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Protein from fisheries
and aquaculture forms
a significant elementin
global diet

Known and emerging
disease is the biggest
production hazard for
sustainable global
aquaculture

Protecting animal
and human health.

Microbial and chemical
hazards present in
seafood threaten the
health of human
consumers
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Seafood consumption
profiles differ by nation
with risk dependent on

current and future
patterns
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2050: 70%
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Now: ~50%
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Aquaculture

Wild (caplure) fisherles

Source: Historical data 1950-2010: FAO. 2014. "FishStat).” Rome: FAQ. Projections 2011-2050: Calculated at WRI, assumes 10 perce
wild fish catch between 2010 and 2050, and linear growth of aquaculture production at an additional 2 million tons per year between 201 &

See www.wri.org/publication/improving-aquaculture for full paper. " WORLD RESOURCES |



More than 94% of global akqu_acul:tujre occurs in.1 6 ODA (LN\IC) countries (2017)
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ODA recipient countries

I DFID priority countries
] DFID + Newton Fund

| Newton Fund countries
B Other recipient countries

j Likely to graduate from list
in2017
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Mind the gap

...the majority of ICES nations lack long-term strategies for Belpi
elgium

aquaculture, with few plans accounting for climate change Canada
and an increasing gap between future production and Denmark
consumption — potentially 7 million tonne seafood deficit by ﬁf:fa"n'g
2050* France
Germany
Iceland
20 Ireland
=9 15 - C) Latvia
= o 1 Lithuania
Qs 01 Netherland
3e 5 - _ . ,
§ é 0 1 1 1 1 1 1 lT|me Norway
SE .8 & 8§ 8 2 8 ¢ ¢ 3 hotand
N~ -5 > » o o ) o o D Portugal
10 <t -— -— N N N AN N N Russia

" Spain
Sweden
“ ICES s
USA

*Froehlich, H.E., Couture, J., Falconer, L., Krause, G., Morris, J.A., Montse, P., Stentiford, G.D., Vehvildinen, H.,
Halpern, B.S. (2020). Mind the gap between ICES nations’ future seafood consumption and production. ICES
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Understanding the potential for discrete
aquaculture sectors to provide food should be a
critical element in sustainable food production and
consumption planning at individual nation level

Shakuntala Haraksingh Thilsted

TRINIDAD & TOBAGO AND DENMARK
Dr. Shakuntala Haraksingh Thilsted, native of Trinidad and Tobago
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Sustainabilit\/ is not a given

Australian
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Rare only 40 years ago, farmed salmon is now taken for granted
inourkitchens. But the growth of the industry has come at
great cost

(

FARMED FISH ESCAPES

OFFSHORE AQUACULTURE
WHAT KIND OF “GONE" ARE WE TALKING
ABOUT HERE?

riday in
paneze sea food. | KYODO

RED RATING FOR TASMANIAN FARMED
ATLANTIC SALMON: INDUSTRY PUSHING
ENVIRONMENT TOO FAR, TOO FAST

‘WTO upholds South Korea ban on some Japan seafood imports
over Fukushima nuclear disaster

A The salman farming Industry kas grawn at breakneck speed since the 197Ds. Photogeaph: Alamy

Preta: Mongatay

::\l MONIDS very day, salmon farmers across the world walk into steel cages - in

MAIN FACTORS BEHIND ESCAPES OF FARMED : ’ () the seas off Scotland or Norway or Iceland - and throw in food. Lots
SALMON AND TROUT Sh"mp farms threaten Myanmar s remalnlng of food; they must feed tens of thousands of fish before the day is
mangroves over. They must also check if there are problems, and there is one

particular problem they are coming across more and more often. Six months

) PRKCI) SPDOKCS)  COMPANIG ) DOWNSTRCAM )  UPSTRCAMS  BAOK|

Wild salmon population “at crisis ——
e point’ with catches in Scotland at —r— Indian shrimp farmers need

lowest level on record R SRR

NEWS > LOCAL NEWS . R " G“‘“dl“n It's Time For Aquaculture To tomove away from
Open-net farming bamed for rise in parasitic sea lice affecting wi Ufestyle  More . = 5 antibiotiCS Says industry

- - H Harry Cockburs | Wedrwadey 24 Apel 2019 0da3 | 112 Sl wience Tech Global development Cities Obituaries ,
Californians warned not to eat certain ' 0 O® mm:: s s S sy e . Start Kicking Its Drug Habit taader
oysters after outbreak of illness LS ‘ Shrimp sold by global supermarkets is ﬂ waise Ganzte co
° i peeled by slave labourers in Thailand el . By :
:;s;:tSI:IZPM May 07,2019 Updated: 9:42 PM, May 07,2019 14 " - by

10News Leader|
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Gephart et al. (2021). Environmental performance of blue food. Nature 597, 360-366

Standardised ‘stressor’ method

GHG, N, P, FW use, land use per
tonne edible weight

Used chicken as benchmark
Non-fed/extractive species lowest
Fed aquaculture emissions mainly

from feeds, fishery emissions
mainly from fuel
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One Health Aquaculture*
Volume 1Issue 8, 1 August 2020

Environment SM1 Organism SM1 One Health aquaculture

Optimal water
usage

Healthy farm
stock

Aquaculture, the farming of aquatic animals and plants, is one of

Organism SM2 the fastest developing food sectors globally, and in recent years

Chemical and AMR
hazards minimised

Environment SM2
Optimal water
quality

has become the main source of fish available for human
consumption. Applying the principles of One Health — the
interconnectedness of human, animal and planetary health —

Environment SM3 could well support enhanced sustainable production in
Protected
biodiversity and

natural capital

Organism SM3
Biosecure farm

- aquaculture; facilitating food and nutrition security, poverty
environment

alleviation, economic development and the protection of natural

resources.
Research . '
Environment SM4 Bk Evidence i Z(?cgﬁz:ils:]asz';ﬂr?js cees o .
Low energy Policy ol ee Stentiford et al. show less
production Legislation

Organism SMS One Health aquaculture - everyone's business

Environment SM5 High genetic
L‘f’(‘g:sj:j' integrity ‘Aquaculture has evolved into a major global food sector.
Rapid growth necessitates an evidence and policy makeover
people SMS fit for a doubling of output_ by 2059. A One nglth approac;h,
Nz«:ngussngid S drawing on a broad expertise outside of traditional aquatic

skills generation disciplines is now needed to realise it's full potential’

safe food

People SM4
Quality
employment

People SM2 https://sustainabilitycommunity.springernature.com

Equitable income People SM3 Gender
generation equalisation

*Stentiford, G.D. et al (2020). Sustainable aquaculture through the One Health lens. Nature Food 1, 468-474
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A policy-evidence makeover

Enwrgnment SM1 Organism SM1
Optimal water

usage

Environment SM2
Optimal water
quality

Environment SM3
Protected
biodiversity and
natural capital

Environment SM4
Low energy
production

Environment SM5
Low spatial
footprint

People SM1
Nutritious and
safe food

Healthy farm
stock

Organism SM2
Chemical and AMR
hazards minimised

Organism SM3
Biosecure farm
environment

Research

Evidence Organ.ism SM4
. Zoonotic hazards
PO'ICY minimised
Legislation
Organism SM5
High genetic
integrity

People SM5
Knowledge and
skills generation

People SM4
People SM2 egz:”ty
Equitable income People SM3 Gender employment
generation equalisation
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3% Example sub-sector 1 Example sub-sector 2 Example sub-sector 3

Environment SM1

People SM5 i e, se,,  Environment SM2
4;
People SM4 ."-,. Environment SM3
39 3
_______ 2
People SM3 . .assasastitl ."-,. b . Environment SM4
.Q.“ 1
- 0
People SM2 : 3 Environment SM5
E
People SM1 Organism SM1
Qrganism SM5 Organism SM2
Organism SM4 Organism SM3

*Stentiford, G.D. et al (2020). Sustainable aquaculture through the One Health lens. Nature Food 1, 468-474
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Priority setting

‘You’ve used up potentially large amounts of resource
to get absolutely nowhere’

- Animal health and food safety are critical early
elements in any OHA strategy

« Capacity to detect and control for known/new
hazards underpins stable and safe production/trade

- Failure to control creates instability and utilises
significant animal-human-environment capital
without tangible outcome (food/income)
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As aquaculture is scaled up the problem
\ of disease will also become greater. “As you
| expand the volume of production, you are
) =1 going to get significant losses,” says Grant

4 i 4 < 8 Stentiford, a pathologist and head of aquatic

{ﬁ e 3 : :" B animal health at the Centre for Environment
 barrrers L Trrearin tartiio s ir crope: Not only lassawsed anutritious tood Fisheriesand Aquaculture Science, Weymouth,
UK.“You'veused up potentially large amounts

CUltlvatlng a Sea Change of resource to get absolutely nowhere.”

Canaquaculture overcome its sustainability challenges to
feed agrowing global population? By Sarah DeWeerdt

Nature 588, S60-62 www.nature.com/articles



http://www.nature.com/articles/d41586-020-03446-3

Beyond pathogens - An ‘All Hazards’ approach Aquaculture

doubling by 2050
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Hazard categories:
L

1. Chemicals
2. Animal pathogens
3. Human pathogens ||

T, sy
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Scenario definition - including seafood species, farm type, location, supply phases, market, intended use

®

Customised
hazard list

© ® ® @

Seafood Risk Tool Risk mitigation Seafood Risk Tool
(Uncontrolled) matrix (Controlled)

Biosecurity and
seafood safety plan
. .
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WPhasel WPhase2 WPhase3 WPhased MPhase5 MPhase6 WPhase 1 wPhase2 mPhase3 wPhase4 mPhase5 mPhase6

Impact
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Progress

phase- and hazard-specific Biosecurity and Seafood Safety Plan is utilised to
support progression of the stated scenario or may be used to inform amendment
of the plan (e.g. alternative species, farm location, market, intended use etc.).

Decision support tool - Application of the Seafood Risk Tool and development of a |«—
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HH1
45
AH5 40 HH2 Control 2
35
AH4 30 HH3
25
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AH3 10 CH1
5
0
AH2 CH2
AH1 CH3
CH6 CHA

CH4

‘While predominant scientific, policy and public
discourse has orientated around the potential
impact of aguaculture on aquatic systems, much
less consideration has been paid to the impact
that land-based human activities have on
contaminating those aquatic habitats that will
be increasingly relied upon to provide human
dietary protein in coming decades’



Emergency harvest at shrimp farm, Thaﬁ?ﬁfﬁ?@18 = = . P

»

-



The past 20
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Health, infection and disease in...
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Enterocytozoon hepatopenaei sp. nov. (Microsporida: Enterocytozoonidae),

[ J [ J
Some specifics
a parasite of the black tiger shrimp Penaeus monodon (Decapoda: Penaeidae):

Enterospora cancerin. gen., n. sp., intranuclear Fine structure and phylogenetic relationships
within the hepatopancreatocytes of the European

. Somjintana Tourtip?, Somjai Wongtripop ©, Grant D. Stentiford %, Kelly S. Bateman ©, Siriporn Sriurairatana 9,
edible crab Cancer pagurus ) P 1 sHipop y P

Jittipan Chavadej?, Kallaya Sritunyalucksana®, Boonsirm Withyachumnarnkul -

G. D. Stentiford*, K. S. Bateman, M. Longshaw, 5. W. Feist

Hepatospora eriocheir (Wang and Chen, 2007) gen. et comb. nov. infecting
invasive Chinese mitten crabs (Eriocheir sinensis) in Europe
Decay of the glycolytic pathway and adaptation to
intranuclear parasitism within Enterocytozoonidae
microsporidia

G.D. Stentiford **, K.S. Bateman ?, A. Dubuffet®, E. Chambers?, D.M. Stone ?

Dominic Wiredu Boakye,! Pattana Jaroenlak,23
Anuphap Prachumwat,* Tom A. Williams,®
i T Kelly S. Bateman,® Ornchuma Itsathitphaisarn,?3
o Kallaya Sritunyalucksana,* Konrad H. Paszkiewicz,

Karen A. Moore,! Grant D. Stentiford®* and The shrimp microsporidian Enterocytozoon hepatopenaei (EHP): Biology,
B pathology, diagnostics and control

Thawatchai Chaijarasphong™®, Natthinee Munkongwongsiri®, Grant D. Stentiford®:,

: e Diva J. Aldama-Cano™", Kwanta Thansa“, Timothy W. Flegel™', Kallaya Sritunyalucksana“,
A Nestgd PCR Assay to Av0|.d .False Positive Ornchuma Itsathitphaisarn®=
Detection of the Microsporidian
Enterocytozoon hepatopenaei (EHP) in
Environmental Samples in Shrimp Farms

PEARLS
Ultimate opportunists—The emergent
Enterocytozoon group Microsporidia

Pattana Jaroenlak'?, Piyachat Sanguanrut®?, Bryony A. P. Williams*, Grant D. Stentiford®,
Timothy W. Flegel®®, Kallaya Sritunyalucksana®®, Ornchuma Itsathitphaisarn2*

Now >100 publications on EHP....
e

24

Grant D. Stentiford"2#, David Bass'2?, Bryony A. P. Williams
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The next 20?

Recovery ;S Progression

Health/

disease
status

Cell

REVIEWS

The Pathobiome in Animal and Plant Diseases

David Bass,'>>®* Grant D. Stentiford,*® Han-Ching Wang,*®® Britt Koskella,>® and Charles R. Tyler””

Compartment Healthy Disease
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Vv i rUSeS ﬁ“\n \Py Contents lists available at ScienceDirect
Article v e
A Novel RNA Virus, Macrobrachium rosenbergii journal homepage: www.elsevier.com/locate/jip
Golda Virus (MrGYV), Linked to Mass Mortalities of
the Larval Giant Freshwater Prawn in Bangladesh

Journal of Invertebrate Pathology

Understanding the role of the shrimp gut microbiome in health and disease

Chantelle Hooper 1*(, Partho P: Debnath 2% Sukumar Biswas 3, Ronny van Aerle 1.4

a,b,c,d, : a,c : a,c : b,c,e,
Kelly S. Bateman 140, Siddhawartha K. Basak 2, Muhammad M. Rahman 2, Chadag V. Mohan 50, COrey C. Holt » David Bass™", Grant D. Stentiford"™, Mark van der Giezen
H. M. Rakibul Islam %, Stuart Ross !, Grant D. Stentiford “* David Currie ? and David Bass %7 -
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ut Taxa
Unclassified
Verrucomicrobia
B Tenericutes

B Protecbacteria

B Planctomycetes

] Gammatimonadetes

H Fusobacteria
Firmicutes

] cyanobacteria
] Chloroflexi

L ] Bacteroidetes
F ] Actinobacteria

Motif

Region 2 2 N

Figure 3. Schematic illustration of linear Macrobrachium rosenbergii Golda Virus (MrGV)
and gill-associated virus (GAV) genomes and proteomes. Open reading frame (ORF) la is
set as reading frame zero and genomes are spit into five sections: 5" untranslated region (UTR)
ORFla, ORFlb, 3 ORFs and 3" UTR Transmembrane (TM) regions are shown in grey

\ N\
z
with predicted TM helices shown as black bars above these regions. Predicted protein illi iiil i ii ili
motifs are a 3C-like protease (3CLpro), nidovirus RdRp-associated nucleotidyltransferase (NiRAMN),
RMNA-dependent RN A poly merase (RdRp), zinc-binding domain (ZBD), superfamily 1 helicase (HEL1), o
3'-5" exoribonuclease (ExoN), S-adenosylmethionine (SAM}-dependent N7- and 2"-O-methy ltransferases
(N-MT and O-MT, respectively) and glycoproteins (gp).

Blagk tiger shrimp: Fenaeus monodon Pacnflc white shrimp, Litopenasus vannamei

Days*/Months post hatch
Juvenile Adult PL | Juvenile Adult Life stage
Cultuned Cultured H Wild | | Cultured Cultured || Wild Culture Environment

Use of sequencing technologies to detect Shift to focus on microbial conditions
and describe cryptic pathogens conducive to health rather than just disease
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Current work — Thail

Testing of a pond-side molecular diagnostic tool
for the detection of white spot syndrome virus

2= B O S i ‘“'___ s in shrimp aquaculture
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OPINION

New Paradigms tc

Aquaculture Dises

Grant D. Stentiford’**, Kallaya Sri?
P. Williams*®, Boonsirm Withyach
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- Segweed lona Campbell () - Cicilia 5. B. Kambey? - Jonalyn P. Mateo® - Sadock |
: Flower E. Msuya® - Grant D. Stentiford>® - Elizabeth J. Cottier-Cook' |

Biosecurity policy and legislation for the global
aquaculture industry




Summary

Aquaculture is part of the food system

Hence, sustainability must considered relative to other sectors comprising the system

A One Health approach can be ‘designed in’ to food sectors/systems (incl. aquaculture)

Wider science-policy expertise needed across organism/environment/human health outcomes
Enhanced role for national governmentis implied — farming in national waters

Environmental protection integral to enabling safe/sustainable food from aquaculture

nature food ——

Read more about One Health Aquaculture: e Hentth In Aquaculture
https://www.nature.com/collections/jbbahhegac/
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