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not necessarily noticeable at overall level (MPA level) 
and is expected to better address protection and conserva-
tion strategies.

If a very strong sustainability approach is followed, 
according to each species must be preserved as it is, and 
the analysis is conducted at sector and species level, it 
appears that some species are being caught more than 
produced. Indeed, the overall budgets at MPA, sector 
or species level proved that, apparently, the NC is not 
eroded. This happens because, in the first two levels, the 
loss of one or more species is compensated by the sur-
plus of other species or, in the third one, the loss of a spe-
cific species is compensated by other sectors in which it 
is less caught. For example, an overall analysis of sector 
14 shows that it is in a good condition with a produc-
tion surplus of almost 1 thousand of kilograms per year 
(4.18E+16 sej/y, 4.36E+04 em€/y). Analyzing instead 
single species in this sector, 3 species (Dentex dentex, 
Epinephelus marginatus and Serranus scriba) appear to 
be in a suffering condition with a production deficit.

According to Prato et al. (2016), the data reliability and 
availability are important for an accurate account. In this 
context, an in-deep analysis about the truthfulness of data 
declared by the fishermen in the logbooks, which often 
fill in hastily and incompletely, should be done. The con-
sequence is a further underestimation of pressure exerted, 
subtraction and impact on NC. Measurements in MPA 
can be biased due to catches limitations (e.g., species, 
maximum catch weight, minimum catch size). For this 
reason, even if fishermen caught more than they could, 
they wouldn’t declare these catches in order not to incur 
in penalty provided by Portofino MPA regulation (art. 32). 
However, logbooks represent most of the data on fishing 
in MPAs. To deal with this underestimation, monitoring 
at sea is necessary in order to compare data declared with 
the actual catch.

Despite these, results confirm previous researches 
realized in the area, that highlighted how, although the 

Portofino MPA was able to recover fish biomass (Guidetti 
et al. 2008), the overlap of catches among artisanal and 
recreational fisheries, causes strong fishing losses on high 
trophic level predators (Prato et al. 2016). Moreover, 
according to Prato et al. (2016), results show that at the 
current exploitation level, the ecosystem is far away from 
its carrying capacity and fishing within the MPA borders 
should be reduced to pursue the MPA conservation objec-
tives.

The SDSS is a tool that can be exported and applied to 
wider realities than the national and local context. In fact, 
the European Union, within the EU Biodiversity Strategy 
to 2020 (COM/2011/0244), called Member States to map 
and assess the state of ecosystems and their services while 
promoting the integration of these values into national 
accounting systems by 2020. Moreover, according to the 
strategy, the ecosystem services and its NC should be pro-
tected, valued and appropriately restored by 2050, also 
taking into account their essential contribution to human 
well-being and in order to avoid catastrophic changes. 
This highlights how much urgent is to define and apply 
methodologies able to assess NC and changes that our 
activities impose to it with the aim of its preservation or 
restoration (UN et al. 2014).

This is more and more important in those areas where 
a protection regime is established (such as in the case of 
MPAs) to assess the efficacy of undertaken conservation 
strategies (Vassallo et al. 2017). Fishing activities are an 
ecosystem service that must properly managed within 
MPA borders providing managers with operational deci-
sion-making tools which allow to make informed and 
aware decisions (Cortés et al. 2000, Poch et al. 2003, 
Pérez et al. 2005), mostly where the consensus process 
struggles to well-end.

The proposed SDSS hits this target since it plays an 
important role supporting the MPA in reducing the risks 
arising from the interaction of human societies with nat-
ural environments (Cortés et al. 2000). Indeed, SDSSs 
are widely used in environmental field (Latteman 2010, 
Stewart & Purucker 2011, Garrido-Baserba et al. 2015, 
Zhang et al. 2015) and in particular for protected areas 
management (e.g., MARXAN, see Stewart et al. 2003). 
The SDSS allows, through the production of a map of 
very strong sustainability, to identify where fishing activi-
ties affect the NC. In such cases, it may be necessary for 
the managing body to review accessibility to individual 
sectors or to change the species that can be caught, giving 
the environment the opportunity to recover the depleted 
NC.

The iterability and implementation of the SDSS pro-
cedures in a computerized system allows 1) to quickly 
insert a large amount of data that is stored in a geoda-
tabase, 2) to update the results fast and easily and 3) to 
produce different management scenarios, responding to 
manager need of having information in real time. At this 
purpose, the development of new technologies such as 

Fig. 6. – Very strong sustainability map for Portofino MPA fish-
ing (realized with QGIS software, version 3.10.1).
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apps and responsive websites easily usable with a mobile 
phone can help more and more (Papenfuss et al. 2015, 
Venturelli et al. 2017, Joly et al. 2018). For this purpose, 
a responsive website linked to geodatabase is integrated 
in the SDSS in order to collect data on authorizations of 
fishing activities and logbooks and to overcome problems 
of excessive time and inefficiency related to handwriting. 
Moreover, filling logbook directly on the boat it is pos-
sible to register the precise harvest point thanks to GPS 
and to upload photos of the caught species.

An additional advantage of the SDSS is the ability to 
visualize spatial results within a WebGIS reserved for 
MPA managers. WebGIS are currently the most advanced 
and used systems for the visualization and diffusion of 
geographical information and represent a fundamental aid 
for activities in the field of environmental management. 
By accessing the WebGIS, the cartographic and/or alpha-
numeric data can be viewed, consulted and downloaded. 
This WebGIS fully responds to the problems of integra-
tion, dissemination and use of data, as it is an easy-to-use 
tool, which allows a quick update and easy access to data, 
without having to install any software on computer. 

The SDSS potentially also would allow to spread 
the results to a large audience at reduced costs. At the 
moment results are accessible to MPA managers. More-
over, user-friendly interface for data sharing and informa-
tion spreading (e.g., diagrams and pictures) to fishermen 
and other MPA users, with respect for privacy, are under 
discussion and development, thanks to potentialities and 
applications of used software (Plone/Plomino and Postgr-
eSQL/PostGIS).

A constant relationship between MPA and users and 
a better management of activities, e.g., through a dedi-
cated website, is expected to increase the level of loyalty 
with respect to the MPA by the users themselves. Fish-
ing activities in MPAs, if properly managed, can consti-
tute a sustainable activity to maintain the sociocultural 
and economic structure of the regions (UNIMAR 2001). 
Moreover, in recent years in some Italian MPAs fisher-
men seem to be able to change their relationship with sea 
and to be available to operate in harmony with the rules of 
environmental protection, even if it is a very slow and dif-
ficult process (Cattaneo-Vietti & Tunesi 2007).

Inadequate public and stakeholder involvement and 
communication/education about the MPA decision-mak-
ing process undoubtedly lead to conflicts and disapprov-
al by locals about the establishment of marine reserves, 
do not increase the perceived legitimacy of decisions, 
and lowers compliance with restrictions (Guidetti et al. 
2008).

The SDSS is a step towards solving this problem and 
can be a useful tool for the citizen science. In the last 
decades, citizen science is increasingly used in biology, 
conservation and ecology. Concerning marine environ-
ment, citizen science projects rely on fishermen and tar-
get nearshore habitats (Changeux et al. 2020). The SDSS 

not only allow to collect mandatory data for carrying 
out the activities, but also further volunteer data (e.g., in 
logbooks and monitoring reports there is the possibility 
to write down any information that may be useful for the 
MPA management).

A system for MPA managers to insert updated data for 
the calculation of the value of NC has also been devel-
oped, through the implementation of the methodology. 
Thanks to a specific interface on the website, managers 
will be able to enter new input data, such as fish fauna.

To make the SDSS even more efficient and support-
ive to the MPA managing body, a simulation system for 
developing real-time forecasting scenarios is under con-
struction. It will allow to see the changes that would occur 
following management strategies alternatives to those 
currently in place. Managers, again through the website, 
will be able to perform simulations by changing the pres-
sure exerted by users on the various sectors and see how 
the direct environmental cost and the reduction of NC 
associated would change.

From the management point of view, the availability of 
data, results and impact maps, together with the possibil-
ity to design different scenarios allows for the planning of 
multiple management interventions aimed at regulating 
human activities, such as those involving marine areas at 
risk and to implement appropriate policies for the conser-
vation of biocenosis.

In conclusion, the described SDSS procedures allow 
to obtain a reliable result, both in numerical and spatial 
form opening up new potential perspectives. In particular, 
the maps generated by the SDSS allow both experts and 
managers to identify and characterize MPA areas at dif-
ferent levels of detail and to provide the results needed to 
operationalise a strong sustainable management.
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