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s \Water resources are alreary under overexploitation, while human
population increases exponentially
* Inr2050 the human population will reach 9.2 billions (50% increase
over today)
MRinkSthai oday we need in water:
70 |t for 1 apple
1401t for 1 cup of coffee m
200 It for 1 egg -
3 400 It for 1 kg rice
5 000 It for 1 kg cheese
* 6 100 It for 1 kg lamb
* 15 500 It for 1 kg beef
source: UNESCO 2007
2
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If things are like that...

**Perhaps the:-main, source of
animal*profeinwill-bethe
because i1°is the only €cosystem
which

However ..

* Global fisheries
production is
or

Landings {million fonnes)

World excluding China

last 20 years

* And fish decrease in
size and trophic level
with-time
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=

{ifse EoMI0T: OVEerao i

Photo from FAO Fish Tech Pap 498
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Will the Oceans Help
Feed Humanity?

Drecember 2002 7 Vol 52 No. 11+ BloSdence 267
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Figure 1. Trends in the global production of agriculture (rionfood iterms
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Table 2. Number of species accounting for 50%, 90%, and 100% of global food
production in agriculture, livestock, marine fisheries, and mariculture, and
percentage change of species diversification during this period.

MNumber of specles Number of specles Percentage change

In 19924 In 2004 from 1994 to 2004
Group 50% 90% 100% 50% 90% 100% 50% 90% 100%
Agriculture 5 29 150 5 20 150 0.0 34 0.0
Livestock 1 4 16 1 5 16 0.0 250 0.0
Marine fisheries 13 134 9&7 17 145 1324 308 82 341
Mariculture 3 14 146 5 20 180 I 66.7 429 232

Note: A few of the items in FAO food production reports de not correspond to individual species,
but rather to aggregates of an undefined number of species. Therefore, the actual number of species
contributing 50% and 90% of food production should be slightly above the number that appears in
this table.

Source: FAD 2006a, 2006b, 2006¢, 2006d.
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Mariculture production
(metric tons per year)

Will the Oceans Help
Feed Humanity?
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Trophic position

Will the Oceans Help
Feed Humanity?
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Effects of aquaculture on marine biotic communities
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o Conflicts with other users of the coastal zone

10/26/2010

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

Are you
convinced
about ICZM?

Perhaps
there is
room for
more

*Landuse
*Tourism
*Oil &Gas
*Mariculture

*Coastal
Defence

*Ports &

Navigation

*Military
Activities

*Culture
*Conservation
*Dredging &
Disposal

*Submarine *Fishing  °*Renewable
Cables Energy

*Marine
Recreation

* Mineral
Extraction
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LEGALISATION OF NEW MARICULTURE ZONES

AYDINMUGLA DENIZLI FLANLAMA BELGES]
ILAVE CEVRE DIZEN PLAN)

BLgER ;w00 oon

[Ty

]

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 W [ic [ i [ Z|E | | [ =C | o |cWae |EWd |coa|ToR |5
Algal toxins il 1 il 1 "1 12
Artificial radighuclides 3 3 3 3 1 —3
Dissolved oxygen il T« 31131 1)« 1] 2] 313 3 3 2 3
Herbicides/Pesticides/Biocides 2 2312|372 <2 3|-1[-2 —3 2
Human pathogens il 131131 1) 3 21 3 2 il
Litter/plastics 3 33 3 <13 [-211]2 3 2 2
Metals and organometals 12 1]- 313 3 21| 2 3 1 2
Mutrients 213|313 A1) 12133 3 |1
PaHs 3 2 3 2 2l 2] 3 3 1 3
Petroleurn Hydrocarbond il 3 1 3 1 1|23 1[-1 1 2
Phytoplankton
abundanceldiversity 1 1 2|31 —2|-2[-1[-213 3 1
Pharmaceuticals 13 3213|313 323
Suspended pariculate matter 2 2|32 <~ Af-2[-1[-32]-1 3 3 2 2 1 3
Synthetic Organics/POPs 13 2 13 2 312 3 3
Exatic species 2 2|-213|-213 1
Hahitat destruction 2 2 3 3]- 3|2 3 1 1 1 1 1
Predators 2 231131 —2 —1 —1 1 2
wind 1 1 3 3
light conditions 3 3 3 3
water temperature 12 2 12 2 1 3
salinity 3 3 3 3 2 1
turbidity 12 2| 312|312 1 2] 1] 3 1 3 3 2 2 1
pH 3 3|—213]-2:3 2|22
benthic effects 2 2 1 1 1 3
Genetic pollution 3 K]
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Variables and analytes affecting
aquaculture activities (strength of
impact)

Some uses of the coastal zone
are more sensitive than others

Relationship between different human activities/coastal uses.

, “1” denote increasing impact stren,

HUMAH ACTIVITIES

AQUACULTURE

FISHING

TOURISM

WASTE DISPOSAL

WUHICIPAL

INDUSTRIAL [AGROFORESTRY

MARITIME
OPERATIGNIS

gth of the activities of the first column on the activities of the first row.

O0ILIGAS
EXTRACTION/
PRODUCTION

MINERAL
EXTRACTION

COASTAL AREA
DEVELOPEMENT

AQUACULTURE

FISHING

TOURISM

MUHICIPAL

IHDUSTRIAL

AGROFORESTRY

MARITIME OPERATIONS

OIL/GAS EXTRACTIONPRODUCTION
MINERAL EXTRACTION

Title goes here

COASTAL AREA DEVELOPEMENT

* uknown strength of impact

x
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3
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** negative impact above a certain degree of intensity

— no impact
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Global human health burden and associated economic cost of selected diseases in relation
to exposures to marine waters and shellfish contaminated with enteric micro-organisms

Disease or cause

Disability adjusted
life-years
DALY

Corresponding economic

losses (rounded)
in US million dollars

Disease

Tuberculosis

Malaria

Diabetes

Trachea, Brachia and Lung cancer
Stomach cancer

Intestinal nematodes

Upper respiratory tract infections
Trachoma

Onchocherciasls

Dengue fever

Japanese encephalitis

Chagas disease

Leprosy

Diphtheria

Marine exposures

Contaminated bathing water
Contaminated shellfish

38 000 000
31 000 000
11 000 000
8 800 000
7 700 000
5 000 000

1 300 000

1 000 000
800 000
750 000
740 000
660 000
380 000
360 000

400 000 - 800 000
3 500 000 - 7 000 000

115 000
95 000
35 000
26 000
23 000
15 000

<4 000
3 000
2700
2 200
2 200
2 000
1 100
1 100

1200 -2 400
10 000 - 20 000

Source: Shuval, H.I. 1999, Scientific, economic and social aspects of the impact of pollution in the marine environment
on human health - a preliminary quantitative estimate of the global disease burden. Unpublished report prepared for the
Division on the Protection of the Human Environment. World Health Organization and GESAMP, 28 pp. (14 August 1999).

Mumber of episodes

50 4

0

Source: Safeguarding the Health of the Oceans (Worldwatch).

T T
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T
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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
GFCM initiatives:
"Use of Indicators for the Sustainable Development of
Aquaculture” (InDAM)
"Developing and Implementing Siting and Carrying Capacity
Guidelines for Mediterranean Aquaculture” (SHOCMED)
TUCN-FEAP guidelines for site selection and site management
(published Oct 2009)

Title goes here 13
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activity)
= But there are also problems as to what
scientific advice is expected

A —

ie. the

a
certain environment
for an
extended period of
time, for a population
of a particular
species

== ° Infact this concept can be easily
aﬁplied to e.g. mussel farming where
the farmed species depends on natural
5 resources (phytoplankton)

Title goes here
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THERS

I

s :—_ vaihe technology used
= the amount of (allochthonous) food supplied
v the effects on the environment (externally defined)
o . . (\} " .
Therefore defining a "standard” carrying
capacity for fish farming sites is not
straightforward

- .

iyalve farming McKindsey cida/ s

* physi — the total area
Syaarine frarms that can be accommodated ih
peiavailable physical space,

P — the stocking
E=Pnsify of bivalves at which harvests are
= fnaximized,

— the stocking
or farm density which causes
ecological impacts,

— the level of farm
development that causes social
* AquEaythme; $62:451-62

Title goes here 15
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lieeds| fo be defined by policy makers
Brainer than by scientists, therefore
& Some arbitrarity is expected

==—""he only way is to achieve consensus

: between parties and countries in order fo
ensure harmonization across the
Mediterranean

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

such as;

® Protected habitats or’'species
v' Posidonia oceanica meadows (distance >800m)
v'Maelr beds

® Activities that could be harmful. for
aquaculture:

v E.g. occurrence of HABs, polluted sites,

Title goes here

10/26/2010
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(maximal water renewal
and removal of wastes)

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

_ =le
»-__u. or farm densﬁry whichi causes
N ecological impacts
.. Unacceptabilities:
in the water column
, or (eutrophication)
vEffect on important or spp
v Exceeding set by the regulators

Title goes here 17
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B S——

.. alrzenaii72)y
ur ecological impacts
goiandardsi could be adopted fo
EIFomotie good practice by adapting
Eiarm size to the environmental
= characteristics of the receiving
environment

* Size=f (depth, distance, exposure)

Scalzst suarial 2.4z and Timzscalz

PaulNett:

Title goes here 18
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Partiner

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

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

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

Dynamic model for feeding, biodeposition,
metabolism, excretion, and growth among
ShellSIM Ib bivalve shellfish (oy§1'er's, mussels, clams,
— scallops) as a function of temperature,
salinity, and seston availability and
composition.

T

2 éEASA ModeiShs

Scae Br'ie escr'ip‘rion Partner

A modell using a spatial (1D, 2D or 3D)
framework of boxes, within each of
whichi the relevant biogeochemistry and | 10-IMAR
population dynamics can be resolved for
particular locations and problems

Combined ecophysiology and box model for
simulating growth of mussels reared in 12-IFREMER
long lines

Includes a 3D finite element
hydrodynamical model for the numerical
simulation of dispersive processes, and
TRIMODENA 3D Lagrangian Particle Tracking model 13-AZTI
to simulate particle dispersion; both
have been applied to maricultural
pollution

10/26/2010
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ECASA Toolbox

boite a outils - caja de
herramientas - caixa de
ferramentas - sfrumenti -
Weskzeuckasten - prodiarna
- Epyoierobny - others

Toolbox Introduction and
Main Menu v.3

N The ECASA project was co-funded by contract 006540 from EC's DG Fish, and by EU member and
= associated states, to develop an ecosystem approach to sustainable aquaculture. It operated from
*| December 2004 until November 2007.

Its key deliverable is this virtual toolbox, which contains 'tools' to aid fish farm managers and
regulators in selecting farm sites, and operating farms, so as to minimize environmental impact and
ensure the sustainability of sites and water bodies for aquaculture. Use the links below to find out
more.

Operational
Finfish farming Seeking a site EIA g%:smzmg a Expanding a farm
Shellfish farming | Seeking a site EIA gf;lmmg a Expanding a farm
Regulation and Guidelines for Consenting a site | Monitoring a site | Consenting
local planning site selection and farm and water body expansion
Regional/mational | Regional Rules for Regional/national | Rules for
planning guidelines consenting monitoring consenting
Categorical
N . Indicator . Information by ECASA Site
Informative groups Meodel choice species EIAs by country
Glossary salmon ?couft‘l‘aji‘rl
How to get Pressure cod
models Benthic impact [C)E.F.? MOD sea-bream ggar]tl‘fs al
Legislation Pelagic impact LESV tuna Tealy &
Background Response ete mussels B o{' enia
theory Sustainability Model list clams Croaria
ECASA's science | Socio-economic | = — salamanders Creece
the ECASA mermaids e
project

Fin-fish farming: finding a FCASA
site Toolbox

Indicative contents!

Finding a site for a new fin-fish farm involves the following environmental considerations. Farmed
fish use oxygen and release ammonia. Where water movements are weak, the build-up of ammonia and
the decrease in dissolved oxygen at a farm can harm fish. Uneaten fish food, and fish faeces, sink to
the sea-bed and can harm the animals or seagrass here, as well as releasing gases harmful to fish and
humans. The following models can be used [are recommended for use] to screen sites for these effects
before incurring the large costs of an EIA. Thev will, tvpically, tell vou the maximum mass of fish that
can be stocked in order to aveid envirenmental problems on the farm scale.

Environment Species Scale Model alphabetical order

salmon
cod

DEPOMOD

Acfarm MOM

Fjords, sea-lochs and voes

sea-bream MERAMOD

sea-bass Afarm S
fma TRIMODENA

Mediterranean open coastal water

In addition, you should seek an informal interview with persons responsible for consenting site
development, who should be able to tell you if there are other environmental matters to be considered.
Some states or provinces have national or regional plans that direct aquaculture to certain areas or

prevent its development in others.

Title goes here
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-

° i pr*o Criferiar f-or enlancing e integration of
e CZM by improving site selection and holding
capachy Jideleigel s

BReroYide a basis for harmonization of standards across

giedifierranean as a means for ensuring equal terms of

W iet competition and minimal environmental damage.

=510 know what are the consequences on site selection and
-~ holding capacity under a shift in production scale in
Aguaculture which is likely to occur in the near future.

= Toiexplore ’rhego’ren’rial for using Allocated Zones for
Aquaculture (AZA) as a means for improving management
for:aguaculture aiming at (a) increase in production, (b)
reducing conflicts and (c) reducing environmental impacts.

H' index, all samples & stations

(Aciktng Shannon oc 6Aa Ta deiypara)

m High
@ Good
Moderate
m Poor

m Bad

Shannon categories (%)

Distance (m) ATtéaTaon
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Conclusions for WFD indices

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

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

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.

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

thresholds

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.

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).

10/26/2010
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Types of regime shifts

smooth regime shifts

XapakTnpifovral and QAaIVOHEVIKA YPAUHIKA axEon
avayeoa otnv wicon (aAIEUTIKA Tpoon@deia) kar TV

andkpion (agBovia e1dwv).

Ecosystem state

Ecosystem state

Conditions

abrupt regime shifts

XapakTnpifovral and pn ypaupikp oxéon avapeoa

oTNV wigon Kal TV amokpion.

Conditions

discontinuous regime shifts.

H micon uneppaivel éva Kpioigo «kaTwA» He
anoTéAEoHa N amoKpion va mepvael and Hia
kardoTtaon oTaBephc I0oppomiag o€ Hia aAAn
Héow piag aoTaBng 1coppomiag.

thresholds

Ecosystem state

Conditions

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:
<0.5mg I-1:
2.0-0.5 mg I-1:
4.0-2.0 mg I-1:
6.0-4.5 mg I-1:

Title goes here

catastrophic effect
mortality
metabolism affected
growth affected

10/26/2010
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thresholds

Values of benthic components for identifying cautionary and critical
conditions of fish-farm environments (After Yokoyama et al 2004)

Benthic components

Sediment

Cautionary
condition

Total organic carbon (mg g'! dry)

Total nitrogen (mg g! dry)

Total phosphorus (mg g-! dry)

Chemical O2 demand (mg g! dry)

Acid-volatile sulfide (mg g'! dry)

Macrobenthos

Biomass? (g m2)

<10
<1500

Critical
condition

Density (individuals m2)
Number of species (/0.04 m?) <20

a Wet weight of animals excluding the shell of mollusks.

Title goes here

Componen  Determinant
t

Benthos Number of taxa

Benthos Number of taxa

Benthos Abundance

Benthos Shannon index
Benthos Infaunal

Sea bed Beggiatoa
Sea bed Feed pellets
Sediment Copper
Sediment Zinc
Sediment Free sulphide
Sediment Organic carbon

Sediment Redox potential

Sediment 0ss on ignition

c index (ITT)

Action level within AZE

<2 polychaete taxa present (sample
replicates bulked)

Organic enrichment poly
present in abnormally high
densities

N/A
N/A

N/A

Accumulatio

289 mg kg! (dry

169 mg kg! (dry wt)
4800 mg kg™! (dry wt)
9%

Values <-150mV (as a depth average

profile OR < -125mV (in surface

sediments 0-3 cm)

27%

Action level outside AZE

Must be at least 50% of reference
station value

Organic enrichment polychaetes must

not exceed 200% of reference
station value

at least 60% of ref. station value

at least 50% of ref station value

3200 mg kg! (dry wt)

10/26/2010
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2 more thresholds

Distance from Posidonia meadows : at least 400m

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

2 xplore the AZA concept as a management fool for
[qlidculiure planning in the coastal zone
Sioridentify the advantages and disadvantages of AZAs
irareas tihat have been used (particularly in a form of
— ~a SWOT analysis)
== = To identify the attitudes of different stakeholders

———
=

g

against AZAs

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

* To identify institutional/organizational complements
heeded fo increase the positive aspects

10/26/2010
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__-F'How and why has this concept been introduced?
NEo oW long isi it in operation?

Hasithe introduction of AZA relaxed the conflicts
Witihrofher users of the coastal zone?

Whatis the effect on local management of farms
within AZA?

Is there a common monitoring of the AZA area?
How is the “capacity” of the AZA determined?

Has the efficiency of the AZA concept been evaluated
by an independent study /environmental audit?

What stakeholders think after the adoption of AZA?

10/26/2010
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