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other ;aquatic animals (henceforth ‘seafood’), seafood demand is
projected to increase with growing populations and demographic
shifts (Delgado et al., 2003; Tilman et al., 2011; FAO, 2016a). Since
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_aw of the Sea (1982 );

- FAQO Code of Conduct for
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- Convention on Biological
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The ecosystem approach
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institutional foundations,
implementation and outlook
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"A strategy for the integration of the activity within the wider
ecosystem such that it promotes sustainable development and
resilience of interlinked social-ecological systems”



Perspectives on sustainable aquaculture
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AQUACULTURE AND OCEAN RESOURCES:
Raising Tigers of the Sea

Rosamond Naylor' and Marshall Burke’
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B Abstract With continued human pressure on marine fisheries and ocean re-
sources, aquaculture has become one of the most promising avenues for increasing
marine fish production in the future. This review presents recent trends and future
prospects for the aquaculture industry, with particular attention paid to ocean farming
and camivorous finfish species. The benefits of farming camivorous fish have been
challenged: extensive research on salmon has shown that farming such fish can have
negative ecological, social, and health impacts on areas and parties vastly separated in
space. Similar research is only beginning for the new carnivorous species farmed or
ranched in marine environments, such as cod, halibut, and bluefin tuna. These fish have

185-218. Downloaded from arjoumnals annualreviews.org

branies on 1072805, For persomal use only.
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We can farm.....anything...
..... and anywhere

The question is 1f we should!

What species and systems should form the future?
...now do we know?



Seafood Sustainability

THE 2030 AGENDA AND THE SDGS: THE CHALLENGE FOR
AQUACULTURE DEVELOPMENT AND MANAGEMENT




Why 1s seafood and particularly aquaculture
important for the future food portfolio?
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’Small world on a big planet
to a big world
on a small planet”



Planetary Boundaries

Climate
change

Steffen et al. 2015b
Rockstrom et al. 2009
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EAT-Lancet Commission on healthy diets

from Sustainable Food Systems”

To Achieve

Planetary Health - o

Diets for Nearly How to feed 10 billion

ll,(;, g(')'é'(‘)’“ b people with healty

O, and sustainable diets
o Y

within planetary
boundaries by 20507



Scientific Targets for Healthy Diets

Human boundaries for:

1) Whole grains \{ .

2) Vegetables ‘.
3) Fruits m
4) Proteins
i -

BEIYY,
Added Fat



Scientific Targets for Sustainable Food Systems

Planetary boundaries for:

1) GHG emissions
2) Water used

3) Nitrogen flows

4) Phosphorus flows
5)

6)

Biodiversity lost
Land converted
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Year 2050 BAU

GHG emission

Land use

Phosphorus
application

Bluewater use

Nitorgen application



Scenarios
Food production boundary
Baseline in 2010
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Sustainable and health diets

Limited intake Optional foods
Starchy Dairy
vegetables Eggs Poultry foods
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Veget ibles Fruit Legumes Aibegaads
; &g grains




Seafood and nutrition

¢ Calclum helps preventpreeclampsia and

o Vitamine A is essential for preterm delivery in women, and is essential for » Protein Is a component of every
childhood survival, prevents strong bones and teeth body cell, important for growth
blindness, helps fight infec- S and repairing, supporting neuro-
tions and peomotes healthy \ toqncalw‘m&mm digestion and

Omega 3 fatty acids is crucial for

lron is essential for brain

brain development, cognition and
mmp Mﬂ*d ¢ Jink s crucial for childhood mﬂ in children and
coronary heart disease and stroke survival, reduces stunting in increases matemal survival rates

children and fights diarrhea

& Toxics: some seafood can accumulate heavy metals, dioxine, PCB, ciguatoxin and antibiotic residuals,



Some more conclusions from the EAT-Lancet work

» Seafood can have a lower environmental footprint compared to other
terrestrial animal production - but that this differs between species and
systems

» Aquacultures use of feeds generate many of the environmental impacts

* \We need to double aquaculture production by 2050



Global Konsumtion

Health boundary
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Sub-Saharan Africa

| GLOBAL



Report

"Increased understanding about
seafoods specific role for human health
and environmental sustainabilty and
identification of future research areas”




Blue Transformation

-What and how ?




B (sptue producicn

B Aqecdivre producion

FAO 2018



Aquaculture and sustainability
Scale and metrics
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Lifecycle Analysis of Seafood
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Animal-Based Foods Are More Resource-Intensive than Plant-Based Foods
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Aquaculture’s role in the
future food portfolio

GHG Emissions Land Use Acid. Eutroph. Scty. Water
(kg CO.2q) 10 (méyear) 10 (950.q) (gPOSeq) (kLeg)
100g protein ™ 0 25 50 75 Pc Mean o 0o 200 300Pc Meano % 1500 5 1500 5 10
Beel (boel heed) 724 . - 20 50 - - 42 164 E— > e
Lamb & Mution 757 - 12 X . 30 185 0] B [ e
Boef (dairy heed) 490 91 17 & 73 2 S . e
O \\'3‘ ‘--.\‘ 10 15 0 \\' 5 - 10 15 J - 150 0 /D 150 O o0 100
e = e e—)  be—dee—  Som—de—
Crustaceans (farmed) 1 Ok 1 - 54 18 %2 04 20 JLE—— - e
Choose 1.5k l.o - 51 1 ', - 44 4 == = R
Pig Meat 116 = 46 76 T UTERTREEN W W
Fish (larmed) 612 = 25 60 . 04 37 B — |
Poultry Meat 326 == 24 57 o' a8 71 | = =]

Eggs 100 . 26 42 . 40 57 BB 4 !

Tolu 354 '@ 10 20 = 11 22 I 51
Groundnuts 100 = 06 12 . 18 35 ! e
Other Pulses 115 ® 10hpctl. 05 08 . =46 73 | 8 H

romimant
Poas 438 « mast 03 04 . 12 34 | £ ]
Nuts 196 # 22 03 - =27 79 B & E—
Gening 23« | ® 10 27 . | 1.7 46 B = ==

Ref: Poore & Nemecek 2018




Asstrallan Government
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Equitable mariculture

A ciagnostic framework for equitable mariculture
development in the Westermn Indian Ocean

A0 SAﬁ ‘ WorldF% £SU-ie\

Key Principles for equitable aquaculture

Rewardlng economic
Economlcally and ﬁnancially proﬂtable
Beneﬂclal

Rights - access

For people and communities
Empowerment

Acesssible and inclusive

Sustainanble - continuity, duration over time
Sustainability
Intergenerational equity



Indonesian aquaculture

2% 53% % 4%

Fossil energy use 4 : Acidfication
Froshwaler use > Eutrophication
% 40% 6% 35% e
=y @ =<
5% 64% 41%
e @ e :
—f5i0055-25-UsUAl
— AGI1; 20% lower FCR for whiteleg shrimp, carp, and thapia
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Aquaculture and AMR

(Antimicrobial Resistance)



“The spread of AMR bacteria - is one of
the major threats for the human
population of the twenty-first century”

World Health Organization (WHO)



Global trends in antimicrobial use in food animals AL .,

Thomas P. Van Boecke!™ ', Charles Brower”, Marius Gilbert™, Bryan 1. Grenfell**', Simon A. Levin**™', .
Timothy P. Robinson’, Aude Tedllant™*, and Ramanan Laxminarayan®*+!

. Department of fcology and Bvolvtionary Bology. Mincston Unsversty, Princeton, N 08544 “Center for Dsamse Dynamioy, Foonomiay 8 Polcy .-
- Washington, DC 20006 "Universite Libire de Bruaaties, 51050 Brumely, Belgum, Yonds National de la Recherche Soemdgue, B1000 Brussel, Bedgeam . .
: Prircoton [nvvormentsl Fatitute, Frinceton N 08544, Fogarty mtermational Center, Natonal imbitutes of Mealh Bethesda MD 20892 "Beger o e "
of lcodogesl Fconomecy, 10ADS Stockholm, Sweden, Mmources for the Pature, Wasbhington, DC 20006 Internations Livestock Resesrch imtause, 0030
Norodd, Ketwa and Bl Maalth Foundaton of Inda,. New Deitn 110000, Indse

Contribwtied by Smon A Levwn, February Y8 2015 Gent for review November 21, 2074 reviewed by Defia Grace and Lavce B Pvie)

..,‘
.-
«:

P! ‘ R
L Global consump’uon of Antimicrobials in livestock |

I roduction could increase by as much as 67%
between 2010 and 2030

. qﬂ;.
d

'-\', ::u 3}\ w:'f - a-'_.—'.’ .

‘,¥

, > oo “‘ A.v. ' . A m oy
. T el 1 g > o m : , -

‘;f.i‘*




Posterior distributions for estimates of antimicrobial consumption in cattle, chickens, and pigs in OECD countries.
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Thomas P. Van Boeckel et al. PNAS 2015;112:5649-5654

©2015 by National Academy of Sciences



Antibiotic use in Aquaculture

Varying among species and production practices

mg a.i. / kg

1000 701

92,9
7,31 4,53
1,67 1,44
1,3 '
11 13 e -l- -

Chik Columdia| Scotne Norway Vit ™ Thadand Vietnam | Bangladesh
2013 2013 2013 01) 2011-2012

Samaon PANG IS

d011-2012/2011-2012/2011-20122011-2012

Shrmmo

Data sources:

Bridson P. 2014. Four Region Summary Document: Salmon. MBA Seafood
Watch

Rico et al. 2013 Aquaculture
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Can be unregulated, unprescribed use of generic

non-approved substances

Typically no insights in dose/response - both over-
and under dosing drive resistance

Different farmed species pose different challenges
related to AMU and AMR risks
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“One health”

Peter Sggaard Jorgensen



Seafood Transformation



SEABOS Initiative

Seafood Business for Ocean Stewardship

Seafood Business for Ocean Stewardship (SeaBOS5) is 2o imitiative resulting from 3 senes of Keystone Dulogues between soentists and seafood companies.
The Xeystone Dislogee sims 10 explore whether of not 8 small number of “Keystone Actons”™ have the potential 0 transform the global seafood system The
SeabOs inttiative 15 an expression of interest from industry to explicitly 1est the hypothesis that a small minority of powerful actors can influence 2
majority of smaller actors. For the first time, the Initative connects the glodal seafood business to sclence, connects wild capeure fisheries 1o aguaculture,
and connects European and North American companies 1o Aslan companies. The ambition &5 to lead a global transformanion towards sustainable seafood
production and & heslthy ocesn The matiatrve will actively contribute 1o the Usaited Nations Sustainable Development Goals [SDCaL and in particulae Coal

14 - Comperve and sustainobly wie the oceany, seas ond mariae resources

s s A




Concentration in the seafood industry-
Keystone actors

Revenoes (hillion USD)

Top 10% account for 38% of total revenues

18 Correspond to 18% of the global value of seafood

production in 2012 (US$ 252 billion)
.‘”.“‘ o St eree LA an st L T
()= ' . ¥ : et ————
! N) ) ) S [X) 1 20 | &) 1 64)

Company rank

Osterblom, H. Jouffray, B. Folke, C. Crona, B. Troell, M. Merrie, A. Rockstrém, J. (2015) Transnational corporations as 'keystone actors' in marine
ecosystems. PLOS One 10(5)
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‘ Seafood Expo
NORTH AMERICA

GLOBAL DIALOGUE
on Seafood Traceability
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SEAFOOD BUSINESS FOR
OCEAN STEWARDSHIP

GLOBAL DIALOGUE

on Seafood Traceability

-- JOINT STATEMENT --
SeaBOS and GDST Join Forces for Seafood Traceability

The Seafood Business for Ocean Stewardship (SeaBOS) and the Global Dialogue on
Seafood Traceability (GDST) are joining forces in support of seafood traceability. Our
two leading seafood industry groups—which together include seven of the world’s ten
largest seafood production companies with combined seafood sales of well over USD
S35 billion per year—are now pledging to work jointly towards the adoption of global
industry standards to improve the quality, efficiency, and affordability of seafood
traceability. These unprecedented pre-competitive voluntary standards will equip the
seafood sector for the 21°* Century’s globalized, information-based economy, and will
help make digital seafood traceability a universal industry practice.

Global industry standards for seafood traceability are urgently needed to eliminate
costly and unnecessary barriers between the dozens of incompatible, proprietary
traceability systems that exist today, and to help guide governments towards the
harmonization of standards affecting seafood trade. By creating a set of voluntary
industry norms, the seafood sector will:

* Develop shared expectations about the kinds and quality of information
entering seafood supply chains;

* Ensure that fishing and aquaculture enterprises around the world receive more
consistent and predictable demands for the data accompanying their products;

* Create a level playing field that promotes equitable market access for large and
small producers from diverse countries;

* Establish technical protocols for interoperability that will facilitate digital
communication among thousands of actors across the seafood supply chain;
and

* Provide a basis for more efficient and consistent regulatory practices among
producer, processor, and market country governments.

Together, the SeaBOS and GDST initiatives currently represent more than five dozen
companies from across the global seafood supply chain, ranging from major multi-
national players to representatives of small-scale producers in Asia, Europe, and the
Americas. We believe that reliable traceability is critical for effective supply chain
management, and for ensuring that seafood is sourced from production practices that
are legal, sustainable, and socially responsible.

“Transparency of the value chain is ;'ncreasingly Important in
food and especially aquaculture, with consumers paying more
attention to the origin of feed”

SeaBOS was established in December 2016 under the auspices of the Keystone
Dialogues to bring together the world’s largest and most influential seafood companies



“We will act on the followinag........

Work towards reducing
the use of antibiotics 1n SN
aquaculture! N




1. Characterization of Seaboses farming portfolios?

2. Mapping existing Seabos strategies and policies
related to antibiotic use

3. Linking to international initiatives with respect to AMR

4. Broader AMR Perspectives — "One health”



Some SeaBOS members already have policies
regarding antibiotic use....
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» Appropriate antibiotics for fish farming
» Veterinary use only

» Comply with local / regional legislation



The many subsidiaries a challenge for many of the Seabos members
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INnto the ocean!



Recent off-shore aquaculture innovations




"Sea space not limiting”
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Gentry et al. 2017. Mapping the global potential for marine aquaculture. Nature Ecology and Sustainability
Oyinlola, M.A,, G. Reygondeau, C.C.C. Wabnitz, M. Troell and W.W.L. Cheung. 2018. Global estimation of areas with suitable environmental conditions for mariculture species. PLoS ONE 13 (1): e0191086.



Salmon farming in Norway
- Nearshore space 1s an issue!




Feeds, costs and risks

Troell, M., M. Jonell and P. Henriksson. 2017. Ocean space for seafood. Nature Ecology and Evolution. 1:1224-1225






Mussels and Oysters




Harmtul Algal Blooms

—d IntraFish

UPDATE: Algal bloom wipes out 58,000 fish
at Salmones Camanchaca farm

Sernapesca activates ‘'mass mortality’ alert.

Salmones Camanchaca reported an "abrupt and sudden” massive salmon mortality event at

its Pilpilehue center. Chiloe. on March 14. Chile's National Service of Fisheries and
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Something on feeds



21 million ton fish to fishmeal .~.

(22% of total catch, 2014)




Duncan Leadbitter, SFP



Agriculture feed resources
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Agriculture inputs to animal farming — including aquaculture
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Diet composition (%) 1990-2013
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Figure 7 Development of salmon feed in Norwegian saimon farming from 1990 to 2013,

J’ Nofima



Science & Environment

Omega-3 oils in farmed salmon 'halve in
five years'

By Pallab Ghosh
Science correspondent, BBC News

(D 8 October 2018 Science & Environment < Share




Alternative feeds

- Microalgae
- Macroalgae
- Bacteria
- Yeast
- Insects
- Krill
- Etc.
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