate change include drought, decline of 
water quality, fl oods, changes in soil erosion and desertifi ca-
tion, storms, coastal erosion, changes in seawater tempera-
ture, salinity and pH, sea level rise and biodiversity reduction 

   Table 36.1    Pathogenic bacteria, viruses and microalgae responsible for algal blooms and toxin production, reported in the 
Mediterranean Sea   

 Microalgae  Bacteria  Virus 

 Diatoms   Gonyaulax  sp. (PSP/DSP)   Salmonella  spp.  Enteroviruses 
  Cerataulina bergonii    Gymnodinium  sp. (PSP/NSP)   Shigella  spp.  Poliovirus 
  Chaetoceros  sp.   Katodinium rotundatum    Vibrio cholerae   Echovirus 
  Cyclotella  sp.   Peridinium  sp .    V. algynolyticus   Coxsackie virus A/B 
  Leptocylindrus  spp.   Prorocentrum  sp. (DSP)   V. parahaemolyticus   Hepatitis A virus 
  Nitzschia closterium    Ptrotogonyaulax tamarensis    Staphylococcus aureus   Other viruses 
  Pseudo-Nitzschia  sp.  ( ASP)   Scrippsiella trochoidea    Pseudomonas aeruginosa   Adenovirus 
  Rhizosolenia  sp.  Coccolithophores   Clostridium perfringens   Rotavirus 
  Skeletonema costatum    Coccolithus pelagicus    Campylobacter  spp. 
  Thalassiosira  sp.   Emiliania huxleyi    Aeromonas hydrophila  
 Dinofl agellates  Other fl agellates 
  Alexandrium  sp. (PSP)   Chlamydomonadaceae  
  Amphidinium curvatum    Cryptomonas  sp. 
  Cachonina  sp.   Cyanobacteria  
  Chattonella subsalsa    Microfl agellates  
  Dinophysis  spp. (DSP)   Noctiluca  sp. 
  Gambierdiscus  sp. (CFP)   Pyramimonas  sp. 
  Glenodinium  sp.   Spirulina jenneri  

  Adapted from EEA ( 1999 ,  2006 ), Spatharis et al. ( 2007 ), Caillaud et al. ( 2010 ) 
 Abbreviations:  ASP  amnesic shellfi sh poisoning,  DSP  diarrheic shellfi sh poisoning,  PSP  paralytic shellfi sh poisoning,  NSP  
neurotoxic shellfi sh poisoning,  CFP  ciguatera fi sh poisoning  
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(EEA  1999 ). Sea level rise, potentially accelerated by 
anthropogenic activities, is one of the most important impacts 
of climate change in coastal zones. New models project an 
increase in sea level of 3–61 cm until 2100 due to thermal 
warming, melting glaciers/ice sheets, and aerosol concentra-
tions (Marcos and Tsimplis  2008 ). The IPCC ( 2007 ) esti-
mates that global mean seawater surface temperature will 
increase 1.1–6.4 °C until 2100. Recent studies indicate that a 
global temperature rise of 2 °C is likely to lead to a corre-
sponding warming of 1–3 °C in the Mediterranean region 
(Tin et al.  2005 ). A general warming trend has been observed 
in deep waters of the western Mediterranean, where temper-
atures have increased by 0.12 °C in the past 30 years as a 
possible result of global warming (Bethoux et al.  1990 ). 
Climate change is also expected to trigger seawater pH 

decrease by 0.14–0.35 units (IPCC  2007 ). Concerning salinity, 
the Mediterranean is expected to experience different increa-
sing rates until 2100: (a) the global, Eastern, Western, and 
Levantine basins, with an average increase of 0.23 g L −1 ; and 
(b) the Aegean and Adriatic Seas, with 0.61 and 0.70 g L −1  
increases, respectively (Sevault et al.  2004 ). The Earth has 
not experienced variations of this magnitude in such short 
timescale and the consequences to future generations are 
largely unknown (IPCC  2007 ).  

    Direct and Indirect Impacts on Seafood 

 Climate change is expected to have economic effects on fi sh-
eries and aquaculture worldwide, such as losses in revenues 

  Fig. 36.2    Mediterranean    areas where eutrophication phenomena ( a ), harmful algal blooms (HAB); and (b) seafood toxin blooms (STB) were 
reported (Adapted from EEA  1999 ,  2006 )       
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and reduced availability of seafood to consumers, among 
other impacts (Fig.  36.3 ). Although the evolution of climate 
change is uncertain, high diversity coastal ecosystems like 
the Mediterranean Sea are more vulnerable to environmental 
perturbations than low diversity places (May  1973 ). 
Consequently, a reduction of biodiversity of marine species 
is expected in Mediterranean with climate change. Among 
the fi rst species to disappear under heavy stress conditions 
are benthic organisms with large body size (EEA  1999 ). 
Climate change may lead to large-scale redistribution of 
catch potential, with an average of 5–15 % drop in the 
Mediterranean region (Cheung et al.  2010 ).

   Climate fl uctuations play a predominant role in marine 
ecosystems and seafood by: (a) directly affecting the organ-
isms through changes in survival, reproductive success and 
dispersal pattern; (b) promoting modifi cations in biotic inter-
actions; and (c) affecting ocean currents indirectly (EEA 
 1999 ; Gambaiani et al.  2009 ). 

 As seawater temperatures warm at a large spatial and tem-
poral scale, the timing of ecological events or phenology 
may also change (Nye  2010 ). Many organisms time their 
migrations and spawning to changes in temperature and pho-
toperiod. As temperature, salinity, and hydrography changes, 
organisms will likely shift the timing of spawning and migra-
tion. If species do not change in unison, the reproductive suc-
cess for many organisms may be dramatically reduced. In the 
last decades, the northward expansion of the geographical 
range of warm-water marine species has been observed in 
Mediterranean areas due to increase in seawater temperature 
(e.g. Ligurian and Adriatic Seas, Astraldi et al.  1995 ; Bello 
et al.  2004 ). New species can have an impact on indigenous 
species through inter-specifi c competition, predation, and 
possible genetic degradation of indigenous stock (EEA 

 1999 ). In addition to northward migration, bathymetric 
displacements may occur among populations of invasive and 
endemic species (Galil and Zenetos  2002 ). This is the case of 
indigenous red mullet ( Mullus barbatus ), hake ( Merluccius 
merluccius ) and spottail mantis shrimp ( Squilla mantis ) that 
were reported to move into deeper and cooler waters to avoid 
warm-water competitors (Oren  1957 ; Galil and Zenetos 
 2002 ). In contrast, cold-water species tend to disappear or 
move to more favourable habitats. Recently, anomalous 
increase of summer temperatures (2–3 °C) and the deepen-
ing of the thermocline in western Mediterranean coastal 
areas have resulted in massive mortalities of the benthic 
fauna (e.g. sponges and gorgonians) inhabiting hard sub-
strates (Romano et al.  2000 ). Mortality was equally attrib-
uted to the surface water warming and stability of high sea 
temperatures over long periods (i.e. several months). 
Additionally, small temperature shift (0.05–0.10 °C) in 
Eastern Mediterranean deep sea is suffi cient to considerable 
change species biodiversity (Danovaro et al.  2004 ). 

 The tropicalization of the Mediterranean has been recently 
confi rmed in the Adriatic Sea, where among other the jelly-
fi sh  Pelagia noctiluca  and three toxic dinofl agellate tropical 
species occurred in the last years ( Ostreopsis lenticularis, 
Coolia monotis  and  Prorocentrum mexicanum ) (Bello et al. 
 2004 ; Licandro et al.  2010 ). The expansion of toxic microor-
ganisms combined with the expected higher Mediterranean 
coastal eutrophication due to the increase of temperature and 
incidence of extreme events (e.g. fl oods), is likely to promote 
the frequency of HABs. HABs and microbial pollution in 
euthrophized areas generate the depletion of oxygen in the 
water, with detrimental impacts on productivity, nursery 
grounds, biodiversity, habitat and human health risks related 
to the ingestion of contaminated seafood (EEA  2006 ). 
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  Fig. 36.3    Schematic diagram 
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socio-economic impacts of 
climate change at different levels 
of organizations, from seafood 
specimens to the society (Adapted 
from Sumaila et al.  2011 )       
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Recently, a sudden input of high nutrient water in Easter 
Mediterranean lead to an increase in phytoplankton biomass, 
with the dominance of the toxic HAB  Pseudo-nitzschia 
calliantha  (Spatharis et al.  2007 ). Climate change has the 
potential of increasing the incidence and spread of several 
foodborne pathogens and parasites, either through the 
emergence of new ones or through the selection of existing 
pathogenic strains that differ in survival, persistence, 
habitat range and ability to be transmitted or infect humans 
(Gamble  2008 ). Evidence of the impact of climate change 
on the transmission of seafood and waterborne diseases 
comes from a number of sources, e.g. the seasonality of 
foodborne and diarrhoeal diseases, changes in disease pat-
terns due to temperature (e.g.  Vibrio ), and associations 
between the incidence of seafood and waterborne illness and 
severe weather events (Cook et al.  2002 ; De Paola et al. 
 2003 ; FAO  2008a ). Changes in other environmental factors, 
such as salinity and pH, may also result in changes in the 
distribution and virulence of pathogens (Elena and Lenski 
 2003 ; Sokurenko et al.  2006 ). In aquaculture, the expected 
change in the incidence of diseases in seafood due to climate 
change may exacerbate the use of veterinary drugs, leading 
to higher and unacceptable levels of such drugs in seafood 
(FAO  2008b ). 

 Ocean acidifi cation (pH decrease) is expected to threat 
particularly marine organisms with calcifi ed shells, since 
they may not be able to make the hard calcifi ed shells and 
their growth is affected (Nye  2010 ). Some species like the 
blue crab and American lobster may respond favourably to 
ocean acidifi cation, whereas most organisms will respond 
unfavourably (e.g. bivalve species that constitute important 
commercial fi sheries) (Green et al.  2009 ). 

 The expected extreme weather events induced by climate 
change can result in escapes of farmed seafood stock and 
contribute to reductions in genetic diversity of wild stocks, 
thus affecting biodiversity (FAO  2008b ). 

 The availability and toxicity of chemical contaminants is 
expected to vary due to the effect of climate change (Marques 
et al.  2010b ). In regions where intense rainfall is expected to 
increase, pesticides, fertilisers, organic matter, heavy metals, 
among other, will be increasingly washed from soils to water 
bodies (FAO  2008b ). Concerning salinity, metals like Cd, Cr, 
Cu, Hg, Ni and Zn are taken up more slowly by phytoplank-
ton/fungi, annelids, bacteria, molluscs and crustaceans at 
higher salinities despite their toxicity increases (Hall and 
Anderson  1995 ; Modassir  2000 ). In contrast, no consistent 
trend has been detected for the toxicity of most POPs with 
salinity, except organophosphate insecticides (e.g., para-
thion, mevinphos, terbufos, trichlorfon) that increase at 
higher salinities (Hall and Anderson  1995 ). As far as tem-
perature is concerned, high temperatures promote the uptake, 
bioaccumulation and toxicity of toxic elements (e.g. Cu, Zn, 
Cd, Pb) and POPs in several marine organisms, including 

crustaceans, echinoderms and molluscs (Sullivan  1977 ; 
Hutchins et al.  1996 ; Wang et al.  2005 ; Khan et al.  2006 ). 
Warmer seawater temperatures facilitate Hg methylation, and 
the subsequent uptake of methyl Hg by fi sh and mammals by 
3–5 % for each °C rise in seawater temperature (Booth and 
Zeller  2005 ). Mubiana and Blust ( 2007 ) revealed a positive 
correlation between temperature and Cd and Pb accumula-
tion in mussels ( Mytilus edulis  maintained between 6 and 
26 °C), while Co and Cu were independent and inversely 
related to temperature. Temperature increase can promote 
the inhibitory effects of toxic elements on respi ration of 
several other marine organisms that utilize the Cu-based 
hemocyanins as respiratory pigments, such as the zebra 
mussels  Dreissena polymorpha  (Rao and Khan  2000 ). 
Monserrat and Bianchini ( 1995 ) detected tenfold increase in 
acute lethality of crabs ( Chasmagnathus granulata ) to 
methyl parathion with temperature (12–30 °C).  

    Human Health Implications 

 The main risks to human health induced by climate change 
in the Mediterranean Sea arise from intake of pathogenic 
microorganisms or toxins from infected sea water and beach 
sand (e.g. faecal streptococci and coliform bacteria), and 
consumption of seafood contaminated by pathogens (e.g. 
 Salmonella ,  Shigella , hepatitis A,  Candida albicans ), toxins 
from HABs or chemical pollutants (EEA  1999 ). The extent 
of damage to the Mediterranean population health still has to 
be determined. If climate change projections are correct for 
the Mediterranean Sea, and the expected increase in the 
occurrence of contaminants indeed occurs, the health risks 
for human populations will be amplifi ed when eating seafood 
items like bivalves and predator fi sh species. In contrast, in 
Mediterranean areas where contaminant load diminishes, the 
expected seafood consumption risks will decrease, prevailing 
the nutritional benefi ts of eating seafood. 

    Health Risks from Microbiologically 
and Toxins Contamination 
 Pathogenic microorganisms and toxins produced by HABs 
present in seawater, sediments, beaches and shellfi sh can be 
broadly divided into two categories: those that affect the gas-
trointestinal tract, and those that affect other parts of the 
body (EEA  1999 ). As far as the former category is con-
cerned, diseases spread by the faecal/toxins-oral route can 
occur, including: (a) bacterial diseases such as salmonellosis 
(including typhoid and paratyphoid fevers), shigellosis (bac-
illary dysentery), cholera and gastro-enteritis caused by 
enteropathogenic  Escherichia coli  and  Yersinia enterocolit-
ica ; (b) viral diseases (e.g. hepatitis A and E), illnesses 
caused by enteric viruses (polioviruses, coxsackie viruses 
A and B, echoviruses, reoviruses and adenoviruses) and 
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gastroenteritis caused by human rotavirus (Norwalk virus, 
Adenovirus serotype, calicivirus, parvo-like viruses); (c) dis-
eases caused by a variety of protozoan and metazoan 
parasites, such as amoebic dysentery, giardiasis, and ascariasis; 
and (d) diseases from HABs toxins (WHO  1992 ,  1996 ; 
Marques et al.  2010b ). 

 There is ample evidence that the major source of illness 
in areas where the sea is polluted, resulted from consump-
tion of sewage contaminated shellfi sh and/or bathing near 
sewage contaminated beaches, as well as with toxins or 
microorganisms that affect the gastrointestinal tract (EEA 
 1999 ). This is particularly relevant for farmed shellfi sh, 
due to the animal density in mariculture systems and site 
location, usually in coastal urbanised areas subjected to 
intense sewage contamination. Diseases affecting the 
human gastrointestinal tract are usually caused by the con-
sumption of raw or partially cooked seafood. Salmonellosis 
is one of the most important food-borne diseases in Europe, 
currently accounting 70 % of all laboratory-confi rmed out-
breaks of (WHO  2001 ; Kovats et al.  2004 ; Britton et al. 
 2010 ). The outbreaks caused by this food-borne pathogen 
is directly affected by temperature, as it has been reported 
an increase of 5–10 % in the number of cases for each °C 
increase in weekly temperatures has been estimated above 
a threshold of approximately 5 °C with inappropriate food 
preparation and adequate storage preceding consumption 
being important determining factors (Kovats et al.  2004 ). 
Recently, Vibrionaceae bacteria have been responsible for 
several disease outbreaks due to the ingestion of contami-
nated shellfi sh. As example, an unprecedented outbreak of 
 V. parahaemolyticus  gastroenteritis occurred in Alaska 
with more than 400 confi rmed cases, when cruise ship pas-
sengers ate raw oysters harvested from Prince William 
Sound (McLaughlin et al.  2005 ). Increased water tempera-
ture was considered to be a major factor in the emergence 
of  V. parahaemolyticus  in Alaska, as the summer of 2004 
was exceptionally warm with water temperature remaining 
above 15 °C over a 2 month period. The number of epi-
demics and outbreaks of various diseases attributed to the 
consumption of contaminated shellfi sh is also increasing 
in the Mediterranean, with reports in new regions where 
such outbreaks were previously absent (EEA  1999 ; 
Marques et al.  2010b ). 

 Apart from diseases affecting the gastrointestinal tract, 
disorders affecting eyes, ears, skin, upper respiratory tract 
and other parts of the body have been associated with 
bathing in contaminated seawater. This particular category 
of infective conditions is caused by microorganisms like 
 Staphylococcus aureus ,  Pseudomonas aeruginosa ,  Clostri-
dium welchii ,  Candida albicans  and adenoviruses (EEA 
 1999 ). These microorganisms cause infection after entering 
into skin, ear or nose wounds, including those resulting from 
diving or bathing. 

 While such records provide evidence of occurrence and 
indications of magnitude, they are still scarce and the extent 
of damage caused to local and tourist Mediterranean popula-
tion health by the expected higher occurrence of pathogenic 
microorganisms and toxins from HABs in seafood due to 
climate change still has to be determined.  

    Health Risks from Chemical Contamination 
 The most relevant chemicals found in Mediterranean sea-
food and marine environment likely to create health risks are 
from the presence of toxic or heavy metals, POPs and illicit 
dumping of contaminated waste. Following entry into the 
marine environment, these chemicals accumulate in algae 
and animals and bioaccumulate along the trophic chain, 
reaching their highest levels in fi lter-feeders (e.g. bivalve 
molluscs) and large predatory fi sh (e.g. tuna and swordfi sh). 
Effects on human health are mainly caused by the consump-
tion of chemically contaminated seafood and are essentially 
long-term, depending on the chemicals themselves, and the 
rate and amount of intake (reviewed by Marques et al. 
 2010b ). In general, the principal risk is restricted to those 
individuals consuming seafood more than two times a week, 
although the risk varies with the type of seafood, the concen-
tration of pollutants and the circumstances of the consumer 
(EEA  1999 ). 

 The European Rapid Alert System for Food and Feed 
(RASFF) has been created to provide food and feed control 
authorities with an effective tool to exchange information 
about measures taken against serious risks detected in rela-
tion to food or feed. According to 2009 data, among all food 
items, the highest number of alerts in Europe occurred with 
seafood (716 alerts; Fig.  36.4 ) representing almost 25 % of 
all food and feed alerts in 2009 (3,272 alerts) (RASFF  2010 ). 
Environmental contaminants represented more than 25 % of 
all European alerts in 2009, but the proportion of biotoxins 
and priority contaminants was much lower. Food products 
imported from Asia or produced in Europe had the highest 
amounts of alerts compared to food imported from other 
continents. However, the number of people contaminated 
with chemicals following seafood ingestion is still limited. 
In many cases mild effects are not noticed, or have not been 
correctly associated with contaminated seafood because 
the symptoms affecting the nervous system are not specifi c, 
and the condition can easily be attributed to other causes 
(e.g. Hg, WHO  1995 ).

        Benefi t and Risk Assessment Tools 

 The risks associated with fi sh products are toxic metals, 
PCBs and other organic pollutants, toxins, pathogenic 
microorganisms and parasites. Assessing potential risks 
from chemical and biological contaminants in seafood is 
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diffi cult, since the amount of seafood ingested is only a 
fraction of the total food intake (WHO  1992 ). In addition, 
seafood consumption patterns are greatly infl uenced 
by food preference, price and availability. Presently, there 
is a lack of seafood consumption studies carried out 
in Mediterranean countries. In general, seafood is more 
available in coastal areas and to specifi c population 
sectors (e.g. fi shermen, fi sh vendors and their families, 
and people on diet). 

 Concerning chemical contaminants, many studies have 
been conducted on risk-benefi t assessment of seafood con-
sumption in Europe (e.g. Domingo et al.  2007 ; Sioen et al. 
 2008 ; Cardoso et al.  2010 ; FAO  2011b ). This body of evidence 
shows the pertinence and global interest in this theme. An 
accurate estimation of risk requires accounting for all the 
variability of the data, i.e. a full probabilistic approach, taking 
into account uncertainties in analytical data and interindi-
vidual differences in consumers’ consumption pattern (e.g. 
neuroprobabilistic hazard index; Nadal et al.  2008 ) (Sioen 
et al.  2008 ). This procedure ensures the estimation of the 
probability that the individual exposure to a specifi c compo-
nent of seafood surpasses a threshold or a reference value for 

that component. In a large population, an accurate estimation 
of this quantity is crucial since even a difference of 1 % 
involves many individuals. However, the estimation of this 
probability depends on the tail behaviour of the distribution, 
since reference values are usually higher than most individual 
intakes. 

 The application of some statistical estimators has led to 
inaccurate estimation of risks. Recently, promising statistical 
techniques have been developed, such as the extreme value 
theory (EVT) coupled with recent statistical innovations like 
bias correction techniques for the Hill estimator (Cardoso 
et al.  2010 ). However, further research and monitoring is still 
needed in this area, since the marine environment is continu-
ously exposed to chemicals present in the environment for a 
long time, but also to emergent and priority chemicals. Such 
information is crucial to help health authorities to accurately 
measure the risks associated to seafood consumption in a 
changing environment in order to set rigorous adaptation and 
mitigation strategies. 

 Microbiological risk assessment and predictive micro-
biology are emerging tools for the evaluation of the safety of 
seafood supplies, which involve quantitative exposure 
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assessment in a series of stages (tiered approach). A rough 
estimate is fi rst made of the order of magnitude that individ-
ual factors or parameters may contribute to exposure or risk. 
This could be considered as analogous to preparing a risk 
profi le. For those that contribute most signifi cantly, a more 
detailed assessment is performed, or more data are gathered 
and combined in, for instance, a deterministic approach. 
Where relevant, an even higher level of detail can be achieved 
using, for instance, a stochastic approach (see more details in 
FAO  2008b ). Several mathematical modelling approaches 
can be used (e.g., Event trees, Fault trees, Dynamic Flow 
Trees, PRM, MPRM, etc.) according to the step of the trade 
chain (e.g. primary production, processing and post process-
ing). Several variables are crucial in the assessment, such as 
temperature, product formulation, time, cross-contamination 
and consumption data.   

    Adaptation and Mitigation Strategies 

 Adaptation is a mechanism for management and prevention 
of climate change impacts in seafood safety, whereas mitiga-
tion consists of limiting the process of climate change in sea-
food safety. A wide range of adaptations and mitigations can 
be implemented to minimize the effect of climate change in 
seafood safety, from products originated from the fi sheries 
sector (Table  36.2 ). A comprehensive analysis for the aqua-
culture sector is given in Rosa et al., in this volume. These 
measures must be carefully selected, as excessive protective 
measures can have negative social and economic impacts. 
As far as Mediterranean seafood safety is concerned, it is 

necessary to establish strengthened communication and 
cooperation among professionals of the seafood sector, 
including public health, veterinary health, environmental 
health, and food safety services. Such cooperation must be 
combined with the thorough understanding of the fate of 
contaminants in the environment and of the links between 
seafood, contaminants and environment. Additionally, it is 
implement accurate monitoring programmes and predictive 
modelling tools for more effective risk management and pre-
diction of seafood safety for consumers. The implementation 
of adaptive holistic, integrated and participatory approaches 
to fi sheries and aquaculture management and practices is 
required in an ecosystem-based perspective. Such approaches 
should be the best and most immediate forms of adaptation, 
providing a sound basis for seafood production able to 
accommodate climate change impacts.

   The expected catch reduction and increased species vari-
ability may promote a shift to aquaculture from fi sheries 
coastal communities. Integrating aquaculture with agro/mul-
titrophic aquaculture and culture-based fi sheries, offers the 
possibility to recycle nutrients and effi ciently use energy and 
water (FAO  2008c ). 

 The application of waste water treatment with cost- 
effective and environmental-friendly techniques can also 
limit the impact of climate change in seafood safety. Short- 
cycle aquaculture may also be valuable, using new species/
strains and new technologies/management practices to fi t 
into seasonal opportunities (FAO  2008c ). Aquaculture can be 
a useful adaptation option for other activity sectors, such as 
coastal agriculture under salinization threats and biofuel 
production (e.g. algal biomass or discards and by-products of 

   Table 36.2    Adaptation and mitigation measures for the effect of climate change in seafood safety from fi sheries   

 Impact of climate change  Adaptation mitigation measures 

 Catch reduction  Increase fi shing effort 
 Shift targeted species 
 Protect fi shing stocks 
 Shift to farmed seafood 

 Increase in catch variability  Promote catch and consumption of new species 
 Shift targeted species 

 Change in distribution of fi sheries  Shift fi shing effort and strategies 
 Shift target species 

 Less seafood available  Promote farmed seafood consumption 
 Shift to farmed seafood 

 Increase virulence and expansion 
of contaminants and diseases 

 Increase biosecurity measures 
 More monitoring and early warning systems 
 Implement genetic improvements for higher resistance 
 Adopt solutions to reduce contaminant load, e.g. processing seafood, 
cooking, phycoremediation, etc. 
 Develop guidelines and predictive modelling tools for stakeholders 

 Calcareous shell formation/deposition  Adapt production and handling techniques 
 Move to other production zones 
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fi sh processing), though the current aquaculture technologies 
will need to be improved to cope climate change impacts. 
For feed-based aquaculture, the dependence on fi sh meal and 
oil from fi sheries, and growing competition for terrestrial 
raw materials is of concern as climate change can limit sea-
food meal supply. Feeding materials and formulation strate-
gies will be particularly important in maintaining and 
expanding aquaculture production, while containing costs 
and energy inputs, and improving resilience to climate 
change (FAO  2008c ). Adaptations also include changing to 
less carnivorous species, genetic improvements, feed source 
diversifi cation, better formulation, quality control and man-
agement. Genetic knowledge and management in aquacul-
ture are still insuffi cient, and will be a major challenge and 
opportunity in the future. Examples include genetic improve-
ment for more effi cient feeding and diet specifi city, and for 
species resistance to higher temperature, lower oxygen and 
pathogens/contaminants (FAO  2008c ). Since aquatic patho-
gen risks may be exacerbated with climate change, biosecurity 
and prevention measures may need to change accordingly, 
including early identifi cation and detection mechanisms, 
suitable treatment strategies and developed products. The 
creation of certifi cation systems, including sustainability, 
organic, fair-trade and other criteria will need to be addressed 
more carefully in the context of climate change (FAO  2008c ). 

 The primary mitigation route for the seafood safety lies in 
fi sheries and aquaculture energy consumption, through fuel, 
raw material use and production. The knowledge of contami-
nant levels in seafood feeds and possibilities to mitigate con-
taminants in those feeds e.g. physical adsorption on activated 
carbon is used during refi ning fi sh oil to remove organic con-
taminants such as dioxins/furans and dioxin-like PCBs 
(Maes et al.  2005 ; Oterhals et al.  2007 ). The use of vegetable 
ingredients in seafood feed may also reduce contaminant 
levels, though the proportion of vegetable constituents needs 
to be limited to avoid reducing the benefi cial constituents in 
seafood, mainly omega-3 fatty acids (Berntssen et al.  2010 ). 
Phycoremediation, i.e. the use of micro or macroalgae to 
sequester contaminants in aquatic environments has been 
extensively reported to be extremely useful with toxic ele-
ments (Rajamani et al.  2007 ). Their ability to adsorb and 
metabolize trace metals is associated with their large surface- 
volume ratios (up to 10 % of their biomass), the presence of 
high-affi nity, metal-binding groups on their cell surfaces, 
and effi cient metal uptake and storage systems. Other miti-
gation strategies may involve the elaboration of stakeholders 
modelling tools and guidelines/recommendations with infor-
mation for stakeholders like the type, size, season and origin 
of seafood that should be avoided, pre-treatment/culinary 
procedures that decreases contaminants levels (e.g. discard 
water from seafood boiled with water soluble biotoxins), etc. 
The careful selection of sites where aquaculture sites could 
be located, with precise defi nition of their environmental 

carrying capacity, will contribute to minimise nutrient load 
to ecosystems. At last, new technologies should be devel-
oped involving nanosciences and nanotechnologies able to 
remove chemical and microbiological contaminants from 
water in a simple and inexpensive way. Such tools can 
greatly facilitate improvements in food hygiene and safety 
management.  

    Conclusions 

 Assuring seafood safety is a complex task. Climate change- 
induced seafood safety hazards can arise at any stage of the 
trade chain from primary production to consumption. A 
better understanding of changes that might arise is an 
essential step to implement mitigation measures by stake-
holders. Seafood from fi sheries and aquaculture and its 
safety can be affected by climate change in several ways: 
(a) the spatial distribution of seafood stocks may change 
due to migration from one region to another in search of 
suitable conditions; (b) surface winds can alter the delivery 
of nutrient into the photic zone and the strength and distri-
bution of ocean currents; (c) high CO 2  levels will alter 
ocean acidity and affect calcifi ed marine organisms; 
(d) changes in sea levels and salinity will affect marine 
organisms; (e) productivity of aquaculture systems will be 
affected; (f) increase vulnerability of cultured fi sh to dis-
eases and contaminants; (g) extreme weather events can 
result in escape of farmed stock and contribute to the reduc-
tion of wild stock genetic diversity; (h) eutrophication due 
to nutrient loading will cause phytoplankton growth and 
increased frequencies of HABs, including toxin-producing 
species; and (i) increase in water temperatures will promote 
the growth of pathogenic and foodborne microorganisms 
and facilitate methylation of Hg, availability and bioaccu-
mulation of chemical contaminants in seafood. It is there-
fore necessary for governments and international authorities 
to be prepared for those changes. The complexity of sea-
food safety requires interdisciplinary approaches due to the 
inter-relationships between environment, seafood and con-
taminants. The current principles of good hygiene, aqua-
culture and fi shery practices need to be adapted to address 
climate change challenges. Integrated monitoring and sur-
veillance of environment and seafood is critical for the 
early identifi cation of emerging problems. Accurate predic-
tive modelling and risk assessment will depend on the qual-
ity and quantity of available data. Enhanced early warning 
systems and stakeholders’ education are essential elements 
to reduce the exposure to contaminants in seafood due to 
climate change. At last, the creation of new technological 
tools able to remove contaminants from environment and 
seafood is also of utmost importance to ensure safe seafood 
for Mediterranean consumers.     
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