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The pThe prroblemoblem of waterof water

•• Water resources are Water resources are alreaalrearry under overexploitation, while human y under overexploitation, while human 
population increases exponentially population increases exponentially 

•• In 20In 20550 the human population will 0 the human population will rreaeacch 9.2 billions h 9.2 billions (50% (50% increase increase 
over today)over today)

water usage in food productionwater usage in food production

Think thatThink that today we need in water:today we need in water:

•• 7070 llt t forfor 1 1 appleapple

•• 140140 llt t forfor 1 1 cup of coffeecup of coffee

•• 200200 llt t forfor 1 1 eggegg

•• 3 4003 400 llt t forfor 1 k1 kg g ricerice

•• 5 0005 000 llt t forfor 1 k1 kg g cheesecheese

•• 6 1006 100 llt t forfor 1 k1 kg g lamblamb

•• 15 50015 500 llt t forfor 1 k1 kg g beefbeef
sourcesource:: UNESCO 2007UNESCO 2007
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If things are like If things are like tthat…hat…

•• Perhaps the Perhaps the mmaiainn source of source of 
ananiimal protein will be the mal protein will be the seasea
because it ibecause it iss the only ecosystemthe only ecosystem
which which dodoees not depend on s not depend on 
freshwater supplyfreshwater supply..

HoHowweverever ……

•• Global fisheries Global fisheries 
production is production is 
stagnantstagnant or or 
decreasingdecreasing during the during the 
last 20 yearslast 20 years

•• And fish decrease in And fish decrease in 
size and size and trophictrophic level level 
with timewith time
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Aquaculture could be a solution …Aquaculture could be a solution …

If we do not overdo itIf we do not overdo it

Photo from FAO Fish Tech Pap 498
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Sou rce of press ure Po te ntia l e ffec t on b io ta Level  sc i

do cume nt

Co mm un itie s a ffec ted spa tia l

sc ale

typ e of

impa ct

Est im ate d

rec ov ery o f t he

com mun it y

phy si ca l s truct ure Direc t m orta li ty through entang leme nt poo r Verte brates loca l neg me diu m

Behav ioral chang es i n coas tal pelag ic fis h me diu m Verte brates ( Fi sh) loca l un id un identified

Behav ioral chang es i n coas tal bi rds and

m arine m am m als (e .g., avo idan ce )

poo r Verte brates loc /int neg un identified

pre da tor co n trol

systems

Direc t m orta li ty poo r Verte brates loc /int neg un identified

Behav ioral chang es of w ild fauna me diu m Verte brates loc /int neg un identified

fish esc ap ement Dise as e tr an smiss ion to o ther specie s poo r va rio u s (probab ly f is h) int /lar neg un identified

G en etic in ter ac ti on s with w ild fish H igh Verte brates ( Fi sh) int /lar neg slo w

Dis pla ceme nt of w ild fish fr om na tural

hab ita t (e .g., th roug h co m pet iti on,

pre da tion )

poo r Verte brates ( Fi sh) int /lar neg un identified

re lease  of un eaten food

and fe ces

Su ff oca ti on and d isp la cem en t o f benthi c

organ isms

H igh M acr ofau n a loca l neg slo w

Lo ss of fo rag ing, spawn ing and /or nu rs ery

hab ita t f or w ild speci es

H igh va rio u s loca l neg slo w

Lo ss of biod iver sit y H igh M acr ofau n a loca l neg slo w

Frag me nta ti on of b enth ic hab ita t poo r va rio u s loc /int neg slo w

re lease  of nut rie nts Ch ang e in w at er qua lity poo r va rio u s loc /int nrg/po s rap id

M orta li ty o f plankto n (inclu d ing fish a nd

inv erte brate  egg a n d la rva e)

poo r va rio u s loca l neg rap id

Incre as ed p rim ary p ro d uctivi ty poo r va rio u s loc /int nrg/po s rap id

Sh ift i n pla nkto n co mm un ity com po sitio n poo r Phy top lank ton loc /int un id rap id

Incre as e i n ha rm fu l algal b loom s poo r va rio u s loc /int neg rap id

Decl in e of se ag ras s me adow s poo r-

me diu m

m arine plan ts & va rio us

indi rect ly

loc /int neg slo w

an tib iotics Ta inting o f wil d s p ecies poo r va rio u s loca l neg rap id

Ch ang es in b enthic ba cter ia l c om m un it y poo r m icr ob es loca l neg un identified

Resi stan t m icr ob ial st ra ins poo r va rio u s ind ir ectl y unkn o

wn

neg un identified

pes tic id es Direc t m orta li ty an d sub letha l e ffec ts poo r inv erte brate s loca l neg un identified

Ta inting o f wil d s p ecies poo r va rio u s loca l neg un identified

disinfec tan ts and

an tifou lant s

Direc t m orta li ty an d sub letha l e ffec ts poo r inv erte brate s loca l neg un identified

Ta inting o f wil d s p ecies poo r inv erte brate s loc /int neg un identified

Ch ang es in phy si ology poo r inv erte brate s loc /int neg un identified

Effects of aquaculture on marine biotic communities 

(modified after Milowski 2001)

However...

o Conflicts with other users of the coastal zone 
and mainly with the well-established tourism 
industry

o Decreasing profitability (market saturation)

o Concerns for the environment and biodiversity 
issues

o EIA reliability?
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An almost pristine coastal area
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Are you 
convinced 
about ICZM?

Perhaps 
there is 
room for 
more

•Landuse
•Tourism

•Oil &Gas

•Coastal 
Defence

•Ports &
Navigation

•Military 
Activities

•Culture
•Conservation
•Dredging & 
Disposal

•Submarine
Cables

•Fishing •Renewable
Energy

•Marine
Recreation

•Mineral
Extraction

•Mariculture

COMPETING CLAIMS
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LEGALISATION OF NEW MARICULTURE ZONES

New Mariculture Zone in Mugla City  -Turkey

The new mariculture zones entered into force  as part of the overall coastal 
zone plans and management in 2008

Effects of and on Aquacuture
Table 3: Modified version of the table provided by HOTO in 2001. As in the original table, numbers “3”, “2”, “1” denote increasing importance
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Variables and analytes affecting 

aquaculture activities (strength of 

impact)

• algal toxins (1)

• dissolved oxygen (1)

• human pathogens (1)

• predators (1)

• wind (1)

• phytoplankton abundance (1-2)

• petroleum, hydrocarbon, oil (1-3)

• artificial radionucleotides (2)

• herbicides, pesticides, biocides (2)

• suspended particulate matter (2)

• water temperature (2)

• turbidity (2)

• PAHs (2-3)

• synthetic organics, POPs (2-3)

• metals and organometals (3)

• nutrients (3)

• pharmaceuticals (3)

• exotic species (3)

• light conditions (3)

• salinity (3)

• pH (3)

Some uses of the coastal zone 
are more sensitive than others
Some uses of the coastal zone 
are more sensitive than others

Relationship between different human activities/coastal uses. 

Numbers “3”, “2”, “1” denote increasing impact strength of the activities of the first column on the activities of the first row.

Relationship between different human activities/coastal uses. 

Numbers “3”, “2”, “1” denote increasing impact strength of the activities of the first column on the activities of the first row.

* uknown strength of impact

** negative impact above a certain degree of intensity

 no impact
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HABS in West central AtlanticHABS in West central Atlantic
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Τoxic algal

blooms

Τoxic algal

blooms

source: ICES/IOC (IFREMER)source: ICES/IOC (IFREMER)

Mediterranean initiatives regarding aquaculture 
interactions and sustainability

Mediterranean is a miniature of the world, if a plan becomes 
successful here it is likely that it may become a good example for 
other parts of the world also

o GFCM initiatives:
�“Use of Indicators for the Sustainable Development of 
Aquaculture” (InDAM) 
�“Developing and Implementing Siting and Carrying Capacity 
Guidelines for Mediterranean Aquaculture” (SHOCMED)

o IUCN-FEAP guidelines for site selection and site management 
(published Oct 2009)
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GFCM/SHOCMEDGFCM/SHOCMED
Carrying capacityCarrying capacity

••The use of the term in relation to The use of the term in relation to 
aquaculture has some positive aspects (i.e. aquaculture has some positive aspects (i.e. 
people understand that there may be some people understand that there may be some 
limits to the growth of any economic limits to the growth of any economic 
activity)activity)

••But there are also problems as to what But there are also problems as to what 
scientific advice is expectedscientific advice is expected

In Ecology In Ecology c/cc/c has a precise meaninghas a precise meaning

•• i.e. the i.e. the maximum maximum 
population sizepopulation size a a 
certain environment certain environment 
can supportcan support for an for an 
extended period of extended period of 
time, for a population time, for a population 
of a particular of a particular 
speciesspecies

•• In fact this concept can be easily In fact this concept can be easily 
applied to e.g. mussel farming where applied to e.g. mussel farming where 
the farmed species depends on natural the farmed species depends on natural 
resources (phytoplankton)resources (phytoplankton)
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overshootovershoot carrying capacitycarrying capacity
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However in However in fish farmingfish farming there there 
are some problemsare some problems

•• Carrying capacity of the system depends Carrying capacity of the system depends 
less on the ecosystem properties and less on the ecosystem properties and 
more onmore on
�� the technology usedthe technology used

�� the amount of (the amount of (allochthonousallochthonous) food supplied) food supplied

�� the effects on the environment (externally defined)the effects on the environment (externally defined)

••Therefore defining a Therefore defining a ““standardstandard”” carrying carrying 
capacity for fish farming sites is not capacity for fish farming sites is not 
straightforwardstraightforward

For bivalve farming For bivalve farming McKindseyMcKindsey et al.et al.
2006* have defined:2006* have defined:

•• physical carrying capacityphysical carrying capacity —— the total area the total area 
of marine farms that can be accommodated in of marine farms that can be accommodated in 
the available physical space,the available physical space,

•• production carrying capacityproduction carrying capacity —— the stocking the stocking 
density of bivalves at which harvests are density of bivalves at which harvests are 
maximized,maximized,

•• ecological carrying capacityecological carrying capacity —— the stocking the stocking 
or farm density which causes or farm density which causes unacceptableunacceptable
ecological impacts,ecological impacts,

•• social carrying capacitysocial carrying capacity —— the level of farm the level of farm 
development that causes development that causes unacceptableunacceptable social social 
impacts.impacts.* Aquaculture, 262:451-62
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Unacceptable?Unacceptable?

•• It needs to be defined by policy makers It needs to be defined by policy makers 
rather than by scientists, therefore rather than by scientists, therefore 
some some arbitrarityarbitrarity is expectedis expected

••The only way is to achieve consensus The only way is to achieve consensus 
between parties and countries in order to between parties and countries in order to 
ensure harmonization across the ensure harmonization across the 
MediterraneanMediterranean

Criteria/variables to be used for Criteria/variables to be used for 
estimating C/H capacityestimating C/H capacity

A. exclusion criteriaA. exclusion criteria such as:such as:

•• Protected habitats or speciesProtected habitats or species
��Posidonia Posidonia oceanicaoceanica meadows (distance >800m)meadows (distance >800m)
��MaelrMaelr bedsbeds

••Activities that could be harmful for Activities that could be harmful for 
aquaculture: aquaculture: 
��E.g. occurrence of E.g. occurrence of HABsHABs, polluted sites, , polluted sites, 
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Criteria/variables to be used for Criteria/variables to be used for 
estimating C/H capacityestimating C/H capacity

B. variables related to the characteristics of B. variables related to the characteristics of 
the receiving environment, e.g.the receiving environment, e.g.

••DepthDepth, (minimal effect on fragile costal , (minimal effect on fragile costal 
ecosystems)ecosystems)

••Openness/exposureOpenness/exposure (maximal water renewal (maximal water renewal 
and removal of wastes)and removal of wastes)

••DistanceDistance from the shorefrom the shore (minimal conflict with (minimal conflict with 
other users of the coastal zone)other users of the coastal zone)

And finally:And finally:

…… ecological carrying capacityecological carrying capacity —— the the 
stocking or farm density which causes stocking or farm density which causes 
unacceptableunacceptable ecological impactsecological impacts

••Potential Potential …… unacceptabilitiesunacceptabilities::
��Low Low oxygenoxygen in the water columnin the water column
��High High ChlaChla, or , or POCPOC ((eutrophicationeutrophication) ) 
��Effect on important Effect on important habitatshabitats or or sppspp
��Exceeding Exceeding EQSEQS set by the regulatorsset by the regulators
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…… alternativelyalternatively

Instead of waiting to encounter Instead of waiting to encounter 
unacceptableunacceptable ecological impactsecological impacts

••Standards could be adopted to Standards could be adopted to 
promote good practice by adapting promote good practice by adapting 
farm size to the environmental farm size to the environmental 
characteristics of the receiving characteristics of the receiving 
environment environment 

••Size=f (depth, distance, exposure)Size=f (depth, distance, exposure)

Scales: spatial extent and timescaleScales: spatial extent and timescale

zone B scale 
water body; 

eutrophication
t = days

zone A scale 
local to farm; benthic 

impact
t = hours

10 km

(scale of ecosystem considered must be relevant to scale of industry and impact)

farm site

regional impact
t = months

Paul Paul TettTett
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Some ECASA modelsSome ECASA models

99
PML PML 

Dynamic model for feeding, Dynamic model for feeding, biodepositionbiodeposition, , 
metabolism, excretion, and growth among metabolism, excretion, and growth among 
bivalve shellfish (oysters, mussels, clams, bivalve shellfish (oysters, mussels, clams, 
scallops) as a function of temperature, scallops) as a function of temperature, 
salinity, and salinity, and sestonseston availability and availability and 
composition. composition. 

IbIbShellSIMShellSIM

33
Napier Napier 

U U 

Loch (fjord) ecosystem state vector model Loch (fjord) ecosystem state vector model 
(from CSTT) including O2 and (from CSTT) including O2 and 
phytoplankton. Able to simulate seasonal phytoplankton. Able to simulate seasonal 
change change 

B B LESV LESV 

33
Napier Napier 

U U 

A box model that predicts the maximum A box model that predicts the maximum 
phytoplankton chlorophyll that can result phytoplankton chlorophyll that can result 
from nutrient enrichment. from nutrient enrichment. 

B B CSTTCSTT

11
SAMS SAMS 

Particle tracking models used for predicting Particle tracking models used for predicting 
the impact ofthe impact of particulate waste materialparticulate waste material

AAMERAMODMERAMOD
DEPOMODDEPOMOD

PartnerPartnerBrief descriptionBrief descriptionScaleScaleModel nameModel name

Some ECASA modelsSome ECASA models

1313--AZTI AZTI 

Includes a 3D finite element Includes a 3D finite element 
hydrodynamicalhydrodynamical model for the numerical model for the numerical 
simulation of dispersive processes, and a simulation of dispersive processes, and a 
3D 3D LagrangianLagrangian Particle Tracking model Particle Tracking model 
to simulate particle dispersion; both to simulate particle dispersion; both 
have been applied to have been applied to mariculturalmaricultural
pollution pollution 

AA
B B 

TRIMODENA TRIMODENA 

1212--IFREMER IFREMER 
Combined Combined ecophysiologyecophysiology and box model for and box model for 

simulating growth of mussels reared in simulating growth of mussels reared in 
long lines long lines 

B B LonglinesLonglines

1010--IMAR IMAR 

A model  using a spatial (1D, 2D or 3D) A model  using a spatial (1D, 2D or 3D) 
framework of boxes, within each of framework of boxes, within each of 
which the relevant biogeochemistry and which the relevant biogeochemistry and 
population dynamics can be resolved for population dynamics can be resolved for 
particular locations and problems particular locations and problems 

B,B,
C C 

EcoWinEcoWin 20002000

PartnerPartnerBrief descriptionBrief descriptionScaleScaleModel nameModel name
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CAQ WG on site selection and Carrying CapacityCAQ WG on site selection and Carrying Capacity

ObjectivesObjectives

•• To produce criteria for enhancing the integration of To produce criteria for enhancing the integration of 
aquaculture in CZM by improving site selection and holding aquaculture in CZM by improving site selection and holding 
capacity standards.capacity standards.

•• To provide a basis for harmonization of standards across To provide a basis for harmonization of standards across 
the Mediterranean as a means for ensuring equal terms of the Mediterranean as a means for ensuring equal terms of 
market competition and minimal environmental damage.market competition and minimal environmental damage.

•• To know what are the consequences on site selection and To know what are the consequences on site selection and 
holding capacity under a shift in production scale in holding capacity under a shift in production scale in 
Aquaculture which is likely to occur in the near future.Aquaculture which is likely to occur in the near future.

•• To explore the potential for using Allocated Zones for To explore the potential for using Allocated Zones for 
Aquaculture (AZA) as a means for improving management Aquaculture (AZA) as a means for improving management 
for aquaculture aiming at (a) increase in production, (b) for aquaculture aiming at (a) increase in production, (b) 
reducing conflicts and (c) reducing environmental impacts.reducing conflicts and (c) reducing environmental impacts.

H’ index, all samples & stations
(∆είκτης Shannon σε όλα τα δείγµατα)
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Conclusions for WFD indices

o All the stations at 50m and at the control are good 
or excellent in terms of sediment quality.

o The same is true for 75-87% of the samples at 25 
m, whereas the remaining are medium

o At the stations beneath the cages and up to a 
distance of 10m a considerable amount (up to 27% 
with Shannon and up to 67% with AMBI) are of 
“poor” or “bad” quality although there are also 
farms where even these stations are of “good” or 
“very good” sediment quality. 

o AZE with specific standards (e.g. num of spp)

o All the stations at 50m and at the control are good 
or excellent in terms of sediment quality.

o The same is true for 75-87% of the samples at 25 
m, whereas the remaining are medium

o At the stations beneath the cages and up to a 
distance of 10m a considerable amount (up to 27% 
with Shannon and up to 67% with AMBI) are of 
“poor” or “bad” quality although there are also 
farms where even these stations are of “good” or 
“very good” sediment quality. 

o AZE with specific standards (e.g. num of spp)

o Groffman et al (2006): An ecological threshold is the point 
at which there is an abrupt change in an ecosystem quality, 
property or phenomenon, or where small changes in an 
environmental driver produce large responses in the 
ecosystem.

o On the other hand thresholds may also be defined in a legal 
framework as the point beyond which pollution load 
becomes unacceptable. This threshold defines the legal 
boundary between acceptable contamination and 
unacceptable pollution (Hassan 2006). 

o Groffman et al (2006): An ecological threshold is the point 
at which there is an abrupt change in an ecosystem quality, 
property or phenomenon, or where small changes in an 
environmental driver produce large responses in the 
ecosystem.

o On the other hand thresholds may also be defined in a legal 
framework as the point beyond which pollution load 
becomes unacceptable. This threshold defines the legal 
boundary between acceptable contamination and 
unacceptable pollution (Hassan 2006). 

thresholds
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Types of regime shifts

smooth regime shifts

χαρακτηρίζονται από φαινοµενικά γραµµική σχέση 
ανάµεσα στην πίεση (αλιευτική προσπάθεια) και την 
απόκριση (αφθονία ειδών).

abrupt regime shifts 

χαρακτηρίζονται από µη γραµµική σχέση ανάµεσα 
στην πίεση και την απόκριση.

discontinuous regime shifts.
Η πίεση υπερβαίνει ένα κρίσιµο «κατώφλι» µε 
αποτέλεσµα η απόκριση να περνάει από µία 
κατάσταση σταθερής ισορροπίας σε µία άλλη 
µέσω µίας ασταθής ισορροπίας.

Collie et al. 2004, Scheffer & Carpenter 2003

• Oxygen: One of the most obvious thresholds to be considered 
is the effect of aquaculture on dissolved oxygen levels. This is
because the organic wastes discharged into the marine 
environment, as well as the OM produced in situ by 
phytoplankton exploiting nutrient wastes induce microbial 
metabolism thereby consuming oxygen. Gray et al. 2002 have 
described different thresholds related to O2 concentration in 
seawater:

• <0.5 mg l-1: catastrophic effect

• 2.0-0.5 mg l-1: mortality

• 4.0-2.0 mg l-1: metabolism affected

• 6.0-4.5 mg l-1: growth affected 

• Oxygen: One of the most obvious thresholds to be considered 
is the effect of aquaculture on dissolved oxygen levels. This is
because the organic wastes discharged into the marine 
environment, as well as the OM produced in situ by 
phytoplankton exploiting nutrient wastes induce microbial 
metabolism thereby consuming oxygen. Gray et al. 2002 have 
described different thresholds related to O2 concentration in 
seawater:

• <0.5 mg l-1: catastrophic effect

• 2.0-0.5 mg l-1: mortality

• 4.0-2.0 mg l-1: metabolism affected

• 6.0-4.5 mg l-1: growth affected 

thresholds
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th
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a Wet weight of animals excluding the shell of mollusks.

0<20Number of species (/0.04 m2)

0<1500Density (individuals m-2)

0<10Biomassa (g m-2)

Macrobenthos

>1.5>0.5Acid-volatile sulfide (mg g-1 dry)

>75>30Chemical O2 demand (mg g-1 dry)

>6>4Total phosphorus (mg g-1 dry)

>4>2.5Total nitrogen (mg g-1 dry)

>30>20Total organic carbon (mg g-1 dry)

Sediment

Critical    

condition

Cautionary 

conditionBenthic components

Values of benthic components for identifying cautionary and critical 

conditions of fish-farm environments (After Yokoyama et al 2004)

Sediment quality criteria in Scotland: action levels within and outside the Allowable 

Zone of Effects (AZE), modified after Henderson & Davies (2000)

27%Loss on ignition Sediment

Values <-150mV (as a depth average 

profile OR < -125mV (in surface 

sediments 0-3 cm)

Redox potential Sediment

9%Organic carbon Sediment

3200 mg kg-1 (dry wt) 4800 mg kg-1 (dry wt) Free sulphide Sediment

169 mg kg-1 (dry wt) Zinc Sediment

289 mg kg-1 (dry wt) Copper Sediment

Pellets present Accumulations of pellets Feed pelletsSea bed

Mats present N/A BeggiatoaSea bed

at least 50% of ref station value N/A Infaunal trophic index (ITI)Benthos 

at least 60% of ref. station value N/A Shannon indexBenthos 

Organic enrichment polychaetes must 

not   exceed 200% of reference 

station value  

Organic enrichment polychaetes

present in abnormally high 

densities 

Abundance Benthos 

Two or more replicate samples with 

no taxa present

Number of taxaBenthos 

Must be at least 50% of reference 

station value 

<2 polychaete taxa present (sample 

replicates bulked)

Number of taxaBenthos

Action level outside AZEAction level within AZEDeterminant Componen

t 
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• Distance from Posidonia meadows : at least 400m

• The CSTT (1997) group has also suggested a 
critical value of 10 µg/L for Chlorophyll a in water 
samples assuming that above this level there is a 
high risk for phytoplankton sedimentation to cause 
sediment anoxia. These values are quite difficult to 
find in most typical Mediterranean mariculture
sites, but still this EQS value is a useful stimulus 
for research 

• Distance from Posidonia meadows : at least 400m

• The CSTT (1997) group has also suggested a 
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2 more thresholds

Expectation from this Expectation from this 
workshopworkshop

•• To explore the AZA concept as a management tool for To explore the AZA concept as a management tool for 
aquaculture planning in the coastal zoneaquaculture planning in the coastal zone

•• To identify the advantages and disadvantages of To identify the advantages and disadvantages of AZAsAZAs
it areas that have been used (particularly in a form of it areas that have been used (particularly in a form of 
a SWOT analysis)a SWOT analysis)

•• To identify the attitudes of different stakeholders To identify the attitudes of different stakeholders 
against against AZAsAZAs

•• To identify potential research needs that could shed To identify potential research needs that could shed 
light on questionable aspects of AZAlight on questionable aspects of AZA

•• To identify institutional/organizational complements To identify institutional/organizational complements 
needed to increase the positive aspectsneeded to increase the positive aspects
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Specific questions from Specific questions from 
each case studyeach case study--countrycountry

•• How and why has this concept been introduced?How and why has this concept been introduced?
•• For how long is it in operation?For how long is it in operation?
•• Has the introduction of AZA relaxed the conflicts Has the introduction of AZA relaxed the conflicts 

with other users of the coastal zone?with other users of the coastal zone?
•• What is the effect on local management of farms What is the effect on local management of farms 

within AZA?within AZA?
•• Is there a common monitoring of the AZA area?Is there a common monitoring of the AZA area?
•• How is the How is the ““capacitycapacity”” of the AZA determined?of the AZA determined?
•• Has the efficiency of the AZA concept been evaluated Has the efficiency of the AZA concept been evaluated 

by an independent study /environmental audit?by an independent study /environmental audit?
•• What stakeholders think after the adoption of AZA?What stakeholders think after the adoption of AZA?
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Thank youThank you


