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Preface

When | started my career over 25 years ago, | travelled to India to discuss antibiotic use in aquaculture. During workshops with shrimp farmers
and associations, it was explained that antibiotics are not needed in aquaculture and how more focus should be addressed on disease
prevention. In the meantime, aquaculture production worldwide, and in India in particular, significantly increased, there is much more
experience and better knowledge on production. However, with increased production, problems with diseases also significantly increased and
the AMR problems are greater than ever before.

It is without any doubt that, with business as usual, new diseases will evolve and that problems with AMR will further increase. Furthermore,
AMR is linked with other global challenges and for most of them limits are reached. Therefore, it is time to rethink the way we address diseases
and AMR in aquaculture (and beyond!). It must and can be done differently by understanding the root causes of our problems and applying a
systemic approach. We are allowed to switch our focus from control of diseases and AMR — towards creating resilient production areas.

With this study on AMR, | would like to highlight how The Netherlands can take a leading role in the transformation of the Indian seafood
sector towards a healthy production sector by a systemic approach, back in balance with nature.

Dr. Karin van de Braak
Sustainable Aquaculture Solutions
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Executive Summary

Antimicrobial resistance (AMR) is a major global threat to human and animal health and growing at an alarming rate.

This study was commissioned by the Agriculture Department of the Embassy of the Kingdom of the Netherlands in New Delhi, the Netherlands Business
Support Office (NBSO) in Hyderabad and supported by the Netherlands Enterprise Agency (RVO). The aim of this study was to investigate the importance of
AMR and to identify opportunities where Dutch parties can contribute with knowledge, technical assistance and technology and experience to address drug-
resistance in the Indian seafood sector.

The first part of this report describes developments in the aquaculture sector. Disease outbreaks are recognized as a major constraint to aquaculture

production and trade and are affecting economic development of the sector in many countries of the world. This is also the case for the shrimp culture sub-

sector in India. The importance of understanding disease outbreaks is explained with the iceberg model. Diseases are only the tip of the iceberg and often
addressed in a linear, problem-solving approach.

However, fish and shrimp diseases are complex problems and occur as a combination of suboptimum factors within the host, microbes and the
environment. Complex problems are never solved by focusing on the problem itself. In many cases the situation will get worse!

The actual causes are hidden from plain sight, especially with diseases in aquaculture. For a real transformation, the environmental and social structures of
the system need to be considered as well.

AMR in aquaculture is growing by tending to address diseases in a problem-solving approach. However, AMR is an extremely broad and complex problem,
interrelated with other sectors. Part 2 of the report explains the linkages between AMR and other major global challenges and outlines 3 approaches; 1.
Control of diseases and AMR; 2, Sustainable intensification and 3. Nature-positive systems. These different approaches complement each other and already
co-exist, with importance in the order they are presented.




Executive Summary

Each of the approaches has advantages and significant disadvantages, which need to be considered in selection of the options.

The 1st approach focusses on control and results in more knowledge and awareness of diseases, diagnostics, responsible treatment and trends and harm of

AMR. The advantage is that a lot of knowledge is generated. The disadvantages of this reactive approach are that it is complicated and costly; the disease
losses already occurred, new diseases will certainly emerge and AMR and even multi-drug resistance will make things worse.

Approach 2 is focusing on disease prevention by creating efficient production systems and a healthy culture environment, aiming at zero-use of antibiotics.
The advantage is a high production output per input factor. However, the focus on intensification and efficiency of the level of the production systems alone
may lose sight of the other global challenges of today, such as climate change, biodiversity loss and increasing inequalities.

The 314 approach in this report is on creating nature-positive and resilient production areas with regenerative systems and fair price for the farmers. The
important advantage is that other major global problems are addressed in this way as well. The disadvantage of this approach, however, is that it is complex,
many partners are involved and sometimes requires high transition costs or reduced income at start.

This section includes examples of each of the different approaches defined in this report.

Part 3 of this report includes the recommendations and starts with an overview of Dutch parties which could contribute to each of the different areas. It
takes the SDG's into account along the shrimp production and supply chain in India with exports to The Netherlands. The needs and advantage of the
system approach are further explained. Only reducing the negative aspects is not enough anymore. The regenerative approach creates potential emerging
positive synergies along environmental, social and financial aspects.




Key messages (1/2)

Aquaculture production and seafood exports from India to EU/NL will significantly increase in the coming decade

Fish and shrimp production intensification will result in emerging diseases and more outbreaks and losses, increased
antimicrobial use and more antimicrobial resistance (AMR) problems

AMR is recognized as a silent pandemic, with the potential to cause huge social and economic disruption

AMR is a major global problem and strongly interlinked with other global problems, such as climate change, biodiversity loss and
social inequalities

India is among the countries with the highest levels of clinical and aquaculture multi-antimicrobial resistance and is among the
ones exposed to the highest climatic vulnerability and temperatures rises

This study emphasizes the need for urgent coordinated effective national and international interventions and multi-sectoral
collaboration to limit antimicrobial use and the global spread of AMR

Accountability extends beyond national borders and The Netherlands, as a major importer and with extensive experience in
intensive animal production, can contribute to the development of the Indian seafood sector which goes beyond sustainability




Key messages (2/2)

The complex nature of AMR requires a holistic and integrated approach and is, in this study, divided in;
1. Control of diseases and AMR: More knowledge and awareness in AMR, disease diagnostics & responsible disease treatment
2. Sustainable intensification; More focus on disease prevention by creating efficient culture systems and a healthy environment
3. Creating nature-positive and resilient production areas with regenerative systems and fair price for the farmers

The goal is no longer a focus only on increasing production and efficiency (which may increase the problems), but to take a
systemic approach to transformation and returning the ecological balance

Regenerative aquaculture has the potential to create a synergistic relationship between ecological, social and economic systems
and should be prioritized; in this way antimicrobial use is addressed at the base with healthy production systems in an area; it is
much easier, cheaper, faster and thus, more effective than to solving problems afterwards




[aligele[Vlaife]g World Aquaculture Disease control

Pa r‘t | + Objectives of this study + Production & Trends * Costs and losses
+ Antimicrobial Resistance (AMR) * Major challenges » Structural causes
Iplifele[Vailelp * Information and approach + Disease problems * Effectiveness

Situation in India AMR is complex Three approaches

AMR in Aquaculture Pa rt | | Interlinked with other global 1. Control of diseases & AMR
Results local studies

challenges 2. Sustainable Intensification
One Health

N Roadmap 3. Regenerative production
Shared responsibilities

Dutch input Annexes

Pa r‘t | | | Bending the curve Technical Aqua-Meeting
Include SDG's References dd 1-10-2021
Recommendations Synergistic effects

Re-think the business case

FROM MORE TO BETTER




PART |

Introduction



INTRO | WORLD AQUA | DISEASE CONTROL | INDIA | AMR | 3 APPROACHES | RECOMMENDATIONS

Background

This research is conducted on behalf of the Netherlands Business Support Office, Hyderabad and the Dutch Embassy in India. The Dutch
government underscored the importance and urgency of addressing the growing global threat of antimicrobial resistance (AMR) in all
countries through a coordinated, multisectoral, One Health approach in the context of the 2030 Agenda for Sustainable Development.

The aim of this research was to provide a business case for technologies that could help reduce AMR in India, and support sustainable and
responsible growth of the Indian aquaculture sector.

Results are obtained through extensive desk research of scientific and secondary research papers, global developments and stakeholder
interviews. On-site, Solidaridad India conducted a field study through interviews with key-stakeholders and a survey among shrimp farmers.
Other studies were conducted by major producers and exporters in the sector. The preliminary results were discussed between major Indian
stakeholders and the Dutch aquaculture experts and business sector on October 1, 2021.

At the time of research and writing, COVID-19 continued to have a major impact on lives and livelihoods around the world. It shows the
scale of the systemic risks we face and the lack of resilience built into our current operating models. AMR has the potential to cause an even
bigger impact if we continue with business as usual. Therefore, this report explains the importance of understanding disease problems and

why these are occurring. It explains the AMR linkages with other global challenges and the role that aquaculture could play in addressing
these. It is suggested to focus on a value case rather than on a business case.

FROM MORE TO BETTER 9



- Insights on the aquaculture production sector and value
chain in India with trends and challenges in export to
Europe/NL related to AMR

- Provide details to Dutch agribusiness to elevate the
aquaculture sector in India through investments and/or

ObjeCtiveS of knowledge and technology

th|S Sty dy - Provide insight and pave the way for Government 2
Government (G2G) or Knowledge 2 Knowledge (K2K)
interventions to relevant chain actors in India

- Discuss possibilities for cooperation and business
development between Indian and Dutch entrepreneurs
in the seafood supply chain and beyond
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Antimicrobial Resistance (AMR)

AMR occurs when bacteria, viruses, fungi, and parasites change over time and stop responding to antimicrobials
that are supposed to treat diseases. The problem is huge and rapid and effective action is needed.

This study has a focus on the seafood sector in India, however, AMR is a global multi-sector, multifaceted and multi-
stakeholder challenge. Antimicrobial abuse and misuse, poor hygiene and biosecurity, the enormous amounts of
waste and pollution, contamination through hospitals and pharmaceutical industry, climate change and globalisation
are all factors contributing to the rising rates of AMR in the world.

FROM MORE TO BETTER N



INTRO

Antimicrobial resistance (AMR) develops when bacteria, fungi or
viruses are exposed to antibiotics, antifungals or antivirals

As a result, the antimicrobials become ineffective, infections may
persist and become increasingly difficult to control

What is antimicrobial resistance (AMR)?

Antimicrobial resistance

Antimicrobial resistance is the ability of microorganisms (such as bacteria, fungi, viruses, or protozoa) to nullify the effects
of antimicrobial drugs, resulting in these drugs becoming ineffective’2 AMR can affect anyone, of any age, in any country. Is 3 g |Oba| threat Wthh can aﬁcect everyone

How does it happen? in every place on earth

. Is a hidden threat and often not recognised
\ // . .
/ Y When taken, / / . Is on the rise and may become the leading
/’ ar\l|b|ot|(.s kill bucten The drug-resistant Eventually, the drug- \

S p - m—

/ There is usually a small \
/ number of bacteria that ‘\ causing the iliness - but ‘ bacteria survive and resistant bacteria

[ areresistant to antibiotics | | they also kill the good ' multiply ,' becomes dominant and
}_)‘ bacteria that protects }—)‘ spreads
|

thebodyfrom || | . Can not be banned and will always deserve

I, i /
\\:-::' ‘\’./// \ '”fe"“"” / \ \\ "::,\\ // \ “( /’ attention

Demands for different solutions

cause of death

SOURCE: The Center for Disease Control (CDC)

1. Antimicrobial Res e Fact Sheet. WHO. http://w
2. About Antimicrebial Resistance. CDC. https://www.cdc.g

Source: AMR Insights

/drugresistance/about.html
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Over 1 million people died in 2019 from
antimicrobial resistance: study IMPACT

By Gledre Peseckyte | EURACTIV.com @ 6:51 (updated: © 11:11]

A continued rise in resistance by 2050 would lead to 10 million

deaths and a reduction of 2% to 3.5% in GDP.

Source: O'Neill (2014) ‘Review on Antimicrobial Resistance. Antimicrobial Resistance: Tackling a Crisis for the Health and Wealth of Nations

Combating

antibiotic resistance,

Misuse and oweruse of antiiotics in recent years has fed some bacteria to develop antimicrobial resistance, meaning that ¢
antibiotics become less effective 30d infections persist in the bady. [SHUTTERSTOCK a1 un Ontskr =] ag lobal threat

4472

US$
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America
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f Asia
;§,730,000

of work

—
| ]

s . n
\!ﬁ“_\ : The median overall extra The time a rural male casual

Africa cost to treat a resistant worker in India has fo work
I . Oceania

4,150,000 bacterial infection to earn this amount

Latin 22,000
America 2 Sujith Chandy. *Anfibiofic Use & Resistance:
392,000 ' - Patterns, Perceptions, Policy and the Price fo Pay' (2014)
)
- Act
Mortality per 10,000 population PAS Haas e
number of deaths 5 p3 = 8 5 =5
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ENVIRONMENT NEWS

{ _ﬂ‘_ » United | UN News

P NSO | laseppesiamamnimis g’l \\“\\J, Unlted UN News First global look finds most rivers
= ‘ = \lié;/:,,ly Natlons Global perspective Human storic awash with antibiotics

AUDIO HUS &  SUBSCRISE B8 Almost two-thirds of the rivers studied contained enough antibiotics to

W e m ay S O O n r e a C h 1/ a tl p pl n g i cailiagency stigem it e o m conu:bulctothcg'v?*lllrtgproblycm01anhbmllz-rcslslartt.bdclcna.
point” when antimicrobial

resistance (AMR) becomes the
leading cause of death —
surpassing heart disease and

against ‘invisible pandemic’ of
antimicrobial resistance i AUDIO HUB & SUBSCRIBE &5

w Antimicrobial resistance a 'global health emergency,' UN,
ahead of awareness week

. . Everyone has a role to play in global superbugs crisis Q* \: ﬂ"itt.ed 5{1\: Nf:ﬁi —
other so-called lifestyle illnesses - S e )

The overuse of antibliotics not just for human and animal health but

also in food production is leading to an increased resistance of
S AUDIOHUB & SUBSCRIBE &

bacteria, fungi, viruses and p i o
@\ United Alertiover shortage ofew dengs for ‘worldbamone Antimicrobial effectiveness leaning towards
1N s s s 5
Wy Ngﬂgns‘ i dangerous bacteria’ tipping point’ resistance — FAO

It is estimated that each year, 700,000 people die

q

Veterinary Officer Keith Sumption said that if no
o Silent Pandemic: Overuse renders
actions are taken, the annual tally could soar antimicrobials less effective — UN agriculture
agency

to some 10 million by 2050

f v & RO

FAQ, Wednesaay, November 24, 2027

15 Apri 2021 | Health f v &2 R ©
Alsck of mew trestments for cammon infoctions has keft people dangorous’y expored
10 the “worid's most dngercus bacteria”, the UN hoalth agency sald on Thursday.

fv s mo 24 November 2021 | Health

Ser 2020 | Healts
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The main drivers of AMR

AMR problems accelerate due to the inappropriate use
of antimicrobial agents for clinical and non-clinical
applications in human health, animal health, food-animal
production and crop production

Exposure of microbes to disinfectants and non-
pharmaceutical agents also contributes to the microbial
ability to evolve mechanisms that increase AMR

Furthermore, the environment plays a significant role:
waste from farms, factories, community and healthcare
settings contributing to the emergence and spread of
AMR through environmental routes

It is expected that disruption of health service provision
due to Covid-19 contributes to emergence and spread of
AMR as well

FROM MORE TO BETTER

xtrinsic factors

Intrinsic factors ~

* Chronic infections (poor adherance)
* Agricultural use
« Empirical treatments

Abuse
» Antibiotics for viral prophylaxis
* Antibiotics for viral treatment

Misuse Overuse

* COVID -19 treatment
* Antibiotic-based sanitizers

v
Antimicrobial
Resistance

Combination of factors driving an increase in AMR

4

*« Membrane depolarization

* Target modification
* Enzymatic degradation

v

* Persister cell formation

From Lobieet al., 2027

* Increased efflux
* Decreased influx

Aquaculture MAR Pesticide use

Animal imports

. Use of antibiotcs
\.ncal mar'|

/ w/Undemounshmem
/ .

o™ Sanltanon

=, _Population
density

Livestock density
Water services

Animal production
Aquaculture
Fig. 4 Pearson correlation network between all the simple studied
variables. Significant correlations (P-value < 0.05) are displayed with solid
lines, whereas correlations (r> 0.30) nearing statistical significance (0.10 >
P-value > 0.05) are shown in dashed lines. Edge weight is proportional to
the correlation coefficient (r), with line width increasing with higher

correlation values. )
From Reverter et al., 2020
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Available information

Number of results with different search areas in
Google Scholar shows enormous and rapidly
increasing amount of information available
related to ‘antimicrobial resistance’ and
‘aquaculture’ and ‘India’

= Google Scholar
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140.000
120.000
B 'antimicrobial resistance'

100.000 ‘antimicrobial resistance' and 'India’
80.000
60.000
40.000
20.000

0

T~ Y Y Y« v ¥

‘antimicrobial resistance' and ‘aquaculture'

‘antimicrobial resistance' and 'aquaculture' and 'India’

Google Scholar is a Web search engine that specifically searches books

articles and documents in scholarly literature and academic resources



INTRO

The longer we wait the
harder it gets

o

~ [e]

The problems will an effective and will get MUCH
get bigger and approach is MORE more expensive
BIGGER and MORE difficult

.the longer we
postpone it
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From people with and
without symptoms

of infection
Antibiotic resistance could kill us
Between facilities before climate change, warns

country's top medical officer

, l‘ Between germs

yi

STOP SPREAD AT THE FIRST SIGN
OF UNUSUAL RESISTANCE

t adviser war

By Sarah Hajibagheri, Sky News reporter

€785 World Health
xj’b’ Organization

ﬁ Health Topics « Countries v Newsroom v Emergencies v

Home | Acilvities / Supporting countries with natlonal action plan implementation / NAP AMR Sample Template (English]

Supporting countries with
national action plan
implementation

In May 2015, the Sixty-Eighth World Health Assembly ecopled e “Globd Action Plan on Animicrobial Resisiance.” The goal
of e globed acticn plan is %o ensure, for as long as passible, confnuty of successful treatment and prevention of infectious 148
@583585 wih efectve and 5afs madicnas Mat e qualty-assured usad In 3 FBEPONSIE way, and 3ccessibie 10 &l wha need

them. countries

To Bchieys TS goal e pIobal 3090 pian Ba15 oUt 1VA SITalagic objectives: have finalized their National Action
Plan, aligned with the objectives of the

« 10 IMprove awarenass and LNderstaNaing of antmiroblal resistance;
GAP (as of Oct 2021)

* 0 sirengihen nowledge through survellance and research

% reduce the nadence af infection;

* %0 0pamIZa 1he uso of antimicrobial agents, and

o develop the economic case for sustainable Investment that taives account of e needs of &ll countries, and increass
FIvESIMEnt in new medicines, (BGNOSIC 10OKS, VACCNES aNd OTISr A VErSoas.

The World Heath Assambly akso urged all Membear States 1o develop 8nd have i place by 2017, national action plsns an
arfimicrobial resistanca that are algned wih fhe cbiectives af tha glabal action plan
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World Aguaculture
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World Aguaculture

Production

The fastest growing food
production industry over
the last five decades

WORLD AQUA

WORLD CAPTURE FISHERIES AND AQUACULTURE PRODUCTION

AQUACULTURE

CAPTURE

GLOBAL CAPTURE FISHERIES AND AQUACULTURE PRODUCTION, 19902030
"

1950 1954 1958 1962 196 1970 1974 1978 1982 1986 1990 1994 1998 2002 2006 2010 2014 2018

W Copture fisheries — inland waters ¥ Capture fisheries — marine waters M Aquaculture — inlond woters ¥ Aquaculture — marine waters

Wom m o om om om om0 om om om ™ NOTE: Excludes aquatic mammals, crocodiles, alligators and caimans, seaweeds and other aquatic plants.
- = _ SOURCE: FAO.
Expected to Intense debates Wide variety of
continue this growth about species and
in the next decade sustainability production systems
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World Aguaculture
Growth

As new technologies and
species develop, aguaculture
will grow within new and
existing geographies

WORLD AQUA
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IS +12% in 2030
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World Shrimp
Production

Production (Million Tons)

WORLD AQUA

A A . — L A

{4

-

Il

+20%

]

2012-2017
CAGR: 2.2%

+6%

6% 1% I

2017-2021
Projected CAGR: 5.4%

+11% +1%

|

+5%

o<y m Other

® Middle East /
Northern Africa

" Americas
w India
®m China
M Southeast Asia

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Fig. 1: Shrimp farming production by reglon. Sources: FAO (2019) and GOAL surveys (2011 to 2018) for 2010 to 2017; GOAL survey (2019) for 2018 to 2021.

Most popular Strong global growth
seafood product (up to 10% expected in 2021)

Expected to

continue to grow

One of the most

valuable species
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Volatile market
and prices
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Trends &
Developments

Shrimp important in
global seafood
trade

Wide variety of
production systems

3 main species
produced

Million Metric Tonnes

WORLD AQUA

» Best Management practices
» Sustainability certification
 Fishmeal replacement

+ System design

+ Multi-trophic aquaculture

* Integrated systems

* Indoor RAS technology

» Regenerative aquaculture

70.70..70.70..70.70.70. 70 70 7.
9579579 ‘96‘6‘9)0‘9)6‘900‘9‘90‘9909950050?§07§0’§09§095

1 species (P.
vannamei) accounts
for 77% of production

Billions of dollars lost
due to diseases

Diseases major
constraint for growth
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Major
Challenges
Diseases

Survey carried out among key
players in the sector in 2079

WORLD AQUA

O i CHENNAL INDIA /35, Global
G b ol s {771 Aquaculture

e

Issues and Challenges in Shrimp Aquaculture
GOAL 2019 Survey — Asia

Diseases }

***Production costs - Feed/Fishmeal
Access to disease-free broodstock =
***International trade barriers
Environmental management 3

Seed stock quality & availability
***International market prices

|
Banned chemicals / antibiotic use

Production costs - Fuel }
Production costs - Others

Feed quality and availability )
Market coordination —
Access to Credit
Product quality control
Infrastructure
Conflicts with other users
Public Relations Management

Not Important Moderately Extremely
Important Important

Global

\ 717" Agquaculture

Asterisks indicate a Top 3 issue in GOAL 2007 Survey

Shrimp Disease Updates from Loc Tran

Major challenges:
EMS/AHPND, WSSV, EHP, White Feces Disease, SHIV?
Antibiotics residue

CONNECT. COLLABORATE. COMMIT. #GOALCONF19
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The biggest problems experienced by the growth of the global aquaculture industry are the
fish and shrimp diseases

— IntraFish wirs B & B =

There are many factors contributing to the disease challenge including:

- increased globalization of seafood trade and markets

. - intensification of fish & shrimp-farming practices

ndian shrimp production could fall by up to 30 percent this year Phato: IntraFish

, | - introduction of new species and production areas for aquaculture
Indian farmers 'completely clueless' as new

shrimp disease spreads

- large areas of monoculture production of (non-endemic) species

The growing threat is leading to loss-making sales, and could bring down
total volume by as much as 30 percent this year.

(@) SeafoodSource

- expansion of the ornamental fish trade

- (unanticipated) interactions between cultured and wild populations
of aquatic animals

Yy b b 3 b -
MSCU | 915615 2
[+ g o] [
Disease challenges biggest obstacle to
India’s shrimp success

- poor hygiene and lack of effective biosecurity measures

15/0a/18

- slow awareness on emerging diseases

Continued challenges
due to white spot,
Enterocytozoan
Hepatopenaed (EHP).

- climate change and environmental degradation

- irresponsible use of veterinary drugs
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Disease Control in Aguaculture
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The costs of diseases

Disease outbreaks are recognized as a major constraint to aquaculture production and trade and are affecting economic
development of the sector in many countries of the world. This is especially the case for the shrimp culture sub-sector.

Some data are available on direct financial losses which indicate the significance of the problem, although social and other
related impacts, such as trade, trust and employment issues, chemical and drug use, environmental degradation and AMR,
have never been properly quantified. These additional and externalised costs are expected to be much bigger than the costs of
disease outbreaks alone.
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Antimicrobial use in Aquaculture
production

The availability and use of effective antimicrobials is essential for the health and welfare of terrestrial and

aquatic animals, and their appropriate and prudent use has an important role in productive and
sustainable agriculture and aquaculture (FAQ, 2021).

The levels and patterns of antimicrobial use in aquaculture globally remain largely undocumented. This
hampers the application of targeted interventions and policies promoting sound antimicrobial
stewardship in this rapidly growing industry.

It is projected that global aquaculture consumption will increase 33% by 2030 (Schar et a/, 2020).
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Figure 1. Antimicrobial consumption in aquaculture in 2017 and 2030 (projected, Supplementary material).
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Fig. 4: Future survey locations prioritized to reduce uncertainty in antimicrobial
resistance in freshwater environments in Asia.
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Structural causes of diseases In
Aqguaculture production

Diseases in aquaculture occur as a resultant of the complex interaction between the host, potential
pathogens and the environment.

A lot of effort is put on solving disease problems in a one-dimensional way. However, in aquaculture
production, and especially in the shrimp culture sub-sector, disease treatment is often not effective.

Intensification of monoculture production, environmental degradation, water quality deterioration,
deforestation (incl. loss of mangroves), globalisation and climate change contribute to disease
outbreaks.
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More reasons why antimicrobials are not effective in aquaculture

There are no or very limited veterinarian professionals who can subscribe specific treatments for prudent and responsible use
There are no or very limited specific treatments available for most of the fish and shrimp diseases

Co-occurrence of different types of diseases and limited availability of diagnostics hamper reliable diagnosis

Sick animals lose appetite and application of medicated feed may be ineffective

Individual treatment of animals is not possible in aquaculture

Antibiotics can kill ‘bad’ bacteria, but also the ‘good’ bacteria and may leave the host weaker after treatment

Antimicrobial compounds may kill pathogens, but will not cure; the body is doing that itself

Frequent use of antimicrobials has led to the development of resistant microbes, leaving future on-farm treatments ineffective
Most of the antimicrobials or other chemicals end up in the environment and contribute to pollution, stress and AMR-spread

Use of antimicrobials is expensive and there is still a lot more to be gained from implementation of simple and inexpensive best
management practices, such as increasing hygiene and biosecurity, reducing stress conditions and DO measurement



What is happening

Why it is happening

>

More impact

Event/symptom

Pattern/trends
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Mental models &
Planetary boundaries
Environmental & Social

DISEASE CONTROL

System Innovation to address AMR from Aquaculture

Fixing 1 problem rarely makes sense

It is much faster, easier and cheaper to address the root causes in a holistic approach

What happened? — obvious evidence
Tendency to React to solve/fix the problem
Disease outbreak — treat the disease

Notice trends to anticipate
What happened over time? — monitoring, surveillance

Disease problems increase over time/in certain areas —
surveillance and epidemiology to anticipate and prevent

What systems, organisation, standards influence the pattern?
Where are the connections between the patterns?

Increased stress with increased density, monoculture
production of non-endemic species

What beliefs, assumptions, values, traditions do people
have to support the system?

We need to increase production and efficiency in order to
feed the world and earn a living (current belier)

Addressing problems only on their
event/symptom level (often through
supplying sectors) works for superficial events,
but is often not enough in case more systemic
problems occur; the real causes are often
hidden from plain sight, especially in
aquaculture

Monitoring individual events allows to
observe trends over time and allows more
options to anticipate when naoticing a pattern

When we see the underlying system structure,
we can start to see where to change what is

happening

The system structures are based on mental
models and includes the environmental and
social contexts. This stage needs to be
addressed to restructure the system which can
lead to real transformation
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More reasons for stronger focus on resilient systems

With production increase and intensification, disease problems will increase and new diseases will certainly emerge
Diseases occur as a combination of suboptimum factors within the host, microbes and the environment

Aquaculture situation is often favourable for opportunistic pathogens; microbes causing disease in animals with a
compromised immune system or in a suboptimum environment; diseases occur when fish are weakened by stress

In aquaculture production, and especially in the shrimp culture sub-sector, there are plenty of examples of good farming
practices and production performance where antimicrobials are not needed and not used
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More reasons for stronger focus on resilient systems

»,separation”

A shift in the understanding of the microbial-host coevolution

T _\‘\“\\ from the “separation” theories to the holistic approach. The
pathobionts . - \.\ hosts and their associated microbiota are assumed to have
- . coevolved with each other, whereby different approaches are

D \\
. symbionts \\ \
\\

considered to describe the coevolution theory. According to the
“separation” approach (upper part of the figure), the
microorganisms can be divided into pathogens, neutral, and
symbionts, depending on their interaction with their host. The
coevolution between host and its associated microbiota may be
accordingly described as antagonistic (based on negative
interactions) or mutualistic (based on positive interactions). The
recent emerge in publications about opportunistic pathogens
and pathobionts gave a shift towards holistic approach in the
coevolutions theory (lower part of the figure). The holistic

\

= _ approach sees the host and its associated microbiota as one
ly state unit (so-called holobiont), that coevolves as one entity.
_ HOLOBIONT & I According to the holistic approach, holobiont’s disease state is
evolution " g [/ linked to dysbiosis, low diversity of the associated microbiota,
_‘ , and their variability: a so-called “pathobiome” state. The healthy
N 71 state, on the other hand, is accompanied with eubiosis, high

diversity, and uniformity of the respective microbiota. The
dynamic flow of microorganisms from one host to another and
to the environment, described by the One Health concept,
underpins the holistic approach in the coevolution

Berg, G., Rybakova, D., Fischer, D. et al. Microbiome definition
re-visited: old concepts and new challenges. Microbiome 8, 103
(2020). https://doi.org/10.1186/s40168-020-00875-0

Holistic approach
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More impact
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Complex systems
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FROM

One step further down towards the foundation

Nature-positive, carbon-negative and inclusive aquaculture
production systems can contribute to a healthy food system, better
human health system, reduced pollution and improved water quality
in an area, at the same time reducing biodiversity loss, climate change

and social inequalities.

These more resilient culture systems will improve culture conditions,
reduce disease problems and don't need chemical treatment. It is
much easier and cheaper than ‘fixing problems’ afterwards.

The big gain lies in the combination of the different factors and their
symbiotic relationships.

M O R E T O BETTER
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When we focus on
creating resilient
production
systems, the risk of
disease outbreaks
» : will significantly
B e S decrease

Focus on the
foundation is easier
and much cheaper

than fixing
problems
afterwards

Nature, climate, biodiversity, equality And it will have a

lot of other
additional benefits

Resilient systems are the very foundation
and essential for the future of life on earth
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The situation In India

India is one of the world's biggest aquaculture producers with shrimp as single biggest export commodity. The
sector is still rapidly growing and plans are to double export in the coming years. Production increase and
intensification will increase the risk of disease outbreaks and are potentially driving antimicrobial use and also
antimicrobial resistance.
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Compared with antimicrobial use in terrestrial animal production, application of antimicrobials in aquaculture
provides a potentially wider environmental exposure pathway for drug distribution through water with
important ecosystem health implications. Therefore, urgent steps are necessary to halt its progress and spread.

Solidaridad India conducted a field study through interviews with key-stakeholders and a survey among
shrimp farmers. Others studies were conducted by major farmers and exporters in the sector. The results show
possible entry points and suggestions for AMR control.



Quantity & Export

India was the top shrimp exporter by volume and value in 2019
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State wise shrimp production . . . .
e s Dlseas st|I te major culture issue

o i = Less seed (PL) survival.
* Slow growth- High FCR.
= EHP, Vibrio and Atropy of

Andhra Pradesh 480.000

West Bengal 62.000 O h =< Hepatopancreas
- g ‘ ' -« IMNV (Recent)
Odisha 57.000 VL 0, ‘ ‘ '
R e S u tS 5 * Running mortality.
Elilarat it L - - * * White gut/ White feces.
Tamil Nadu 21.000 e < — .
L O C a | St u d y Rest of India 7.000( zz still the major
%‘ damage caused
Total 650.400 | VT by WSSV

Dr. Manoj M. Sharma

Managing Director

Market wise Seafood Export by value India

Mayank Aquaculture Private Limited

Main goal to make the shrimps disease free

Fear of losing money and livelihood

mUS 1 _
5 china Fa rmers No prudent way to use antibiotics to mitigate
i diseases

aiil perspective
vl tOWards use of Fear among the farmers due to increase in the

7 Sy disease incidence
m Others Antibiotics
W Japan Fear among the farmers as the diseased material is
= Middle east being rejected in the export market

&

Shrimp Production in India
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£— Global
(© Seafood

ABOUT MEMBERSHIP RE

N’ A

c.“\
How India became the world’s top shrimp producer

° °
Shrim P Production L 8
The president of India’s Society of Aquaculture Professionals details the industry’s
Indi

growth amid infrastructure, disease and marketplace challenges

Shrimp contributed >50% in quantity and
/5% in financial export earnings from
seafood in 2020/2021

EU is the 3@ largest destination of Indian
seafood with 14% in financial value with
shrimp as the major product

Indian shomg tasmecs are highly interected m te production of Large shexmg for amproved profdability. #hoto by Manoy Sharma, Mayank Aquacuture

Boost in production World’s 2"d largest Plans of doublin In list of To Reduction in
after introduction of producer of P. 9 P residues during

P. vannamei vannamei (13%) export products MRL Violations the last years
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Journal of FisheriesSciences.com Patil et al., 15(S1-002): 013-015 (2021)

Journal abbreviation: J FisheriesSciences.com

Production losses

Indi i o
“"
o
|a : -
8 3
= = L3
g 0.2 3
S - 0.1 g
§ - h T — B .,
3 Vibrio  WSSVIEHP  Other §
& diseases* S
. Production loss —— Economic loss o
ShnmP Culture in AP' Figure 2: Production and economic loss due to shrimp diseases in India.
m Parasitic
infestations
3 i Produtivity loss per hectare due to shrimp
M Bacterial disease
diseases in India (t/ha)
m Fungal disease Other _—7%
diseases®,
5 1.72
® Alteration in
water quality EHPP IWSSY,
1.89
® Viral Diseases
Vibriosis,
0.97
Figure 5: Showing prevalence of various disease problems in Shrimp " R ——— —
aquaculture in Andhla P1'adesh (AP) igure 1: Froau Vlty 0SS aue 1o shrimp diseases in inaia.
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Wide diversity in aquaculture (shrimp) production systems

Nalilagle

Hatcheries Shrimp Production Processing & Dutch/EU Importers Markets &
Feed & ‘ Export and wholesale Consumption

Chemicals

Import Super-intensive Export (90%)
(0]
: Intensive —
Production systems /
currently mostly Local Semi-extensive  —|
used in India . . Local (10%)
Extensive/traditional-

Zero inputs —————— Working with Nature Production trends v/s Success

Aquaculture

systems vary in Regenerative
their levels of Year Total seed Total shrimp production % of success
Production (in tons)
2010 2.2 47 000 85
2011 45 83 000 74
2012 9.0 145 000 64
2013 18 247 000 55
2014 23 317 000 55
2015 32 353 000 44
2016 38 380 000 45
2017 60 650 000 48
Red ucing success rate 2018 66 740 000 53
with increasing 2019 70 805 000 55 %
production 2020 72 645000 48 M.,

Note: Calculated shrimp count @ 40 to 50 pcs/Kg
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Border rejections Serious cases - Tot. cases 2010-2020
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|
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2
©
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5
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B
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3
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Trends in cases of shrimp imports rejected by the European Union of exporting countries from 2010-2020. Data
obtained with the RASFF-Portal for the Food and Feed Safety Alerts. Search criteria that were used: notified
from 01/01/2010 | notified till 19/01/2021 | Notification type border rejection | Product category crustaceans and
products thereof | Hazard category residues of veterinary medicinal products.
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Results local studies India
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Results
Local Study

Solidaridad
Solidaridac

ASIA

CHANGE THAT
MATTERS

Survey and interviews carried out among
key players in the sector in Qz, 2027

INDIA

Possible entry points of antimicrobials and risks of AMR in Indian Aquaculture sector

Mixing of fresh water by getting contacted with the previously used untreated water
Possible pollution through antibiotics, resistant bacteria and human/animal pathogens

Use of human and animal waste containing pathogens, to fertilize the pond to encourage
the growth of algae on which the shrimp feed

Unregulated use of antibiotics, added directly to the pond-water and/or to the
animals/humans living there

Pond sediment/sludge containing antibiotics and resistant bacteria/pathogens is used as
fertilizer for chicken feed and crops

Effect of temperature increase and global warming

Use of already banned items i.e. Nitrofurans, Chlorofenical and Oxy-tetra cycle; detected
based on rejections and public reports

Antibiotics are found at hatchery level or at the farm level or both

Hatchery owner and staffs are not really care and use to increase production and to deal
with vibrio problems, Farmers are also not care on that issue

Surface contact with worker as it is labour oriented activities
During harvesting time farmers are not aware about it

Strengthening implementing NRCP (National Residue Control Programme) to control use of
antibiotics in Aquaculture
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Results
Local Study

Solidaridad
Solidaridac

ASIA

CHANGE THAT
MATTERS

Survey and interviews carried
out under key players in the
sector in Q2, 2021

INDIA

Suggestions for controlling of AMR

Strengthening of surveillance system for use of antibiotics in healthcare
Emphasis needed to the food and environment sector

Strengthening the laboratory capacity

Bridge among the regulatory and enforcement agencies

Better regulation of feed and pro-biotic manufacture and sells

Reduce the infection loss due to AMR pathogens by providing assured
quality medicines

Creating awareness and understanding among general public
Effective infection, prevention and control programme
Development of alternate to antibiotics protocols
Strengthening the certification procedures and BMP
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ANTIBIOTIC MANAGEMENT LEVELS

250

Processors

Fast and effective

Results

750 Moderate and effective

Local Study e

100 000+ Slow and less effective

Dr. Manoj M. Sharma

Managing Director »
Shrimp farmers

Mayank Aquaculture Private Limited

: Level 1 - Processors
Suggestive measures, - -

03/ 2 02 7 Total numbers of Exporters < 250 — Easy to
implement

PHT - compulsory by processors/ Exporters
Method of testing for antibiotics — LCMS

» Test- Direct antibiotics, not its metabolite

» Promotion of private labs with accreditations

» MPEDA/ NFDB assistance to establish LCMS lab
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Results
Local Study

Dr. Manoj M. Sharma
Managing Director

Mayank Aquaculture Private Limited

Suggested measures,
Q3, 2021

Level 2 — Manufacturers /
Traders / Suppliers

All the major inputs should be registered with CAA

CAA certified SPF brood stocks

CAA certified probiotics and health products

CAA/ MPEDA registered technicians

Level 3 — Farm and Hatchery

HATCHERY
* CAA certified/ registered brood stock, feed, health products
* PDT- Pre dispatch test should be compulsory
* Surprise and random test by CAA/ Competent authorities
Legal action/ penalty/ suspension should be very strict
FARM
CAA certified/ registered farms with license and GPS tracking
Renewal process of above all should be single window and fast
Surprise and random test by CAA/ Competent authorities
Farming method- BMP/GMP/GAP- Sustainable module
Legal action/ penalty/ suspension should be very strict

FROM MORE TO BETTER
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Results
Local Study

Dr. Manoj M. Sharma
Managing Director

Mayank Aquaculture Private Limited

Suggestive measures,
Q3, 2021

INDIA

Conclusion

In the current scenario its advisable to take the measures from the
shrimp processor/exporter level as its very fast and effective.

Corrections in level two will bring long term sustainability as
everything depends upon quality inputs.

Once the top 2 levels implemented properly, the 3™ level will get
automatically corrected as it is dependent on level 1 and 2.

Shrimp/livestock is subjected to diseases and there should be a
prudent way of using medicines. Competent authorities should
suggest some protocol.

Farmer training and awareness programs should be focused on
Food safety modules as international market drive is on “SAFE
SHRIMP”.
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Results Local Study

Processors perspective

Indo-Dutch Sustainable Shrimp

n

High Influence

‘ - * Finance by Rabobank / Rabobank Foundation
FINANCE Keep On Side PROCESSORS
CS0s/NGOs IMPORTERS -
St Govemmene * Feed + Inputs by Skretting
Indian Customers * EU Processors
g General S .
g Communication Keep Informed 3 General Keep Informed Importers (Klaas PU")
= = Communication . . . .
s : * Solidaridad / IDH for Monitoring
(o] 2o
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Besides AMR in human and animal health, the natural environment requires attention as well, as animal health,
human health, and environmental health are intrinsically related

The environment, including wildlife and water bodies, is also an important reservoir of drug-resistant microbes and
may be prime localities for development and spread, especially in places with inadequate hygiene and water supply

The spread and impact are especially complex for the aquaculture sector, therefore requires multisector collaboration
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The cycle of antibiotics and potential flow of (M)AMR in relation to the shrimp sector with export to Europe

AMR is multi-faceted with deep linkage to human, animal and environmental health

—  Food/feed J

—» Waste J

1
Hatcheries (PL's) | Aquaculture farming I — Desired AM flow |

Workers I

Farm supply shops

Farmers & Farm-workers

Mortality, US, Japan,
sludge, effluent Middlemen China etc.

All arrows also include
potential undesired AM flows

products Pharma-
ceutical/ o ' Dutch/EU
aqro- wildlife estock farms Importers
h g . | Wild fish . Manure Workers & traders
chemica ornamentals
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(legal &

lllegal)
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Important actors and aspects related to the Shrimp supply chain for implementation of One Health

A Extension Enforcement Global AMR Training & )
Regulations - v B : Export
services level reporting Education
: : Monitorin
Biosecurity - (é)%(dgta 9 Laboratory
AAHM testing
management

"M selecti Environmental Water quality Disease T bilit Residue
PEIECHOn monitoring (EIA) testing diagnosis raceabiiity testing

Production Farm

CABs (SGS) System design & Management
technology System
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The Netherlands/EU are importing seafood from India and AMR must be a shared responsibility.

Globally we are only as protected as our most vulnerable members, because resistant microbes easily cross
borders. Therefore, AMR should be addressed broader than at the level of export products alone.

India is @ major antibiotic consumer worldwide and is one of the countries mostly affected by AMR.

In addition, India is one of the major manufacturing countries of antibiotics for the world market, especially
low-cost products are exported to low-income countries. And, in like manner, India can take its
responsibility in this part as well, as AMR problems are rising at an alarming rate in these areas.
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India-Netherlands Joint Stat
visit of Prime Minister of Net
India (May 24, 2018)

Five mechanisms blocking the transition towards ‘nature-inclusive’
agriculture: A systemic analysis of Dutch dairy farming
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The European Commission will put forward a proposal for
legally binding EU nature restoration targets in 2021. Restoring
EU’s ecosystems will help to increase biodiversity, mitigate and
adapt to climate change, and prevent and reduce the impacts
of natural disasters.
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beat India on cheap medicines
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1) THIS STORY IS FROM NOVEMBER 23, 2019

Indian drug prices among the cheapest in the world

TNN / Updated: Nov 23, 2019, ST

The global antibiotics market is dominated by generic drugs sold at low prices

Generic Versus Branded Drugs Market By Country In 2017

India is among the major exporters of cheap antimicrobials to

I I I s low-income countries
I I I Il | Strengthening control of pharmaceutical companies for their pollution and trade is
THE BITTER/PILL

urgently needed for a major impact locally and worldwide

india China Russia France

Source: The Business Research Company
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AMR Is complex

Effective national prevention measures are needed, but action at global level is essential for
effective control of AMR. Furthermore, AMR is intertwined with other global problems and
affects a broad range of interconnected sectors. Therefore, requires a holistic and systemic
approach. We emphasise the urgent need for coordinated national and international
interventions to limit antimicrobial production, use, misuse, abuse and waste at all levels.
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Aquaculture at the crossroads of global warming
and antimicrobial resistance

Miriam Reverter ® “2* Samira Sarter® '3, Domenico Caruso', Jean-Christophe Avarre® !, Marine Combe',
Elodie Pepey'?, Laurent Pouyaud', Sarahi Vega-Heredia® ', Hugues de Verdal @ ' & Rodolphe E. Gozlan® '™
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Fig. 2 Global multi-antibiotic resistance (MAR) index calculated from aqu
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AMR

THEWEEK MAGAZINE Climate change: IPCC warns India of

extreme heat waves, droughts

HOME INDIA WORLD BUSINESS SPORTS SCUTECH LEISURE ENTERTAINMENT

News  Heslth India will likely face irreversible impacts of climate change, with increasing heat waves,
droughts and erratic rainfall events in the coming years if no mitigation measures are put
in place, experts warn,

OPINION: Is India ready for twin challenges

of global warming and antimicrobial
resistance?

Temperature change can drive up antibiotic resistance, spelling potential disaster

Case study on the impacts of climate
change on shrimp farming and
developing adaptation measures for
small-scale shrimp farmers

in Krishna District, Andhra Pradesh, India

By Dr Jyoti Joshi

Case study report

M. Muralidhar, M, Kumaran, M. Jayanthi, B. Muniyandi, A.G. Ponniah,
Udaya'S. Nagothu, Patrick White and Ambeka_t_'Ekriath '

L WL e, o 4 di Tin - oI
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Representative image

AMR is related to other
global challenges

India is heavily affected
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’ NOT The costs of climate change in India
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TIPPING
A review of the climate-related risks facing India,
and their economic and social costs

Angela Picciariello , Sarah Colenbrander , Amir Bazaz and Rathin Roy
June 2021

INDIAN SUMMER MONSOON

IN: Indian summer monsoon (ISM)
- Rain Accumulation | Globaia & NOAA National Climatic Data Center

' - N «
pssing these points threatens to lrrever31bly X Climate change: Indian monsoon among nine
‘a isrupt the natural systems that have kept Earth’s B t'PPIng points
~ climate relatively stable for thousands of years. ' |

Flood and Drought Due to the Indian Summer Monsoon. In India, GDP is
additionally affected by variability of the summer monsoon, which deter-
mines the occurrence of drought or flood according to the ISM tipping
module (48)
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Figure 1 Projected physical and economic impacts of climate change in India THE CLI MATE

CRISIS

Climate change: Climate change:
phys|ca| |mpacts economic ]mpacts Information note of the Global Leaders Group on Antimicrobial Resistance.

October 2021.

’ GLOBAL LEADERS GROUP
< ON ANTIMICROBIAL RESISTANCE

KEY MESSAGES

The cli crisis and antimicrobial resi - the ability of
microbes to resist the drugs designed to inhibit or kill them

- are two of the greatest and most complex threats currently
facing the world. Both have been exacerbated by, and can be
mitigated with, human action.

o The climate crisis is impacting human health, animal health,

i i food, plant and y in nur
Ralnfa" patterns ngher temperatures GDP ::ys,'::d n?annyet:‘fvtheso Imp::ts could atfonct antimicrobial
sistance.
- flow i ; *
An extra tvyo heatwaves (1218 Water flow in the Ganges and GDP in 2100 to be reduced by:

days at high temperatures) Brahmaputra to fall by 17.6% SHIASTCO S0 WS Aes cORME 16 M BORY.

i s 2 environment due to the climate crisis are increasing the spre:

each year by 2064. and ;9.6% respectl\éetly by ;mc::- e 10% at 3°C of global warming o Indactions lssase, lickidiig ding: seistant kile::tions
century (compared to end o e :

pre)\//igus nfillenniu m) i dueto dechnlng agrlcultural o High usage of antimicrobial drugs across sectors exacerbates

. N o antimicrobial resi: e. The increasingly severe impacts of

prOdUCtIWty’ sea-level the climate crisis, such as more frequent and severe extreme

rise and increased health weather events, will likely result in an increased use of

2 antimicrobial drugs in humans, animals and plants.
expenditure.’

As these two crises continue to grow, the impacts on
o o > economies, lives, and livelihoods are expected to be
e 26%at <2°C global warming significant and devastating, particularly for low-and middle-

an d u p to 13. 4% at over 4°C income countries and small island developing states.

of g|0ba| Warming due to More financing, political advocacy and coordinated global
declining labour productivity ot AMC S At bl et it aur
from tempe rature and climate crisis before it is too late.
precipitation changes
Sea-level rise Storms and cyclones e 0% at 3°C of global The links between antimicrobial resistance and the climate
Sea levels to rise by 20-30 cm Cyclones in the Bay of Bengal warming, based on the crisis have been neglected and require significantly more
By ciiseentil yi(eonpaied ko Ais PrOjesiedite hegtly dotible Hisoncalreationslp attention, including in national action plans on antimicrobial
current levels)." by 2070-2100, compared to between temperature ¥ 2 s et
1961-1990 and GDPY resistance. There is currently no global initiative focused

specifically on the intersection of these two crises.
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Three approaches

AMR is an extremely broad, interrelated and complex problem. It needs to be addressed at different levels and in a holistic,
systemic manner.

In this study, three different approaches are described to address AMR. These different approaches complement each other
and already co-exist with importance in the order they are presented below. If our focus remains on the problem-solving

approach, we may find our well-intended actions making things even worse. If we put our focus on only one specific
aspect, we may see other problems arising elsewhere.

Addressing the complex problem of AMR requires the broader picture, including understanding of the root causes and
approaching it in a holistic way.
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3 APPROACHES

S IODIVERSITY AMR is strongly interlinked
% N COLLAP : with the current health crisis,
climate crisis, ecological

crisis and food system

therefore, requires an

integrated and Systemic
approach

Stop the COVID-19 pandemic from becoming u&ﬁ‘wor'd Health

v Organization

an AMR catastrophe b We are NOT moving fast enough

Shared responsibility to prevent drug-resistant infections from There is @ |Ot more we can do!

becoming the next global public health emergency
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3 APPROACHES

From eco-efficiency to eco-effectiveness

We are very dependent
on natural resources —

—— Minimising the negative footorint and they are running out
e while optimising the positive
REUSE
with high
quality
Biodiversity loss
UPCYCLE .
Quality results in loss of our
improvement
L stable system as base
w
S
i >
S Time It must and can be
S done differently by
Eries S S creating synergistic
downcycling viinimize . .
negative relationship between
impacts .
REDUCE ecological and
“redacton. economic systems

DEPEA - Part of Drees & Sommer
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3 APPROACHES

Beyond Sustainability: Designing Regenerative Gultures

!

EGO ECO SEVA
SONS, Srage
- AC* EN .. 1,}7 -
i 8 Yl Ty
-
ArhEy b — YR

The SDGs as a bridge towards regeneration?

-
S

Living Systems Design

Pays attention to quality & quantity
Effectiveness- doing the right thing
Informed by a Systems View of Life
Thinking in patterns and principles

Positive

Synergies

GHG capture
Biodiversity Increase
Water, Soil and Air-
quality increase
Human Health

Regenerative

B Quality of life
Natural System And other natural resources g s
Tolerance Depletion fossil energy stocks I ﬁ/I Using renewable energy flows
Ciimate oo e
C
Biodiversity ® GOALS
Water
Soil
Air Natural Resources  Agroecology
. Design of Technical Systems pareiorety Permaculture
S0 Val_ug—:*s only t_he qugntifigble Circular system
Efficient - doing things right Nature Inclusive
Informed by Mechanism & Technology
Siloed & fragmented thinking v
Conventional Green Sustainable Restorative Regenerative
(staying within the law) (a little less negative impact) (adding no additional harm)  (humans doing things to nature)  (humans doing things as nature)
Degenerative Gultures e Regenerative Cultures
Graphic adapted from Ethan Roland 2018 by Daniel C, Wahl (| added some more descriptors and also the SDGs
FROM MORE TO BETTEHR Page / 638



3 APPROACHES

1. Control of disease & AMR

Protection

Global One Health — Diseases & AMR

Improve awareness and understanding AMR
Pathogen identification & characterisation

Diagnostics and responsible use of
antibiotics and other treatments

Monitoring, surveillance and reporting
systems for diseases and AMR (OIE)

Disease/AMR risk analysis process
Action plan on AMR in Aquaculture (FAO)

Epidemiology, biosecurity, vaccination

Focus on diseases and control

2. Sustainable Intensification

Production

Sector & Value Chain — Production & Processing

Implementation of BMP (basic water quality!)
and sustainable certification

Increase production efficiency

High quality feed & seed (genetics)
Large-scale efficient monoculture

Reduction and reuse of waste, circular systems
Recirculating Aquaculture Systems (RAS)
Water quality in the production system
Microbial management & zero an

Reduce GHG-emission

Digital technology, Smart-farming

Focus on realistic advantages in a Bus

These 3 approaches are all necessary and currently already co-exist

3. Nature-positive production

Prosperity
Food = ve System

Effectiveness, ri

Increase biodiv bial, species,
area) for resilie

Diversification uction
Diversification «

Improve water . IMTA)
Regional apprc 25

Carbon-negative, address climate change
cal community development
mbiotic relationships
silient production and financial status
cial: Gender, fair price for the farmer

mbiotic effects: public health, flood protection
d much more!

Link with the SDG's and beyond in a Value case
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1. Control of disease & AMR 2. Sustainable Intensification = 3. Nature-positive production
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1. Protection 2 Production . pert
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1. Control of diseases & AMR

Work plan: AMR in

= ety : e Improved AM stewardship for a coherent
W0r|d Hea |th ; | & Y _ set of actions which promote using
Orga n i zatio n _ p— w9 antimicrobials responsibly

Removal of

antibiotics and
pharmaceutical ALIMENTIARLYS

s adlhias In International Food Standards ~ N e
w1/ United Nations

water urgent 7 :

e THE FAO ACTION PLAN ON

ANTIMICROBIAL RESISTANCE
2016-2020

Supporting the food and agriculture sectors
in implamenting the Global Action Plan on
Antimicroblal Resistance to minimize

the impact of antimicrobial resistance

Capacity building in disease
surveillance and control by
using GIS Tools
e’ A 1 _
AR
| 2. FAO Fotus Ares of wark as they relate to the five absectives of the Globel Action Pla 2.
THE FAO ACTION PLAN ON @3 ClDRAP Contar for Infectious Ooose Reseorch and Policy

ANTIMICROBIAL RESISTANCE [RPRDCUNN ... iiccn Disease Tasics  Astisvorobial Slewartahip  Dnguig Pragrams

FEATUSED NEWS TOPCS  COMIO-18  Bboia  MERS.-CoV  Chrcnic Wastng Dlmane

CYERATINAL ILAVIEWC R KON STRINLTIIENNG ) PLAN OBJECTIVES

WHO report highlights shortage of new antibiotics
1 NfOMMBton, eOUCHIoN aNd UAln  Fmd nan Astwmntis Mews vy
00 O | s Myt | (000 M | e TR 2821 forew ¥ Teast Iniressr Strm  Oowaew
T Sunveiliance, monitoring, mhwnnmk iipelise analysis from the Workd [ ITF g
2 pipel
record-keeping Organization (WHO) eoecludes that thecohas (00 L0

3 Reduction of infection o< vy
b — e wvw
Authors - = 4 Leg=laton, cptimzation of use -

S 2 e

FROM MORE TO BETTER PAGE 72



One Health Approach
National Action Plan on AMR

Environment

Optimal water usage
Optimal water quality
Protected biodiversity and
natural capital
Low-energy production
Low spatial footprint

Organism

Healthy stock

Minimal chemical hazards
Biosecure farms

Safe farms

Optimized farm systems

Sustainable food system
/’

Success metrics

People

Nutritious and safe food
Equitable income generation
Gender equalization

Quality employment
Knowledge and skills generation

Early detection, prevention and control

Implementation of the One Health Framework is key to
addressing AMR.

The six priority areas of India’s NAP-AMR include
awareness, surveillance, infection prevention & control,
optimizing the use of antimicrobials, research, innovation
& financing, and regional leadership by India.

Multi-stakeholder approach coupled with large
investment in research, rapid testing and surveillance is
required for the implementation of the One Health
approach
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Disease surveillance in Aquaculture
Notice trends to anticipate

.

Survediante a6 a0 essential component of auatic
animal healilvcatic biosecirity straeghes,

REVIEWS IN Aquaculture NN o Eotmnm e

dissase manageewsnt and contral plans

Reviews in Aquaculture (2021) 13, 1469-1487 doi: 10.1111/raq.12530 Ons Heatn Scenario setting B
e Nalional etatus of the disease in question; ncluding: (& |
Human and financial and * heath status of 8 specific pathogen in the counvy |/
_— +  exivtenco of survuilance activites
Roguiremonts descrived, 0. persannel, cost of materisls and fiek > ‘ ot
samping .m«,;nm o:;;ormwy 1osts and analysis of data, atc. @ a ¢ [ 4 m;;mﬂm: SR ig 0w iee silor i s

A 12-point checklist for surveillance of diseases of aquatic

data sources

organisms: a novel approach to assist multidisciplinary oo o Lprvio R @ e -
= i = of sur:xn:n Wamr,.‘|1v.| cevila Sot with ra 10 the level of caritfication !

teams in developing countries ok i et Active ey s

Melba G. Bondad-Reantaso’ (%), Nihad Fejzic? ¢ -, Brett MacKinnon', David Huchzermeyerg, rv “ n Defining population |

Sabina Seric-Haracic?, Fernando O. Mardones®, Chadag Vishnumurthy Mohan®, Nick Taylor®, il Craantysis surveilliance Fondvoraoivonet > bt

Mona Dverdal Jansen’, Saraya Tavornpanich® (%), Bin Hao', Jie Huang®, Eduardo M. Leano®, Qing Li'°, =
Yan Liang and Andrea Dall‘occo’

Department of Laboratory Science and Technology, Norwegian Veterinary Institute, Oslo, Norway RMOUH S AA; AT ng chariale

Department of Aquatic Animal Health and Welfare, Norwegian Veterinary Institute, Oslo, Norway
Network of Aquaculture Centres in Asia-Pacific, Bangkok, Thailand

A attia A e Smh B2l ma_ai_ PSSR TRSE S M T P G S Aol LS .

1 Fisheries Division, Food and Agriculture Organization of the United Nations, Rome, Italy . Data collection and management

2 Veterinary Faculty, University of Sarajevo, Sarajevo, Bosnia and Herzegovina B:SETJ:::’ :’nl,‘:’::‘;l’wm. e

3 Department of Ichthyology and Fisheries Science, Rhodes University, Lyndenburg, South Africa T T P T A

4 School of Veterinary Medicine, Pontifical Catholic University, Santiago, Chile

5 Sustainable Aquaculture, WorldFish, Penang, Malaysia v m{:‘ :.;le:v:?:o mﬂmﬂ i o
6 Centre for Environment Fisheries and Aquaculture Science, Dorset, UK 22 gea sampe selecton proceas: unes.

7

8

9

complete each step.

Inchusion criteria set and described
Exchuson criferia sel and described

1 2_poi nt wgr;:“-::;n popuiatons |populatons
checklist '

Clustering of disease &5
Clustaning effact of the disease considerad and described
Clustening affect of the disease Is accounted for in samglingsurvey
dosgn and data analysis

Case definition .
Case definiton inclading diferent leveis: dinical, I —,—
e taboraicrial, and epdemiclogical .

Diagnostic testing
Descripton of tests used a
{procedures. intarpretabian of results, /
sensitivity and specficity), and
‘competent laboratories

A methodological approach and guidance for a multidisciplinary team; the 12-point
checklist showing the steps, their descriptions and the criteria and elements required to
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Where Dutch
parties could
contribute

INTRO | WORLD AQUA | DISEASE

Surveillance and research to design
programmes to minimize and contain AMR
and monitor effectiveness is needed

All countries need to be enabled,
empowered and incentivized to transform
awareness of AMR risks into action

AMR Insights a a Dutch-based Global
platform to address these needs

CONTROL | INDIA | AMR | 3 APPROACHES | RECOMMENDATIONS

Food and Agriculture
Q\@(Q Organization of the

United Nations

THE FAO ACTION PLAN ON

ANTIMICROBIAL RESISTANCE
2021-2025

Supporting innovation and resilience
in food and agriculture sectors







INTRO | WORLD AQUA | DISEASE CONTROL | INDIA | AMR | | RECOMMENDATIONS

2. Sustainable intensification

© W= @ |[PE= G s A STRATEGIC APPROACH

MANURL OF BEST MANAGEMENT — — TO SUSTAINABLE SHRIMP
Penacus vannamei FARMING A s — VIRTUAL DIALOGUES ON THE ROAD TO THE PRODUCTION IN INDIA
‘ 34T COMMITTEE ON FISHERIES THE CASE FOR IMPROVED ECONOMICS AND

Innovative biosecurity approaches for a healthier
» aquaculture industry

Wednesday 15 July 2020, 16:00-17:30

_J\\(\;
namre e
COMMUNICATIONS

ARTICLE B weom gome)]
open
Aquaculture at the crossroads of global warming
e Agsicature and antimicrobial resistance

ganication of the

Ors
Unéted Nation: Mivam Reverter s <= Samira Sarter o Y, Damenico Careso!, Jean-Chrisiophe Avame | Marine Combe!,

Bredn Pupay'?, Lowint Powpaud!, Sarate Vige Hereda o !, Hugues de Verdil @ '3 & Rodelphe £ Gezlang ™=

1 oy developing coumtres. acunadtive 15 key 1o ensunng $90d securty for milors of
Sustainable intensification of -

aquaculture in the Asia-Pacific reglon

o ~
n 4 e T \» s ~ Barerd,
Corumentation of succrsdul prctices * - ey e ] G S ] Rev

A superefficient dominant model
elevates the risk of catastrophic
"7 failure.

FARMED

asc_ [l GLOBALG.A.P.

CERTIFIED MsC The Global Partnership for Good Agricultural Proctice

ABC-AOUA ORG

. HACCP Control Point
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Where Dutch parties could contribute

Best

Management

Practices

Training is
required in
all areas

The Dutch
Aquaculture Experts
(DAE) and other
Dutch companies
can address these
needs

- Selection of h‘j”gh—quality fry
. Domesticated broodstock |
» Stocking density c
- Handling \
- Feed quality \
- Feeding manag\;\ ment

« Immune stimulants

- Neutraceuticals & Rrebiotics
- (Vaccination)
- Feed probiotics for gut

/
Performance and’ Health

Host / Disease

Shrimp Risk

Culture Environment

Environment

P
Potential
/
/

Pathogens

health and performance

FROM MORE TO BETTER

- System design
- Water quality

- Reduction ofsludge
- Water prabiotics for

3 APPROACHES

Pathogerﬁcity

+ Hygiene and Biosecurity

» Disease ﬁponitoring, diagnosis
« Surveillance system

« Probiotics for Vibrio control

/
Environmental contro}/

bior



Sustainable Intensification without the use of antibiotics
EFxample shrimp production Vietnam

Proven benefit:

DrsLoc (Sh?mp\/et Vietnam) has found
that antibiotic-free production has
made his results much'more consistent

Start with pathogen-free hatchery production through
better water treatment, biosecurity measures and
diagnostics

Improve pond management through sludge removal,
water and effluent treatment by making use of probiotics

Keep animals healthy through quality feed and maintain a
healthy gut microbiota by applying active probiotics for
microbiome moderation; vibrios will cause less damage




Sustainable Intensification without the use of antibiotics
Example shrimp production Ecuador

AbouL SSP « Product Criteria Leadership Roundtable Scale-up Programme Consumer Awareness

Zero Antibiotics

SSP farms are not allowed to use any antibiotics and are constantly
tested in every production cycle to ensure a healthy and pure product for
consumers.

Se O antibiotics In anima

ality pure shrimp can be grown without th

ASC 100% traceable

Certified Antibiotic-free U”qrgfcsll%ﬁgg;am Nelgrrwa\}vla";g?a

The most demanding Ensuring zero use of P : Best-practices, ensuring
=3 of all Wibiotics acr he th water leaving farms
certification programmes roduction cycle urney rk maintains its original quality




Sustainable Intensification without the use of antibiotics
Fxample Aquaculture Norway

Antibiotic use in the Norwegian salmon sector vs salmon production levels 1981-2020
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s
-
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o

Tonnes antibacterials
1

-
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Biomass produced farmed fish (1000 tonnes)
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FIGURE 8. Sales, in tonnes of active substance, of antibacterial veterinary medicinal products for therapeutic use in farmed
fish (including cleaner fish) in Norway in 1981-2020 versus tonnes produced (slaughtered) farmed fish. For the years 1981-
2012 the data represent sales data provided by Norwegian Institute of Public Health; for 2013-2020 data represent prescription
data obtained form the Veterinary Prescription Register. Data on slaughtered biomass farmed fish were obtained from
Norwegian Directorate of Fishenies (hups:/www.fiskeridir.no/Akvakultur/Tall-og-analyse/Akvakulturstatistikk-tidsserier).

At the start of aquaculture production in Norway over
30 years ago, antibiotics were commonly used as well.

Nowadays, veterinarians, fish farmers and feed
producers are legally obligated to report antibiotics use
and prescriptions to a government agency, which is
publicly available.

In 2020, the lowest ever number of veterinary antibiotic
treatment prescriptions — just 48 in total — required by
Norwegian fish farms, meaning that 99 percent of
Norwegian salmon were never treated with any form of

antibiotic.

This trend can be used as example for other
aquaculture production areas, and for shrimp farming in
India in particular.




Sustainable Intensification without the use of antibiotics
Land animal production and Agriculture

nature plants

Explore content v  About the journal v Publish withus v Subscribe

nature > nature plants > letters > article

Published: 01 March 2017

Reducing pesticide use while preserving crop
productivity and profitability on arable farms

Martin Lechenet &, Fabrice Dessaint, Guillaume Py, David Makowski & Nicolas Munier-Jolain

Nature Plants 3, Article number: 17008 (2017) | Cite this article
8799 Accesses | 139 Citations | 813 Altmetric | Metrics

Abstract

Achieving sustainable crop production while feeding an increasing world population is one
of the most ambitious challenges of this century’. Meeting this challenge will necessarily
imply a drastic reduction of adverse environmental effects arising from agricultural
activitiesZ. The reduction of pesticide use is one of the critical drivers to preserve the
environment and human health. Pesticide use could be reduced through the adoption of
new production strategies>3: however. whether substantial reductions of pesticide use are

Banning antibiotics, reducing resistance,
preventing and fighting infections

{3 ReuTERS White Paper on research enabling

ENviRONMENT an ‘antibiotic-free" animal husbandry

Only 60 Years of Farming Left If - . N
Soil Degradation Continues

Generating three centimeters of top soil takes 1,000 vears, and if current rates of degradation
continue all of the world's top soil could be gone within 60 years, a senior UN official said

2009 2017

Without deviation from the long-term trend
.. in average production and economic results
in these sectors

Reduction of total sales of -63% J
vvetenzr;;rgy ar:;ub::ttl:s fand International cost competitiveness of
e Rttt Dutch broiler and pig farms is not hampered

by the reduction in antibiotic usage
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Sustainable Aguaculture
Aquaculture villages in Indonesia

English $X [Chiness) Deutsch |German) Espafiol (Spanish|  Frangais (French) Bahasa Indonesia [Indonesian]  Naliano {talian] BAIE (Japaness) Br
(Hingi}

J MONGABAY

NEWS & INSPIRATION FROM NATURE'S FRONTLINE

RAINFORESTS OCEANS ANIMALS ENVIRONMENT BUSINESS SOLUTIONS FORKIDS DONATE IMPACT MORE

Monagabay Series: Indonesiar
Indonesia aims for sustainable fish farming with ‘aquaculture villages’

by Luh De Suriyani, M Ambari on 7 January 2022 | Adapted by Basten Gokkon

The Indonesian government plans to have a network of dozens of villages with
aquaculture farms by the end of 2022

* Indonesia plans to have a network of 136 villages dedicated to aquaculture by
the end of this year

« The initiative is part of the government’s efforts to boost exports of its world-
renowned aquaculture commodities, namely shrimp, lobster, crab and seaweed

*  Experts have welcomed the plan, but say it must be supported by sound
environmental planning, particularly avoiding the clearing of mangrove forests
and ensuring proper waste management

» Indonesia is one of the top exporters of farmed seafood, but fish farming in the
country has long come at the expense of carbon-rich mangrove forests and

other important coastal ecosystems
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Sustainable Aguaculture

Microbial Management and Integrated production systems (Sorgeloos, 2027)

)

Ecological approaches for better microbial management in aquaculture
- latest developments and what can be done in India -

UNIVERSITEIT

GENT FACULTY OF BIOSCIENCE ENGINEERING

Patrick Sorgeloos
Aquaculture R&D Consortium, Ghent University, Belgium

Global Conference A/

NW Aquaculture 2010 Q\“@

Priorities for future technology innovation

1. Complete independence from | stocks through DOMESTICATION
2. Improved / more cost-effective SEED PRODUCTION

3. Better targeted SPECIES SELECTION

4. Development of more efficient stocks through SELECTIVE BREEDING
5.

6.

7

Effluent from shrimp pond

B More Wﬁr more sustainable pmdualon
- ] Better mderstandlrunfmnisvs}gms in va-tabmes and irwmebmgs

5 N'I’!GRATEDPROD fotphntandaninul
ﬁmlng "

8. oommnowmmmoodandmm

9. Full independence

Inaquuﬂcm
- 10. mmmmhrmm«wmmmmmm

of farming
..4‘ : species
MACROALGAE R - < ~ .
~_in different trophic levels
- e Ty
ittt s e r " % FINFISH *

-
- e 7,
‘_n"

Microbial as part of Good
Present protocels = edmination (dsinfection) & adaition of bactera {problatics]
can be much improved in system desigms & = operations 1o ensure microbial stabiity
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INTRO | WORLD AQUA | DISEASE CONTROL | INDIA | AMR | | RECOMMENDATIONS

3 . N atu re- pOSitive p rOd uction Wh i |e red UCi ng i neq ua | ities The economic and social value of nature and biodiversity are enormous
e Fish Site
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"
Western Indian Ocean Ecosystem Guidelines and Toolkits o v

'(['-Namm . Q - o Y y 3
Canwrmanes & Our promise: Circular & Restora

Restorative aquaculture: Marine
Cultures

PERSPECTIVES

Restorative Aquaculture for Natur
FOOD SYSTEMS N : 4 ip0nge forming % helping bt

Game Changers Lab o8 <ll<:. Achieving the EU Green Deal

Building a better food future -
ey =0 through
: Nature-based solutions
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Carbon sink ; Y N 4 ! N
Flood protection

Shock absorber v A Compendim of 24 Action Agendas De

Game Changers to Trans Global Fox c:l;y'tc'v

GLOBAL S
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FOR THE

Here's how shrimp farming is restoring FUTU RE ; L7 g ' 34 Y gr‘gw:;g a::;m m:mawe forests

mangrove forests 9F FO O D

Pubinties n colisbaration wth Workd Fosrame Foum

Dougies Besom

Mangroves play a key role when it comes to climate adaptat . 4 . A Business Case

i d carb ture Shrimp farming has damaged much of the imperoved Environmental Performance
defense and carbon capture imp 4 B ol :; Ry 2 i in Southeast Aslan Shrimp Aquaculture
world's mangrove farests but a change in practice can reverse this. ntergrated Muititrop! acultur
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Regenerative aquaculture can assist in the
recovery of ecosystems in an area. Healthier
ecosystems, with richer biodiversity, yield
greater social, environmental and financial
benefits.

Where Dutch
parties could
contribute

Systems thinking is an effective approach for
tackling the complex, interdependent
challenge of AMR. Instead of looking at
individual aspects of performance and disease
in isolation, a systems approach looks at how
different parts of a system interact.

THE RESTORATIVE

CONTINUUM

Improving biodiversity, ecological health,
and ecosystem services

REDUCING IMPROVING  REPAIRING INITIATING PARTIALLY FULLY
SOCIETAL ECOSYSTEM ECOSYSTEM NATIVE RECOVERING RECOVERING
IMPACTS MANAGEMENT FUNCTION RECOVERY NATIVE NATIVE

ECOSYSTEMS ECOSYSTEMS

| Approach 1 | Approach 2 | Approach3-‘.—>

[REDUCEDIMPACTS
eMEDIATION
. ReMABILITATION
SER [ECOLOGICALRESTORATION

3 APPROACHES

Agricultural & Aquacultural intensification, efficiency and economic
growth have brought us beautiful things, but we are increasingly
confronted with its downside of it.

In The Netherlands, there is an increasingly number of organisations
that work in a holistic way on the transition towards regenerative
agriculture and believe in the long-term purpose-economy. Also
consumers are increasingly willing to pay a true price for the products
they buy; this includes fair price for the farmers. The government is
paying for nature conservation and restoration. Business activities
include social and environmental values, rather than an exclusive
focus on financial returns.

This offers the opportunity to recover and improve with equal and, on
the long turn, even improved production performance.

Besides AMR, antimicrobial use and human and animal health, other
major global problems are addressed, such as climate change,
biodiversity loss, (plastic) waste, (chemical) pollution, drinking water
quality, clean air and healthy soils.

The highest form of regeneration will result in the highest leverage
effect.

This transition involves collaboration with many different stakeholders,
such as farmers, and their representatives, entrepreneurs in the value
chain, the national government and local communities and
authorities, NGO's, research, training and education institutes.

Restoration and regeneration is complex and only effective if the right
practices are deployed at the right time in the right places (there are
also plenty of examples which are not successful).
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Document

THE TENSION BETWEEN DIFFERENT ENVIRONMENTAL
CHALLENGES, REQUIRE A HOLISTIC APPROACH IN
FUNDAMENTALLY GREENING HUMANITY’S IMPACT
ON THE PLANET
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Nature-positive Aquaculture

DIA | AMR | | RECOMMENDATIONS

‘¢ 3. The Restorative Aquaculture Pathway.

mmercial or Subsistence Aquaculture
Environmental Benelfits.

....

Z 40
:. — BT e
. 0
'NIMISING  MITIGATING IMPLEMENTING PROVIDING direct ACCRUING BENEFITS
environmental impacts practices to achieve environmental benefits for a net positive
nacts through monitoring and positive environmental ecosystem outcome

Restorative aquaculture may be one of the best
opportunities to simultaneously produce healthy food
and improve the health of (aquatic) environments

appropriate responses outcomes

SOCIO-ECONOMIC ENABLERS

RESTORATIVE AQUACULT!

Reduced risks of disease outbreaks
Improve water quality in an area
Increase biodiversity

Protection from flooding

aquaculture as fundamentally
embedded within linked social

and ecological systems - . $°°  SHELLFISH AND SEAWEE

Generate habitat for a higher

Climate mitigation through carbon sequestration M E Yy v

restorative aquaculture gear.

Increase social and economic value

farms, for example, harbor 3.4
more fish and invertebrates.
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Equitable Benefits for 3 APPROACHES

Smallholder Communities

The Selva Shrimp® program creates a platform for building

awareness and understanding of the socicecanomic im- o o L4 .
portance of Integrated mangrove shrimp farming systems in
Southeast Asia. Selva Shrimp® creates a boneficial anvi- —
ronment for people and ecosystems that fosters the sustain-
en

able development of this unique sector.

Example Selva Shrimp in Vietnam and Indonesia

» Return Mangroves to aquaculture farms by turning the current
model for farming in the area upside down: from 5% Mangrove
& 95% farmland towards 60% Mangrove and 40% farmland

» Modify existing farming practices to zero-input systems (no
antibiotics, no feed, no chemicals), while reversing negative
impacts from decades of problematic aquaculture practices

* Triple the income for local farmers

* Introduce a sustainable, healthy, guilt-free seafood choice for
consumers

* Increase the local communities' protection against sea level rise
and natural disasters

» The goal is to roll out the model to larger regions, conserving
and restoring 150,000ha of mangroves, while supporting a
resilient local economy

mo> o
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{TROL | INDIA | AMR | | RECOMMENDATIONS

S (:] e rﬂ C@ Smarter By Nature

Big Questions  Science for Policy

Nature-positive shrimp
]Ca 'Mm | N g | N | N d | 3 Science: Mangrove Forests as Incredible Carbon Stores

BY MARK SPALDING

Creating healthy and resilient production systems through:

* Integrating shrimp farming with fish (tilapia) or other
food production systems (e.g. rice), integrated
multitrophic aguaculture (IMTA), aquaponics

» Development within the context of local ecosystem
functions and services

« Spatial planning and integrated coastal zone
management

« Combine shrimp farming with mangrove restoration or
other (re)forestry, fisheries development and other local
economic sectors

» Develop a system in combination with local community

development and flood protection oAC

E91
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Regenerative Shrimp Farming
Shrimp production Indonesia

_wero  World Economic Forum & v

PEY @wef

Tiny animals with huge significance in saving our planet
and economies.

@ Read more: buff.ly/3jit96c @WEFUpLink
#UpLinkOcean @lucnOcean @BlueyouAG #nbs
#bluenaturalcapital

U

UPLINK

) 246K views 0:01/1:48 p W

6:00 PM - Oct 25, 2020 ®

Q 328 O 6 (T, Share this Tweet

While reforesting and
conserving mangrove

In Indonesia, this project S
is teaching people to farm o
shrimp without 'mtlbloncs

While helping coastal
ecosystems recover from
deforestation and pollution

~

IWhlle making Iocal communmes =

more financially secure and %

climate resilient gg.;-z

Restorative aquaculture is a
nature-based solution to some
| of the biggest challenges
facing our seas...

Which can earn them three
times as much income

https:

www.weforum.org/agenda/2020/10/shrimp-aguaculture-jobs-environment



https://www.weforum.org/agenda/2020/10/shrimp-aquaculture-jobs-environment

Regeneration of Ecosystems
Making use of experience in other areas

Western Indian Ocean Ecosystem Guidelines and Toolkits

Ecosystem
- Westegn Indian Ocean Reglon

https://www.unep.org/news-and-stories/press-release/new-guidelines-aim-support-
mangrove-restoration-western-indian-ocean

P

Protecting mangroves is
than building sea walls.

y WY ;b’
r And thecr |ntncate root systems
nst 1and ¢ e w

can allow us to enjoy
the benefits of these forests.

{ Tkl

[ Mangroves help us

| fight the «

i
|

They take 5 times more carbon out of the (% ' And pmvlde ery grounds
atmosphere than forests on land. '1" and a home to many ul I



https://www.unep.org/news-and-stories/press-release/new-guidelines-aim-support

Restorative farming
Principles, Models, Roadmaps and Opportunities

Figure 1. Restorative Aquaculture Opportunity Index for

H‘fﬂ?&}{? @ Shellfish and Seaweed."
SHELLFISH
Global Principles -
of Restorative
Aquaculture 3N
: = 02
November 2021 N 2
4
g _ ' X 03
SEAWEED
04
05
14 /o %
P v &
o 06
Low (0) Opportunity High (100)
@ [ 2 @

*Derived from Theverkauf & ol 2019

https://www.nature.org/content/dam/tnc/nature/en/documents/TNC_PrinciplesofRestorativeAquaculture pdf

Principles of Restorative Aquaculture

Farms are sited where environmental outcomes are needed

Species are cultured that can provide the environmental outcomes intended

Farming equipment that enhances the delivery of environmental benefits is prioritized
Management practices that align with or enhance local ecological processes are adopted
The intensity and scale of culture works to enhance ecosystem

The socio-economic value of the environmental benefits provided are recognized

TheNature
Conservancy
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Building with Nature
Paradigm shift in water infrastructure solutions in Indonesia

¢
EcoShape

Building with Nature
Indonesia

(. : ) eef o
N2 EcoShape ‘) P

RS ; A :
UNESCO-IHE @ .n. uuuuuuuuuu et Bos ‘ » ;.‘.‘,HZ‘L,:
Demak ~ Business as usual scenario - 2030 2 : »
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1. Disease & AMR control

2. Sustainable Intensification

3 APPROACHES
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3 APPROACHES

Some priority areas

Global One Health

Control of diseases &
AMR

Sector & Value Chain -
Production & Processing

Sustainable
intensification in
aquaculture production

Food System &
Landscape —
Regenerative and
inclusive systems

Increased control of
pharmaceutical production
locations

and their export control

Reduce unnecessary losses
(diseases) by Best Management
Practices - improve hygiene and
DO-measurement

Aiming at zero-use of antibiotics
in shrimp farming

Critical thinking about
sustainability and avoid
greenwashing

Biosecurity and epidemiology

Transparency of global supply chains of
seafood from the aquaculture sector

AND of antimicrobials from the
pharmaceutical sector

Efficient production systems, circularity,
smart farming, environmental and
microbial management (e.g. probiotics)

Collaborations, define common long-
term goals for continuous improvement

Build further on business trust

Prioritise fair price for the farmers

Creating awareness

Training on implementation of control
measures of diseases and AMR

Improve the operational laboratory
facilities

Training to farmers with focus on health
management and disease prevention

Research into realistic new production
systems and area-based management
(remote sensing)

Research and training in systems thinking
and approach to apply it in the complex
system, where aquaculture, and shrimp
farming in particular, are part of

Focus on strict control of mass
production of cheap antimicrobials (incl.
export to developing countries)

Guidance on implementation of the
National Action Plan for AMR (NAP-
AMR)

Regulate the over-the-counter access to
antibiotics

Zero-tolerance for antibiotic use in
aquaculture, and shrimp farming in
particular

Implementation of the SDG's
Ethics in the pharmaceutical industry

Increase diversity & biodiversity in
aquaculture production

Improve quality of life

However multi- and inter-sectoral collaboration is essential in all areas

FROM MORE TO

BETTER
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Bending the curve with Aquaculture

Aquaculture is in the unique position to be hindered by disease outbreaks, to contribute to AMR, waste
and pollution, greenhouse gas emissions, biodiversity loss, to be hindered by climate change, but is also
in the position to offer a solution

Not with the focus solely on intensification - because that will often result in increasing problems - but
by using nature-positive and carbon-negative systems with an eye for social aspects at the same time

The goal is no longer only about innovation, but about transformation with lasting benefits for the
environment and society

FROM MORE TO BETTER 100



Bending the curve with aquaculture

Directly or indlirectly we are fully dependent on what Nature provides us

Restoring

NATURE

The essence of life

Source of food, clean air &
water, CO; storage, protection

Training
Awareness
Education
Extension services

Increase biodiversity at different levels; genetics, microbial,
system, area - and create resilient production systems

Environmental and Social value
increase - resilience

Improve production performance
(neutral effect)

Responsible production &
Consumption

Business as usual
Production increase & disease control

Increase biodiversity in local ecosystems
Carbon negative/Climate positive
Improve water quality

Increase equality & quality of life

Reduce (unnecessary) losses by
disease prevention

Reduce chemicals, pollution & waste
Reduce hunger & obesities
Focus on nutritional value

Disease treatment & control
Surveillance & epidemiology
Intensification

Upscaling problems



Mainstreaming AMR into programmes for achieving the SDGs will help accelerate
progress and boost resilience

|dentification of impact areas in the seafood value chain in India

Shrimp

Reideres Processing & Dutch/EU Importers Markets &
Feed & Export and wholesale Consumption

Chemicals
o . B 14-‘.'.',':: 3 vt 4 S . 3 st | 4 Do . 4 S . =% 135 Tl 17 s 3 eretuns
Mo e -/~ I N e | il M B CO || D B>

wr 5o |12 __ 1] S
M | e g’

4 QUALITY
UCATION

L]

Ecosystem development Production systems Processing & Export Import & Trade Consumer information

+ Increase wetlands/mangrove areas « Zero antimicrobial use « Full traceability « Trust - Story telling and its

« Planting native trees - Zero waste and pollution . Gender . Transparency implementation

- Increase local biodiversity - Carbon-negative production - Fair wage for workers - Purpose ) Irrzi;tiig%/ AUETEESS

+ Local community development « Price-premium/fair price for SCOIOY .
the farmer « AVOID Greenwashing

« Resilient production systems

Aquaculture has the potential to have positive but also negative impacts on people and the environment, and thus we need to
maximize positive impacts and minimize negative impacts in all steps in the production and value chain

FROM MORE TO BETTER



o

isrupts the Sustainable Development Goals

[ J o © [ ]
AT
No Poverty
AMR could push an additional 24 million people
Into extreme poverty by 2030

Regenerating landscapes and
water bodies and revitalizing
communities offers TACKLING ANTIMICROBIAL
RESISTANCE (AMR) TOGETHER
tremendous opportunities
for society and business
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Re-think business development

With new alarming reports on AMR and other global issues increasingly
coming up, there is a strong need to bring business and governments into
contact with a new economic model in which not only financial returns
count, but also social and ecological values have meaning.
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Given the systemic issues society faces, we must think beyond
Shareholder Value — and even Shared Value — to measure all of
the ways in which a business can Create Systermn Value

Shareholder - Shared ‘ System
Value Value Value

Financial returns are all Business comes first: negative Business in no way hinders -

that matters: companies impacts are often not sufficiently and ideally contributes to -
privatize gains and internalized, or are justified by society's progress toward
externalize losses. ‘doing good’ elsewhere. future-fitness.

Value case

Companies that included environmental and social goals already proved
to have better financial results
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INTRO | WORLD RECOMMENDATIONS

NEWS | 08 Naver

Scientists cheer India’s ambitious

C reati n g Wi n —Wi n farbon-zero cllimate pledge
situations  §

The aim is not
maximisation of
production output
through intensification,
but addressing the major
global challenges in all
our activities
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Summary & Conclusions

FROM MORE TO BETTER



RECOMMENDATIONS

Aquaculture is the most diverse food producing sector (in species and

production systems) and has been the fastest growing in the past 4
decades

Aquaculture production will continue to increase — export of seafood from

Pa rt | India to EU/NL as well
- The biggest problems experienced by the growth of the aquaculture
Trends d nd industry are related to the fish and shrimp diseases
deve|OpmeﬂtS ]cOr - At current rates, global antimicrobial consumption in aquaculture is
AM R frOm expected to increase 33% between 2017 and 2030 (Schar et a/, 2020)

- AMR is one of the biggest threats to global health, food security and
Aq uacu |tU e development today (WHO) — and will increase

AMR is linked to other critical agendas such as climate change,
environmental degradation, biodiversity loss and global human health

AMR is complex, requires shared responsibilities, an integrated systems
approach and rapid and effective action
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RECOMMENDATIONS

Continuously new alarming reports are published about global limits being
increasingly exceeded

AMR is one of these global challenges and and cannot be seen as a
separate issue

P t | | - This study outlines three approaches to address AMR in the Indian seafood
al sector; 1. Control, 2. Sustainable Intensification and 3. Nature Positive and
ApprOaCheS Socially Inclusive

J[Q red uce - The 3 approaches are all necessary and currently already co-exist in the

order of importance in which they were presented (1-2-3)

: AMR - Much effort is put on diseases control and AMR surveillance in the One
in India Health Approach

Sustainable intensification with implementation of BMP and focus on
healthy production animals are essential for further development of the
Indian aquaculture sector — the use of antimicrobials is not needed
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RECOMMENDATIONS

- AMR can be addressed more effectively when the order of focus is shifted
towards approach 3—=2-1

- There is still a limited number of initiatives related to nature-positive,
carbon-negative and inclusive aquaculture production areas

P | | | - Make use of ecosystem benefits of aquaculture; nature-positive and
art carbon-negative with more focus on polyculture, IMTA, mangroves, bivalve
Recommendations and seaweed production

- Itis much faster, easier and cheaper than fixing problems afterwards

- The big gain lies in the synergistic effects — the whole is greater than the
sum of its parts
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Options for the way ahead together

Continue with the One Health approach on disease knowledge, diagnosis, surveillance systems, also for AMR
Aiming at zero use of antibiotics in shrimp farming (responsible use for other sectors)

Make use of proven technologies for local development on systems, digital technologies, genetics

Promote only the realistic advantages of new technologies and focus on effectiveness

Improve local capacity building on resilient production systems and innovation

EU/NL is asking for sustainable Seafood (CBI, 2021) - Increase collaboration and TRUST, sharing
responsibilities on AMR and market with fair price for the farmers, including small-scale actors

There are many initiatives to make the Dutch agri-food sector more sustainable and regenerative; this
information and experience can be translated towards the specific situation in India

FROM MORE TO BETTER Page 11



Let’s accept our responsibility and take the opportunity:

FROM MORE TO BETTER

Antimicrobial Resistance
Public health
Food production

Climate change

Nature — water, air, soil
Biodiversity

Waste and pollution
Quality of life of people

are all

interconnected
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Disclaimer

The goal of SAS is to contribute to an extraordinary and lasting sustainable development of its customer’s activities. SAS will therefore do its utmost to provide a
unigue and appropriate advise and/or implementation programme, in consultation with the client. We do our utmost to report correct and current information.

However, certain information may not be fully accurate or current. If you are in doubt or may have other questions, please contact SAS at info@sasnet.nl. SAS is
not liable or responsible for any direct or indirect damage, in whatever form, arising out of operations carried out.

The purpose of SAS is to inspire a global conversation about the opportunities and threats we face, but, most importantly, the choices that can lead to a more
equitable, healthy, resilient, and stable society.

Sustainable Aquaculture Solutions





http:www.rvo.nl
https://www.rvo.nl/over-ons/contact
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