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Chapter 11

Environmental 
sustainability 

11.1 Oversizing of the fishing effort 
Sabatella E. C.

The theme of environmental sustainability, the sizing of the fishing capacity and its development 
over time are addressed in the following pages, in order to identify the impact this has on the 
overall state of resources. 
It is now a widely held opinion that various fleets are greatly oversized in relation to available 
resources and this imbalance is the cause of problems connected with poor economic profitability, 
inadequate application of legislation and excessive exploitation of resources.
The analysis presented is limited to the specific area of the Northern and Central Adriatic Sea and 
the trawler sector.

Assessment of the fishing capacity and effort of the trawler fleet 
in the Northern and Central Adriatic Sea

Capacity
Fishing capacity is identified with the quantity of capital and is often associated with the variables 
of gross tonnage (GT) and engine power (expressed in kW). 
Over the last 11 years, the fleet in this analysis has undergone a constant reduction of all 
technical parameters. The largest reduction was in the period 2000-2004, when gross tonnage, 
in compliance with the indications contained the latest multiannual guidance programme, was 
significantly reduced, as can be seen in the following table.

Table 11.1 - Trawler fleet in the Northern and Central Adriatic Sea.

2000 2002 2004 2006 2008 2010

Number of vessels 1261 1050 996 826 748 745

Gross Tonnage (1,000 GT) n.d. n.d. n.d. 34 32 33

Gross Register Tonnage (1,000 GRT) 34 30 30 24 22 23

Power (1,000 kW) 231 202 199 168 155 161

Source: Irepa processing of fishing license data archive.

Total tonnage (figure 11.1) decreased by 33% between 2000 and 2010 from 34,000 to  
23,000 tonnes. Engine capacity shows a similar trend to that of tonnage, but with lower rates.
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Figure 11.1 - Trend for the Northern and Central Adriatic trawler fleet for the period 2000-2010, index numbers 
(base year 2000) (Source: MiPAAF-Irepa).

Tonnage and engine power are the variables that are most directly influenced by measures 
aimed at reducing capacity. Nevertheless, a capacity management policy cannot have the limit 
to considering capacity in itself, but also should combine this quantity with an assessment of its 
actual use. Even if fully utilisation is not limited to a consideration of the temporal aspect alone, 
it is however an indispensable aspect for defining the level of real use of the capacity. In this 
particular study case, the activity of the trawler fleet was analysed and expressed in terms of 
average fishing days per boat.
During this period, the activity of the trawler fleet underwent particularly significant changes. 
These changes were due both to the effects of regulation of the activity as well as the occurrence 
of external events, such as the increase in oil prices (figure 11.2).
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Figure 11.2 - Total fishing day trends for the Northern and Central Adriatic trawler fleet for the period 2000-2010, 
index numbers (base year 2000) (Source: MiPAAF-Irepa).
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Fishing effort
The fishing effort, calculated by multiplying the boat tonnage by the number of fishing days, 
shows a constant reduction for the period 2000-2007 and substantial stability over the last three 
years (figure 11.3).
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Figure 11.3 - Trawler fishing effort, Northern and Central Adriatic, 2000-2010, index numbers (base year 2000) 
(Source: processing of MiPAAF-Irepa data).

Biomass and CPUE indices for some trawler target species
The biomass index is a biological indicator that measures the abundance of a species and 
corresponds to the quantity in kg per species per square kilometre.
The species considered most important for Adriatic trawling include the following:

• European hake, Merluccius merluccius;
• Norway lobster, Nephrops norvegicus;
• red mullet, Mullus barbatus;
• horned octopus, Eledone cirrhosa;
• musky octopus, Eledone moschata.

The biomass indices for these species were compared with captures per unit of effort.



414 Fourth section - Chapter 11 - Environmental sustainability

The following table shows the biomass indices and captures per unit of effort from 2004 to 2010:

Table 11.2 - Biomass and CPUE indices.

      2004 2005 2006 2007 2008 2009 2010

European hake Merluccius 
merluccius

Biomass index 
(kg/km2) (a)

38.15 45.46 52.33 40.64 41.45 29.38 17.3

  CPUE (b) 0.58 0.68 1.03 0.87 0.79 0.66 0.55

Norway lobster Nephrops 
norvegicus

Biomass index 
(kg/km2) (a)

2.01 2.57 2.65 1.12 1.27 1.41 1.15

  CPUE (b) 0.40 0.40 0.45 0.39 0.35 0.41 0.54

Goatfish Mullus barbatus Biomass index 
(kg/km2) (a)

22.42 22.29 29.86 15.83 30.98 23.66 28.7

  CPUE (b) 0.77 0.73 0.80 0.84 0.84 0.70 0.32

Musky octopus Eledone moschata Biomass index 
(kg/km2) (a)

10.74 16.48 13.06 13.26 16.25 15.38 6.99

  CPUE (b) 0.35 0.42 0.50 0.65 0.52 0.53 0.50

Horned octopus Eledone cirrhosa Biomass index 
(kg/km2) (a)

3.21 5.96 6.88 12.00 13.22 4.53 5.15

    CPUE (b) 0.07 0.10 0.13 0.12 0.09 0.12 0.13

Source: a) MEDITS, b) processing of provisional MiPAAF-Irepa data.

For European hake, the biomass index and CPUE follow similar trends, first increasing (until 2006) 
and then decreasing.
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Figure 11.4 - Bio-economic indicator trends, index numbers (base year 2004), Merluccius merluccius, GSA 17 
(Source: processing of MiPAAF-Irepa and MEDITS data).

For Norway lobster, there is an increase in both the CPUE and biomass index between 2004 and 
2006, with a drop in 2007, which is particularly marked in the case of the biomass index. 
The biomass index decreased by 42% between 2004 and 2010, though catches per unit of effort 
show a recovery since 2008. 
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Figure 11.5 - Bio-economic indicator trends, index numbers (base year 2004), Nephrops norvegicus, GSA 17 
(Source: processing of MiPAAF-Irepa and MEDITS data).

The CPUE and biomass indicator trends for goatfish differ considerably. This divergence can 
be explained by the fact that the biomass index is calculated at the moment of reproduction, 
and therefore only considers “survived” species a year after exploitation, whereas the CPUE 
index refers to an entire year of activity and is influenced by the recruitment of new goatfish. This 
example suggests that in the case of species with a short life cycle, it would be appropriate to 
compare the two indicators on a shorter time scale (monthly or quarterly).
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Figure 11.6 - Bio-economic indicator trends, index numbers (base year 2004), Mullus barbatus, GSA 17 
(Source: processing of MiPAAF-Irepa and MEDITS data).

Finally, analysis was conducted on the curled octopus (Eledone chirrosa) and the musky octopus 
(Eledone moschata). 
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As can be seen from the graph shown below, considering 2004 as the base year, the CPUE 
trend is similar to that for the biomass index, although the latter shows more marked fluctuations. 
The prevalent species in the area of study is Eledone moschata, which is landed in much larger 
quantities than Eledone chirrosa. 
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Figure 11.7 - Bio-economic indicator trends, index numbers (base year 2004), Eledone moschata, GSA 17 
(Source: processing of MiPAAF-Irepa and MEDITS data).
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Figure 11.8 - Bio-economic indicator trends, index numbers (base year 2004), Eledone cirrhosa, GSA 17 
(Source: processing of MiPAAF-Irepa and MEDITS data).
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Conclusions
The examination of management dynamics shows that the reduction of the fishing capacity, 
together with the fishing effort, in the case of trawler fishing in the Adriatic has not produced 
stable results in terms of sustainability and stock recovery. Despite a significant reduction of both 
fishing capacity and activity, CPUEs in the last three years have shown a worrying decrease that 
indicates a decline in fishable biomass that is proportionally greater than the reduction in the 
fishing effort.
Reversal of the current trends requires the adoption of management systems capable of 
intervening effectively in productive and environmental dynamics in order to achieve long-term 
sustainability. This is necessary to ensure both the conservation of fish resources and the survival 
of economic activities providing stable incomes and employment.
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11.2 Protecting the marine environment 
from pollution; food safety versus pollution
Focardi S.

Numerous episodes have occurred in recent years highlighting the presence of Persistent Organic 
Pollutants (POPs) in European seafood products and attention has been focussed on the risks 
these pose to human health. These contaminants are highly mobile (Wania & Mackay, 1996) and, 
through the grasshopper effect, they tend to concentrate in the remote areas of our planet (figure 
11.9). A large proportion of the POPs used until now (million tonnes of active ingredients) are 
found in the coastal and deep-water sediments of our sea. The marine environment has therefore 
become a final deposit as well as a continuous source for these contaminants, which enter the 
food chain and reach higher concentrations in organisms through bioaccumulation (figure 11.10) 
and biomagnification (figure 11.11) processes, constituting a threat in particular to species at the 
higher levels of the food chain, including man.
As far as human health risks are concerned, the European Commission has also taken a stance 
through the creation of a specific scientific committee in order to establish the limits of the 
presence of dioxins (PCDDs), furans (PCDFs) and polychlorobiphenyls (PCBs) in food (Scientific 
Committee on Food, 2001).
The term “dioxin” refers to a group of contaminants consisting of 75 congeners of polychlorinated 
dibenzo-p-dioxins (PCDD), some of which have a highly toxic effect (figure 11.12). Given their 
strong persistence and great capacity to penetrate the marine food chain, these contaminants 
have been given serious attention in recent years in relation to human food safety. 
The various components of the dioxins differ greatly in terms of persistence and toxicity, and only 
some of 75 possible congeners are important from a toxicological perspective. The most toxic 
is 2,3,7,8-tetraclorodibenzo-p-dioxin (2,3,7,8-TCDD). There are other contaminants with a toxic 
action similar to that of dioxin and are referred to as dioxin-like compounds. Those of concern 
to the European population include polychlorinated dibenzofurans (PCDFs), polychlorinated 
naphthalenes (PCNs), polybrominated diphenyl ethers (PBDEs), also known as “flame retardants”, 
and polychlorinated biphenyls (PCBs). In the 1980s and 1990s, these POPs were found to be 
present in organisms in Italian seas (Focardi et al., 1983; Renzoni et al., 1986; Corsolini et al., 
1995; Corsolini et al., 2000), sometimes in sufficiently high concentrations to pose risks to human 
health through food consumption.
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Figure 11.9 - Grasshopper effect causing many contaminants to be deposited in remote areas.
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Figure 11.10 - Diagram showing the bioaccumulation of a contaminant in an organism. Bioaccumulation involves 
an increase in the concentrations of the contaminant over time.
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Figure 11.11 - Biomagnification of mercury in the Mediterranean food chain. Biomagnification involves an 
increase in concentrations, at times exponential, at various trophic levels.
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Figure 11.12 - POPs posing the greatest threat to life.

Toxic effects of POPs
PCBs are certainly the most common POPs in the marine environment, and the most important 
features in determining their similar action mechanism to 2,3,7,8-TCDD, mediated by the aryl 
hydrocarbon receptor (AhR), are the molecular size and planar conformation of the various 
congeners. These structural characteristics depend on the number of chlorine atoms and, in 
particular, on their positions (ortho, meta and para) in the biphenyl molecule (figure 11.12). It is 
precisely this structural similarity that causes coplanar PCBs to act in a similar way to 2,3,7,8-
TCDD at a cellular level. These dioxin-like POPs penetrate the plasma membrane by passive 
diffusion and bind to the Ah receptor (figure 11.13) in the cytoplasm with high affinity. Once 
bound, the TCDD/Ah complex undergoes a series of transformations involving the release of 
Hsp90 (90-kDa heat shock protein), and acquires the ability to penetrate the nucleus, binding 
to a nuclear protein called ARNT (Ah Receptor Nuclear Translocator). The complex has a high 
affinity for certain DNA sequences, DREs (Dioxin Responsive Elements), located near the CYP1A1 
gene, which regulates the synthesis of cytochrome P450 and, consequently, the activity of the 
monooxygenase AHH (Aryl Hydrocarbon Hydroxylase).
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Figure 11.13 - The Ah (Aryl Hydrocarbon) Receptor bonds with the dioxin, producing an immediate response 
(Hsp90) and, after penetrating the nucleus, a more long-term response, with production of monooxygenase activity.

Toxic Equivalency Factors (TEFs)
Dioxins and dioxin-like POPs are not detected in the various matrices as simple compounds, 
but as complex mixtures; moreover, not all the congeners are toxic or have the same kind of 
toxicity. To allow comparison of the exposure data, the analytic results are expressed as Toxic 
Equivalency Factors (TEFs), relative to the most potent member of this family, 2,3,7,8-TCDD. This 
approach is based on a comparison of the action mechanism mediated by the receptor and on the 
stereoselective xenobiotic-receptor interaction, which is founded on the principle of the existence 
of a structure-activity relationship (SAR) for each toxic composite. Their use has therefore allowed 
the relative toxicity of POPs to be determined. TEFs are calculated by comparing the binding 
affinity of the various organochlorine compounds for the Ah receptor to that of 2,3,7,8-TCDD, 
assigning a reference value of 1 to the affinity of this molecule. By multiplying the concentration 
of the individual congeners by the relevant equivalent factor (TEF), it is possible to calculate the 
toxic equivalents, expressed as “dioxin-equivalents” or 2,3,7,8-TCDD equivalents (TEQs) (Safe, 
1990), using the following equation:

               TEQ = (PCDDi × TEFi) + (PCDFi × TEFi ) + (PCBi × TEFi )

Various schemes have been proposed for TEFs; until recently, the most commonly used was the 
International TEF scheme (I-TEF) (NATO/CCMS, 1988) for PCDDs and PCDFs, and the WHO-
ECEH scheme (European Centre for Environment and Health of the World Health Organization) 
for PCBs (PCB-TEFs, Ahlborg et al., 1994) (table 11.3). In June 1997, the WHO-ECEH and 
the International Programme on Chemical Safety (IPCS) organised an international meeting in 
Stockholm in which TEFs were established for dioxin-like PCDDs, PCDFs and PCBs to assess 
their risk both to human health (WHO-TEFs, table 11.3) and to that of fish and birds (van den 
Berg et al., 1998). Depending on the model used, different results can be obtained for TEQ values 
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due to the differences given for the TEFs of some congeners (table 11.3). For example, in human 
samples, the TEQs of dioxins based on the WHO-TEFs model are around 10-20% higher than 
those based on the NATO/CCMS I-TEFs model.

Table 11.3 - The most commonly used TEFs for PCDDs, PCDFs and PCBs.

PCDDs e PCDFs
I-TEF 

(NATO/CCMS, 1988)
WHO-TEF 

(Van den Berg et al., 1998)
2,3,7,8-TCDD 1 1
1,2,3,7,8-PnCDD 0.5 1
1,2,3,4,7,8-HxCDD 0.1 0.1
1,2,3,6,7,8-Hx-CDD 0.1 0.1
1,2,3,7,8,9-Hx-CDD 0.1 0.1
1,2,3,4,6,7,8-HpCDD 0.01 0.01
OCDD 0.001 0.0001
2,3,7,8-TCDF 0.1 0.1
1,2,3,7,8-PnCDF 0.05 0.05
2,3,4,7,8-PnCDF 0.5 0.5
1,2,3,4,7,8-HxCDF 0.1 0.1
1,2,3,6,7,8-HxCDF 0.1 0.1
1,2,3,7,8,9-HxCDF 0.1 0.1
2,3,4,6,7,8-HxCDF 0.1 0.1
1,2,3,4,6,7,8-HpCDF 0.01 0.01
1,2,3,4,7,8,9-HpCDF 0.01 0.01
OCDF 0.001 0.0001

PCBs (IUPAC number)
PCB-TEF 

(Ahlborg et al., 1994)
WHO-TEF 

(Van den Berg et al., 1998)
non-ortho PCBs
3,3’,4,4’-TCB (77) 0.0005 0.0001
3,4,4’,5-TCB (81) - 0.0001
3,3’,4,4’,5-PnCB (126) 0.1 0.1
3,3’,4,4’,5,5’-HxCB (169) 0.01 0.01
PCBs mono-ortho
2,3,3’,4,4’-PnCB (105) 0.0001 0.0001
2,3,4,4’,5-PnCB (114) 0.0005 0.0005
2,3’,4,4’,5-PnCB (118) 0.0001 0.0001
2,3,4,4’5-PnCB (123) 0.0001 0.0001
2,3,3’,4,4’,5-HxCB (156) 0.0005 0.0005
2,3,3’,4,4’,5’-HxCB (157) 0.0005 0.0005
2,3’,4,4’,5,5’-HxCB (167) 0.00001 0.00001
2,3,3’,4,4’,5,5’-HpCB (189) 0.0001 0.0001

di-ortho PCBs
2,2’,3,3’,4,4’,5-HpCB (170) 0.0001 -
2,2’,3,4,4’,5,5’-HpCB (180) 0.00001 -

Acronyms: PnCDD, pentachlorodibenzo-p-dioxin; HxCDD, hexachlorodibenzo-p-dioxin; HpCDD, heptachlorodibenzo-p-
dioxin; OCDD, octachlorodibenzo-p-dioxin; PnCDF, pentachlorodibenzofuran; HxCDF, hexachlorodibenzofuran; HpCDF, 
heptachlorodibenzofuran; OCDF, octachlorodibenzofuran; TCB, tetrachlorophenyl; PnCB, pentachlorophenyl; HxCB, 
hexaclorobiphenyl; HpCB, heptachlorobiphenyl.
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Determination of TWI for humans
The work of the European Commission’s Scientific Committee on Food (SCF, 2001) established 
the Tolerable Weekly Intake (TWI) of dioxins and dioxin-like compounds for humans, considering 
a TWI of 14 pg of 2,3,7,8-TCDD/kg of body weight to be acceptable. 

Risk assessment in Italy
The factors that contribute most to exposure to dioxin and dioxin-like composites in the average 
daily diet in Europe seem to be milk and dairy products (in varying percentages from 16 to 
39%), meat and meat products (6-32%), and fish and fish products (11-63%). Other products, 
particularly of plant origin, such as vegetables, cereals and fruit, account for about 6-26% (table 
11.4). 
Dioxin levels in Italian food products are generally very limited and most of the contribution to 
TEQs is due to dioxin-like PCBs (table 11.5). The highest values are those for fish products, 
and this has also caused alarm, which, however, with few exceptions, should be considered 
unjustified. A recent study (table 11.6) shows that most of the results obtained for Italian fish 
products are below 1 pg WHO TEQ/g fresh weight; this level is only higher in tuna and swordfish.
In view of the TWI of 14 pg WHO TEQ/kg body weight for these composites, data in tables 3 and 
4 lead to the following considerations. The results for total TEQs show values generally between 
0.1 and 1 pg/g fresh weight that correspond, for a weekly diet of 1000 g of lean meat (or fresh 
product), to a daily intake generally below or at the lower limits of what is considered as being “of 
risk” to humans (table 11.7). There are cases, however, in which particular care should be taken, 
as variations are observed in different species and according to location of the catch.
 
Table 11.4 - Summary of concentrations of PCDDs, PCDFs and doxin-like PCBs in food products in Europe since 
1995. The average and range were obtained from the EU SCOOP database of June 2000. The concentrations are 
expressed in pg TEQ/g on a lipid base, except for cereals, fruits and vegetables (pg TEQ/g, fresh weight).

Food group              PCDDs + PCDFs             DIOXIN-LIKE PCBs

(<X>) RANGE (<X>) RANGE

Cereals and cereal products 0.019 0.010-0.020 0.110 -

Eggs 1.19 0.460-7.32 - 0.440-1.45

Fish and fish products 9.80 0.125-225 30.7 1.61-168

- Wild fish (marine, freshwater)
- Freshwater fish (culture)

9.92
8.84

0.125-225
2.33-27.9

35.3
19.6

1.61-168
9.92-39.7

Fruit and vegetables 0.029 0.004-0.090 - 0.030-0.120

Meat and meat products 0.525 0.130-3.80 0.674 0.090-3.15

- Poultry
- Beef and veal
- Pork
- Game
- Others: liver 
          mixed meat

0.524
0.681
0.258
1.81 
2.27

0.540 

0.370-1.40
0.380-1.10
0.130-3.80
0.970-1.97
0.950-3.29

0.270-0.760

-
0.914 

-
3.15 

-
0.430 

0.590-0.700 
0.860-1.08

0.090-0.810 
-

0.270-1.65 
-

Milk and milk products
- Milk as such
- Others

0.882
0.972
0.612

0.260-3.57
0.260-3.57
0.300-1.50

1.07
1.25

0.564

0.230-1.80
0.230-1.80

0.380-0.780
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Table 11.5 - Average range of values for PCBs, Dioxins and WHO TEQs, from an ongoing study (Focardi, pers. 
com.) aimed at assessing the quality of food products in the province of Siena, financed by the Monte dei Paschi 
di Siena Foundation.

 

Food type
PCBs

(ng/g p.f.)
DIOXINS

(pg/g p.f.)
WHO TEQs 

(pg/g p.f.)

Meat 15 - 220 < 0.1 0.02 – 0.35

Eggs 10 - 120 < 0.1 0.03 – 0.20

Milk, Cheese 5 - 250 < 0.1 0.06 – 0.50

Cereals 2 - 50 < 0.1 < 0.01

Fish products 66 - 1250 < 0.1 – 2 0.10 – 1.45

 
 
Table 11.6 - Average range of values from a study conducted in 6 different Italian sea areas (*) and in three 
aquaculture facilities (**) (Focardi, pers. com.). 

Species PCBs (ng/g p.f.) WHO TEQs (pg/g p.f.)

European hake* 121 - 880 0.20 – 0.70

Goatfish* 101 - 808 0.20 – 0.50

Sardine* 262 - 960 0.16 – 0.99

Octopus* 66 - 241 0.08 – 0.45

Norway lobster* 72 - 374 0.10 – 0.30

Sea bream** (aquaculture) 171 – 419 0.10 – 0.65

Sea bass** (aquaculture) 120 - 360 0.20 – 0.46

Tuna 290 –1660 0.99 – 2.07

Sword fish 350 - 745 1.47 – 1.66

Table 11.7 - TEQ intake according to the figures from tables 4 and 5. The TWI (Tolerable Weekly Intake) was 
calculated on the basis of 14 pg/kg body weight (SCF, 2001).

Food type
WHO TEQs

(pg/g p.f.)

WHO TEQs (pg) 
consumed with 
1kg of product

TWI for a 50 kg 
woman

TWI for 
an 80 kg 

man

Meat 0.02 – 0.35 20 - 350

700 pg 1,120 pg

Eggs 0.03 – 0.20 30 – 200

Milk, Cheese 0.06 – 0.50 60 – 500

Cereals < 0.01 < 10

Fish products

European hake 0.20 – 0.70 200 – 700

Goatfish 0.20 – 0.50 200 – 500

Sardine 0.16 – 0.99 160 – 990

Octopus 0.08 – 0.45 80 – 450

Norway lobster 0.10 – 0.30 100 – 300

Sea bream (aquaculture) 0.10 – 0.65 100 – 650

Sea bass (aquaculture) 0.20 – 0.46 200 – 460

Tuna 0.99 – 2.07 990 – 2,070

Sword fish 1.47 – 1.66 1,470 – 1,660
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Concluding remarks
The sea is unfortunately the final deposit of most of the contaminants produced and used on land, 
and we have only recently begun to consider and understand the real importance of this ecosystem, 
from more than a merely economic perspective. Fisheries and tourism are two fundamental sectors 
of our economy that suffer the negative consequences of the poor quality of the marine environment. 
This is not, however, the only problem connected with marine environmental quality, in that we 
now also know that a diet with heavily contaminated products can be harmful to human health. 
The most recent studies show that many persistent contaminants are moving away from their 
places of input and use, through atmospheric transport, and being deposited in seas, oceans 
and remote areas. We know today that a large proportion of the PCBs used until now (millions 
of tonnes of active ingredients) are found in the coastal and deep-water sediments of our seas. 
The marine environment has therefore become a constant source of these contaminants, posing 
a risk to certain species and to human health.
What should be done to counteract this danger? I believe that the problem should be considered 
on two timescales, taking both short-term and long-term action. For the short term, from 5 to 10 
years, we need to develop our knowledge of the state of marine environmental quality, both in 
regard to coastal areas and, in particular, to deep-sea areas, where little knowledge is available 
at present. For the long-term, concrete measures should be taken to prevent the pollution of 
our seas and to depollute the most seriously affected areas. These actions will contribute to the 
protection of ecosystems, as well as of important economic activities and, a factor that cannot 
be neglected, human health.
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11.3 Marine protected areas
Casola E.

The establishment of marine protected areas (MPA) has grown in importance over the years 
due to the greater integration between production and environmental dynamics, motivated by 
the expectation of benefits for the conservation of ecosystems, the sustainable management 
of the fishery resources targeted by professional fisheries and the development of tourism and 
recreational activities.
The effectiveness of the system for the conservation of the marine environment and the protection 
of fishable resources from overexploitation has been demonstrated several times (Jennings, 
2001; Planes et al., 2000; García Charton & Pérez Rusafa, 1999).
MPAs are often presented as a tool for controlling the overexploitation of marine resources (Ami 
et al., 2005) and Lauck et al. (1998) even state that MPAs represent a means for the application 
of the precautionary principle in fisheries management. 
Theoretical studies have indicated economic benefits to professional fisheries due to the increase 
in abundances and average sizes of commercially fished species (Arnason, 2001), with some 
theoretical evidence of a relationship between the presence of MPAs and an increase in total 
biomass and population structures less influenced by the fishing effort (Boudoresque & Francour, 
1992; Buxton & Smale, 1989).
The effects are not just possible within the MPAs, but also around its boundaries, in an area that 
gives significance to the phenomenon known as of spillover, i.e. the migration of individual adults 
from the protected areas to the waters around them (Russ & Alcala, 1996).
Biological responses seem to develop quite rapidly in the marine reserves and this could facilitate 
their use in resources management (Halpern & Warner, 2002). Nevertheless, field data shows 
that the positive effects of MPAs on fishing communities are not always noticed in the short term 
and the new rules are seldom seen to be accepted immediately by operators in the initial stages 
following their establishment. In more established cases, however, fishing communities are seen 
to become involved in the MPA system, where the constraints have developed into competitive 
opportunities.
This is because the level of protection necessary to ensure the correct functioning of the protected 
areas undoubtedly has a negative short -term impact on activities involving the exploitation of 
marine resources, since fairly extensive areas are totally or partially excluded from use by the 
professions involved. This is particularly true for owners of boats not designed to travel sufficient 
distances to reach alternative fishing areas.
The success of an MPA depends on the level of local involvement, in both the establishment 
phase as well as that of management, which depends on the creation of awareness at a local 
level, an aspect that must be fostered with particular care right from the start of the activities.
There is little data for evaluating the effect of the establishment of an MPA on resources in the 
Mediterranean context (Willis et al., 2003; Juanes, 2001).
The research conducted by the Unimar consortium since 2001 on the relationships between 
MPAs and fisheries enable the creation of an information framework capable of outlining the 
true situation and evaluating the effects produced by the establishment of protection systems 
on professional fishing activities. The available data indicates that most fishermen regard the 
establishment of MPAs as not having a significant effect on fishing activities and that, while 
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considering MPAs potentially useful for the conservation of resources, they have not generally 
observed any particular positive effects on fish yields following the establishment of an MPA.

Marine Protected Areas in Italy 
The demand for specific safeguarding of marine spaces through the establishment of protected 
areas arose in the international context in the 1970s, with the first instruments focusing attention 
on the problems of marine pollution and the identification of actions aimed at the preservation of 
the sea.
The Convention on the Law of the Sea, signed in Montego Bay in 1982, obliges Member States 
to protect marine spaces through the identification and establishment of protected areas. The 
concept evolved until its definition by the International Union for Conservation of Nature and 
Natural Resources (IUCN): any area of intertidal or subtidal terrain, together with its overlying 
water and associated flora, fauna, historical and cultural features, which has been reserved by law 
or other effective means to protect part or all of the enclosed environment (Keller & Kenchington, 
1992).
The most important functions of MPAs can be summarised as follows:

• �Protection of biological and ecological values for the maintenance of biological diversity, 
reproduction areas, areas of high biological productivity and ecological processes.

• �Restoration, maintenance and increase of biological and ecological values reduced or in any 
way disturbed by human activities.

• �Promotion of sustainable use of resources, with particular regard to those that have been 
over- or underused.

• �Monitoring, research, education and training to increase knowledge of the coastal marine 
environment.

• �Environmentally friendly forms of recreation and tourism.
At a national level, Italy came into line with international measures for the protection of the marine 
environment and the prevention of harmful effects to marine resources with the adoption of Law 
No 979 of 1982 on the defence of the sea. 
Current Italian law (Framework Law No 394/1991 on protected areas and subsequent amendments 
and additions) defines Marine Protected Areas as composed of marine environments, comprising 
waters, sea beds and adjacent stretches of coastline, which are of significant interest due to their 
natural, geomorphological, physical and biochemical features, with particular regard to the marine 
and coastal flora and fauna and their scientific, ecological, cultural, educational and economic 
importance.

Geographical overview
Twenty-seven MPAs have been established in Italy to date, in addition to two underwater parks 
in Baia and Gaiola and the marine mammal sanctuary (figure 11.14), with an extremely variable 
surface, ranging from 30 hectares in Miramare to around 54,000 hectares in the Egadi Islands.
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e Santo Stefano Gaiola

Baia

Torre del Cerrano

Capo Gallo 
Isola delle Femmine

Ustica

Isole Egadi

Marine Protected Areas

Other protected areas

Isole Pelagie

Capo Carbonara

Penisola del Sinis
Isola Mal di Ventre

Capo Caccia
Isola Piana

Isola dell’Asinara

Figure 11.14 - Established MPAs (Source: www.minambiente.it).

Each marine protected area is generally divided into at least three zones, with different protection 
levels and permitted activities, particularly in regard to professional fisheries:

• �Zone A, a “no entry-no take” zone, covers the most important sector in terms of protection 
purposes, with the greatest value for conservation purposes, where all professional fishing 
activity is prohibited, as well as any other activity for the removal and/or use of resources, 
and only rescue, surveillance and service activities are permitted, as well as duly authorised 
scientific research activities.
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• �Zone B, a partial reserve adjacent to the central zone, in which certain activities appropriately 
regulated by the managing body are permitted, including professional fishing and navigation 
by vessels and boats of moderate speed. On average this zone represents 16% of the 
surface area of established MPAs.

• �Zone C, a general reserve providing a buffer between the protected area and the outside 
to control any activities that may negatively affect the previous two zones, with pleasure 
boating, access by motorboats at reduced speeds and appropriately regulated professional 
and sport fishing permitted. On average this zone represents 41.6% of the surface area of 
established MPAs.

In Zones B and C (as well as Zone D of the Egadi Islands) the practice of professional fishing 
is normally permitted to individuals that fulfil particular requirements and use specific methods, 
while respecting the characteristics of the marine protected area and the purposes for which it 
was established.
The spirit of the entire legislative body recognises the existence of subjective rights only for those 
professional fishing systems with a high level of selectivity and a low environmental impact, which 
is essentially small-scale fisheries.

Regulatory relations between MPAs and professional fisheries
Relations between fisheries and marine environmental conservation policies through the 
instrument of MPAs are certainly complex.
First, the establishment of an MPA, with respective prohibition of fishing activities in portions of the 
sea in certain departments, causes an objective reduction of the working area of local fishermen.
It therefore follows that the establishment of a protected area inevitably involves a limitation of the 
right to fish and of the legitimate interests of fishermen regularly licensed to carry out professional 
fishing.
For artisanal or small-scale coastal fisheries (which mainly operate within the coastal strip and are 
therefore directly affected by the establishment of MPAs) this prohibition is not a light matter: in 
Italy, fishermen practising small-scale coastal fishing are allowed to carry out their activities within 
the department in which the boat is registered and in the two adjoining departments (Ministerial 
Decree 26.07.1995 Provisions governing the issue of fishing licences). 
The A zones (no entry-no take) are not particularly extensive, covering a very restricted surface 
area in comparison to the entire protected area (2% as an average national figure). Assessments 
based solely on the size of the no take zones should certainly then be evaluated in relation to 
specific individual cases.
Although the areas totally prohibited to fishing activities are not very extensive, it is clear that, for 
example in the case of small islands, particularly those more distant from the coast, the zones in 
which most small-scale fishing gears operate are in any case already limited and further reduced 
by the seabed configuration. In such cases, even a small reduction of the fishing area can result 
in a significant limitation. 
Analysis of the limitations that the prohibition of an area can entail should be weighed against 
considerations of the benefits in terms of resource protection, and therefore at least against 
expectations of larger catch quantities with an equal fishing effort in the surrounding areas 
(spillover), and of greater fishing profitability.
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In B and C zones fishing activities by resident professional fishermen are normally allowed, based 
on similar but not uniform conditions in the various areas surveyed. It may be said that the 
legislator has attempted to preserve the rights and activity of professional fishermen operating 
within the areas subject to the protection scheme, establishing authorisation requirements or 
procedures to allow those who were already carrying out their fishing activities within the areas 
now under the protection scheme to continue their work. 
Fishermen residing in a protected area end up having virtually exclusive fishing rights, being 
able to operate in conditions of less competition with fishermen from the surrounding areas. 
Conversely, this means that the fishermen residing in the surrounding areas are deprived, or at 
least can have the perception of being so, particularly in cases in which they habitually fished in 
the area from which they are now prohibited before the establishment of the protection regime.
The rules preserving the rights of fishermen already operating in areas under particular protection 
schemes contain a very strict limit regarding potential replacements in the work: most MPAs do not 
provide for the introduction of new fishermen not already operating at the date of establishment. 
Once the fishermen that are already operating abandon the activity, it will thereby come to a total 
halt, with no further possibility of other activities beginning. 
This prohibition would also appear to be in contrast with the purposes generally attributed to the 
protected areas: “promotion of the sustainable development of the area, with particular regard to 
the enhancement of traditional activities, local cultures and environmentally friendly tourism, and 
its use by socially sensitive categories”.

The fishing fleet in MPAs
The fishing fleet operating within Italian MPAs (Unimar, 2006) is composed of 1,114 boats, 
representing around 7.8 % of the entire Italian fishing fleet and 16 % of the fleet segment defined 
as small-scale coastal fisheries (Casola et al., 2008).
In terms of the number of boats present, in five MPAs the number of boats is less than 10, in five 
other MPAs the number is between 10 and 15, in seven MPAs fishing boats number between 50 
and 100 and only in five MPAs do they exceed 100 in number. 
In terms of size, the boats have a considerably low gross tonnage, with an average GRT of 5.2 
and engines of limited power, with an average capacity of 57 kW. 
Regarding the development of the fishing fleet operating in MPAs between 2001 and 2006, a 
tendency towards an increase in authorised vessels can be seen, due to the establishment of 
new MPAs with a considerable number of boats and to a significant increase in the numbers 
authorised in certain cases (figure 11.15).
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Figure 11.15 - The fishing fleet operating in MPAs (Source: Unimar, 2006).

Fishing systems
Only fishing activity performed with small-scale artisanal fishing gear and with locally used 
selective gear, compatible with the protection requirements of the area, can be carried out within 
zones B and C. The use of towed nets (trawling) is only tolerated in a single case (zone D, created 
specifically for the MPA of the Egadi Islands).
In the survey of fishing systems used within the MPAs, the data shows that driftnets are the most 
prevalent by far, used on 83% of the boats (figure 11.16). The data for this figure exceed 100%, 
since individual boats use various gears during the course of the year.

Fixed nets 83.59%

Longline 38.27%

Lines 13.9%

Bottom trawl 0.4%

Ferrettara 4.3%

Seine 1%

Towed mollusc gear 0.2%

Drift net fishing 1%

Harpoon 1%Purse seine 3.2%

Figure 11.16 - Fishing systems used in the MPAs (Source: Unimar, 2006).
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Fishing areas
In regard to fishing habits, a progressive extension of the fishing areas outside the MPAs can be 
noted. This is based on data for fishing activities carried out a year before the establishment of the 
MPA, showing that, on average, 31% of the activities were carried out within the MPA, whereas 
the data for the fishing areas used after the establishment shows that this figure has decreased, 
on average, to 13 % (figure 11.17).
Naturally, this data varies according to each MPA, partly due to environmental features and factors 
related to the possibilities of using the areas.

Before MPA establishment After MPA establishment

100%

90%

80%

70%

60%

50%
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0%

Both inside and outside MPA

Exclusively inside MPA

Exclusively outside MPA

Figure 11.17 - The location of fishing activities in the MPAs (Source: Unimar, 2006).

The perception of fishermen
The opinion of fishermen on the MPAs and the effects they produce serves as a snapshot of 
direct perception, which can also be used as an indicator of the acceptance and agreement 
reached by fishermen in regard to the policy of protecting the environment and its resources.
In this regard we can confirm that the opinion of fishermen is positive regarding the usefulness of 
the measures provided by the MPAs aimed at resource protection. However that there is a natural 
tendency among the profession to prefer as much freedom as possible in relation to fishing areas. 
Regarding the degree of acceptance of the controls on fishing activities within the MPAs, as 
a useful indicator of compliance with the restrictive provisions, there is a substantial balance 
between negative and positive responses at a national level.
The number of those who say they are sufficiently informed is clearly still too low and it is probably 
important to reflect on this fact and provide an active solution. The perception of correct information 
also provides a greater sense of involvement and certainly greater awareness and acceptance, 
and probably leads to greater compliance with the rules provided for the protection of the areas. 
In regard to alternative activities undertaken by fishermen after the establishment of MPAs, the 
lack of any real development of such initiatives is noted and it should be highlighted, unfortunately, 
that the establishment of particular protection schemes, which it was thought would serve as a 
dynamo for the development of a more enlightened form of tourism, attracted by and interested 
in an experience of the natural environment and traditional human activities, has produced quite 
unsatisfactory results. 
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Catches
The variability in catches among the various marine protected areas has proven to be fairly 
large, both in terms of abundance and specific assortment, a fact that can be explained by the 
environmental differences existing between the MPAs. No obvious differences have been noted 
between catches made within and outside of each MPA. 
An interesting point worth highlighting is that the greatest differences between inside and outside 
the MPAs have been found where the physiographical differences between the two zones are 
more pronounced, i.e. where the protected areas are completely different in terms of fishing 
terrain from the unprotected areas. 
A typical example is the MPA in Ventotene and Santo Stefano, where the sea beds surrounding 
the islands are entirely located in zones A, B and C, and therefore fishing outside of these can only 
be carried out on deeper sea beds, with different species than those that can be caught inside 
the MPA (Casola et al., 2008).
In the case of MPAs located in less particular environmental contexts, the differences between 
protected and unprotected areas have generally been less pronounced (Casola et al., 2008). 
This seems to suggest that the effect of the MPAs on small-scale artisanal fishing is modest 
or negligible, at least in the current form, with extensions and constraints that often have little 
positive impact on coastal ecosystems.

Conclusions
MPAs could and should provide privileged environments for trying out programmes aimed at 
environmentally sustainable social and economic development on a local scale at first, which 
could be used as examples to be replicated in a wider context (Marino, 2011).
If professional fisheries are a significant and particular part of the conservation tool provided 
by the network of MPAs, their exclusion from the management of these areas will not allow a 
balanced development.
The contrast that has developed in recent years between environmental associations and the world 
of fisheries is due to the serious public finance crisis, which has drained the resources funding 
the MPAs, placing the system in crisis and requiring alternative development paths to be found. 
The reduction of public funding has basically exposed the fragility of the management groups, 
which are dependent on the consent of the productive sector to initiate sustainable development 
programmes in which the MPAs are viewed as privileged experimental environments.
The proposals formulated so far, ranging from reclassification of the areas to the recognition of 
a local level of management, with the involvement of fisheries in planning and administration, all 
depend on the creation of a participated model for the management of the natural resources, which 
ought necessarily to bring tangible economic and social benefits to the professional fisheries sector. 
In essence, the crisis factor should be used to reform, revive and enhance this strategic sector 
for natural conservation, through the development of a responsible and sustainable model that 
overcomes the present dependence on state funding, which is currently dwindling.
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