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a b s t r a c t

This paper summarizes the overall benefits supplied by Mediterranean marine biodiversity to human
health and highlights the anthropogenic and environmental causes that are threatening these benefits.
First, the Mediterranean Sea is a valuable source of seafood, which is an important component of the
so-called ‘‘Mediterranean diet”. This type of diet has several health benefits, including cardio and cancer
protective effects, which are attributed to the high intake of seafood-derived n-3 (omega-3) fatty acids.
Second, the Mediterranean marine organisms, particularly the benthic ones, have furnished a large vari-
ety of bioactive metabolites, some of which are being developed into new drugs to threat major human
diseases such as cancer. Third, the Mediterranean coastal areas provide environments for practising mar-
itime leisure activities that provide physical and psychological benefits to users. Despite all this, fishing,
tourism, contamination and sea warming are deteriorating this rich marine ecosystem, which needs to be
protected to assure human welfare.

� 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Marine ecosystems provide a wide range of goods and services
which are essential for the human population. These include sea-
food, fuel, biological products for medicinal purposes, nutrient
and waste management, climate regulation, development of tour-
ism activities and nonmaterial benefits such psychological and
emotional benefits (Chivian and Bernstein, 2008; National Re-
search Council, 1999).

Traditionally, the focus of research and concern has been on the
impact of human activities such as fisheries, aquaculture and tour-
ism on these goods and services (King, 2007; Orams, 1999). How-
ever, the inter-relationships between human health and the
marine biodiversity have been poorly studied (Chivian and Bern-
stein, 2008; National Research Council, 1999), and most of the
attention has been given to the detrimental health impacts of
emerging health risks such as pollution, toxic algal blooms and
pathogens (Fleming et al., 2006; Bowen and Halborson, 1996). Only
in recent years there has been increasing recognition of the bene-
ficial direct impacts of marine ecosystems and biodiversity on hu-
man health (see e.g. Melillo and Osvaldo, 2008; Newman et al.,
2008; Pandey, 2009; World Health Organization, 2005). But,
compared with terrestrial ecosystems, the links between marine
ecosystems and human health have been far less studied and the
historical baseline of information is brief.

In all this, the Mediterranean Sea makes no exception, despite
its great marine biodiversity. The Mediterranean basin has been

ranked among the 25 ‘‘biodiversity hotspots” on earth, on the basis
of its high species richness and endemism and the exceptional loss
of habitat suffered by its biota (Myers et al., 2000). A rough esti-
mate of more than 8500 species of macroscopic marine organisms
live in the Mediterranean Sea, corresponding to somewhat be-
tween 4% and 18% of the world marine species, despite the Medi-
terranean Sea is only 0.82% in surface area and 0.32% in volume
as compared to the world ocean (Bianchi and Morri, 2000). About
84% of these species are animals, of which 77% invertebrates and
7% vertebrates, whilst the 16% left are algae and sea grasses (Bian-
chi and Morri, 2000).

However, the inter-relationships between human health and
the marine biodiversity remains far less understood than in other
world-oceans, and most of studies have focused on health risks
posed to humans by pathogens, algal blooms and contamination
(Elhamri et al., 2007; Garcés et al., 2007; Martí-Cid et al., 2007;
Masó and Garcés, 2006; Storelli, 2009; Storelli and Marcotrigiano,
2000). This paper summarizes for the first time the overall benefits
supplied by Mediterranean marine biodiversity to human health
and highlights the anthropogenic and environmental causes that
are threatening these benefits.

2. Healthy Mediterranean seafood

2.1. The ‘‘Mediterranean diet” and the omega-3 fatty acids intake

In Mediterranean countries, the traditional diet (so-called
‘‘Mediterranean diet”) has been consistently shown to be associ-
ated with favourable health outcomes and a better quality of life
(reviewed by Sofi, 2009; Sofi et al., 2008). Several epidemiological
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and observational studies suggest that this type of diet tradition-
ally followed by Mediterranean people may protect against chronic
diseases and mortality, with Mediterranean nations presenting
lower rates of cardiovascular disease and cancer in comparison
to other nations (Benetou et al., 2008; Trichopoulou, 2001). Cardio-
vascular diseases and cancer are the two most important causes of
disease in the world. According to the (World Health Organization,
2009a,b), cardiovascular diseases and cancer accounted for an esti-
mated 17 million and 8 million deaths in 2004 and 2007 respec-
tively, representing 29% and 13% of all global deaths in those
years, respectively. Greater adherence to this diet has been also
associated with longevity in the elderly (Trichopoulou, 2004), a
reduction of depressive disorders (Sánchez-Villegas et al., 2009),
and prevention of iron deficiency (Mesías et al., 2009).

The long chain omega-3 (or n-3) fatty acids (eicosapentanoic
and docosahexanoic fatty acids) found in seafood, which is an
important component of the ‘‘Mediterranean diet” (Simopoulos,
2001; Willett et al., 1995), have been identified as a main element
responsible for this cancer and cardio protective effect in Mediter-
ranean populations (Ortega, 2006; De Lorgeril and Salen, 2007;
Chrysohoou et al., 2007; Bosetti et al., 2009). The relatively high in-
take of essential n-3 fatty acids by Mediterranean people contrib-
utes to a healthy diet in several ways. First, fish consumption has
been shown to reduce coronary heart disease mortality because
omega-3 fatty acids from fish oil help to improve cardiovascular
health by decreasing risk factors such as triglyceride concentra-
tions, blood pressure, platelet aggregation and heart arrhythmias
(Fung et al., 2009; Chrysohoou et al., 2007; Mozaffarian and Rimm,
2006; Mozaffarian, 2009). Second, fish-derived omega-3 fatty acids
consumption protects against the development of certain cancers,
e.g. mammary (Stoll, 2002) and prostate cancers (Itsiopoulos et al.,
2009).

In addition to the cardio and cancer protective effects of fish
consumption, fish intake in the Mediterranean has been also asso-
ciated with less severe depressive symptoms in adults (Boun-
tziouka, 2009) and less development of asthma and respiratory
allergies in children (Biltagi et al., 2009; Olsen et al., 2008). Ome-
ga-3 fatty acids also mediate the inflammatory process and influ-
ence the general health status of the skeletal system throughout
the body (Watkins et al., 2001; Benito et al., 2005).

Biological and chemical investigations have shown that Medi-
terranean seafood species are a good dietary source of omega-3
fatty acids, particularly the pelagic fish species such as sardine
(Sardina pilchardus), anchovy (Engraulis encrasicolus), mackerel
(Scomber scomber) and bluefin tuna (Thunnus thynnus), and crusta-
ceans such as lobster (Palinurus elephas) and crabs (Liocarcinus
spp). The muscle (i.e. the edible part) of these pelagic fishes and
crustaceans can contain up to 10 more times of total lipids and
omega-3 fatty acids than that of demersal fish species such as an-
gler (Lophius spp) or hake (Merluccius merluccius), or mollusks such
as squid (Loligo vulgaris) and cuttlefish (Sepia officinalis) (Tornaritis
et al., 1993; Soriguer et al., 1997; Imre and Saglik, 1998; Saglik and
Imre, 2001; Mourente et al., 2001; Sirot et al., 2008). Pelagic spe-
cies tend to concentrate the lipid reserves in their muscle whereas
demersal species tend to concentrate lipids in their livers or mes-
enteries (Lloret et al., 2008a; Soriguer et al., 1997). Pelagic species
contribute the most to the total Mediterranean landings, repre-
senting about 67% of the total landings (compared to 59% in the
Pacific, 51% in the Atlantic, 45% in the Indian Oceans according to
FAO, 1995). Thus, marine resources of the Mediterranean represent
a particularly important stock of omega-3 fatty acids.

Despite fish-derived omega-3 fatty acids consumption seems to
be an important determinant of the health of Mediterranean peo-
ple, some authors have suggested that the role of the overall Med-
iterranean dietary pattern may be more important than the effect
of single components (Sánchez-Villegas et al., 2009). Thus, there

may be a fair degree of protection from the combination of the
omega-3 fatty acids found in fish with other natural ingredients
in olive oil, nuts, fruit and plant foods, which are also common in
the Mediterranean diet (Sánchez-Villegas et al., 2009).

2.2. Other healthy constituents of Mediterranean seafood

Apart from the omega-3 fatty acids, seafood species are an
important source of high-quality proteins, minerals and vitamin
D (Médale et al., 2003). Seafood species are particularly rich in sele-
nium and iron. Selenium is an essential dietary trace element that
plays an important role in antioxidant defense systems and may
protect against cardiovascular disease and the toxic effects of mer-
cury (Mozaffarian, 2009). Iron is involved in energy metabolism as
an oxygen carrier in hemoglobin and its deficiency is the most
common single-nutrient deficiency disease in the world affecting
most seriously women, children and adolescents of underdevel-
oped countries (Trowbridge and Martorell, 2002), including north
African Mediterranean countries (Bagchi, 2004).

More recently, the field of available world marine food sources
has been further increased by also including some algae, which are
a potentially great source of natural compounds that could be used
as functional ingredients (Plaza et al., 2009; Ortega, 2006). Marine
macro and micro algae are important sources of proteins, amino
acids, essential fatty acids such as the linoleic acid (or omega-6
fatty acid), vitamins, polysaccharides and other carbohydrates that
have been used worldwide as food supplements (Borowitzka,
1995; Becker, 2007). However, Mediterranean algae species are
not used directly as food; only some species belonging to the genus
Gracilaria are used to obtain agar, an additive used by food indus-
tries for its jellifying properties (Joubert et al., 2009; Marinho-Sori-
ano and Bourret, 2005).

2.3. Threats

Despite the importance of seafood for a healthy diet, overfishing
in the Mediterranean is threatening some fish stocks (European
Commission, 2004). In the Catalan Sea and the Adriatic Sea, for
example, total landings of sardine and anchovy have steadily de-
creased over the last decades (Palomera et al., 2007), as well as
landings of bluefin tuna and tuna-like species in the Mediterranean
(ICCAT, 2009). The depletion of these fish stocks, particularly the
pelagic oily fish populations, is reducing the potential supply of
long chain omega-3 fats. The current recommendations of govern-
mental health agencies to people in developed countries, to
increase their intakes of fatty fish by at least 2–3-fold, are incon-
gruent with the collapse of global fish stocks (Jenkins et al.,
2009). This raises the necessity to better manage fisheries in the
Mediterranean in order to avoid overexploitation and allow stock
recovery, and, at the same time, to seek about alternative sources
of omega-3 fatty acids such as marine algae, microorganisms and
plants (Surette, 2008).

Furthermore, microbial and chemical contamination is threat-
ening throughout the world the seafood quality and quality (Flem-
ing et al., 2006). In the Mediterranean, pathogens such as parasites
(see e.g. Manfredi et al., 2000; Rello et al., 2009); pollutants such as
heavy metals, dioxins and polychlorinated biphenyls (PCBs; see e.g.
Storelli, 2009; Storelli and Marcotrigiano, 2000; Elhamri et al.,
2007; Martí-Cid et al., 2007); and toxins from harmful microalgae
blooms (see e.g. Masó and Garcés, 2006; Garcés et al., 2007), are
affecting the safety of the seafood supply. The health benefits
and risks associated to seafood consumption are leading to contro-
versy. Thus for example, concerns regarding potential cancer risks
of the PCBs/dioxins and mercury, which are present in some fish
species (particularly in large pelagic fish, which are also the richest
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in omega-3 fatty acids), have tempered the perception of fish as a
healthy food (Mozaffarian, 2009; Mozaffarian and Rimm, 2006).

Apart from the impact of fishing and pollution, climate change
is emerging as a key factor that could have considerable implica-
tions for the exploited natural resources word-wide. Climate
change is leading to a warming of the Mediterranean (Bethoux
and Gentili, 1996) and changes in the productivity of small pelagic
fishes (Sabatés et al., 2006).

3. Medicines from Mediterranean marine species

Approximately one-third of today’s best selling drugs are either
natural products or have been developed based on lead structures
provided by nature (Menna, 2009) and almost 60% of drugs ap-
proved for cancer treatment are of natural origin (Amador et al.,
2003). However, up to now almost all medicinally used natural
products or derivatives thereof were obtained from terrestrial
organisms rather than from those inhabiting the sea (Menna,
2009). The study of marine organisms for their bioactive potential
has increased in recent years. Many marine species, from sharks to
algae, produce bioactive compounds with important potential
applications as medical drugs (Amador et al., 2003; Calvert,
2005; Fusetani, 2000; Blunt et al., 2008). Overall, about 15,000
pharmacologically active compounds have been isolated from mar-
ine species, many of them being structurally unique and absent in
terrestrial organisms (Newman and Cragg, 2004). Out of these, in
2008 there were 45 derived natural products tested to be used as
medical drugs in preclinical and clinical trials, even though only
two of them have been developed into registered drugs (Wijffels,
2008).

In the Mediterranean Sea, the majority of bioactive (antibacte-
rial, antifungal, antiviral, cytotoxic or antifouling) molecules have
been isolated from benthic species: algae, marine phanerogams
and, particularly, animals such as sponges, bryozoans, echino-
derms, polychaetes, ascidians, molluscs and cnidarians (Uriz
et al., 1991; Becerro et al., 1997). These chemical compounds serve
as a form of defence against predators, competitors and invading
microorganisms and parasites (Blunt et al., 2008; De Rosa, 2002;
Uriz et al., 1991, 1992; Wahl and Banaigs, 1991; Becerro et al.,
1997; Pronzato, 1999).

3.1. Ascidians and sponges

Among benthic animals, soft-bodied, sessile animals such as
sponges and ascidians have concentrated most of the interest in
pharmaceutical studies. The toxic chemicals are crucial for inverte-
brates lacking morphological defence structures such as shells or
spines (Blunt et al., 2008; De Rosa, 2002). Indeed, ascidians and
sponges are the most prolific marine producers of novel com-
pounds in terms of new metabolites reported annually (Taylor
et al., 2007; Menna, 2009). Furthermore, more ascidian and
sponge-derived compounds are in clinical and preclinical trials
(e.g., as anticancer or anti-inflammatory agents) than compounds
from any other marine taxa (Taylor et al., 2007; Menna, 2009). Tak-
ing into account that there are about 130 species of ascidians and
629 species of sponges in the Mediterranean, of which nearly half
of them are endemic to this sea (Voultsiadou, 2009), there is still a
huge potential for discoveries in these two groups.

Ascidians represent the most highly evolved group of animals
commonly investigated because they have a great ability to pro-
duce an array of cytotoxic molecules (Menna, 2009). In a NW Med-
iterranean survey, ascidians were among the three most bioactive
taxa (Uriz et al., 1991). Among the first six marine derived com-
pounds that have reached clinical trials as antitumour agents, three
were derived from ascidians, as evidence of the high potential of

these organisms as a new source of antitumour compounds (Men-
na, 2009). Yondelis, which has been derived from a Caribbean
ascidian, is one of the few marine compounds being developed into
a registered and commercialized drug in the European Union with
indications in soft tissue sarcomas and ovarian cancer (Menna,
2009; http://www.pharmamar.com/yondelis.aspx). Although a
large of marine compounds are described as potential drugs, very
few have reached the stage of commercial production like Yondelis
has been able to. Aplidine, a chemical compound derived from the
Mediterranean ascidian Aplidium albicans, has been shown to be a
powerful anticancer agent (Taddei et al., 2006; Le Tourneau et al.,
2007) and is currently in clinical trials for a variety of cancers
(Menna, 2009; http://www.pharmamar.com/aplidin.aspx). An-
other Mediterranean ascidian showing antitumoral activity is Trid-
idemnum inarmatum (Ioannou et al., 2009). Recently, sulphated
compounds having cytotoxic or antimicrobial activity have been
isolated from Mediterranean ascidians of the families Ascidiidae
and Polyclinidae (Aiello et al., 1997; Menna, 2009).

A wide variety of novel secondary bioactive metabolites have
been isolated from various species of marine sponges world-wide,
including powerful antiviral, antimalarial, antitumour and anti-
inflammatory, as well as antimicrobial (antibiotic) compounds
(Faulkner, 2002). Mediterranean sponges have been screened for
their bioactivity in several areas. In the Tunisian coast, seven
sponge species have been shown to possess a specific antibiotic
activity, with Agelas oroides and Axinella damicornis being the most
bioactive ones (Touati et al., 2007). In the Western Mediterranean,
sponges presented the highest percentage of bioactive species of
all groups of benthic animals studied: among 59 sponge species
studied, 90% any kind of biological activity, whether it was cyto-
toxic, antibacterial, antiviral or antifungal (Uriz et al., 1991,
1992). In the Adriatic coast, 21 sponges analyzed had cytotoxic
activity and two species presented antimicrobial activity (Sepcic
et al., 1997). In the French Mediterranean coast, 28 sponges re-
vealed that most of them presented antibacterial and antifungal
activities, particularly the species Aplysina cavernicola (Amade
et al., 1987). This study also demonstrated that a higher percentage
of Mediterranean sponges than Polynesian ones (from which sev-
eral active compounds have been also isolated) produced antimi-
crobial extracts (Amade et al., 1987). In Italy, the Mediterranean
sponge Rhaphisia lacazei showed antiproliferative activity against
human broncopulmonary cancer cells (Casapullo et al., 2000).
Among all sponge species studied, it seems that Reniera sarai is
the one presenting the broader and stronger spectrum of biological
activities including antimicrobial and antitumoral ones (Sepcic
et al., 1997; Chelossi et al., 2006; Turk et al., 2007).

3.2. Other animal benthic species

Other Mediterranean animal benthic species such as opistho-
branchs, cnidarians, echinoderms and bryozoans are being studied
for their pharmaceutical interest, even though the number of
investigations is much lower compared to ascidians and sponges.
Recent discoveries, however, offer new insights into the pharma-
ceutical interests of these groups.

Opisthobranchs, a group of soft-bodied molluscs, are currently
receiving an increasing attention world-wide (Cimino and Gavag-
nin, 2006). A number of chemicals derived from these animals ex-
hibit bactericidal, antifouling or antitumoral activities (Fahey and
Carroll, 2007; Faulkner, 2002; Shubina et al., 2007; Cimino and
Gavagnin, 2006). Recent studies reveal that a number of the 243
existent Mediterranean opisthobranchs (Le Renard, 2009) present
chemical compounds that are biologically active (Cimino et al.,
2004, 1999; Fontana, 2006).

Cnidarians have also proven to be a source of biologically ac-
tive chemical molecules (Blunt et al., 2008). Among them, gorgo-
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nians have been the subject of numerous chemical investigations
(Blunt et al., 2008; Koh et al., 2002). Recently, the antitumoral
activity of a chemical compound derived from the Mediterranean
gorgonian Eunicella cavolini, which is one of the most abundant
gorgonian species in the Mediterranean Sea, has been demon-
strated (Ioannou et al., 2008, 2009). Furthermore, new steroids
exhibiting pharmacological activities have been isolated from
the deep-water Mediterranean coral Dendrophyllia cornigera
(Kontiza et al., 2006).

Bryozoans and echinoderms are two groups of benthic animals
that produce bioactive compounds too (Mutter and Wills, 2000;
Yokota, 2005). Novel metabolites showing antitumoral activity
have been isolated from the Mediterranean bryozoan Myriapora
truncata (Cheng et al., 2007), while the antifungal activity of the
Mediterranean sea cucumber, Holothuria polii has been recently
demonstrated (Ismail et al., 2008).

3.3. Algae and marine phanerogams

There are numerous reports of macroalgae derived chemical
compounds that have a broad range of biological activities, such
as antibiotic, antiviral, antifouling, anti-inflammatory, cytotoxic
and antimitotic, some of which have been used in pharmaceutical
industries (Chen and Jiang, 2001; Borowitzka, 1995). In the
Mediterranean, the extracts from several macroalgae species such
as Jania rubens, Cystoseira mediterranea, Posidonia oceanica and,
particularly, Falkenbergia rufolanosa, have been shown to have anti-
bacterial and/or antifungal activities (Calvo et al., 1986; Bernard
and Pesando, 1989; Uriz et al., 1991; Ballesteros et al., 1992; Salva-
dor et al., 2007), whereas other algae species such as Asparagopsis
taxiformis and A. armata showed remarkable antiprotozoal activity
against Leishmania (Genovese et al., 2009). Furthermore, some pro-
teins such as the Phycoerythrin, which in the Mediterranean has
been extracted and purified from the red algae Corallina ellongata,
have gained importance in immunodiagnostic, therapy and
cosmetics (Rossano et al., 2003). New lipids exhibiting an array
of pharmacological activities have been also isolated from Cymod-
ocea nodosa (Kontiza et al., 2006), a marine phanerogam species
which is distributed along the Mediterranean coasts, the North
Atlantic coast of Africa and the Canary Islands. Mediterranean phy-
toplankton may also constitute a potential source of new sterols
(Rontani and Marchand, 2000), which could be used as starting
materials for the synthesis of hormone steroids (Borowitzka and
Borowitzka, 1988).

3.4. Marine microorganisms

Marine-based microorganisms are also a potential source of
new medicines. However, the successes to date are based upon
a very limited investigation of these microorganisms in few
areas of the world oceans, including the Mediterranean (Push-
paraj et al., 1999), suggesting a high potential for continued
discovery of new drugs from these microbes (National Research
Council, 2002). Accumulated evidence also suggests that micro-
organisms living in the body of sponges could well be the true
source of at least some of these metabolites found in Mediterra-
nean sponges (Thiel and Imhoff, 2003) and in other species from
other oceans (Taylor et al., 2007; Anand et al., 2006). Marine
sponges often contain diverse and abundant microbial communi-
ties, including bacteria, microalgae, and fungi. In some cases,
these microbial associates comprise as much as 40% of the
sponge volume and can contribute significantly to host metabo-
lism via e.g. photosynthesis or nitrogen fixation (Taylor et al.,
2007).

3.5. Threats

Despite the human health benefits provided by the organisms
reviewed before, benthic species are impaired by a wide variety
of human activities and environmental change. Bottom trawling
causes widespread disturbance of sediments in shelf seas and
can have a negative impact on benthic fauna both in soft and hard
bottoms (see e.g. Hiddink et al., 2006). In the Mediterranean, sev-
eral studies have shown the impact of trawling on benthic animals
such as molluscs, sponges and ascidians living in soft bottoms of
the continental shelf (Demestre et al., 2000; Pranovi et al., 2001;
De Biasi, 2004; De Juan et al., 2007). Thus, bottom trawling
adversely affects the potential discovery of new medicines from
benthic animals.

On the other hand, microbial and chemical contamination is
threatening several sponge populations of the world oceans (Web-
ster, 2007; Taylor et al., 2007). Sponge disease epidemics can have
serious long-term effects on sponge populations, especially in long-
lived, slow-growing species (Webster, 2007). Reports of sponge
disease have increased dramatically in recent years with sponge
populations decimated throughout the world oceans and seas, par-
ticularly the Mediterranean (Pronzato, 1999). In some cases, the
synergetic action of harvesting and disease has taken a number of
sponge populations to the brink of extinction (Pronzato, 1999).

Furthermore, there are numerous impacts of recreational uses
on coastal benthic species of the Mediterranean. These range from
the impact of recreational boating on seagrass meadows, the ef-
fects of scuba-diving on hard-sessile benthic invertebrates and
the human trampling’s effects on rocky shallow areas (Lloret and
Riera, 2008). Sea-grasses such as Posidonia oceanica and macro al-
gae such as Cystoseira mediterranea are suffering from mechanical
damage caused by anchors of pleasure boats (see e.g. Lloret et al.,
2008b; Francour et al., 1999). Diving, despite is generally consid-
ered a non-destructive activity, is also impacting on the coastal
environment because of the increment of scuba divers over the last
decades in certain areas. Thus, some popular Mediterranean diving
sites have become over frequented and in these sites, the corallig-
enous community suffers from unintentional contact from divers,
particularly hard sessile invertebrates such as gorgonians and bry-
ozoans (Sala et al., 1996; Badalamenti et al., 2000). Human tram-
pling is also having a negative impact on biological diversity of
rocky shores in the Mediterranean, particularly on macroalgae
(Milazzo et al., 2002a,b).

In addition, cold-temperate, sessile animals such as the gorgo-
nians Paramuricea clavata and Eunicella singularis are negatively af-
fected by sea warming (Perez et al., 2000; Garrabou et al., 2001).
The mass mortalities of these animals were related to the growth
of opportunistic pathogens that benefit from sea warming (Cerrano
et al., 2000).

4. Marine recreation and human health

Currently, the Mediterranean has become the world’s leading
tourist area, accounting for approximately 35% of all international
tourist arrivals and revenues (Farsari et al., 2007). Different leisure
activities such as recreational fisheries, scuba diving, whale watch-
ing and snorkelling have been built upon the exploitation or
contemplation of different marine species, from cnidarians to
mammals (see e.g. Lloret, 2010).

4.1. Physical and psychological benefits

The value of leisure in natural settings to humans is multiple
and includes physical and psychological benefits (World Health
Organization, 2003; Melillo and Osvaldo, 2008). Most of maritime
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leisure activities imply physical exercise, which is known to im-
prove cardiovascular health (see e.g. Satoru et al., 2006; Carr
et al., 2009; Bell et al., 2008) and help to prevent obesity and cancer
(see e.g. Friedenreich and Orenstein, 2002; Bell et al., 2008). In par-
ticular, swimming, which is the most popular leisure activities con-
ducted in Mediterranean coastal waters, can lower some of the
coronary heart disease risk factors (Tanaka, 2009). There is also
strong evidence suggesting that leisure activities conducted in
the nature specifically can help to prevent or improve many mental
health disorders, which are increasingly becoming a significant
public health issue worldwide (Prince et al., 2007). Thus, recrea-
tional activities conducted in the nature can improve mental atten-
tion (see e.g. Pretty et al., 2005) and other psychological aspects of
health such as mood (see e.g. Taylor et al., 2001), as well as reduce
stress (Wells and Evans, 2003). In particular, swimming is known
to prevent anxiety and depression (Wylie, 1994).

4.2. Threats

Pollutants such as heavy metals, dioxins and polychlorinated
biphenyls (PCBs; see e.g. World Health Organization, 2003); and
toxins from harmful microalgae blooms (HABs; see e.g. Masó and
Garcés, 2006; Garcés et al., 2007), are affecting the recreational
use of coastal marine waters in the Mediterranean. There is also
strong evidence that the apparent increase of harmful algal and jel-
lyfish blooms and pathogens in the Mediterranean coastal waters
is in part due to sea warming (CIESM, 2001; Danovaro et al.,
2009; Molinero et al., 2005). Maritime recreation itself (recrea-
tional fisheries, scuba diving, etc.) can adversely affect the marine
environment (see e.g. Lloret, 2010).

5. Conclusions

This paper shows that the maintenance of a high Mediterranean
biodiversity provides natural medicines, healthy seafood products
and recreational opportunities that contribute to human well-
being. The Mediterranean is a source of great biological diversity
with an almost unexplored potential to provide significant thera-
peutic, as well as nutritional, benefits for humans. However, marine
species from the Mediterranean are suffering from several anthro-
pogenic and environmental impacts that are threatening these
health benefits. The investigation and preservation of such diverse
environment has significant health implications for current and fu-
ture generations, not only for local people inhabiting in the Medi-
terranean border countries but also for the millions of tourists
visiting each year this sea. Through the recognition of the inter-
dependence of the health of both humans and the Mediterranean
Sea made in this paper, it is hoped that more efforts will be made
to restore and preserve the Mediterranean marine ecosystem. We
need a sustainable exploitation of marine life and comprehensive
conservatory measures for maintaining the rich Mediterranean
marine biodiversity to assure human welfare. The creation of new
coastal and offshore marine protected areas, where all kind of fish-
ing and recreational activities are strictly regulated and where
trawling is prohibited, may be best single management action that
could effectively help preserving the health benefits provided by
Mediterranean marine biodiversity. These areas will contribute to
protect the marine benthos and the fishery resources, thus preserv-
ing the main health sources for humans (in the form of potential
new medicines, healthy seafood and space for recreation).

Acknowledgements

This work was funded by the Spanish Ministry of Science and
Innovation (project Ref. CTM2009-08602). The author also holds

a Ramon y Cajal research fellowship from this Ministry. Thanks
are also due to anonymous referees and the editor who contributed
with their criticisms and suggestions to improve the manuscript.

References

Aiello, A., Fattorusso, E., Menna, M., Carnucccio, R., D’Acquisto, F., 1997. Novel
antiproliferative alkyl sulfates from the Mediterranean tunicate Ascidia mentula.
Tetrahedron 53, 5877–5882.

Amade, P., Charroin, C., Baby, C., et al., 1987. Antimicrobial activities of marine
sponges from the Mediterranean Sea. Marine Biology 94, 271–275.

Amador, M.L., Jimeno, J., Paz-Ares, et al., 2003. Progress in the development and
acquisition of anticancer agents from marine sources. Annals of Oncology 14,
1607–1615.

Anand, P.M., Bhat, A.B., Shouche, Y.S., et al., 2006. Antimicrobial activity of marine
bacteria associated with sponges from the waters off the coast of South East
India. Microbiological Research 161 (3), 252–262.

Badalamenti, F., Ramos, A., Voultsiadou, E., et al., 2000. Cultural and socio-economic
impacts of Mediterranean protected areas. Environmental Conservation 27, 1–
16.

Bagchi, K., 2004. Iron deficiency anaemia – an old enemy. Eastern Mediterranean
Health Journal 10 (6), 754–760.

Ballesteros, E., Martín, D., Uriz, M.J., 1992. Biological activity of extracts from some
Mediterranean macrophytes. Botanica Marina 35, 481–485.

Becerro, M.A., Turon, X., Uriz, M.J., 1997. Multiple functions for secondary
metabolites in encrusting marine invertebrates. Journal of Chemical Ecology
23 (6), 1527–1547.

Becker, E.W., 2007. Micro-algae as a source of protein. Biotechnology Advances 25
(2), 207–210.

Bell, J.F., Wilson, J.S., Liu, G.C., 2008. Neighbourhood greenness and two-year
changes in children’s body mass index. Journal of Preventive Medicine 35 (6),
533–547.

Benetou, V., Trichopoulou, A., Orfanos, P., et al., 2008. Conformity to traditional
Mediterranean diet and cancer incidence: the Greek EPIC cohort. British Journal
of Cancer 99, 191–195.

Benito, M.J., Veale, D.J., FitzGerald, O., et al., 2005. Synovial tissue inflammation in
early and late osteoarthritis. Annals of the Rheumatic Diseases 64, 1263–1267.

Bernard, P., Pesando, D., 1989. Antibacterial and antifungal activity of extracts from
the rhizomes of the Mediterranean seagrass Posidonia oceanica. Botanica Marina
32, 85–88.

Bethoux, J.P., Gentili, B., 1996. The Mediterranean Sea, coastal and deep-sea
signatures of climatic and environmental changes. Journal of Marine Systems 7,
383–394.

Bianchi, C.N., Morri, C., 2000. Marine biodiversity of the Mediterranean Sea:
situation, problems and prospects for future research. Marine Pollution Bulletin
40 (5), 367–376.

Biltagi, M.A., Baset, A.A., Bassiouny, M., et al., 2009. Omega-3 fatty acids, vitamin C
and Zn supplementation in asthmatic children: a randomized self-controlled
study. Acta Paediatrica 98 (4), 737–742.

Blunt, J.W., Copp, B.R., Hu, W., et al., 2008. Marine natural products. Natural
Products Reports 25, 35–94.

Borowitzka, M.A., 1995. Microalgae as sources of pharmaceuticals and other
biologically active compounds. Journal of Applied Phycology 7 (1), 3–15.

Borowitzka, M.A., Borowitzka, K., 1988. Microalgal Biotechnology, Cambridge
University Press, Cambridge.

Bosetti, C., Pelucchi, C., La Vecchia, C., 2009. Diet and cancer in Mediterranean
countries: carbohydrates and fats. Public Health Nutrition 12 (9A), 1595–1600.

Bountziouka, V., 2009. Long-term fish intake is associated with less severe
depressive symptoms among elderly men and women. Journal of Aging and
Health 21 (6), 864–880.

Bowen, R., Halborson, H., 1996. The oceans and human health. Marine Pollution
Bulletin 53, 541–544.

Calvert, AH., 2005. Fishing for new drugs. Journal of Clinical Oncology 23 (31),
7780–7782.

Calvo, M.A., Cabañes, F.J., Abarca, L., 1986. Antifungal activity of some
mediterranean algae. Mycopathologia 93 (1), 61–63.

Carr, L.J., Bartee, R.T., Dorozynski, C.M., et al., 2009. Eight-month follow-up of
physical activity and central adiposity: results from an Internet-delivered
randomized control trial intervention. Journal of Physical Activity and Health 6
(4), 444–455.

Casapullo, A., Bifulco, G., Bruno, I., et al., 2000. New bisindole alkaloids of the
topsentin and hamacanthin classes from the Mediterranean marine sponge
Rhaphisia lacazei. Journal of Natural Products 63, 447–451.

Cerrano, C., Bavestrello, G., Bianchi, C.N., et al., 2000. A catastrophic mass-mortality
episode of gorgonians and other organisms in the Ligurian Sea (Northwestern
Mediterranean), summer 1999. Ecological Letters 3, 284–293.

Chelossi, E., Mancini, I., Sepcic, K., et al., 2006. Comparative antibacterial activity of
polymeric 3-alkylpyridinium salts isolated from the Mediterranean sponge
Reniera sarai and their synthetic analogues. Biomolecular Engineering 23, 317–
323.

Chen, F., Jiang, Y., 2001. Algae and their Biotechnological Potential. Springer. p. 316.
Cheng, J.F., Lee, J.S., Sakai, R., et al., 2007. Myriaporones 1-4, cytotoxic metabolites

from the Mediterranean bryozoan Myriapora truncata. Journal of Natural
Products 70 (3), 332–336.

1644 J. Lloret / Marine Pollution Bulletin 60 (2010) 1640–1646



Author's personal copy

Chivian, E., Bernstein, A., 2008. Sustaining life: how human health depends on
biodiversity. Oxford University Press, New York. p. 542.

Chrysohoou, C., Panagiotakos, D.B., Pitsavos, C., et al., 2007. Long-term fish
consumption is associated with protection against arrhythmia in healthy
persons in a Mediterranean region – the ATTICA study. American Journal of
Clinical Nutrition 85 (5), 1385–1391.

CIESM, 2001. Gelatinous Zooplankton Outbreaks: Theory and Practice. CIESM
Workshop 14.

Cimino, G., Gavagnin, M., 2006. Molluscs: From Chemo-ecological Study to
Biotechnological Application. Springer, Berlin, Heidelberg, p. 500.

Cimino, G., Fontana, A., Gavagnin, M., 1999. Marine opisthobranch molluscs:
chemistry and ecology in sacoglossans and dorids. Current Organic Chemistry 3,
327–372 (Review).

Cimino, G., Fontana, A., Cutignano, A., et al., 2004. Biosynthesis in opisthobranch
molluscs: general outline in the light of recent use of stable isotopes.
Phytochemistry Reviews 3, 285–307.

Danovaro, R., Fonda Umani, S., Pusceddu, A., 2009. Climate change and the potential
spreading of marine mucilage and microbial pathogens in the Mediterranean
Sea. PLoS ONE 4 (9), e7006. doi:10.1371/journal.pone.0007006.

De Biasi, AM., 2004. Impact of experimental trawling on the benthic assemblage
along the Tuscany coast (north Tyrrhenian Sea, Italy). ICES Journal of Marine
Science 61 (8), 1260–1266.

De Juan, S., Thrush, S., Demestre, M., 2007. Functional changes as indicators of
trawling disturbance on a benthic community located in a fishing ground (NW
Mediterranean Sea). Marine Ecology Progress Series 334, 117–129.

De Lorgeril, M., Salen, P., 2007. Mediterranean diet and n-3 fatty acids in the
prevention and treatment of cardiovascular disease. Journal of Cardiovascular
Medicine 8 (S 1), S38–S41.

De Rosa, L., 2002. Mediterranean marine organisms as sources of potential new
drugs. In: Pilar, A., Rauter, F., Palma, B., Justino, J. (Eds.), Natural Products in the
New Millennium: Prospects and Industrial Production. Kluwer Academic
Publishers, Dordrecht, Netherlands, pp. 500–505.

Demestre, M., Sánchez, P., Kaiser, M.J., 2000. The behavioural response of benthic
scavengers to otter-trawling disturbance in the Mediterranean. In: Kaiser, M.J.,
de Groot, S.J. (Eds.), Effects of Fishing on Non-Target Species and Habitats.
Blackwell Science, Oxford, pp. 121–129.

Elhamri, H., Idrissi, L., Coquery, M., et al., 2007. Hair mercury levels in relation to fish
consumption in a community of the Moroccan Mediterranean coast. Food
Additives and Contaminants, Part A 24 (11), 1236–1246.

European Commission, 2004. Fishing in Europe Magazine No. 21. Mediterranean:
guaranteeing sustainable fisheries. Available online at: <http://europa.eu.int/
comm/fisheries/>.

Fahey, S.J., Carroll, A.R., 2007. Natural products isolated from species of Halgerda
Bergh, 1880 (Mollusca: Nudibranchia) and their ecological and evolutionary
implications. Journal of Chemical Ecology 33 (6), 1226–1234.

Farsari, Y., Butler, R., Prastacos, P., 2007. Sustainable tourism policy for
Mediterranean destinations: issues and interrelationships. International
Journal of Tourism Policy 1, 58–77.

Faulkner, D.J., 2002. Marine natural products. Natural Products Report 19, 1–48.
FAO, 1995. Chronicles of Marine Fishery Landings (1950–1994): Trend Analysis and

Fisheries Potential FAO Fisheries Technical Paper 359.
Fleming, L.E., Broad, K., Clement, A., et al., 2006. Oceans and human health:

emerging public health risks in the marine environment. Marine Pollution
Bulletin 53, 545–560.

Fontana, F., 2006. Biogenetical proposals and biosynthetic studies on secondary
metabolites of opisthobranch Molluscs. In: Cimino, G., Gavagnin, M. (Eds.),
Molluscs: From Chemo-ecological Study to Biotechnological Application.
Springer, Berlin, Heidelberg, pp. 303–332.

Francour, P., Ganteaume, A., Poulain, M., 1999. Effects of boat anchoring in Posidonia
oceanica seagrass beds in the Port-Cros National Park (north-western
Mediterranean Sea). Aquatic Conservation: Marine and Freshwater
Ecosystems 9, 391–400.

Friedenreich, C.M., Orenstein, M.R., 2002. Physical Activity and Cancer Prevention:
Etiologic Evidence and Biological Mechanisms. Journal of Nutrition 132, 3456S–
3464S.

Fung, T., Kathryn, M., Rexrode, M., et al., 2009. Mediterranean diet and incidence of
and mortality from coronary heart disease and stroke in women. Circulation
119, 1093–1100.

Fusetani, N., 2000. Drugs from the Sea. Published by the Royal Society of Chemistry,
Karger, Basel, Switzerland. p. 158.

Garcés, E., Vila, M., Reñé, A., et al., 2007. Natural bacterioplankton assemblage
composition during blooms of Alexandrium spp. (Dinophyceae) in NW
Mediterranean coastal waters. Aquatic Microbial Ecology 46, 55–70.

Garrabou, J., Perez, T., Sartoretto, S., Harmelin, J., 2001. Mass mortality event in red
coral Corallium rubrum populations in the Provence Region (France, NW
Mediterranean). Marine Ecology Progress Series 217, 263–272.

Genovese, G., Tedone, L., Hamann, M., et al., 2009. The Mediterranean Red Alga
Asparagopsis: a source of compounds against Leishmania. Marine Drugs 7, 361–
366.

Hiddink, J.G., Jennings, S., Kaiser, M.J., et al., 2006. Cumulative impacts of seabed
trawl disturbance on benthic biomass, production and species richness in
different habitats. Canadian Journal of Fisheries and Aquatic Sciences 63, 721–
736.

ICCAT, 2009. Report for Biennial Period, 2008–09. Part I (2008), vol. 2. Madrid,
Spain. Available online at: <http://www.iccat.int/Documents/BienRep/
REP_EN_08-09_I_2.pdf>.

Imre, S., Saglik, S., 1998. Fatty acid composition and content cholesterol of some
Turkish fish species. Turkish Journal of Chemistry 22 (4), 321–324.

Ioannou, E., Abdel-Razik, A.F., Zervou, M., et al., 2009. 5[alpha],8[alpha]-
Epidioxysterols from the gorgonian Eunicella cavolini and the ascidian
Trididemnum inarmatum: isolation and evaluation of their antiproliferative
activity. Steroids 74 (1), 73–80.

Ioannou, E., Abdel-Razik, A.F., et al., 2008. Pregnanes with antiproliferative activity
from the gorgonian Eunicella cavolini. Tetrahedron 64 (51), 11797–11801.

Ismail, H., Lemriss, S., Ben Aoun, Z., et al., 2008. Antifungal activity of aqueous and
methanolic extracts from the Mediterranean sea cucumber, Holothuria polii.
Journal of Medical Mycology 18 (1), 23–26.

Itsiopoulos, C., Hodge, A., Kaimakamis, M., 2009. Can the Mediterranean diet
prevent prostate cancer? Molecular Nutrition and Food Research 53, 227–239.

Jenkins, D., Sievenpiper, J.L., Pauly, D., et al., 2009. Are dietary recommendations for
the use of fish oils sustainable? Canadian Medical Association Journal 180 (6),
633–637.

Joubert, Y., Abdeladhim, L.B., Ksouri, J., et al., 2009. Development of a molecular
method for the rapid discrimination of red seaweeds used for agar production.
Food Chemistry 113 (4), 1384–1386.

King, M., 2007. Fisheries Biology, Assessment and Management, Wiley-Blackwell
Publishing, Hoboken, US, p. 400.

Koh, L.L., Tan, T.K., Chou, L.M., et al., 2002. Antifungal properties of Singapore
gorgonians: a preliminary study. Journal of Experimental Marine Biology and
Ecology 273 (2), 121–130.

Kontiza, I., Abatis, D., Malakate, K., et al., 2006. 3-Keto steroids from the marine
organisms Dendrophyllia cornigera and Cymodocea nodosa. Steroids 71,
177–181.

Le Renard, Y., 2009. Check list of European Marine Mollusca. M.N.H.N., Paris.
Available online at: <http://www.somali.asso.fr/clemam/index.clemam.html>.

Le Tourneau, C., Raymond, E., Faivre, S., 2007. Aplidine: A Paradigm of how to
Handle the Activity and Toxicity of a Novel Marine Anticancer Poison. Current
Pharmaceutical Design 13, 3427–3439.

Lloret, J., Riera, V., 2008. Evolution of a Mediterranean Coastal Zone: Human Impacts
on the Marine Environment of Cape Creus. Environmental Management 42,
977–988.

Lloret, J., Demestre, M., Sánchez-Pardo, J., 2008a. Lipid (energy) reserves of
European hake (Merluccius merluccius) in the North-western Mediterranean.
Vie et milieu-Life and Environment 58 (1), 75–85.

Lloret, J., Zaragoza, N., Caballero, D., et al., 2008b. Impacts of recreational boating on
the marine environment of Cap de Creus (Mediterranean Sea). Ocean and
Coastal Management 51, 749–754.

Lloret, J., 2010. Environmental impacts of recreational activities on the
Mediterranean coastal environment: the urgent need to implement marine
sustainable practices and ecotourism. In: Krause, K., Weier, E. (Eds.),
Ecotourism: Management, Development and Impact. Nova Science Publishers,
New York.

Manfredi, M.T., Crosa, G., Galli, P., et al., 2000. Distribution of Anisakis simplex in fish
caught in the Ligurian Sea. Parasitological Research 86, 551–553.

Marinho-Soriano, E., Bourret, E., 2005. Polysaccharides from the red seaweed
Gracilaria dura (Gracilariales, Rhodophyta). Bioresource Technology 96 (3), 379–
382.

Martí-Cid, R., Bocio, A., Llobet, J.M., et al., 2007. Intake of chemical contaminants
through fish and seafood consumption by children of Catalonia, Spain: Health
risks. Food and Chemical Toxicology 45, 1968–1974.

Masó, M., Garcés, E., 2006. Harmful microalgae blooms (HAB); problematic and
conditions that induce them. Marine Pollution Bulletin 53, 620–630.

Médale, F., Lefèvre, F., Corraze, G., 2003. Qualité nutritionnelle et diététique des
poissons, constituants de la chair et facteurs de variations. Cahiers de Nutrition
et de Diététiques 38 (1), 37–44.

Melillo, J., Osvaldo, S., 2008. Ecosystem services. In: Chivian, E., Bernstein, A. (Eds.),
Sustaining Life: How Human Health Depends on Biodiversity. Oxford University
Press, New York, US. p. 542.

Menna, M., 2009. Antitumor potential of natural products from Mediterranean
ascidians. Phytochemical Review 8, 461–472.

Mesías, M., Seiquer, I., Muñoz-Hoyos, A., et al., 2009. The beneficial effect of
Mediterranean dietary patterns on dietary iron utilization in male adolescents
aged 11–14 years. International Journal of Food Sciences and Nutrition 60 (1),
355–368.

Milazzo, M., Chemello, R., Badalamenti, F., et al., 2002a. Short-term effect of human
trampling on the upper infralittoral macroalgae of Ustica Island MPA (western
Mediterranean, Italy). Journal of the Marine Biological Association UK 82, 745–
748.

Milazzo, M., Chemello, R., Badalamenti, F., et al., 2002b. The impact of human
recreational activities in marine protected areas: what lessons should be learnt
in the Mediterranean Sea? P.S.Z.N. Marine Ecology 5, 980–990.

Molinero, J.C., Ibanez, F., Nival, P., et al., 2005. North Atlantic climate and
northwestern Mediterranean plankton variability. Limnology and
Oceanography 50, 1213–1220.

Mourente, G., Megina, C., Díaz-Salvago, E., 2001. Lipids in female northern bluefin
tuna (Thunnus thynnus thynnus L.) during sexual maturation. Fish Physiology
and Biochemistry 24 (4), 351–363.

Mozaffarian, D., Rimm, E.B., 2006. Fish intake, contaminants, and human health:
evaluating the risks and the benefits. JAMA 296, 1885–1899.

Mozaffarian, D., 2009. Fish, mercury, selenium and cardiovascular risk: current
evidence and unanswered questions). International Journal of Environmental
Research Public Health 6 (6), 1894–1916.

J. Lloret / Marine Pollution Bulletin 60 (2010) 1640–1646 1645



Author's personal copy

Mutter, R., Wills, M., 2000. Chemistry and clinical biology of the bryostatins.
Bioorganic and Medicinal Chemistry 8 (8), 1841–1860.

Myers, N., Mittermeier, R.A., Mittermeier, C.G., et al., 2000. Biodiversity hotspots for
conservation priorities. Nature 403, 853–858.

National Research Council, 1999. From Monsoons to Microbes: Understanding the
Oceans Role in Human Health. National Academy Press, Washington, DC.

National Research Council, 2002. Marine Biotechnology in the Twenty-First
Century. National Academy Press, Washington, US. Available online at:
<http://www.nap.edu>.

Newman, D.J., Kilama, J., Bernstein, A., et al., 2008. Medicines from nature. In:
Chivian, E., Bernstein, A. (Eds.), Sustaining Life: How Human Health Depends on
Biodiversity. Oxford University Press, New York, US, p. 542.

Newman, D.J., Cragg, G.M., 2004. Marine natural products and related compounds in
clinical and advanced preclinical trials. Journal of Natural Products 67, 1216–
1238.

Olsen, S.F., Østerdal, M.L., Salvig, J.D., et al., 2008. Fish oil intake compared with olive
oil intake in late pregnancy and asthma in the offspring: 16 y of registry-based
follow-up from a randomized controlled trial. American Journal of Clinical
Nutrition 88 (1), 167–175.

Orams, M., 1999. Marine Tourism: Development, Impacts and Management. Taylor
and Francis Group, Routledge, London. p. 115.

Ortega, R.M., 2006. Importance of functional foods in the Mediterranean diet. Public
Health Nutrition 9(8A), 1136–1140.

Palomera, I., Olivar, M.P., Salat, J., et al., 2007. Small pelagic fish in the NW
Mediterranean Sea: an ecological review. Progress In Oceanography 74 (2-3),
377–396.

Pandey, P.K., 2009. Endangered medicinal species of the Indian Ocean: radical need
for conservation. Chemistry and Biodiversity 6 (7), 990–1001.

Perez, T., Garrabou, J., Sartoretto, S., 2000. Mortalite massive d’invertebres marins:
un evenement sans precedent en Mediterranee nord-occidentale. Comptes
Rendues Academie des Sciences de Paris 323, 853–865.

Plaza, M., Herrero, M., Cifuentes, A., et al., 2009. Innovative natural functional
ingredients from microalgae. Journal of Agricultural and Food Chemistry 57,
7159–7170.

Pranovi, F., Raicevich, S., Franceschini, G., et al., 2001. Discard analysis and damage to
non-target species in the ‘‘rapido” trawl fishery. Marine Biology 139, 863–875.

Pretty, J., Peacock, J., Sellens, M., et al., 2005. The mental and physical health
outcomes of green exercise. International Journal of Environmental Health
Research 15 (5), 319–337.

Prince, M., Patel, V., Saxena, S., et al., 2007. No health without mental health. The
Lancet 370 (9590), 859–877.

Pronzato, R., 1999. Sponge-fishing, disease and farming in the Mediterranean Sea.
Aquatic Conservation: Marine and Freshwater Ecosystems 9, 485–493.

Pushparaj, B., Pelosi, E., Jüttner, F., 1999. Toxicological analysis of the marine
cyanobacterium Nodularia harveyana. Journal of Applied Phycology 10, 527–530.

Rello, F.J., Adroher, F.J., Benítez, R., et al., 2009. The fishing area as a possible
indicator of the infection by anisakids in anchovies (Engraulis encrasicolus) from
southwestern Europe. International Journal of Food Microbiology 129, 277–281.

Rontani, J.F., Marchand, D., 2000. Photoproducts of phytoplanktonic sterols: a
potential source of hydroperoxides in marine sediments? Organic
Geochemistry 31 (2–3), 169–180.

Rossano, R., Ungaro, N., D’Ambrosio, A., et al., 2003. Extracting and purifying R-
phycoerythrin from Mediterranean red algae Corallina elongata. Journal of
Biotechnology 101 (3), 289–293.

Sabatés, A., Martín, P., Lloret, J., et al., 2006. Sea warming and fish distribution: the
case of the small pelagic fish, Sardinella aurita, in the western Mediterranean.
Global Change Biology 12, 2209–2219.

Sala, E., Garrabou, J., Zabala, M., 1996. Effects of diver frequentation on
Mediterranean sublittoral populations of the bryozoan Pentapora fascialis.
Marine Biology 126 (3), 451–459.

Saglik, S., Imre, S., 2001. X-3-Fatty acids in some fish species from Turkey. Journal of
Food Science 66 (2), 210–212.

Sánchez-Villegas, A., Delgado-Rodríguez, M., Alonso, A., et al., 2009. Association of
the Mediterranean dietary pattern with the incidence of depression. Archives
General Psychiatry 66 (10), 1090–1098.

Salvador, N., Gómez, A., Lavelli, L., et al., 2007. Antimicrobial activity of Iberian
macroalgae. Scientia Marina 71 (1), 101–113.

Satoru, K., Shu, M., Nobuhiro, Y., Hirohito, S., 2006. Exercise training for
ameliorating cardiovascular risk factors-focusing on exercise intensity and
amount. International Journal of Sport and Health Science 4 (2), 325–338.

Sepcic, K., Batista, U., Vacelet, J., 1997. Biological Activities of Aqueous Extracts from
Marine Sponges and Cytotoxic Effects of 3-Alkylpyridinium Polymers from
Reniera sarai. Comparative Biochemistry and Physiology Part C: Pharmacology
Toxicology and Endocrinology 117 (1), 47–53.

Shubina, L.K.S., Fedorov, N., Kalinovskiy, A.I., et al., 2007. Four new chamigrane
sesquiterpenoids from the opistobranch mollusk Aplysia dactylomela. Russian
Chemical Bulletin, International Edition 56 (10), 2109–2114.

Simopoulos, A., 2001. The Mediterranean diets: what is so special about the diet of
Greece? The scientific evidence. Journal of Nutrition 131, 3065S–3073S.

Sirot, V., Oseredczuk, M., Bemrah-Aouachria, N., et al., 2008. Lipid and fatty acid
composition of fish and seafood consumed in France. CALIPSO study. Journal of
Food Composition and Analysis 21, 8–16.

Sofi, F., 2009. The Mediterranean diet revisited: evidence of its effectiveness grows.
Current Opinion in Cardiology 24 (5), 442–446.

Sofi, F., Abbate, R., Gensini, G.F., et al., 2008. Adherence to Mediterranean diet and
health status: meta-analysis. British Medical Journal 337, a1344.

Soriguer, F., Serna, S., Valverde, E., et al., 1997. Lipid, protein and caloric content
of different Atlantic and Mediterranean fish, shellfish, and molluscs
commonly eaten in the south of Spain. European Journal of Epidemiology
13, 451–463.

Stoll, B.A., 2002. n-3 Fatty acids and lipid peroxidation in breast cancer inhibition.
British Journal of Nutrition 87 (3), 193–198.

Storelli, M.M., 2009. Intake of essential minerals and metals via consumption of
seafood from the Mediterranean Sea. Journal of Food Protection 72 (5), 1116–
1120.

Storelli, M.M., Marcotrigiano, G.O., 2000. Fish for human consumption: risk of
contamination by mercury. Food Additives and Contaminants 17 (12), 1007–
1011.

Surette, M.E., 2008. The science behind dietary omega-3 fatty acids. Canadian
Medical Association Journal 178, 177–180.

Taddei, M.L., Chiarugi, P., Cuevas, C., et al., 2006. Oxidation and inactivation of low
molecular weight protein tyrosine phosphatase by the anticancer drug Aplidin.
International Journal of Cancer 118, 2082–2088.

Tanaka, H., 2009. Swimming exercise: impact of aquatic exercise on cardiovascular
health. Sports Medicine 39 (5), 377–387.

Taylor, M.W., Radax, R., Steger, D., et al., 2007. Sponge-Associated Microorganisms:
Evolution, Ecology, and Biotechnological Potential. Microbiology and Molecular
Biology Reviews 71 (2), 295–347.

Taylor, A.F., Kuo, F.E., Sullivan, W.C., 2001. The Surprising Connection to Green Play
Settings. Environment and Behavior 33 (1), 54–77.

Thiel, V., Imhoff, J.F., 2003. Phylogenetic identification of bacteria with antimicrobial
activities isolated from Mediterranean sponges. Biomolecular Engineering 20,
421–423.

Tornaritis, M., Peraki, E., Georgulli, M., et al., 1993. Fatty acid composition and total
fat content of eight species of Mediterranean fish. International Journal of Food
Sciences and Nutrition 45, 135–139.

Touati, I., Chaieb, K., Bakhrouf, A., et al., 2007. Screening of antimicrobial activity of
marine sponge extracts collected from Tunisian coast. Journal de Mycologie
Medicale 17, 183–187.

Trichopoulou, A., 2004. Traditional Mediterranean diet and longevity in the elderly:
a review. Public Health Nutrition 7, 943–947.

Trichopoulou, A., 2001. Mediterranean diet: the past and the present nutrition.
Metabolism and Cardiovascular Diseases 11 (4), 1–4.

Trowbridge, F., Martorell, R., 2002. Forging effective strategies to combat iron
deficiency: summary and recommendations. Journal of Nutrition 132, 875S–
879S.

Turk, T., Frangez, R., Sepčić, K., 2007. Mechanisms of toxicity of 3-alkylpyridinium
polymers from marine sponge Reniera sarai. Marine Drugs 5, 157–167.

Uriz, M.J., Martin, D., Rosell, D., 1992. Relationships of biological and taxonomic
characteristics to chemically mediated bioactivity in Mediterranean littoral
sponges. Marine Biology 113, 287–297.

Uriz, M.J., Martín, D., Turon, X., et al., 1991. An approach to the ecological
significance of chemically mediated bioactivity in Mediterranean benthic
communities. Marine Ecology Progress Series 70, 175–188.

Voultsiadou, E., 2009. Reevaluating sponge diversity and distribution in the
Mediterranean Sea. Hydrobiologia 628, 1–12.

Wahl, M., Banaigs, B., 1991. Marine epibiosis. III. Possible antifouling defense
adaptations in Potysyncraton lacazei (Giard) (Didemnidae, Ascidiacea). Journal of
Experimental Marine Biology and Ecology 145, 49–63.

Watkins, B.A., Lippman, H.E., Le Bouteiller, L., et al., 2001. Bioactive fatty acids: role
in bone biology and bone cell function. Progress in Lipid Research 40, 125–148.

Webster, N., 2007. Sponge disease: a global threat? Environmental Microbiology 9
(6), 1363–1375.

Wells, N.M., Evans, G.W., 2003. Nearby nature: a buffer of life stress among rural
children. Environment and Behavior 35 (3), 311–330.

Wijffels, R.H., 2008. Potential of sponges and microalgae for marine biotechnology.
Trends in Biotechnology 26 (1), 26–31.

Willett, W.C., Sacks, F., Trichopoulou, A., et al., 1995. Mediterranean diet pyramid: a
cultural model for healthy eating. American Journal of Clinical Nutrition 61,
1402s–1406s.

World Health Organization, 2003. Guidelines for Safe Recreational Water
Environments, vol. 1: Coastal and Fresh Waters, p. 253. Available online at:
<http://whqlibdoc.who.int/publications/2003/9241545801.pdf>.

World Health Organization, 2005. Ecosystems and Human Well-being. Millenium
Ecosystem Assessment. Geneva, Switzerland, p. 66.

World Health Organization, 2009a. WHO Facsheet num 317. <http://www.who.int/
mediacentre/factsheets/fs317/en/index.html>.

World Health Organization, 2009b. WHO Facsheet num. 297. <http://www.who.int/
mediacentre/factsheets/fs297/en/index.html>.

Wylie, K., 1994. Benefits of exercise in affective illness. Psychiatry in Practice 13 (1),
18–20.

Yokota, Y., 2005. Bioresources from Echinoderms. In: Werner, E.G., Müller, Valeria,
Matranga (Eds.), Progress in Molecular and Subcellular Biology, vol. 39, pp. 251–
266.

1646 J. Lloret / Marine Pollution Bulletin 60 (2010) 1640–1646


