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11. NORTH	SEA,	GERMANY		
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12. NORWEGIAN	COAST,	NORWAY	
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13. NOVA	SCOTIA	BAYS,	CANADA	
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14. ZHANGZIDAO	ISLAND	AND	SANGGOU	BAY,	P.R	CHINA	
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15. ARGYLL	AND	BUTE,	SCOTLAND,	UK	
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16. ANNEX:	USE	OF	THESE	MATERIALS	IN	THE	AQUASPACE	

MASTERS	MODULE.	

AquaSpace Deliverable 6.1, characterised in the DOW as “Maritime Spatial Planning Module”, 
has been implemented as a set of educational materials on the Masters Module page of the 
AquaSpace website at www.aquaspace-h2020.eu. The material is organised as a 10 ECTF credit 
course at EQF level 7 and called “Planning and Managing the Use of Space for AquaCulture”, which 
may be used either for self-study or as the basis for a course taught in the conventional manner. The 
material is organised into 12 units. 

Unit 11, called “Introduction to AquaSpace Case Studies and ToolBox”, aims to provide “an 
overview of AquaSpace Case Studies and an introduction to the Case Study slide presentations, 
enabling selection of Case Studies that exemplify particular tools or ideas.” The sets of Powerpoint 
Slides, presented as PDF in the body of this report, provide a resource that users can draw on for 
further study of particular cultivated species, aquacultural methods, regions or tools. It is not 
expected that individual students will consult material from more than one or two case studies. 

The Powerpoints are available from the Case Study pages of the AquaSpace website at 
www.aquaspace-h2020.eu. Individual sets can be downloaded using the <Case Study> buttons either 
on the index page (as shown below) or on the individual case study pages.  The text of unit 11 is 
appended to this D4.3 document. 
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Abstract

This text is part of unit 11 in a Masters-
level course in ‘Planning and Managing the
Use of Space for Aquaculture’ made by the
AquasSpace project. It provides an overview
of AquaSpace Case Studies and an introduc-
tion to the Case Study slide presentations,
enabling selection of Case Studies that ex-
emplify particular tools or ideas. It also
provides a link to other resources on the
AquaSpace website, including those relating
to spatial planning tools and the informa-
tion about them available from the Aqua-
Space on-line ToolBox.

This document may be cited as: Tett, P.
Strand, Ø. & Bergh, Ø. (2018) Introduc-
tion to AquaSpace Case Studies. Aqua-
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1 Study guide

This text was written during the H2020
Aquaspace project (2015-2018, contract no.
633476) for a Masters-level course in ‘Plan-
ning and Managing the Use of Space for
Aquaculture’. The course consists of a
number of units; this unit introduces the
Case Studies carried out by AquaSpace
partners to investigate local constraints on
aquaculture and to test tools.

The unit comprises:

• the introductory document that you
are now reading;

• 14 sets of slides (powerpoint format)
describing Case Studies, and available
from the Case Study pages of the
AquaSpace website;

• additional resources in the AquaSpace
ToolBox and elsewhere on the website.

This unit has one, generic, learning out-
come:

• to be able to explain, by means of one
or more examples from case studies,
the use of tools to support the expan-
sion of particular forms of aquaculture
in particular societal contexts.

The Case Study slides provide a resource
that can be used selectively by student or
teacher to achieve this outcome, choosing
examples, based on the information in sec-
tion 3 of this document, that seem most
relevant to their interests. Learning can
be tested by answering the Self Assessment
Questions in section 5.

Slides

The slide presentations extract and con-
dense information from the case study re-
ports (D4.2, see table 1), in a standard ar-
rangement containing the following infor-
mation:

• Characteristics of the study region and
its aquaculture

• Spatial planning and management is-
sues

• Tools used

• Stakeholder engagement

• Case study results

• Relevance of the case study within the
Aquaspace project

• Conclusions and prospects

Other resources

The outcome of AquaSpace investigations
provide additional resources (table 1) for
learning about tools and case studies. One
of these is the AquaSpace ToolBox, a part of
the AquaSpace website, which summarises
information on tools tested during the Case
Studies. Especially relevant are the Good
Practice FactSheets, which present tools in
the context of case studies, and the Case
Study summary section of the AquaSpace
Synthesis Report D5.2.

Finally, the ECASA toolbox (an output
from an earlier European project) provides
further information about theory and prac-
tice of types of tools used in AquaSpace but
not discussed in this module.

http://www.aquaspace-h2020.eu
http://www.aquaspace-h2020.eu
http://www.aquaspace-h2020.eu
http://www.ecasatoolbox.org.uk/index.html
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Table 1: AquaSpace resources relevant to case studies and tools, and their locations on the
AquaSpace website and YouTube. ‘D’ refers to ‘deliverable’ under AquaSpace’s contract with
the EC.

no Title Type Location

D2.3 Online policy management in-
dicator application (online ver-
sion of Aqua Investor Index)

report (pdf) Library/Main reports

D2.4 Aqua Investor Index: Smart-
phone Investor Appeal appli-
cation

report (pdf)

D2.5 Online Environmental Feasi-
bility Application (WATER
and META web tools)

report (pdf)

D3.3 AquaSpace tool to support
MSP, including Annex III:

report (pdf) Library/Main reports

→ Case Study Experiences
D4.2 AquaSpace Case Study Final

Reports
report (pdf) Library/Main reports

D4.3 AquaSpace Case Study
Educational Materials

sets of pptx slides Case Studies

Complete set as report pdf Library/Main reports

D5.1 Synthesis of the lessons learned
from the development and
testing of innovative tools to
support ecosystem-based spa-
tial planning to aquaculture

pdf Library/Main reports

→ section 14: Case Studies
Outcomes

D5.2 Stakeholder Decision-support
toolbox, including

web-page The ToolBox

→ Tool fact-sheets pdf
→ Good practice fact-sheets
based on case studies

pdf

D6.5 AquaSpace Results Video, in 3
parts:

Library/Video, linked to
YouTube (youtu.be/):

→ Scottish Salmon mp4 qjEODBnpCms
→ Italian Shellfish mp4 87QopWrBvJg
→ Hungarian freshwater
ponds

mp4 zk35LMax3rM

‘Making of’ report pdf Library/Main reports

http://www.aquaspace-h2020.eu
https://youtu.be/qjEODBnpCms
https://youtu.be/87QopWrBvJg
https://youtu.be/zk35LMax3rM
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2 Introduction to the

Case Studies

Figure 1 shows the location of 16 of the
17 study sites; the final site was in New
Zealand. There were 2 sites in each of the
USA and China, and thus 15 case studies.

Figure 1: Location of 16 study sites. The
17th site was in the south island of New
Zealand.

The Case Studies explored different con-
cepts of aquaculture in different environ-
ments, ranging from tropical to temper-
ate. One case was in freshwater in a land-
locked state (Hungary) whereas the remain-
ing 14 were highly diverse examples of ma-
rine cases, with finfish, bivalve molluscs, or
seaweeds. In the majority of cases, aquacul-
ture was operational and ranged from large
scale industry to small scale local farming.
Some cases described plans for developing
commercial aquaculture from an existing
experimental scale.

The general objectives of the Case Stud-
ies were to identify the relevant stakeholders
and engage closely with them to determine
the key spatial issue(s) relating to aquacul-
ture and to test and assess relevant tools

and document their utility. While the focus
was on testing tools, the Case Studies also
give more information about different kinds
of aquacultures, a topic briefly introduced
in unit 1, and examples of applications of
the theory and methods taught in units 2 -
10 of this course.

The short narratives in section 3 provide
pointers to the applications of these ideas
and tools.1 Most of the tools belong to three
generic types, which are further discussed in
section 4:

(E)HDM: (Eco)HydroDynamic Models,
where the Eco component might simu-
late parasite biology, shellfish growth,
or ecosystem dynamics;

GIS: Geographic Information Systems;

S(I)(E)T: Social (Investigation and)
(Engagement)Tools.

Four main themes are apparent in the
Case Studies:

spatial conflicts amongst sectors re-
garding use of marine space, and the
hypothesis than co-use can reduce
conflict (Stelzenmüller et al., 2013);

legislation variety and complexity, fur-
ther discussed in unit 12;

social licence (unit 10) and the con-
straints on aquaculture expansion im-
posed by lack of such licence;

ecosystem services (appendix C, unit
2) provided or used by aquaculture.

1 These narratives do not always reprise the is-
sues (listed in D4.2) that drove the case studies,
and they are not intended as a comprehensive anal-
ysis of the case studies.
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3 The Case Studies

Case study Type of aquaculture Issues highlit here

1 Adriatic Sea, Italy
shellfish (bottom, 
suspended)

spatial use conflicts, BlueFarm2 GIS tool, 
criteria weighting, stakeholder engagement

2
Algarve Coast, 
Portugal

warm finfish (cages, 
ponds), shellfish 
(suspended, bottom)

movement offshore, sectoral conflicts, 
stakeholder inquiry using FAO EAF toolbox, 
remote sensing processed with SNAP

3
Basque County, 
Spain

shellfish (suspended)
finding sites in high-energy environment and 
competition from capture fisheries

4
Békés County, 
Hungary

FW fish (ponds and tanks)
GIS multicriteria analysis for pond siting, 
investigation of ES to improve pond economics; 
stakeholder engagement

5
Carlingford Lough, 
UK

shellfish (trestles, bottom)
complex governance of transboundary water 
body, multiple uses conflicts, application of 
AkvaVis

6
Great Bay 
Piscataqua and Long 
Island Sound, USA

shellfish (trestles, bottom)
valuation of ecosystem service provided by 
shellfish cultivation through removal of 
anthropogenic nutrients

7
Houtman Abrolhos 
Islands, Australia

shellfish (suspended), 
finfish (cages)

research needs for developing finfish 
aquaculture in protected waters

8
Mediterranean Sea 
Multiple EEZ

warm finfish (cages)
constraints on space for finfish cultivation, 
governance arrangements across 21 countries

9
Normandy and 
Cancale, France 

shellfish (bottom, 
suspended)

stakeholders identified multiple constraints, 
including spatial conflicts; use of GIS and 
shellfish growth modes

10 North Sea, Germany
shellfish (bottom), finfish 
(cages

use of AquaSpoace tool to explore co-use with 
other sectors

11
Norwegian Coast, 
Norway

cold finfish (in cages)
sea lice connectivity modelling and possibilities 
for aquacultural explansion

12
Nova Scotia Bays, 
Canada

cold finfish (in cages)
use of HDM and drones in relation to sectoral 
conflicts over use of space

13
Zhangzidao Island 
and Sangou Bay 
China

seaweed, shellfish 
(suspended)

IMTA, potential use of GIS to reduce production 
and increase profit

14
Argyll and Bute, 
Scotland, UK

cold finfish in cages
social constraints on expansion, sea-lice 
connectivity modelling

15
Pelorus Sound, 
Marlborough, New 
Zealand

shellfish (suspended)
Forecasting mussel yield as a function of 
predited seasonal climate
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3.1 Italy (Adriatic Sea)

Shellfish culture is an important activity
along the Adriatic and Ionian coasts of
Italy, with two main products: Manila clam
(Ruditapes philippinarum) and Mediter-
ranean mussel (Mytilus galloprovincialis).
The case study examined how MSP could
facilitate the expansion of offshore mus-
sel culture in the Emilia-Romagna coastal
area, which at present, produces about
22,000 tonnes per year (one third of Italian
production). The mussels in this region feed
on the enhanced biomass of phytoplankton
resulting from nutrient enrichment of this
part of the Adriatic by the discharge of the
Po river. Despite the suitability of the re-
gion for this aquaculture, it competes for
space with capture fisheries and tourism.

This case study illustrated both the tech-
nical and the participatory aspects of MSP.
The BlueFarm2 GIS tool, similar in prin-
ciple to the AquaSpace Tool introduced in
unit 6, was used to make and combine two
maps ( Figure 2). However, the outcome of
the analysis depended on the weights given
to each component of each map, and vary-
ing these weightings can change optimum
planning solutions (Brigolin et al., 2017). In
principle, deciding on these weights could
be part of the political process required
by the definition of MSP given by Ehler
(2014). This was not something that could
be achieved within the case study, although
stakeholders were engaged in the design
of the tool and informed of its capability,
and the results have been discussed with the
public planning authority for the Emilia-
Romagna region. See also the short video
Italian Shellfish on the Library/Videos page
of the the AquaSpace website.

Figure 2: Application of Bluefarm2: top:
spatial constraints to the expansion of mussel
farming due to use conflicts, 2) bottom: suit-
ability map for mussel farming, derived from
hydrographic and Earth Observation data:
blue areas are already leased to mussel farmers.

http://www.aquaspace-h2020.eu
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3.2 Portugal (Algarve coast)

The Algarve has traditionally been the
most productive region for aquaculture in
Portugal, with fish and shellfish cultured
in extensive and semi-intensive systems in
sheltered lagoons and estuaries, and espe-
cially in the Ria Formosa lagoon. There is
only limited space for expansion in these
semi-enclosed waters, and thus the Case
Study focused on the expansion of offshore
aquaculture. The Portuguese government
has provided both space (as AZA, Allocated
Zones for AquaCulture) figure 3) and funds
(a 60% subsidy) for this expansion. Nev-
ertheless, there has been only small use of
this space.

Figure 3: Algarve: screengrab from Por-
tuguese government Aquaculture web portal;
areas designated for shellfish farming are out-
lined in green.

Stakeholder inquiry using the FAO
EAF toolbox found that (i) licensing pro-
cedures were complex and slow, making it
difficult to obtain licences, hampering in-
vestment; (ii) disease control and associated
legislative protocols were too weak, causing
severe economic losses and increased risks;
(iii) they were concerned about Harmful Al-
gal Blooms (HABs), which are highly vari-

able in this region, and which may cause
closures of activities; (iv) it was difficult
to carry out necessary environmental and
disease-related monitoring. In addition, (v)
the recently established concessions for off-
shore aquaculture were meeting resistance
from representatives for other activities,
such as fisheries and tourism. The case
study used the SNAP tools to process re-
mote sensing (unit 7) of algal blooms in
order to support the day-to-day manage-
ment of offshore aquaculture.
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3.3 Spain (Basque Country)

The Basque Country has a long history
in the fishing industry (Rallo and Borja,
2004) and it is one of the biggest con-
sumers of fish and shellfish products in Eu-
rope. Fishing, however, has declined dur-
ing the last decade, and this has led to new
initiatives for the development of aquacul-
ture in the exposed, high-energy, conditions
of the Bay of Biscay. The Basque Coun-
try Government has exclusive responsibil-
ity for the management and implementa-
tion of aquaculture and has developed the
“Strategic Plan for Aquaculture Develop-
ment 2014-2020”. The plan included a spa-
tial planning process, with a Scoping phase
for the identification of the species and tech-
nologies to be implemented; and a Zoning
and Site Selection phase. One aquaculture
management area was established in 2016,
intended for cultivation of shellfish, espe-
cially Mytilus galloprovincialis using long-
lines (Rodŕıguez et al., 2014).

Figure 4: Aquaculture site (pink circle)
within the Basque Country coastal zone and
the spatial distribution of the main maritime
activities and administrative boundaries.

In the case study, HDM was used to
identify areas that were sufficiently shel-
tered for longlines, and (Arc)GIS was used
for site selection. Subsequent to the main
case study, the AquaSpace Tool was used
to apply selection criteria for cultivation
and for the analysis of interactions with
other sectors, leading to the conclusion
that the designated zone could produce be-
tween 2 and 3 thousand tonnes of mussels
per year.2 A Bayesian Belief Network
(BBN) was used to assess opportunities for
the co-existence of inshore capture fishers
and aquaculture.

Stakeholders consulted during the case
study agreed on the high initial cost of de-
veloping sites in physically challenging con-
ditions and on the need for the develop-
ment of shore-based infrastructure. Conser-
vationists opposed development of fin-fish
farms because of problems in sustainabil-
ity of feed derived from wild fish. Mussel
production would be more sustainable, but
developers were put off by the low market
price for mussels.

2 The AquaSpace Tool application is described
in D3.3 annex III: see table 1.
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3.4 Hungary (Békés County)

This was the only freshwater case studied
interactively by the Aquaspace project, and
was located in the eastern part of Hun-
gary. Regulation of freshwater aquacul-
ture takes place in the context of the Wa-
ter Framework Directive, the Habitats Di-
rective and Birds Directive. Deriving from
the traditionally extensive or semi-intensive
characteristics of European pond aquacul-
ture practices, in which the cultivated fish
feed on plankton and benthos living in the
ponds, the pressure exerted on the environ-
ment is often small. Depending on their
management, ecosystems of these ponds
can provide rich habitats for wild animals
and strengthen many other ecosystem ser-
vices besides the provision of fish.

During the case study, GIS was used to
create a map of areas that might be used for
aquaculture (Figure 5). However, land in
the county presently offers better economic
returns if given to crops, so aquaculture ex-
pansion is unlikely. This could change if
fish famers could be paid for the value of
ecosystem services provided by fish ponds.
The case study investigated the ecosys-
tem services provided by ponds. In ad-
dition to feeding fish they were: produc-
tion of reeds; water retention; and provision
of semi-natural habitats for animals consid-
ered attractive. Although no attempt was
made to estimate monetary values for these
services, local peoples’ preferences for them
were explored, with habitat provision be-
ing deemed most important. Stakeholder
workshops brought pond owners and aca-
demic experts together with governmental
officials, and may have influenced national
policy development.

Figure 5: The GIS map created for Békés
County by overlaying different geographical,
hydrological and land use layers.

See also the short video Hungarian Fresh-
water Ponds on the Library/Videos page of
the the AquaSpace website.

http://www.aquaspace-h2020.eu
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3.5 UK (Carlingford lough)

The case study site in Northern Ireland was
Carlingford Lough, a trans-boundary wa-
ter body shared with the Republic of Ire-
land. The main forms of aquaculture in
Carlingford Lough are the subtidal bottom
culture of the blue mussel Mytilus edulis,
and the intertidal off-bottom (trestle) cul-
ture of the Pacific oyster Crassostrea gi-
gas. The major management issues within
the Lough include: the lengthy licensing
process for aquaculture; spatial conflicts
between nature conservation and aquacul-
ture activities; and division of responsibil-
ities for aquaculture and nature conserva-
tion amongst many Republic of Ireland,
Northern Ireland and UK governmental or-
ganisations dealing with the Lough.

The wide variety of conflicting users has
generated extensive use of GIS applications,
and led to the development of EHDM
of production and ecological carrying ca-
pacity for use in aquaculture management.
The SMILE suite of models (Ferreira et al.,
2007) had been used earlier to estimate the
carrying capacity of Carlingford for shell-
fish. During AquaSpace, a demonstrator of
a dynamic GIS based web tool was de-
veloped from the AkvaVis application. As
shown in Figure 6 the tool allows site po-
sitioning to be explored in relation to sec-
toral conflicts such as the location of con-
servation features. However, these do not
need to exclude aquaculture: existing shell-
fish licensed areas that overlap with a Spe-
cial Protected Area designated for breed-
ing terns and overwintering geese, do so
without apparent harm to the birds (AFBI,
2013).

Figure 6: Carlingford Lough: AkvaVis
demonstrator. The screen shot shows the
placement of a virtual farm (orange dot on the
map).
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3.6 USA (Great Bay
Pisquataqua and Long
Island Sound)

The Great Bay/Piscataqua Region Estuar-
ies (GBP) is a relatively small estuarine sys-
tem of 54.7 km2, located between the states
of New Hampshire and Maine. The shell-
fish aquaculture industry in GBP is rela-
tively small, but growing, and is focused
on Eastern oysters (Crassostrea virginica).
Long Island Sound is a large estuary (3,259
km2), located between Connecticut (CT)
to the North and Long Island, New York
(NY) to the South. The shellfish indus-
try in Long Island Sound supports about
45 shellfish growers in Connecticut waters
and an unknown number in NY. The indus-
try includes harvest of both Eastern oyster
and hard clam (quahog) (Mercenaria mer-
cenaria).

Eutrophication is among the most seri-
ous threats to the function and services sup-
ported by these coastal ecosystems. The fo-
cus of the case study has been on the poten-
tial impact of oyster filtration on the reduc-
tion of nitrogen pollution in the estuaries
at current and expanded oyster cultivation
(Bricker et al., 2018). US policies encour-
age and promote the expansion of aquacul-
ture for production of domestic seafood, but
benefits to water quality of shellfish aqua-
culture are also recognized. This was in-
vestigated using the ASSETS eutrophica-
tion assessment tool-indicator, and EHDM
including the FARM shellfish cultivation
model and the EcoWin ecosystem model.
The value of the ecosystem service
(unit 2 appendix C) of removal of anthro-
pogenic nitrogen (by oysters filtering phy-

toplankton) was estimated: although the
molluscs harvested only a few percent of
the nutrient loading of these waters, paying
oyster-growers for their contribution could
improve shellfish farming economics.

Figure 7: Long Island Sound: GIS layers
to be added to the Connecticut Aquaculture
Mapping Atlas. The layers depict areas of High
and Moderate ‘potential oyster growth’ based
on FARM model results as they would be ap-
plied to areas deemed suitable by the CT Shell-
fisheries Atlas
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3.7 Australia (Houtman
Abrolhos Archipelago)

The geographical extent of Western Aus-
tralia (WA) offers great potential for aqua-
culture. Currently, the aquaculture sec-
tor generates seafood products valued at
around $90 million annually, according to
WA Department of Fisheries. The Hout-
man Abrolhos Archipelago is comprised
of 122 coral reef-fringed islands extending
across 100 km of ocean about 65 km from
shore, divided into three distinct groups.
Production of the Yellowtail Kingfish (Se-
riola lalandi) was beginning at the time of
the case study, and no statistics were avail-
able. The aquaculture system is open wa-
ter cages, and it was estimated that 3,000
hectares were available for farming.

The main management issues were to
(i) streamline licensing approvals and the
ongoing management of activities, (ii) de-
velop governmental policy to expand aqua-
culture on conditions of sustainable produc-
tion, (iii) assess site suitability and carrying
capacity. The aim was to run a regional
scale HDM to provide input for EcoWIN so
that the assimilative capacity capacity
for finfish farming could be estimated.

Figure 8: Houtman Abrolhos Archipelago:
Depiction of some marine uses within the
Archipelago, including mooring buoys, reef ob-
servation areas, current aquaculture sites and
the Fish Habitat Protected Area.
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3.8 Mediterranean Sea

The Mediterranean is an intercontinental
sea shared by 21 countries (including 8
EU member states). Despite decreases in
in France, Italy and Spain, Mediterranean
aquaculture production shows an increasing
trend, especially in cage farming of seabass
Dicentarchus labrax and seabream Sparus
aurata). Most fish-farming occurs within
1 nautical mile of the coastal baseline and
in most countries is governed by Town &
Country Planning. MSP is not imple-
mented at national level in most Mediter-
ranean countries, but many have adopted
the concept of AZA (Allocated Zone
for Aquaculture) (Sanchez-Jerez et al.,
2016). Unlike the countries of northern Eu-
rope, those around the Mediterranean have
subscribed to a a protocol on Integrated
Coastal Zone Management (ICZM) agreed
under the Barcelona Convention, and this
has been embedded in the legal framework
of Croatia, Italy, Turkey and Tunisia.

Oceanographic and ecological conditions
in the Mediterranean differ from those in
northern European seas, which affect both
the fish farming industry and the ecologi-
cal processes determining the fate of aqua-
culture wastes (Karakassis et al., 2005).
The main environmental impacts from fish-
farming are those on seagrass meadows and
resulting from organic sedimentation and
eutrophication due to nutrient enrichment
(Holmer et al., 2008).

The case study mapped fish-farm sites
(figure 9) and consulted scientists, regula-
tors and industry members from a number
of Mediterranean countries. They reported
that the main reason for rejecting a new
aquaculture plan is conflict with other

Figure 9: Fish farming locations around the
Mediterranean.

stakeholders (mainly tourism) but also in
countries with short coastlines the lack of
unoccupied space. Other factors limiting
expansion of fish-farming were: increased
costs due to stricter regulations on moni-
toring, hygiene and safety; lack of indus-
trial investors and support from the govern-
ment/state; poor quality of juveniles and
quality of fish feed. The economic crisis
that has been experienced by most Mediter-
ranean countries may have contributed to
these problems, as it has led to higher taxes,
increased prices of fuel and fish feed, and
declining market prices for fish

Lack of space appears surprising, at first
sight. Fin-fish farms are concentrated pro-
duction units and do not occupy much sea
area. For example, Hofherr et al. (2015)
calculated that farms in Greece occupied
only 230 hectare in total. Even allowing
an ample buffer zone around each group of
cages, they occupied only 3% of the Greek
coastline of more than 15 thousand kilome-
tres. However, space for expansion was con-
strained, Hofherr et al argued, by the pres-
ence of hotels along most of the coast. Thus
most farms were sited in about 20 munici-
palities where tourism was not important.
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3.9 France (Normandy and
Cancale)

Shellfish farming is a traditional activity
in the Bay of Seine to the east of the
Cotentin peninsula of Normandy, and the
Gulf Normand Breton (GNB) to the west,
with about 400 companies as contrasted
with 2 farming salmon. Between 2001 and
2012 the formerly dominant oyster produc-
tion decreased, due to disease causing spat
mortality, and blue mussel production in-
creased. Remote sensing (Figure 10) shows
enhanced chlorophyll concentrations in the
Bay of Seine, which may enhance shellfish
growth here. Both regions are macrotidal
and hence with strong water flows refresh-
ing conditions around shellfish beds. A
French national decree regulates aquacul-
ture (of all sorts), and recently, Regional
Plans for Marine Aquaculture Development
(SRDAM) have been set up. These plans
aim to identify existing aquaculture areas
and new potential areas for aquaculture de-
velopment and include both shellfish cul-
ture and marine fish aquaculture.

During consultations about the French
Strategic National Plan for Aquaculture
Development, (MEDDE, 2014) stakehold-
ers in Normandy identified a number of
constraints. Amongst these were: the com-
plex procedures involved in licensing; prob-
lems in public consultation and social li-
cence; lack of political drivers for aqua-
cultural expansion; lack of knowledge of
the market for products and lack of infras-
tructure to facilitate development; conflicts
with other sectors; emerging risks such as
new diseases; and, lack of up-to-date and
user-friendly tools. The sectoral conflicts
were especially with conservation, tourism

Figure 10: Normandy: mean chlorophyll a
concentration (1998-2012) by remote sens-
ing. The Bay of Seine is the region of high
chlorophyll to the east of the (Cotentin) penin-
sula.

and inshore fisheries. Anecdotal evidence
subsequent to these consultations suggests
that demographic changes (increases in peo-
ple retiring to the coast) may have led to
increased opposition to development in the
coastal zone.

The case study began to address the is-
sues by adapting the GIS AkvaVis tool
(originally developed for fish-farming) to
shellfish. The resulting SISAQUA tool is
a web application with a user interface, im-
plemented within Sextant, the infrastruc-
ture developed by Ifremer to manage georef-
erenced data. In consensus with stakehold-
ers, SISAQUA has been further developed
with integration of new data and indica-
tors derived from shellfish growth mod-
els, which for example predict good mussel
growth in the high chlorophyll region in Fig-
ure 10 (Gangnery et al., 2016). SISAQUA
has proven to be a useful tool for sharing
information and enlightening public debate
about MSP implementation.
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3.10 Germany (North Sea )

Maritime Spatial Planning (MSP) is regu-
latory and enforceable in the German Ex-
clusive Economic Zone (EEZ) of the North
Sea. The federal plan for this EEZ came
into effect in September 2009, based on zon-
ing, creating areas that favour a particular
use and areas where certain uses are prohib-
ited. Within 12 nm of the coastal baseline,
however, spatial plans are the responsibil-
ity of the Lander (the states of the German
federal union). Schleswig-Holstein, respon-
sible for the Wadden Sea national park, has
adopted an ICZM strategy, whereas the ad-
jacent Lower Saxony has developed a MSP
concept. Licences for blue mussel cultiva-
tion have been granted within the Wadden
Sea park: the case study used the Aqua-
Space Tool to investigate the best places
for such actual mussel farming and the best
places in the offshore region for a hypothet-
ical farming of sea-bass.

The spatial expansion of the offshore
wind sector (30% of the EEZ) exerts pres-
sure on other uses. To mitigate this in-
creasing potential for conflict, the planning
authority is interested in potential syner-
gies between different sectors such as off-
shore wind development and aquaculture,
and such potential synergies were investi-
gated with the AquaSpace Tool.

Results from stakeholder workshops
revealed issues constraining the growth of
aquaculture, such as complex authorization
procedures, strict regulations, marketing,
price competitiveness, consumers’ negative
perception of aquaculture, and disagree-
ment between government levels. MSP ex-
plicitly regulates shipping, oil and gas ex-
ploitation, cables and pipelines, renewable

Figure 11: German EEZ of the North Sea
with adjacent coastal waters. The map
shows the main offshore activities managed by
the maritime spatial plan. Blue mussel licence
areas are located 20 km of the coast close to the
island of Sylt within the Wadden Sea national
park.

energy development, and aggregate extrac-
tion. It does not include fishing or aquacul-
ture. A clear message from the stakeholders
was that aquaculture should be explicitly
included in German spatial planning pro-
cesses.
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3.11 Norway (Norwegian
Coast)

All along the Norwegian coast, salmonids
(Atlantic salmon and rainbow trout) are
cultured in floating cages in fjords and more
open waters. The industry has expanded
fourfold during the last two decades, and
in 2015 produced 1.38 million tonnes of fish
from farms covering about 4,000 ha in total
area and occupying 0.05% of the the Norwe-
gian coastal zone (75,000 km2). Although
Norway as an EEA rather than EU member
is not obliged to implement the MSPFD,
it has had a national aquaculture strategy
since 2009 that includes many features of
MSP. Although farms are licensed by lo-
cal authorities, the overall strategy relies
on nationally determined production zones
(Figure 12). Environmental targets are set
for these zones; production is allowed to ex-
pand if they are met, or required to shrink
if these targets are not met. Currently the
priority target is the minimisation of in-
fection of wild salmon with sea-lice from
farmed fish (Taranger et al., 2015).

The size and positioning of the zones were
determined from a connectivity analysis for
‘fire break’ positioning, based on a sea-lice
dispersion EHDM and existing industry
structure. The maximum allowed produc-
tion is based on a traffic light system indi-
cating sea-lice impact on wild salmon. An
operational web-based interface. Lakselus,
has been established to simulate sea-lice
dispersion as a measure of infection pres-
sure. It is updated weekly using real-time
lice counts and salmon biomass estimates.

According to stakeholders. the zoning
efforts are supported by large companies,
but strongly opposed by smaller companies.

Figure 12: The 13 production zones used in
salmon aquaculture in Norway from 2017

They are also supported by environmental
NGOs, which aim to reduce the environ-
mental footprint of the industry.

Although salmonid-farming only occu-
pies a small proportion of coastal sea area,
requirements for minimum separations be-
tween farms make it difficult to identify ad-
ditional space in nearshore waters. It is
not politically acceptable to reduce the de-
mands regarding sustainability. Thus, there
are only two ways in which Norwegian fish-
farming can grow:

• Expansion into unused areas, mostly
further offshore, in more exposed con-
ditions;

• Reducing the environmental footprint
of present production, allowing higher
biomass within existing sites and
zones.
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3.12 Canada (Nova Scotia)

Fish farming is controversial on both coasts
of Canada. Although there is a vast amount
of physical space in unpopulated coastal ar-
eas, there is fierce public opposition based
on concerns about wild salmon, waste im-
pacts, and disease. Federal and provincial
agencies take these concerns seriously and
attempt to address them in environmental
regulations; however, MSP has not been ap-
plied. There was one salmon farm with an
annual production of 2000 tonnes at the
case study site in Liverpool Bay, Nova Sco-
tia. Except in the small town of Liverpool,
the shoreline is sparsely populated. Two
more farm sites are eventually planned for
the bay despite the present moratorium.

The two topics investigated during the
case study were spatial overlaps with lob-
ster fishing, and the potential for disease
spread between multiple farms. Lobster is
the most valuable eastern Canadian fishery.
Lobster fishers have two sources of conflict
with fish farming. First is the notion that
farm sites occupy trapping grounds and re-
duce their fishing options. Second is the
concern that therapeutants that might in
future be used to treat caged fish could
harm various stages of the lobster life cy-
cle.

Disease risk was investigated with a
HDM of connectivity. GIS, combined with
sea-bed and aerial (drone) surveys,
were used to assess spatial conflicts. For
example, lobster fishing is associated with
rocky beds, and high-resolution identifica-
tion of such areas can aid detailed position
of fish-farms so as to avoid disputes.

Figure 13: Liverpool Bay, Nova Scotia
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3.13 China (Sanggou bay and
Zhangzidao island)

The study sites in China were in Sanggou
Bay and Zhanzidao Island, two major aqua-
culture sites of 130 km2 and 1800 km2 re-
spectively. Zhanzidou lies in the north of
the Yellow Sea and produces mainly scal-
lops. Sanggou Bay (Figure 14) lies near
the eastern tip of the Shandong peninsula,
north-east of the city of Quingdao. Multiple
operators farm, mainly, shellfish (especially,
oysters) and kelp, and the bay provides an
example of water-body-scale Integrated
MultiTrophic Aquaculture, IMTA.

Figure 14: Sangguo Bay

Aquaculture sea use in China is gov-
erned, at the national level, by the Marine
Functional Zoning (MFZ), which is China’s
equivalent to MSP. Integrated Spatial Plan-
ning is promoted by China’s 13th Five-
Year Plan. At the regional and local level,
aquaculture sea use is governed by the lo-
cal MFZ and, by judiciary and administra-
tive means, controlled by the Sea Use Per-
mit and Aquaculture Permit systems. The
Fisheries Law of China, Fisheries Water
Quality Standard (GB3097-1997), and sev-
eral other rules and mandates also regulate
aquaculture feedstuff, chemical use, food

quality and environmental impacts. Gener-
ally speaking, the process for MSP in China
is very similar to those of other (incl. EU)
countries (Ehler and Douvere, 2009).

Mariculture in China grew, by national
policy, from producing 0.18 million tonnes
in 1970 to 18.13 million tonnes in 2014.
This has resulted in: loss of tidal flats
and biodiversity; increased eutrophication;
and consequential loss of coastal ecosystem
services. As a result, policy has recently
changed, from giving priority to aquacul-
ture to “output reduction and profit in-
crease” as a function of ecologically healthy
aquaculture.

The Marine Functional Zoning mecha-
nism addresses possible conflicts amongst,
e.g. tourism, navigation, harbor, aquacul-
ture etc. As part of participation in Aqua-
space the tool Aquaculture Planning
Decision Support System (APDSS) has
been developed and applied in Sanggou bay.
APDSS is derived from the AkvaVis appli-
cation, which was previously demonstrated
as sinoAkvaVis in Zhangzidao island. The
APDSS tool and related frameworks for
spatial planning and coastal management
have been presented to the local govern-
ment, and once fully developed, the APDSS
tool will provide assessments and science-
based options for Chinese companies and
decision-makers in the near future.
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3.14 Scotland (Argyll & Bute)

Rearing of salmonids (mainly Atlantic
salmon) in floating net-pens is responsible
for the greatest part of Scottish aquacul-
tural production. The devolved Scottish
government expects annual salmon-farming
production to reach 200,000 tonnes by 2020.
However, production peaked at 179 thou-
sand tonnes in 2014 and has since de-
creased. MSP has been implemented at the
national level by the Scottish Government,
with powers devolved from the UK govern-
ment. Matters such as zoning are expected
to be dealt with by about 10 Regional Ma-
rine Planning Partnerships, but the Part-
nership for the Atlantic waters of Argyll has
not yet been formed. In any case, most
fish-farming takes place within a nautical
mile of the shore and is licensed by local
authorities under T&C planning, with en-
vironmental regulation by Scottish national
environmental and conservation bodies.

As summarised in tthe short video Scot-
tish Salmon on the Library/Videos page of
the the AquaSpace website, the Case Study
focused on three aspects of salmon farm-
ing. Parasitism of farmed salmon by sea-
lice is a major problem for fish welfare and
efficiency of production, and is an environ-
mental impact due to spread of lice to wild
salmon. Adams et al. (2016) describes an
EHDM for the transport of young lice be-
tween farms, allowing for better definition
of lice treatment management areas (unit
8). Salmon farmers reported negative pub-
lic opinion, often on expressed grounds of
environmental impact, but perhaps rooted
in competing perceptions of acceptable use
of land and sea. Billing (2018) used SIET
to investigate social licence to operate for

finfish aquaculture (unit 10). This was fur-
ther examined using visualisation meth-
ods including virtual reality to engage with
the general public about understanding of
fish farms and its visibility and contribution
to coastal landscapes (unit 9).

Figure 15: Argyll, Scotland: MaRS GIS map
of areas where constraints on finfish aquacul-
ture are greatest (in brown).

Scottish government has been using a
home-grown GIS tool (MaRS) to provide
advice on farm siting. The case study in-
cluded comparison with the AquaSpace
Tool (unit 6), and showed the need for data
layers to be recent and sufficiently finely
grained to produce accurate suitability in-
dicators for regions of complex topography
such as those in western Scotland.

http://www.aquaspace-h2020.eu
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3.15 New Zealand (Pelorus
Sound)

Production of the GreenshellTM mussel
(Perna canaliculus) is the largest aquacul-
ture revenue earner in New Zealand. Of
this, Pelorus Sound (in the Marlborough
Region of New Zealand) accounts for about
68% of New Zealand’s production. It pro-
duces about 75,000 tonnes of green weight
annually, generating around 170 million
Euro per year in revenue. In the Marlbor-
ough region there are approximately 1,000
people directly employed in aquaculture.
Many more are employed ‘downstream’ of
the farms. Farmers do not own their sea
area, but are granted a coastal permit by
Regional Councils to use the water space.
Twenty percent of allocated aquacultural
space is reserved for the Māori (the indige-
nous Polynesian people of New Zealand).

Figure 16: Pelorus Sound (blackened) in the
Marlborough region of New Zealand, and a
view of a typical mussel farm in Pelorus Sound.

Mussel growth and meat yield depends
on the amount of phytoplankton and de-
tritus in the water flowing past the farms,
and this depends on oceanographic and cli-
matic conditions offshore. Predicting the
meat yield of aquaculture is important to
the aquaculture industry. As a result of en-
gagement with several farming companies,
NIWA have produced a website application
that produces forecasts of mussel meat yield
for the Pelorus Sound GreenshellTM mussel
industry. It uses statistical climate-mussel
relationships (Zeldis et al., 2013) combined
with future climate forecasts to predict
summer mussel yield in Pelorus Sound.

The New Zealand case study is described
in D4.2, but no slides are available.
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4 Tools and the ToolBox

Taking information from Case Studies is
useful for the learning aims of this unit
because the Studies exemplify a variety of
types of aquaculture and of environmental,
societal and governmental contexts for the
cultivation of aquatic organisms. However,
the Case Studies’ core purpose in the Aqua-
Space project was to test and assess rele-
vant tools and document their utility. An
outcome of this assessment was a set of fact-
sheets, giving information about tools and
their use, and available on the ToolBox
page of the AquaSpace website.

Tables 3 and 4 list the tools in the or-
der that their factsheets are arranged on the
ToolBox page, and the remainder of the sec-
tion that you are now reading presents some
discussion of tool types, to help the student
more easily find their way through the list.3

Table 2 repeats some definitions. Tools
are hardware or software, concrete things
or algorithms or procedures, for use by peo-
ple or organisations for a practical purpose.
In the present context, that purpose is the
expansion of aquaculture whilst following
the principles of the Ecosystem Approach
to Aquaculture (unit 2).

There are two complications. First, many
of the tools that have been used in Aqua-
Space are social as well as intellectual con-
structs. For example, a map showing AZA
is both a particular description of biophysi-
cal reality according to conventions such as

3 The ToolBox and this Masters Module sup-
port each other. The ToolBox provides a resource
for the Masters Module, while the module provides
the preliminary knowledge needed to use the tools
that were used, and in some cases developed, dur-
ing AquaSpace.

Table 2: Definitions used in this unit

TOOL
any legal instrument (laws, regula-
tions, guidelines), process (such as
stakeholder engagement), computer
application (such as GIS, or numeri-
cal models to assess impacts of aqua-
culture), or other approaches that can
be used or be implemented to help
achieve a practical aim; and the gath-
ering, analysis and presentation of
data to aid decision making in rela-
tion that aim (Corner and Aguilar-
Manjarrez, 2017, modified).

MODEL
a quantitative tool that describes
and predicts using computer-
programmable algorithms to solve
equations that either approximate
real-world processes or are based
on empirical (i.e. statistical) re-
lationships amongst measurable
quantities.

INDICATOR
a tool that quantifies the status of a
part of an ecosystem, an economy or
a society in a way that is sensitive
to change and which can be used to
guide adaptive management.

http://www.aquaspace-h2020.eu
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those of the Mercator projection, and also
the result of societal decision about where
aquaculture is to be sited to avoid conflicts
with other uses such as capture fisheries or
marine protected areas.

The second complication concerns the
way in which a tool might be used. In the
case of the mapping example, units 2 and
4 discuss the several ways in which soci-
ety might make its decisions, perhaps leav-
ing them to technocrats informed by social
inquiry tools, alternatively reaching them
through deliberation with societal engage-
ment tools.

On page 4, we introduced three generic
acronyms for tool types: (E)HDM, GIS and
S(I)(E)T. An account of GIS (Geographic
Information systems: mapping tools) was
given in unit 5 and exemplified in unit
6. SIET (Social Inquiry and Engagement
Tools) were introduced in unit 10.

As implied above, there is a distinction
between Social Inquiry Tools (SIT) and So-
cial Engagement Tools (SET) that is fun-
damental in principle but often blurred in
practice. SIT discriminate between so-
cial scientists as observers and the peo-
ple and organisations that they observe, in
what has been called a “third-person or
explanatory perspective” (Bohman, 2016).
A SET dethrones the scientists and en-
courages them to engage in communicative
action (Habermas, 1984) with stakehold-
ers, using a “second-person perspective”
(Bohman, 2016): scientists and stakehold-
ers speak as equals, although the scientists
retain the responsibility of reflecting on and
reporting what they have learnt.

The generic type model includes EHDM
(EcoHydroDynamic Models), empirical bio-
physical models, and probabilistic models of

society;4 The EHDM are mechanistic mod-
els, which is to say that their equations are
those of physical and ecological theory. An
example of EHDM is described in unit 8 and
deals with the dispersion of sea-lice between
salmon-farms in CS14; a similar model is
referenced in CS11. Empirical models re-
late variables by way of statistical functions
such as regression or correlation. An em-
pirical (model was used in CS15 to forecast
cultivated mussel growth rates from climate
forecasts for the approaching season. Soci-
etal models are exemplified by the Bayesian
Belief Network used in CS3 to assess oppor-
tunities for coexistence of aquaculture and
capture fisheries in Basque coastal waters.

Mechanistic models for estimating pri-
mary production, or the waste-assimilative
capacity of water-bodies, relevant to find-
ing suitable space for aquaculture, were de-
ployed (in CS5, CS6, CS9) but not ex-
plicitly developed during the AquaSpace
project, and consequently have not been
addressed in this course. An introduction
to this type of model is provided by the
ECASA toolbox, the result of an earlier
project relating to aquaculture.

Also defined in table 2 is the generic
type indicator.5 Some indicators, such as
the ASSETS methodology (Bricker et al.,
2003) for eutrophication assessment used
in CS6, or the Aqua Investor Index (unit
6) are complex constructions, combining
lower-level indicators. Indicators can be
used to establish the status of their target

4 We have used a narrow practical definition
contrasting with the broader visions of ‘model’ that
place these constructs in the context of understand-
ing the world (Frigg and Hartmann, 2012).

5 www.ecasatoolbox.org.uk, the ECASA tool-
box introduces indicators for aquaculture.

http://www.ecasatoolbox.org.uk/index.html
http://www.ecasatoolbox.org.uk/index.html
http://www.ecasatoolbox.org.uk/index.html
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system, or to guide investment, but they
can also form part of Adaptive Management
(unit 2). For example, ASSETS can be
used to guide nutrient reduction strategies,
and the Investor Index provides pointers for
governments on what should be improved to
attract investment.

Finally, the ToolBox uses three broad
categories to aid different kinds of users in
identifying relevant tools: Bus (short for
‘Business’), aimed at the aquaculture in-
dustry and with an economic component;
Env, relating to the natural environment;
and GIS, for mapping systems.

5 Self Assessment Ques-

tions

The generic SAQs that follow test your
achievement of the learning outcome for
this unit. They refer to the Case Study and
Tool that you have explored. No answers
are given.

1. Describe the type of aquaculture in
your example: species, technology,
scale;

2. What issue was the example tool in-
tended to address?

3. Describe the tool and its data require-
ments;

4. What were the results from the tool?

5. Did the tool help in resolving the issue?
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Table 3: Summary of AquaSpace Tools as listed on the ToolBox page of the AquaSpace
website. This is part 1 of the list. CS refers to the Case Study or studies in which the tool
was used. DB = data base; Ind = indicator; Mod = model other than EHDM. EHDM = Eco-
HydroDynamic Model; GIS = Geographical Information System; SIET = Social Investigation
and Enquiry Tools. See text for further expansion.

TB cat type Name Use for CS unit

GIS GIS Aquaculture Planning
Decision Support System
(APDSS) (developed from
AkvaVis)

Integrating information re-
lating to spatial planning

13

Bus Ind Aquaculture Investor Index
(app)

Identifying country for in-
vestment

6

GIS GIS Aquaspace tool (Arc GIS
add-in)

Mapping and integrating
aquacultural indicators

10 6

Env Ind ASSETS (ASSessment of
Estuarine Trophic Status)

Assessing eutrophication
status of estuary

6

GIS GIS BLUEFARM 2 (QGIS add-
in)

Mapping and integrating
aquacultural indicators

1 6

Soc SIET EAF toolbox for Stake-
holder consultation (devised
by FAO for Ecosystem Ap-
proach to Fisheries)

Identifying stakeholder
views on development and
constraints

2

Env EHDM EcoWin (Water basin scale
biophysical model)

e.g. investigating shellfish
amelioration of eutrophica-
tion

5, 6

Bus EHDM FARM Production model for shell-
fish

6

Bus EHDM Lakselus (hydrody-
namic/lice modelling,
web page)

Near-real time sea-lice dis-
persion for use in areal man-
agement

11

Bus DB META (Maritime and En-
vironmental Thresholds for
Aquaculture) (online app)

Thresholds for cultivated
species in marine environ-
ments

6

Bus Mod Mussel web NZ Empirical model for pre-
dicting green mussel growth

15

http://www.aquaspace-h2020.eu
http://www.aquaspace-h2020.eu
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Table 4: Summary of AquaSpace Tools, part 2.

TB cat type Name Use for CS unit

Soc Mod Netica (BBN) Bayesian belief network for
analysing sectoral conflicts

(3)

Soc SIET Public Comment Analysis Procedure for evaluating
public comments on appli-
cation for planning consent

14 10

GIS GIS SISAQUA (GIS web tool,
derived from AkavaVIS

Integrating information re-
lating to spatial planning

9

Env EHDM SMILE - modelling frame-
work

Estimating carrying capac-
ity for shellfish production

5

Env GIS SNAP (EO toolbox) Processing and analysing
satellite earth observation
data

2 7

GIS GIS Visibility Analysis (in Ar-
cGIS)

GIS mapping of locations
from which a farm is visible

14 9

Soc SIET Visualisation (virtual
seascapes)

Interactive visual simula-
tions of seascapes in virtual
reality

14 9

Bus Ind WATER - Where Aqua-
culture Thrives in EuRope
(web tool)

Finding optimum sites for
species

6

Bus EHDM WestLice (hydrody-
namic/lice modelling,
Java code)

Sea-lice dispersion for use in
areal management

14 8
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O., M. González, V. V., and Mendiola,
D. (2014). Estudio preceptivo para la
declaración de una zona de produccin
de moluscos bivalvos en el tramo litoral
situado entre los municipios de Lekeitio
y Ondarroa (Bizkaia, Páıs Vasco). In-
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