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Fig. 6. — Very strong sustainability map for Portofino MPA fish-
ing (realized with QGIS software, version 3.10.1).

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
MPAs5) 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 ez 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
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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 ef 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.

ACKNOWLEDGEMENTS. — This research was supported by the
EU Interreg Maritime project “Integrated management of eco-
logical networks through parks and marine areas (GIREPAM)”
and the Italian Ministry of the Environment and the Protection
of the Territory and the Sea (MATTM).

REFERENCES

Azzurro E, Pais A, Consoli P, Andaloro F 2007. Evaluating day-
night changes in shallow Mediterranean rocky reef fish
assemblages by visual census. Mar Biol 151: 2245-2253.

Baker JP, Olem H, Creager CS, Marcus MD, Parkhurst BR
1993. Fish and fisheries management in lake and reservoirs.
EPA 841-R-93-002. Terrene Institute and US Environmental
protection Agency, Washington DC.

Bédnaru D, Mellon-Duval C, Roos D, Bigot JL, Souplet A,
Jadaud A, Beaubrun P, Fromentin JM 2013. Trophic structure
in the Gulf of Lions marine ecosystem (north-western Medi-
terranean Sea) and fishing impacts. J Mar Syst 111: 45-68.

Barausse A, Duci A, Mazzoldi C, Artioli Y, Palmeri L 2009.
Trophic network model of the Northern Adriatic Sea: analy-

sis of an exploited and eutrophic ecosystem. Estuar Coast
Shelf Sci 83(4): 577-590.

Vie Milieu, 2020, 70 (3-4)



CASE STUDY OF THE PORTOFINO MPA (ITALY) 193

Bayle-Sempere JT, Arreguin-Sénchez F, Sanchez-Jerez P, Salci-
do-Guevara LA, Fernandez-Jover D, Zetina-Rejon MJ 2013.
Trophic structure and energy fluxes around a Mediterranean
fish farm. Ecol Model 248: 135-147.

Brock RE 1982. A critique of the visual census method for
assessing coral reef fish populations. B Mar Sci 32(1): 269-
276.

Brock VE 1954. A preliminary report on a method of estimating
reef fish populations. J Wildlife Manage 18: 297-308.

Brown CJ 2016. Social, economic and environmental effects of
closing commercial fisheries to enhance recreational fishing.
Mar Policy 73: 204-209.

Brown MT, Ulgiati S 2004a. Emergy analysis and environmen-
tal accounting. Encycl Energy 2: 329-354.

Brown MT, Ulgiati S 2004b. Energy quality emergy, and trans-
formity: H.T. Odum’s contributions to quantifying and
understanding systems. Ecol Model 178: 201-213.

Brown MT, Ulgiati S 2010. Updated evaluation of exergy and
emergy driving the geobiosphere: a review and refinement of
the emergy baseline. Ecol Model 221: 2501-2508.

Campodonico P 2010. Conflittualita reali e latenti tra le attivita
di pesca professionale e ricreativa nell’ Area Marina Protetta
Portofino (e zone limitrofe). Project work Master Universita-
rio di I Livello in “Eccellenze Ambientali Marine: gestione,
tutela e fruizione sostenibile (EAM 2009)”.

Cappanera V, Venturini S, Campodonico P 2009. Progetto di
studio per la valutazione dell’impatto antropico e socioeco-
nomico delle attivita svolte nell’ Area Marina Protetta (AMP)
di Portofino e sviluppo di un azione per la mitigazione
dell’impatto ambientale. Relazione finale 2009.

Cappanera V, Venturini S, Campodonico P 2010. Progetto di
studio per la valutazione dell’impatto antropico legato alle
attivita svolte nell’ Area Marina Protetta (AMP) Portofino.
Valutazione dell’impatto dopo 1’adozione delle nuove regole
di fruizione, 2009-2010. Relazione finale 2010.

Cappanera V, Venturini S, Campodonico P 2012. Valutazione
dell’impatto antropico legato alle attivita svolte nell’area
Marina Protetta Portofino (AMP). Le attivita di fruizione
2010-2011. Relazione finale 2011.

Cattaneo-Vietti R, Tunesi L 2007. Le Aree marine protette in
Italia: Problemi e Prospettive. Aracne Eds, Rome: 252 p.

Changeux T, Blazy C, Ruitton S 2020. The use of citizen science
for marine biodiversity surveys: from species identification
to ecologically relevant observations. Hydrobiologia 847:
27-43.

Chiesura A, De Groot R 2003. Critical natural capital: a socio
cultural perspective. Ecol Econ 44(2-3): 219-231.

Coll M, Santojanni A, Arneri E, Palomera I, Tudela S 2007. An
ecosystem model of the Northern and Central Adriatic Sea:
analysis of ecosystem structure and fishing impacts. J Mar
Syst 67: 119-154.

Coll M, Palomera I, Tudela S, Dowd M 2008. Food-web dynam-
ics in the South Catalan Sea ecosystem (NW Mediterranean)
for 1978-2003. Ecol Model 217: 95-116.

Cooke SJ, Cowx IG 2004. The Role of Recreational Fishing in
Global Fish Crises, BioScience 54(9): 857-859.

Cooke SJ, Danylchuk AJ, Danylchuk SE, Suski CD, Godberg
TL 2006. Is catch and release recreational angling compati-
ble with no-take marine protected areas? Ocean Coastal
Manage 49 (5-6): 342-354.

Corrales X, Coll M, Tecchio S, Bellido JM, Fernandez AM, Pal-
omera [ 2015. Ecosystem structure and fishing impacts in the
northwestern Mediterranean Sea using a food web model
within a comparative approach. J Mar Syst 148: 183-199.

Cortés U, Sanchez-Marré M, Ceccaroni L 2000. Artificial intel-
ligence and environmental decision support systems. Appl
Intell 13(1): 77-91.

Costanza R, Daly HE 1992. Natural capital and sustainable
development. Conserv Biol 6(1): 37-46.

Costanza R, d’Arge R, De Groot R, Farber S, Grasso M, Han-
non B, Limburg K, Naeem S, O’Neill RV, Paruelo J, Raskin
RG, Sutton P, van den Belt M 1997. The value of the world’s
ecosystem services and natural capital. Nature 387: 253-260.

Dapueto G, Massa F, Costa S, Cimoli L, Olivari E, Chiantore M,
Federici B, Povero P 2015. A spatial multi-criteria evaluation
for site selection of offshore marine fish farm in the Ligurian
Sea, Italy. Ocean Coastal Manage 116: 64-77.

De Groot R, Fisher B, Christie M, Aronson J, Braat L, Gowdy J,
Haines-Young R, Maltby E, Neuville A, Polasky S, Portela
R, Ring I 2010. Integrating the ecological and economic
dimensions in biodiversity and ecosystem service valuation.
In Kurmar P Ed, The Economics of Ecosystems and Biodi-
versity (TEEB): Ecological and Economic Foundations.
Earthscan, Routledge: 456 p.

De Groot R, Brander L, van der Ploeg S, Costanza R, Bernard F,
Braat L, Christie M, Crossman N, Ghermandi A, Hein L,
Hussain S, Kumar P, McVittie A, Portela R, Rodriguez LC,
ten Brink P, van Beukering P 2012. Global estimates of the
value of ecosystems and their services in monetary units.
Ecosyst Serv 1: 50-61.

De la Fuente G, Asnaghi V, Chiantore M, Thrush S, Povero P,
Vassallo P, Petrillo M, Paoli C 2019. The effect of Cystoseira
canopy on the value of midlittoral habitats in NW Mediterra-
nean, an emergy assessment. Ecol Model 404: 1-11.

Diaz Lopez B, Bunke M, Shirai JA 2008. Marine aquaculture
off Sardinia Island (Italy): ecosystem effects evaluated
through a trophic mass-balance model. Ecol Model 212: 292-
303.

Di Franco A, Calo A, Guidetti P, Francour P, Milazzo M, Turco
G, Cattano C, Spatafora D 2018. Deliverable 3.1.2 - Com-
mon methodology for design and execution of sound scien-
tific monitoring of small scale fishery within and around an
MPA Final — Approved. Interreg Med Programme FishM-
PABIue2 Project WP3.

Dugan JE, Davis GE 1992. Applications of marine refugia to
coastal fisheries management. Can J Fish Aquat Sci 50(9):
2029-2042.

FAO (Food and Agriculture Organization) 2018. The State of
World Fisheries and Aquaculture 2018 — Meeting the sustain-
able development goals. Rome. Licence: CC BY-NC-SA 3.0
IGO.

Franzese PP, Buonocore E, Donnarumma L, Russo GF 2017.
Natural capital accounting in marine protected areas: the case
of the islands of Ventotene and S. Stefano (Central Italy).
Ecol Model 360: 290-299.

Garrido-Baserba M, Molinos-Senante M, Abelleira-Pereira JM,
Fdez-Giielfo LA, Poch M, Hernandez-Sancho F 2015.
Selecting sewage sludge treatment alternatives in modern
wastewater treatment plants using environmental decision
support systems. J Clean Prod 107: 410-419.

Gerber LR, Botsford LW, Hastings A, Possingham HP, Gaines
SD, Palumbi SR, Andelman S 2003. Population models for
marine reserve design: a retrospective and prospective syn-
thesis. Ecol Appl 13(spl): 47-64.

Gowdy J, O’Hara S 1997. Weak sustainability and viable tech-
nologies. Ecol Econ 22(3): 239-247.

Guidetti P 2002. Mediterranean MPAs: the importance of exper-
imental design in detecting the effects of protection measures
on fish. Aquat Conserv 12: 619-634.

Vie Milieu, 2020, 70 (3-4)



194 G.DAPUETO ET AL.

Guidetti P, Milazzo M, Bussotti S, Molinari A, Murenu M, Paise
A, Spano N, Balzano R, Agardy T, Boero F, Carrada G, Cat-
taneo-Vietti R, Cau A, Chemello R, Greco S, Manganaro A,
Notarbartolo di Sciarak G, Russo GF, Tunesi L 2008. Italian
marine reserve effectiveness: does enforcement matter? Biol
Conserv 41: 699-709.

Halpern BS 2003. Impact of marine reserves: do reserves work
and does reserve size matter? Ecol Appl 13(spl): 117-137.

Harmelin-Vivien ML, Harmelin JG, Chauvet C, Duval C, Gal-
zin R, Lejeune P, Barnabé G, Blanc F, Chevalier R, Duclerc
J, Lasserre G 1985. Evaluation visuelle des peuplements et
populations de poissons : méthodes et problemes. Rev Ecol
(Terre Vie) 40: 467-539.

Heymans JJ, Sumaila UR, Christensen V 2009. Policy options
for the northern Benguela ecosystem using a multispecies:
multi fleet ecosystem model. Prog Oceanogr 83: 417-425.

ISTAT (Italian National Institute of Statistic) 2003. Statistiche
sulla pesca, caccia e zootecnia: anno 2001. Istat.

Joly A, Vrochidis S, Karatzas K, Karppinen A, Bonnet P 2018.
Multimedia Tools and Applications for Environmental &
Biodiversity Informatics. Springer International Publishing.

Lassalle G, Lobry J, Le Loc’h F, Bustamante P, Certain G, Del-
mas D, Dupuy C, Hily C, Labry C, Le Pape O, Marquis E,
Petitgas P, Pusineri C, Ridoux V, Spitz J, Niquil N 2011.
Lower trophic levels and detrital biomass control the Bay of
Biscay continental shelf food web: implications for ecosys-
tem management. Prog Oceanogr 91(4): 561-575.

Latteman S 2010. Development of an Environmental Impact
Assessment and Decision Support System for Seawater
Desalination Plants. CRC Press, London.

Lloret J, Zaragoza N, Caballero D, Riera V 2008. Biological and
socioeconomic implications of recreational boat fishing for
the management of fishery resources in the marine reserve of
Cap de Creus (NW Mediterranean). Fish Res 91(2-3): 252-
259.

Malczewski J 1997. Spatial Decision Support Systems, NCGIA
(National Center for Geographic Information and Analysis)
Core Curriculum in GIScience.

Murawski SA 2007. Ten myths concerning ecosystem approach-
es to marine resource management. Mar Policy 31(6): 681-
690.

Odum HT 1988. Self-organization, transformity, and informa-
tion. Science,242(4882): 1132-1139.

Odum HT 1996. Environmental Accounting: Emergy and Envi-
ronmental Decision Making. Wiley: 370 p.

Paoli C, Montefalcone M, Morri C, Vassallo P, Bianchi CN
2017. Ecosystem Functions and Services of the Marine Ani-
mal Forests. In Rossi S, Bramanti L, Gori A, Orejas C Eds,
Marine Animal Forests: The Ecology of Benthic Biodiversity
Hotspots. Springer, Cham: 1271-1312.

Paoli C, Povero P, Burgos E, Dapueto G, Fanciulli G, Massa F,
Scarpellini P, Vassallo P 2018. Natural capital and environ-
mental flows assessment in marine protected areas: the case
study of Liguria region (NW Mediterranean Sea). Ecol
Model 368: 121-135.

Paoli C, Povero P, Fanciulli G, Gazale V, Scarpellini P, Armenio
M, Cappanera V, Cavalletti B, Corsi M, Dapueto G, Di Fabio
C, Lagomarsino E, Lavarello I, Massa F, Merotto L, Minetti
D, Pozzi M, Ramassa P, Rigo I, Valerani C, Venturini S, Vas-
sallo P2019. The ecosystem services cascade perspective in
practice: a framework for cost-benefits analysis in Marine
Protected Areas. In Gargiulo C, Zoppi C Eds, Planning,
Nature and Ecosystem Services. Napoli: FedOAPress (Smart
City, Urban Planning for a Sustainable Future. 5): 235-250.

Papenfuss JT, Phelps N, Fulton D, Venturelli PA 2015. Smart-
phones Reveal angler behavior: a case study of a popular
mobile fishing application in Alberta, Canada. Fisheries 40:
318-327.

Pauly D, Ulman A, Piroddi C, Bultel E, Coll M 2014. ‘Reported’
versus ‘likely’ fisheries catches of four Mediterranean coun-
tries. Sci Mar 78(S1): 11-17.

Pérez OM, Telfer TC, Ross LG 2005. Geographical information
systems-based models for offshore floating marine fish cage
aquaculture site selection in Tenerife, Canary Islands. Aqua-
cult Res 36(10): 946-961.

Picone F, Buonocore E, D’agostaro R, Donati S, Chemello R,
Franzese PP 2017. Integrating natural capital assessment and
marine spatial planning: a case study in the Mediterranean
Sea. Ecol Model 361: 1-13.

Pinnegar JK, Polunin NV 2004. Predicting indirect effects of
fishing in Mediterranean rocky littoral communities using a
dynamic simulation model. Ecol Model 172(2-4): 249-267.

Piroddi C, Bearzi G, Christensen V 2010. Effects of local fisher-
ies and ocean productivity on the northeastern Ionian Sea
ecosystem. Ecol Model 221(11): 1526-1544.

Poch M, Comas J, Rodriguez-Roda I, Sanchez-Marre M, Cortés
U 2003. Designing and building real environmental decision
support systems. Environ Modell Softw 19(9): 857-873.

Povero P, Starnini R, Caviglia D, Carbone M, Costa S, Massa F
2010. Marine Coastal Information SysTEm (MACISTE ©).
http://www.macisteweb.com.

Prado P, Ibafiez C, Caiola N, Reyes E 2013. Evaluation of sea-
sonal variability in the food-web properties of coastal lagoons
subjected to contrasting salinity gradients using network
analyses. Ecol Model 265: 180-193.

Prato G, Barrier C, Francour P, Cappanera V, Markantonatou V,
Guidetti P, Mangialajo L, Cattaneo-Vietti R, Gascuel D 2016.
Assessing interacting impacts of artisanal and recreational
fisheries in a small Marine Protected Area (Portofino, NW
Mediterranean Sea). Ecosphere 7(12): e01601.

Radford Z, Hyder K, Zarauz L, Mugerza E, Ferter K, Prellezo
R, Strehlow HV, Townhill B, Lewin WC, Weltersbach MS
2018. The impact of marine recreational fishing on key fish
stocks in European waters. PLoS ONE 13(9): e0201666.

Rizzoli AE, Young WJ 1997. Delivering environmental decision
support systems: software tools and techniques. Environ
Modell Softw 12(2-3): 237-249.

Roberts CM, Bohnsack JA, Gell F, Hawkins JP, Goodridge R
2001. Effects of marine reserves on adjacent fisheries. Sci-
ence 294(5548): 1920-1923.

Stewart RN, Purucker T 2011. An environmental decision sup-
port system for spatial assessment and selective remediation.
Environ Modell Softw 26(6): 751-760.

Stewart RR, Noyce T, Possingham HP 2003. Opportunity cost
of ad hoc marine reserve design decisions — an example from
South Australia. Mar Ecol Prog Ser 253: 25-38.

Torres MA, Coll M, Heymans JJ, Christensen V, Sobrino 12013.
Food-web structure of and fishing impacts on the Gulf of
Cadiz ecosystem (South-western Spain). Ecol Model 265:
26-44.

UN (United Nations), European Commission, Food and Agri-
cultural Organization of the United Nations, International
Monetary Fund, Organization for Economic Co-operation
and Development, The World Bank 2014. System of Envi-
ronmental-Economic Accounting 2012 — Central Frame-
work. United Nations, New York.

Vie Milieu, 2020, 70 (3-4)



CASE STUDY OF THE PORTOFINO MPA (ITALY) 195

UNIMAR 2001. Rilevamento e caratterizzazione della flotta
peschereccia che opera in aree marine protette. Consorzio
UNIMAR.

UNU-IHDP, UNEP 2012. Inclusive Wealth Report 2012. Mea-
suring progress toward sustainability. Cambridge University
Press, Cambridge.

Van den Bergh JC 2010. Externality or sustainability econom-
ics? Ecol Econ 69(11): 2047-2052.

Vassallo P, Paoli C, Buonocore E, Franzese PP, Russo GF, Pov-
ero P 2017. Assessing the value of natural capital in marine
protected areas: a biophysical and trophodynamic environ-
mental accounting model. Ecol Model 355: 12-17.

Venturelli PA, Hyder K, Skov C 2017. Angler apps as a source
of recreational fisheries data: opportunities, challenges and
proposed standards. Fish Fish 18: 578-595.

Venturini S, Campodonico P, Cappanera V, Fanciulli G, Catta-
neo-Vietti R 2017. Recreational fisheries in Portofino Marine
Protected Area, Italy: some implications for the management.
Fish Manage Ecol 24(5): 382-391.

Venturini S, Merotto L, Campodonico P, Cappanera V, Fanciulli
G, Cattaneo-Vietti R 2019. Recreational fisheries within the
Portofino MPA and surrounding areas (Ligurian Sea, West-
ern Mediterranean Sea). Medit Mar Sci 20(1): 142-150.

Vitousek P, Mooney H, Lubchenco J, Melillo J 1997. Human
domination of earth’s ecosystems. Science 277(5325): 494-
499.

West LD, Stark KE, Murphy JJ, Lyle JM, Ochwada-Doyle FA
2015. Survey of recreational fishing in New South Wales and
the ACT, 2013/14.

Zhang S,Li Y, Zhang T, Peng Y 2015. An integrated environ-
mental decision support system for water pollution control
based on TMDL — A case study in the Beiyun River water-
shed. J Environ Manage 156: 31-40.

Vie Milieu, 2020, 70 (3-4)






