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1. Introduction

Coastal areas are subject to an increase in competing activities and protection (Na@@gED,
2007), Marine Strategy Directive (EC, 2008)) and are a source of potential conflict for allocation of
space. The maintenance and/or the development of coastal fisheries and aquaculture are highly
dependent on the availability and accessibility ppeopriate sites. This is the case for all types of
development, consolidation, decline or expansion of activities. In the same trend other activities
have similar or competing claims. These activities include not only fisheries and aquaculture, but also
tourism, wind farms, transport, Marine Protected Areas (MPAS) etc. There is good reason to believe
that the competition for such sites will increase, emphasizing the need for improved management
tools supporting policies for space allocation along the erfiiuropean coastlineCQEXISA010).

COEXISI§ a project that uses a broad multidisciplinary approach to evaluate interactions between
competing activities and protection in the coastal area, focusing on fisheries and aquaculture in
particular. The ultimte goal of the project is to provide a roadmap towards better integration,
sustainability and synergies among different activities in the coastal 200&XISZ010). COEXIST

consists of thirteen European countries, coordinated by the Norwegian Instifutéarine Research

and is funded by the European Commission Seventh Framework Prograd®&eX(SZ011). The

project has been divided into a number of work packages.

22N] LI O1Fr3AS wmXI SY(GAGtSR a.lasS ftAySY eit®Bsini A FAOL
O2Fadlf 6FGSNER O6YFNARYS SO2aeaiSY FLILINRIFOKOE FAY
zones of six Case Studies, both at a generic and at an ecosystem specific level, targeting the
interactions between aquaculture and fisheries. Wark package is subdivided into 4 deliverables.

¢CKAAd NBLRNI F20dzaSa 2y o {(0slivérabieA.8)A & YI LAY 3 F2NI

The six Case Studies of the project are dealing with marine areas in the Hardangerfjord of Norway,
the Atlantic Coast of Ireahd and France, the Algarve coast of Portugal, the Adriatic Sea of ltaly, the
coastal North Sea of the Netherlands, Germddgnmark and the Baltic Sea of Finland.

The objective of suitability mapping for aquaculture is to produce map(s) of Europe shaivioh
coastal areas (marine ecosystenee, based on physical characteristicsuitable for different
aquacultureactivities. The suitability maps presented in this report shbev suitability ofareasfor
selected species, in three categories

- Highly sitable forthe species of interest faaquaculture or

- Moderately suitableandor

- Not suitable.

The suitaldity of areasis defined onthe basis of maximum and minimum values specifically set for
each species to define the range of conditions it canraike (outer limits) These are set for
conditionsthat are required/necessary and advisable/recommended for reproduction and growth.
The limit values for the parameteare retrieved from literature review as well as reliable websites

for each of thel6 species. By applying these limits to geographical datasets on the physical
characteristics of the European seas maps showing areas with suitable conditions for aquaculture of
given species are produced. Thaeranceloptimum limits defined are based on thellowing
parameters:
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1 Water salinity (in milligrams of dissolved solid (salt) in one liter of water (mg/L)

1 Temperature (surface water temperature, in degrees Cef&)s

1 Water depth {n meters)

1 Sediment $§edimenttype mentioned inEUSea Magncludingdescription ofthe substrates
sand, mud, mixed sediments, rocky surface, etc.)

1 Wind (n meters per second)

1 Water airrents ncludingtides, in meters per second)

1 Wave heights (imeters)

1 ChlorophyHa (n milligrams per liter mdl)

9 Dissolved oxygennmilligrams per liter mdl).

15 specieswhich arepresentlycultivatedin European seas weselected forsuitability mapping

1. Coregonus lavaretusEuropean whitefish

2. Crassostreangulata - Portuguese oysteaind Crassostrea gigaslapanese Oyster
Crassoskea gigasand Crassostrea angulatare often considered as one spedigee in
speciedescriptior). However studies byBatistaet al, 2008, Lionelet al, 1999 Drinkwaard,
1999 pointed outi K I'YIA 1@ OK2 Yy RNA Ff RFGF aK2gSR td SIF NJ 38§
i 62 iiltisassumed, thatvadden Sea imvadedby Crassostrea gigahiowever the
exact situation is unknown. For thequaculture purposes (besides seed productithg
roughness of the model will easily over rule species differeraed produaiag similar maps.
To acknowledge regional terminology, it was decided to develop two separate suitability
maps

3. Dicentrarchus labraxEuropean seabass

4. Diplodus sargusWhite seabream

5. Gadus morhuaAtlantic cod

6. Mytilus edulis Blue mussel

7. Mytilus gallopovincialis- Mediterranean mussel

8. Oncorhynchus mykiss - Rainbow trout

9. Ostrea edulis European flat oyster

10. Pecten maximusGreat/king scallop

11. Venerupis decussataGrooved carpet shell

12. Salmo salar Atlantic salmon

13. Solea senegalensi$Senegalese sole

14. Sparus aurata Gilt-head sea bream

15. Venerupis corrugataPullet carpet shell

The suitability mapwaere preparedby usingModel Builder tool of ArcGIS 10.1.
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2. Data and Methodology

2.1. Data

Physical and chemical datf the water column

The physical anghemical parameter®f the water columnwere taken fromthe Global Ocean
Observation DatabaseGQOODBage It is a global aggregateddataset describing physical and
chemical parameters ofocean surface and subsurfac&OODBasés developed by the Joint
Envionmental Data Analysis Center (JEDAC), under cooperation of Scripps Institution of
Oceanography (SIO) and NOAA's National Oceanographic Data Center (NODC). The dataset is a
combination of irsitu and satellite measurements on water salinity (minimum arakimum limits),

water temperature, water depth, wind, wave height, chlorophyll content and content of dissolved
oxygen.The Global Ocean Observation Database can be found at National Oceanic and Atmospheric
Administration (NOAA) websitéttp://www.nodc.noaa.gov/General/getdata.html

Seabed habitat

The seabed habitat datare attained¥ NB Y dal LILJA Yy 3 9 dzNPHUSda Wapx S| oAN2R yKil
Nature Conservation Committee database. The datade=icribesseabed habitatsclassifiedby
sediment type. The data can be downloadedhdtp://incc.defra.gov.uk/pages020

Bathymetry dataset

The bathymetry ofthe European Seas is derived froBlUSea Mapportal of the Joint Nature
Conservation Committee databe. The raster dataset contaisea depths in meters for most
Eiuropean seasand covess all case study areas GOEXISHardangerfjord Norway, the Atlantic
Coast of Ireland and France, the Algarve co&$tortugal, the Adriatic Sea of Italy, the Coastal North
Seaof the Netherlands, Germanidenmak andBaltic Sea of Hiand. The dataset isompiled from

an aggregation ofn-situ and single beam echsoundermeasurementsconstructed bathymetry by
Digital Terrain Mode(DTM), hydrographic surveyand the GEBCO global datset for the world's
oceans The resolution oEuropean Sedsathymetry datasets about 200 meters. The boundaries of
European seas included in dataset shawirigure 1.
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Satellite data on blorophyll and ocean salinity

In addition, satellite data on chlorophyllconcentrdions of the ocean surfacaneasuredoy MODIS
TERRA satellite (USwere used inthe study. Thedata selectedis the monthly average of the
chlorophyll concentrations for the Europe sea during spring 2012. Tohklorophylldata can be
downloaded from Ocea@olor (NOAA) websitettp://oceancolor.gsfc.nasa.gov/

The applicability ofhe ocean salinity measured by SMESA)satellite is testedby applying the
suitability mapping foSalmo salag, the Atlantic @lmon.The SMOS satellite measuedinity of the
ocean surface, expressed iparts per million (ppm), which is the concentration of salt (in
perceniage in the ocean water.

Theovewiew ofthe satellite imagesre in Annex landll.

Parameters for he optimum cultivation range

The maximum and minimum limits which a species can tolerate are combined with
required/necessary and advisable/recommended limits iferreproduction and growth. The limits

were retrieved from several information sources ingling scientific literature, FishBase, World
Register of Marine Species (WoRMS), European Environment Agency, the Integrated Taxonomic
Information System (ITIS), the Encyclopedia of Life (EOL) and Food and Agriculture Organization of
the United Nations (FB) database of Fisheries and Aquaculture Departméntsome casg
collected information had to beummarizedusing sources mentioned above.

COEXIST 2451787 Deliverable D1.1 Page 7 of 46


http://jncc.defra.gov.uk/page-5020
http://oceancolor.gsfc.nasa.gov/

coedyst

Interaction in coastal waters

COOPERATION

Selected limitgefer to the optimal range (inner limitsjnd the tolerablerange(outer limits) These
limits then define the locations whersuitable rangsof environmental condition$or cultivationare
present Finally,a ranking (veighting of the selected parameterss made on the basis of expert
judgment (supported by literature informationjo assign the ighest rank (weight) to the most
criticalparameters.

The referencesourcesused to retrieveinformation onoptimum cultivation rangdor the species
are

http://www.fishbase.org

http://www.marinespeciess.org

http://lwww.eea.europa.ey

http://eol.org;

http://www.europe-aliens.org

http://www.itis.gov;

http://www.fao.org/fishery/.

NoOA~AWNE

In addition, thefactors for sustained productivity are identified for each species and used in the
modelling tool, to rank(weight) each parameter. The identifiethctors are described in Table 1
(Factors for sustained productivity)

Tablel - Factorsfor sustained productivity

Species Factors for sustained productivity

Coregonus lavaretus  Lives mainly in low salinity waters, originatéom freshwater lakes
Extremely sensitive to water pollutioft preferscold water and has ¢
high oxygen demand.

Crassosteaangulata, The Oysters are invasive species, dating back tb dghtury, first

Crassostrea gigas arriving to Portugat the Crassostrea angulata, then in nail of 1960s
beginning of 1978 to other European coastOyster culture is
influenced by temperature and salinity, water circulation, the prese
and condition of substrate, productivity of appropriate algal fo
presene of predators and disease, and protection from ice or stol
that might damage culture facilitieShe reproduction rate is very higl
as ech individual may release as much as 100 million eggs.

Dicentrarchus labrax ~ The European seabasseurythermic(5-Hy ¢/ 0 | YR Sd
full strength sea water)thus it is able to frequent coastal inshor
waters, and occwin estuaries andbrackish watedagoons. Sometime!
it ventures upstream into freshwater.

Diplodus sargus Coastal,schooling species limbiting rocky bottoms interspread wit
sand, down to depths of 150 niput especially abundant in the su
zone.

Gadus morhua Cod may toleratesummer temperatures over 20 °C and wint

GSYLISNI GdzNBSa | NBdzyR T SNB FyR Y
up to high salinities (28 p::: 0 ®
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Species Factors for sustained productivity
Mytilus edulis, The two species areell distinct specieshowever, some similities on
Mytilus high tolerance are present althoughthey do not thrive in salinities ol
galloprovincialis f Saa GKI ytheimgowth taf RA & NI R dzO Sak thed

maximum Both speciesare well acclimated for &-20 °C temperature
range, with an upper sustained thermal tolerance limit of about 2¢
for adults. Typically occur in intertidal habitats, shallow habitat
preferred. The spgcies rear orsuspended cultures (loAines) on sandy
/muddy bottoms or,on artificial hard substrates placed on the seab
(Adriatic Sea)

Oncorhynchus mykiss Welloxygenatedivers and streams, the optimum water temperature
below 21 °C. & a resulttemperature and food availability influenc
growth andmaturation.

Ostrea edulis In Europe optimal temperature for spawning varies among ai
ranging from 1213°C in Spain and 25°C in Norwegipgmds. In FAO
database the spawning temperatuie reported between 14 to 16 °C
Appropriate larval growth and survival rates are obtainedahnities as
t2¢ a wm:3 FfiK2dAK GKS& Oly

Pecten maximus Lives on sand and gravel bottoms but it can be found in mud as
from the extreme low tide down to a depth of 250 rhighest depth
foundin literatureis 1846 m).

Venerupis decussata This species lives into santiddy and muddy bottoms. Being a bivah
it has neither tentacles nor eyes

Salmo salar Growsbest in water with temperature in ranges-16 °C,and salinities
close to oceanic level83-0 n:: Waber flows need to be sufficient t
eliminate waste and ensure availability efell oxygenated watel
(approximately 8 ppm).

Solea senegalensis This species has a very widpawning period. Temperature range frc
13 to 22°Cis one of most important factors determining growth.

Sparus aurata Very sensitive to low temperaturelger lethal limitis 4 °C).

Venerupis corrugata  Sandmud and silt mud, very sensitive to decres in salinity from rair
and freshwater mix.

The selected parameters for this study a@gtimum minimum and maximum limits for species
cultivationare listed in Table 2.
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Scientific Common Water Temperature Depth Wind Wave Chlr(])qrszhyll Dissolved
salinity degrees’C meters i oxygen mg/| i
name name Case study area Y, (deg ) ( ) misec herlT?ht yg g Sediment type
Min | Max | Min | Max Min | Max Min | Max | Min | Max
Coregonus European whitefish | Baltic Sea 57 |89 |9 |18 10 |50 |73 15 5 |10 |° |10 | Exceptfine
lavaretus sediments
Crassostrea . . 5 7 Mixed sediments
angulataand Portuguese oyster| Algarve CoastAtIantlc France; 5 30 9 20 7 50 10 0.0 5 17
. Japanese Oyster Algarve Coast; North Sea Coa
Crassostrea gigas
ll:; E;r:(trarchus European seabass | Algarve Coast 3 38 9 17 12 100 10 0.0 4 8 25 |57 Various kind
Diplodus sargus White seabream Algarve Coast 28 38 14 25 10 150 10 0.0 5 17 25 |57 ?:r:g substrate,
Gadus morhua Atlantic cod Hardangerfjord 28 |35 5 18 10 | 150 |10 1.4 1.0 |21 25 Except mud
Hardangerfjord; Atlantic 10 Small grain
Mytilus edulis Blue mussel Ireland; Atlantic France| 15 30 5 20 25 | 50 10 5 0.5 | 10
Algarve Coast; North Sea
Algarve Coast; Adriatic Sea 5 10 sandy /muddy
Mytilus o Mediterranean 20 30 17 20 o5 | 50 10 5 05 |10 bot_t_or_ns or,
galloprovincialis mussel artificial hard
substrates
S];Eic;rshymh“s Rainbow trout Baltic Sea 00 |26 |9 |14 10 |50 |81 1.9 36 |75 |° |1® |Mixedsediments
. Hardangerfjord; Algarve Coas 5 7 Mixed sediments
Ostrea edulis European flat oyster North Sea CoasAdriatic Sea 20 35 6 25 3 80 8.1 0.0 36 |75
Pecten maximus Great/king scallop | Atlantic France 25 30 5 17 5 50 5 0.0 25 | 20 25 |7 Mixed sediments
Venerupis Grooved carpet Algarve Coast 15 35 10 26 05 | a0 00 0.0 o5 | 20 25 |5 Sandmud and silt
decussata shell mud
Salmo salar Atlantic salmon Hardangerfjord 30 34 7 20 10 150 | 7.8 5 25 | 20 0.77 | 10 Not suspended
Solea senegalensis| Senegalese sole Algarve Coast 33 35 13 22 12 65 6.8 0.7 6 14 5 25 Mixed sediments
Sparus aurata Gilt-head sea bream Algarve Coast 15 35 18 26 10 150 7 0.6 06 |24 6 25 Mixed sediments
venerupis Pullet carpet shell | Algarve Coast 20 |38 |8 |25 00 |40 |00 0.0 6 |15 |1® |25 | Sandnudandsi
corrugata mud

Referenceas selected from various information sources (see text)
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2.2. Software

The maps are produced with ArcGIS 10.1. The data manipulation includes image processing options
on file projecting, area selection, 4@assification and contrast manipuian, and is completed by

using Erdas IMAGINE 2010 and BEAM programs. The suitability modeling for each species is finalized
with the Model Builder tool of ArcGIS. Additional parameters and/or modification of parameters
values can easily be added.

2.3. Project ion

The projection used in the project ishe European Spatial ReferendETRS89 system It is
recommended by European Environmental Agency (EEA) as the most suitable coordinate system for
marine data storing, viewing and analysis.

2.4. Methodology

The methoalogy to produce suitability maps based onexistingmethods and toolglescribed in
fishery and aquaculture related scientifiod practicalwork and articles

The production ofmaps showingsuitaklity of areasfor aquaculture speciemvolves thefollowing
steps:

1. Data preparation. Conversion of GIS/polygon data to image (raster) format, projecting the
converted GIS data as well as satellite data on chlorophyll and bathymetry to ETRS89
projection.

2. Selection of optimum limitéor each species from Gtal Ocean Observation Database using
GwSOf I aaArTesd G22td ¢KS FTAESa 2y 2LIAYdzy fAYS
information on salinity limits (min and maximum), water temperature, water depth, wind,
gl @3SQa KSAIKGIZ OK ssalwed dxifgént The s@rdeypiv&duias appfidd R A
for chlorophyll satellite data and raster files on seabed habitats and bathymetry.

3. {dAalGloAftAGE Y2RStAy3Id ¢KS Y2RStfAy3a dzaSR 2LISN
Each parametewas ranked using i NI 6 A2y FNRBY Glo6fS wm 2y ac
LINE RdzOGA @A G &€ @

Thefinal suitabilityis expressed as:

I Ij dzl Odzt G dzNB adzA G 6t S I NBF 60F2N) aLISOAS&0 I 066 h LI
lowest + optimum limits n...)) * (Main limiting facjo

The final resultsare maps for each specieshiowing highly suitable, moderately suitable and not
suitable areas for cultivation.The overview ofthe derived model is presented in Figure and
detailed view iPAnnexlll with python script inAnnexIV of this report.
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Suitability mapping for aquaculture for Coregonus lavaretus fish
specie

Tags
Picture is taken from FishBase, @stergaard, Thorke A.S, 2000.

Summary

The model showing areas suitable for e of Coreg fish specie in EU seas. The extent of the
maps is imited to six case studies of the EU Co-Exist project dealing with Hardangerfijord (Norway), Atlantic Coast
of Ireland, Atlantic Coast of France, Algarve coast, Adriatic Sea, Coastal North Sea and Baltic Sea.

Description

The specific aim of the project is to indicate (describe, and map where possible) where and which type of activity,
including aquaculture, is present and/or possible.

The suitability maps presenting areas which are:

- Highly suitable for
- Moderately suitable and
- Not suitable

In total, 18 species including fish, mussels and oysters whoch are Y were consi and optimum

parameters required for specie rep were sel d as i . The optimum parameters were
based on physical characteristics of the European sea’s of the six case studies.

4 @ Tracking Analyst Tools
Credits
of Bas Bolman, Robbert Jak, 2012, IMARES, Wageningen UR is required.
Use limitations
The use of the model requires acknowledgement of EU Co-Exist project.
(] i
.

¢ -
& ArcToolbox | G Catalog

ArcToolbox ax
@ ArcToolbox

E] D SUItablhty mapping
| e Coregonus lavaretus

Figure2 - Suitability mapping model
(ReferenceDavaasuren Narangerel, 2012 f0OEXIS3roject).
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3. Results

Coregonus lavaretus=uropean whitefish

Coregonus lavaretusriginated from Lake Bourget (Francahd
Geneva (Switzerland, FrancelVieeler, A., 1992 The main
factors for sustained productivityinclude low salinity (maximum
up to 8 mg/perlitre), cool temperatures (above freezing point)
from 9°C to 18C and as indicated in scientific literatureit is
(Picture IMARES, Ingrid Tulp) extremely sensitive to water pollutionThe speciedemandswell
oxygerated waters It prefers habitats without fine mud and
mixed mud sediments.Factors for sustained productivity includalinity, temperature anaxygen.
The suitability models presentedin AnnexIl. The fnal suitability magFigure3) showsareas which
are:
1 Highly suitable Moderately suitable and Not suitable.

The suitability model is expressed as:
(sut_salinity*factor10+suit_temperature*factorl0+suit_oxygen*factor5+suitoobphyll+suit_wind
+suit_tides+suitchlorophyll satellite)*suit_depth

Where: suitis suitabilityparameterper each optimum minimum and maximum limit.

Suitability areas for cultivation Coregonus lavaretus

20°0'0"W 0°0'0" 20°0'0"E 40°0°0"E 60°0°0"E
N ) T =
Za Legend
w E
_| Not suitable
3 ? :’ Moderately suitable
, Highly suitable
{Norway)
). - s0°0
S i Baltic Sea
50°0'0"N |- ’ y {
Atlantic Coast Ireland North Sea v
' o )
%

Atlantic Coast France

Adriatic Sea

OMJ’\éJi»

Algarve coast

=1 30°0"

g
30°00°N |- ( e .
) 0 400 800 1,600 Kilometers
Il 1 1 J

Figure3 - Suitallity of areas for cultivationof Coregonus lavaretus
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Interaction in coastal waters

COOPERATION

Crassogea angulate- Portuguese oysteand Crassostrea gigasJapanese Oyster

ThePortuguese oyster is native the southwest Iberian Peninsula
and it is closely related to Pacific oyster. It am exotic species.
Oyster culture is affected by temperaturend salinity, water
' circulation, the presence and condition of substrate, productivity
ﬁ's‘ig“r;el\ﬁk;l:;020'%%:”"“:;‘;;3' of appropriate algal food, presence of predators and dissased
protection from ice or storms that might damage culture facilities
(FAO, 2012)The speciesis sensitie to changes in salinity, temperature and requires well
oxygenated waters.

The Japanese Oystds a species which spread over Japan, Korea, Siberia, Australia, United States
and Canada. In European seessmainly found in southern Portugal and in the Mtedranean. The
species iflermaphrodite andgrowth of small oysters starts in shallow areas (FAO, 2012).

Crassostrea gigaand Crassostrea angulatare often considered as one specigghey can be
distinguished only genetically, and perhaps the reprothrcdiffers in different areas. Theurrent
situationrelated with invasion of oyster species in the Wadden Sea is not really well known and it is
assumed, that the invasion is dominated ®yassostrea gigago acknowledge regional differences

in the useof terminology of species names ailllistrate the distribution of the two species it was
decided to develop two separate suitability mgsgure 4 and Figure.5)

The factors for sustained productivity include salinity, oxydgemperature and chlorophyll and are
constrained by bathymetry (depth),resulting from apreference for shallow mixed and hard
substratehabitat.

The suitability modelor Portuguese oysteincludedsedimentrequirements from ative habitat
(EUNIS codesbhe Al: Littoral rock ad other hard substrata, ABub littoralrock and other hard
substrata. Littoral zone, lowentertidal to sub tidal

The modekxpressed as:
(sut_salinity*factor10+suit_temperature*factorl10+suit_oxygen*factosbit_wind-+suit chlorophyll
+ suit_tides +uit_chlorophyll satellite + (Baltic_sediments*factor3]Baltic_biogenic*factor3) +
(Celtic_sediments* factor 3)+(Celtic_biogenic*factor3)+ (Mediterranean_sedinfidattor2)+
Mediterranean_biogenic*factor2)
(Bay_biscay_sediments)+Aegean_sediments)+éfAcrsediments)* suit_depth

Where: suit is suitability parameter per each optimum minimum and maximum limit.

The suitability modefor Japanese Oystancludesdescriptionof native (Al and A3) anidvaded
habitat, such asittoral zone (~3 ndepth) on tard substrates in areas with low to moderate wave
exposuredepth up to40m. The model fodapanese Oystes expressed as:

(sut_salinity*factor10+suit_temperature*factorl0+suit_oxygen*factor5+suit_wind+suit_chlorophyll
+ suit_tides + suit_chlorophyll_tedlite)* suit_depth+

+ Baltic_sediments + Celtic_sediments + Mediterranean_sediments + Bay_biscay sediments+
+Aegean_sediments +Adriatic_sediments

Where: suitis suitability parameter per each optimum minimum and maximum limit.
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Interaction in coastal waters

COOPERATION

Suitability areas for cultivation Crassostrea angulate
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Figure4 - Suitablity of areasfor cultivation of Crassostrea angulate

Suitability areas for cultivation Crassostrea gigas
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Figure5 - Quitability of areasfor cultivation of Crassostrea gigas
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COOPERATION

Dicentrarchus labrax European seabass
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coedyst

Interaction in coastal waters

The European seabass inhabits coastaters down to about 100
m deep The Europea seabassis eurythermic (5-28°C) and

Aa0NBy3GK

frequent coastal inshore waters, amdb occurin estuaries and

(Picture taken from FAQ, 2012)  prackish watelagoons The seabed habitdnhcludesvarious kinds

of bottoms (FAO, 2012). Theurrentsand waves play signficant role in development of sketon

and performance ofswimming function Divanach and Papandroulakis, et 2997).The fish is not
particularly sensitive t@hanges intemperature athough optimal temperature for reproduction is
from 9°C to 17°CThere is only one breeding season per year, which takes place in winter in the
Mediterranean population (December to March), and up to June in Atlantic populations.

The factordor sustained productivity include temperaturexygen and salinity, anake constrained

by bathymetry (depthwith a maximumdepth ofup to 100 meterg(Figure 6)

The suitability model is expressed as:

(sut_salinity*factor5+suit_temperature*factorl0+duoxygen*factor5+suit_wind+suithlorphyll+

suit_tides + suitchlorophyll satellite)* suit_depth

Where: suitis suitability parameter per each optimum minimum and maximum limit.

Suitability areas for cultivation Dicentrarchus labrax
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Figure6 - Suitahlity of areas for cultivation of Dicentrarchus labrax.
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Interaction in coastal waters

COOPERATION

Diplodus sargus White seabream

Habitats includethe Atlantic coastfrom the Bayof Biscay to Cape
Verde. The fish preferwarm temperatures southwardsowards
Angola and SouthAfrica and extendingto Madagascar, but also
includng island ranges ofMadeira, the Canaries, Cape Verde,
Ascension and St. Helena Islands. is dso present in the
Mediterranean (common) and Black Sea (very rdrertonese and
Cautis, 1967)Benthopelagic (demersal behaviour). Coastal, schodtipgciesinhabiting rocky
bottoms interspread with sandlown to depths of 150 m, but especially abundant in the surf zone.
The speciesis particularly sensitive to changes in temperature. Preferefarehard substrate
habitat.

(Picture taken from FAO, 2012)

The factors for sustained produetity include temperature, chlorophyll and oxygen and are
constrainedby bathymetry (depthjo amaximumup to 150 metergFigure 7)

The suitability model is expressed as:
(sut_salinity*factor3-suit_temperature*factorl10+suit_oxygen*factor5+suit_wind+sgtrolophyll +
suit_tides + suit_chrolophyll_satellitiactor5)* suit_depth

Where: suitis suitability parameter per each optimum minimum and maximum limit.

Suitability areas for cultivation Diplodus sargus
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Figure7 - Suitahlity of areas for cultivation of Diplodus sargus
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COOPERATION

Gadus morhua- Atlantic cod

(Picture IMARES, Oscar Bos)

nearlow and high temperaturextremes.Even though cod in some areas, like the Gulf of Bothnia, is

coedyst

Interaction in coastal waters

The fish isfound from CapeHatteras to Ungava Bay along the
North American coast, includinthe east and west coasts of
Greenland. The European marine habitahgesfrom the Bay of
Biscay to the Barents Sea, including the regiocound Bear Island
(FAO, 2012)Atlantic cod may tolerate summer temperatures over
20°C andvinter temperatures around zero, but growtareduced

abletoli2f SNI S OSNER 26

al t Ay A G Xo6nd at diuchvhigheb saliviiges (i

(280 p::+ A significantreduction in growth rates found incod subjected to chronic hypoxia below
56% oxygen saturation. Temperaturaisimportant factor inspeciegeproduction and growth.

The factors for sustained productivity includalinity

temperature (Figure 8)However, comparing the different sources of information, it become clear,

and oxygenwhere the main limitation is

that there are somalivergent temperature figureson what is expectable and in fact occur. These i
no cod at all along the Portuguese coast, and does not seem suitable to rear this speciemthiare
addition, rearing this species below théBay of Biscay and in other SoutherBuropean agas

including the Mediterranean probably is not possible.

analyseregionalpeculiaritieson temperaturevariations.

The suitability model is expressed as:

Thereforeegional studied is advisable to

(sut_salinity+ suit_depth+suit_oxygesuit_wind+suit chlorophyll+ suit_tides +

suit_chlorophyll satellite)* suit_temperature

Where: suitis suitability parameter per each optimum minimum and maximum limit.

Suitability areas for cultivation Gadus morhua
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Figure8 - Suitallity of areasfor cultivation of Gadus norhua.
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Interaction in coastal waters

COOPERATION

Mytilus edulis- Blue mussel

Mytilus eduligs highly toleranto a wide range of environmental
conditions, thespeciesan survive in waters with salinityas low
asn:’: > Ff0K2dAK Al yRASSL ay 2HF i SNFad Si KA
andgrowth rateisreducedin salinitiesds St 26 wmy:: ® ¢KS 2 LJi
temperature for growth and reproduction ranges from 5°C to
20°CThe mussel typically prefemtertidal habitats and can stand

freezing conditions for several months.

The factors for sustained prodtivity include salinity, temperature, oxygen chlorophyll and
sedimentsand constrainedby water depthrelated with a preferencefor mud, fine sediments and
other bottoms to attacho (Figure 9)

The suitability model is expressed as:
(sut_salinity*factorl0+siti_temperature*factor5+suit_oxygen +suit_wind+suit_chrolophyll +
suit_tides + suit_chrolophyll_satellite)* suit_depth

Where: suitis suitability parameter per each optimum minimum and maximum limit.

Figure9 - Suitahlity of areas for cultivation of Mytilus edulis
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