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Outline

Environmental pressures

Resource dependency & feed crises
Economic & market instability
Social & ethical concerns
Governance & policy gaps

Technological & innovation shortfalls

Broitman et al. (2017)

Co-funded by ° ° ° °
the European Union



%)

SustainaBlue

HEls stands for Higher Education Institutions

Environmental Risks of Marine Aquaculture

DRUGS
antibiotics ©
z hormones
anesthetics
pigments
- vitamins

A Environmental pressures in sustainable fisheries and
aquaculture refer to the external and internal = e

controls algae growth

environmental challenges that Impact the health of on netpens

ecosystems and the long -term viability of fish stocks
and aquaculture operations

A The environmental challenges facing sustainable
fisheries and aquaculture are multifaceted , driven by
both natural and anthropogenic  factors.
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MAJOR PRESSURES

. Climate Change

. Habitat Degradation

. Resource Intensity and Pollution
Overexploitation of Resources

Invasive Species and Disease

. Genetic Impacts from Escaped Farmed Fish

L
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FISH SEWAGE
SALe Droducts, Gisaase

" °E°'f”“de°' BV_ Some examples on environmental risks of marine aquaculture to the ecosystem
€ European Lnion Hutchings et al. (2012 Ruslan & Yusof (2021)
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A Ocean Warming and

Acidification : Rising sea
temperatures and ocean
acidification disrupt marine
ecosystems, affecting species
distribution, reproduction, and
survival. For example, coral
reefs, vital for fish nurseries, are
threatened by bleaching events
linked to warming waters.

Species Migration : Many
marine species are shifting
poleward at rates of ~44 miles
per decade, destabilizing local
fisheries and creating conflicts
over resource access.

Extreme Weather Events
Cyclones, floods, and droughts
increasingly threaten
aquaculture infrastructure and
wild fish habitats, particularly in
coastal regions [1].

Warming Oceans Are Reshaping Fisheries

Marine species are gradually moving away from the equator into cooler waters, and, as a result, species from warmer waters are replacing those
traditionally caught in many fisheries worldwide. Scientific studies show that this change is related to increasing ocean temperatures.

From 1970 to 2006, as open temperatures were rising, catch In the tropics, the catch composition changed from 1970 to 1980 and
composition in the subtropic and temperate areas slowly changed then stabilized, likely because there are no species with high enough
to include more warm-water species and fewer cool-water species. temperature preferences to replace those that declined.

» >etip> Subtropical fish ~ >@@ Tropical/warm-water fish

>d» Temperate/cool-water fish

These shifts could have negative effects including loss of traditional fisheries, decreases in profits and jobs, conflicts over new fisheries that emerge
because of distribution shifts, food security concerns, and a large decrease in catch in the tropics.

This graphic presents concepts from: Cheung, WW.L., R. Watson and D. Pauly. 2013, Signature of ocean warming in global fisheries catch. Nature. DOI:10.1038 /nature12156.

The thermometers are representative of trends in ocean temperature over time and the fish are representative of trends in catch composition over time. They do not represent specific values.

Please consult the results section of Cheung et al. (2013) for exact data points.

Graphic by The Pew Charitable Trusts’ ocean science division, www.pewenvironment.org/fresearch-programs Seaaroundus.org
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THE COMBINED IMPACTS OF CLIMATE CHANGE
AND FISHING AROUND THE WORLD

On a global scale the pressures exerted by climate change and

fishing on biodiversity and ecosystems are changing and

S u Sta i n a B lu e vary from oee region o asoliier
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' Upwelling Zones

Climate change and fishing pressures on biodiversity and ecosystems vary across the world:

Semi-enclosed and continental seas host numerous human o Rising temperatures in tropical areas are expected to

Change (in percentage) in fishery productivity within Exclusive Economic Zones by 2100 (RCP 8.5%)

B
50 -30 15 -10 -5 10 No data

*IPCC scenario where greenhouse gas concentrations continue to increase at current rates.

Current share (in percentage) of fish in animal-based diets

activities, whose impacts on resources are exacerbated
by climate change.

Climate change alters currents and oxygen levels in
coastal upwelling zones, affecting primary productivity
and shrinking available habitats for species.

As coastal resources decrease, industrial high-seas fishing is
expanding, targeting large predator and migratory species.

lead to the largest global decline in fish catches.

Small Island Developing States are particularly vulnerable,
with fish resources accounting for 50% of their daily
animal protein intake

Fishing activities are expanding towards the Arctic
as glaciers are melting and the distribution range of
species is shifting.

Infographics adapted from Figure 5.21in Chapter 5 "Changing Ocean, Marine Ecosystems, and Dependent Communities” of the IPCC SROCC
(2019), and from the map "Dimensions of agriculture and marine fisheries vulnerability to climate change, B. Change in fisheries productivity
by 2100 (exposure; RCP8.5)," from the paper "Escaping the perfect storm of simultaneous climate change impacts on agriculture and marine
fisheries” (2019).
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A Mangrove Destruction
Aquaculture expansion,
especially shrimp farming, has
historically led to the loss of
mangrove forests, which are
critical for carbon sequestration
and coastal protection [2].

Destructive Fishing Practices
Bottom trawling and non -
selective gear damage seabed
ecosystems, reducing
biodiversity and disrupting food
webs.

Destructive Fishing Practices ;
Blast fishing, ghost net, poison PN Y S ey SR

/zr; i A g

(cyanide) fishing for ornamental i ;,'1‘“ g NP Re

I

fish, etc [3] .
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THE IMPACTS OF BOTTOM TRAWLING - BEFORE AND AFTER

SOURCE: BT REPORT |MPA[T SZ

» Serial resource depletion

* Damage to seafloor integrity
and habitats, leading to changes
in fish distribution

* Changing the balance of
species abundance

* Disrupting biogeochemical
cycles and compounding

eutrophication
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- Intensive

A High Water and Energy Use
aquaculture systems consume
significant freshwater and energy, with
tilapia farming in Mexico requiring 2 b4
times more water than livestock
production [3].

A Greenhouse Gas Emissions
Aquaculture contributes to climate
change through feed production,
energy use, and methane emissions
from pond systems [1].

A Nutrient run - off from fish farms causes
algal blooms, and antibiotics use risks
creating drug

Co-funded by
the European Union

- resistant pathogens |[3].

Unsustainable

PN
N | N :
e ry ) O — greenhouse
overuse of water feed and gases
resources antibiotics emissions
)/
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wastewater
effluent

Eutrophication

fatality of aquatic life

Kashem et al. (2023)
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A Wild Fish for Feed : Carnivorous
aquaculture species (e.g., salmon)
rely on fishmeal and fish oil derived
from wild - caught forage fish,
exacerbating pressure on already
depleted stocks [4].

A Overfishing : Approximately 44% of
global fish stocks are fully exploited,
and 16% are overfished, leading to
reduced yields and biodiversity loss

5] .

Co-funded by
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TEMPO.CO

STOP

Beberapa tahun belakangan, sebanyak 20 jenis penghuni laut terus merosot
populasinya. Hal ini disebabkan karena mereka ikut terjaring dalam proses
penangkapan ikan, dikenal dengan istilah bycatch.

1.000KG 30% 64% 971%

Rata-rata 1ton Sebesar 30 persen Sebanyak 375 stok Sebanyak 57

bycatch dibuang persediaan ikan ikan dipantau untuk persen stok ikan

untuk setiap 4 ton dieksploitasi penangkapan secara yang diawasi

metrik ikan yang di secara berlebihan berlebihan. Di sepenuhnya telah

tangkap. Total dan membuahkan perkirakan 64 dieksploitasi dan

bytcatch per tahun hasil yang lebih persen dari ikan- tidak memiliki

mencapai 20 juta rendah dari ikan itu dieksploitasi ruang untuk

metrik ton. potensi biologis secara berlebihan. ekspansi.

mereka.
DAMPAK EKONOM 5 Q)
Makanan laut senilai K : PENANGKAPAN
USS$217.5 ILEGAL
M".lAR . Kerugian
diproduksi di seluruh ekonomi akibat
dunia setiap tahun. ilegal fishing
mencapai

USS10-23.5
MILIAR

USS870 MILIAR

Industri makanan

laut global v / per tahun
g17e(r)1yq?1bangtUI§$ DidAmerika ';Serikat{/ PEMBUSUKAN
miliar untu industri makanan =

ekonomi dunia. laut menghasilkan 10-12 JUTA M1E1 '”% |6 KJ-FJ ﬁ
USS 196 MILIAR METRIKTON ikan dlit-ngkan
yang mendukung ikan hilang setiap dan dijual secara
lebih dari 1 juta tahun karena ilegal setiap
pekerjaan pembusukan. tahun.

Sumber : Koran Tempo Desain : Aliah Prina Arabella
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A Pathogen Spread : Aquaculture operations can
Introduce non - native species and pathogens,
disrupting local ecosystems [1].

A For example, shrimp farms have been linked to viral
outbreaks affecting wild populations.

A For example, introduction of Rainbow trout from

Denmark to Iceland in 1950 A causing predation and
competition by adults with native species especially
brown trout and Arctic charr, fry and parr.

’

- L3
Co-funded by [ ®  Brown trout- en.wikipedia.org

the European Union
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Escaped farmed fish, particularly in agquaculture - heavy
regions, pose significant genetic risks to wild populations
through hybridization and introgression. These impacts

are well - documented in species like Atlantic salmon

(Salmo salar ), gilthead seabream ( Sparus aurata ), and
European seabass ( Dicentrarchus labrax ).

A Farmed salmon in Norway, selected for growth and delayed

maturation, hybridize with wild populations, leading to

offspring that mature earlier and migrate to sea sooner. This

disrupts local adaptations, as wild salmon are finely tuned

i L O <

A Hybrid offspring exhibit lower survival rates. In Norway,
introgressed salmon parr (juveniles) showed 49 b70% lower
survival compared to wild counterparts, driven by
maladaptive traits like reduced predator avoidance and
competitive displacement [6].

Co-funded by norwegianseafoodcouncil.co
the European Union
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a. Ecosystem -Based Management : Expanding marine protected

areas, adopting selective fishing gear, and promoting
Integrated multi - trophic aquaculture (IMTA) to reduce waste

and pollution.

Innovative Feeds : Transitioning to alternative protein sources
(e.g., insect meal, algae) to lessen reliance on wild fish.

Climate Adaptation . Implementing recirculating aquaculture
systems (RAS) and improving monitoring to address shifting

fish stocks.

Scientific Advice
Framework

| Management

EBM Fisheries  Development  Energy Eco Tourism Oil & Gas

Ecosystem
Based
Management

Conservation  Marine Sanctuaries Aquacultwe

EBFM

Ecosystem
Based
Fisheries

Management

EAFM

Ecosystem

Approach to
Fisheries

Management

SSFM

Single Spedes
Fisheries
Management
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Overreliance on Wild - Caught Fish
for Feed
Environmental Trade - offs of
Alternative Feeds
dependency &
feed Crlses Economic and Regulatory Pressures

2. Resource

The global expansion of
aquaculture has intensified
reliance on finite natural
resources, particularly for feed
production, creating systemic

Innovative Solutions to Reduce
Dependency
risks for both marine ecosystems
_ and freshwater systems.
Socioeconomic and Food Security
Co-funded by . .
the European Union Im P lications
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Fishmeal and Fish Oil Dependency . Aquaculture feeds for
carnivorous species (e.g., salmon, shrimp) historically

depended on fishmeal (FM) and fish oil (FO) derived from wild -
caught forage fish like anchovies and herring. While FM/FO use
has declined (e.g., salmon diets reduced FM from 70% in the

1980s to 25% in 2017), these ingredients remain critical for
omega - 3 fatty acids and protein balance [7].

Sustainability Concerns : Over 60% of global fish stocks are
fully exploited or overflshed o . . “demand . for A
FM/FO exacerbates pressure on pelaglc fisheries. For example
70% of FM/FO production comes from wild - caught forage fish,
raising concerns about ecosystem stability and food security

for communities reliant on these species

Fish In: Fish Out (FIFO) Ratios : While global aquaculture is now

a net fish producer (3 b4v more fish biomass produced than
consumed), species like salmon still require high fish 0|I Inputs.
Economic allocation methods ( eFIFO" 7 L L

scarcity drives higher dependency ratios, compllcatlng
sustainability claims [8] .

Co-funded by
the European Union
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A Terrestrial Crop Substitutes . Replacing FM/FO with ; : "
plant - based ingredients (e.g., soy, corn) reduces e i 5
. - » Microalgae Algal genes o ‘.
marine resource pressure but increases freshwater R T e i °o 0
consumption and pollution. For instance, terrestrial —— & organisms are plants to make EPA }.‘0‘
‘ ‘ - " ‘ " ‘ 3 eaten by small fish & DHA in seeds... s Q
1 o N - + ) 5 S . RN | ’ L1 o y - / § (anchovies)," e
1,629 m3/t (green water) and 179 m3/t (blue water), - o
Stralnlng freshwater resources [9] ) < -ﬁ- Oils from small fish Oils extracted from N
j & are fed to... seeds are fed to... p 4
A Deforestation and Land Use : Soy production for ._J h ¢

aquafeed contributes to deforestation, particularly
In the Amazon, and competes with food crops.
ASC- certified feed standards now require
traceability to ensure no illegal land conversion,
but enforcement remains challenging [10].

Farmed fish Farmed fish
{salmon, trout) (salmon, trout)

A carbon Footprint + _ ¢ ¢ g
footprint (5.1 kg COFe/kg) slightly exceeds wild - B viien food
caught salmon (4.9 kg COFRe/kg), largely due to supply
plant - based feed production Impacts [10]. Cumrent Opion i Piant Bioogy

Co-funded by .
the European Union Napier & Betancor (2023)
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a. Market - Driven Resource Allocation . Rising FM/FOQO prices (due
to limited supply and high demand) incentivize alternative
iIngredients. However, cost remains a barrier; insect meal, for
example, costs 2 b3' more than FM.

b. Certification Standards . The ASC Feed Standard mandates
responsible sourcing of all ingredients, including marine (via
Forage Fish Dependency Ratios, FFDR) and terrestrial
components. FFDR calculations exclude by - products to focus on
direct wild fishery impacts, promoting transparency.

c. Policy Gaps : Weak regulations in developing nations allow
unsustainable practices, such as unmonitored mangrove
conversion for shrimp farms or unchecked feed crop expansion
[11].

CARBON FOOTPRINT (KG C0, EQ. PER TONNE OF PRODUCT)

0 1000 2000 3000 4000 5000 6000 7000 8000
anchoveta (PE) [
Blue Whiting
Capelin

| B Capture/Production

Processing
Herring B Land Use Change
Sandeel [DEK)
Sprat

Menhaden (USA)

Herring BP
Mackerel BP
Yhite Fish BP

soybean PC(BR) DD ]
wheat Gluten (FR) [N I
|

Pea PC (CM)

Co-funded by
the European Union

Source: based on data provided by Dr Richard Newton, University of Stirling, UK
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A Algae and Microbial Oils : Algae -

A Insect Protein : Black Soldier Fly (BSF)

larvae convert organic waste into

high - protein meal (50 b80% protein
content). Studies show BSF - fed fish
exhibit improved growth and
Immunity, though scaling production
remains a hurdle due to high costs

' M x “ H4!000/ton ) [12].

t 1
J n o

3 benefits without marine inputs.
Companies like Cargill and Biomar are
Integrating these into feeds, though
production scalability is limited.

Circular Systems : Integrated multi -
trophic aquaculture (IMTA) uses filter
feeders (e.g., mussels, seaweed) to
recycle waste from finfish farms,

reducing nutrient pollution and

iImproving resource  efficiency [13].

Fed Aquaculture
(Finfish)

Suspension Extractive

Aquaculture
Organic Inorganic
(Shellfish) (Seaweeds)
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Competition for Resources . Small pelagic fish used for FM/FO
are also vital for direct human consumption in regions like West
LI ‘ X ‘ t H ’ ‘ ’ = ) ’

L n N T + . . ¢

exacerbating food insecurity [10].
Employment Vulnerabilities : Over 36 million people depend on
fisheries and aquaculture for livelihoods. Feed crises threaten
small - scale farmers who lack access to sustainable

alternatives [11].

Co-funded by
the European Union



a. Ecosystem - Based Feed Formulations : Prioritize ingredients with
low water and land footprints, such as algae or insect meal,

!j while maintaining nutrient profiles.

SUStaInaBlue b. Policy Harmonization + - ‘ b o

HEls stands for Higher Education Institutions . . L + ro= . A 4 L+ = ‘-. Lo °
metrics and incentivize FM/FO alternatives through subsidies or
tax breaks.

c. Technological Investment . Scale insect farming via decoupled

production models (separating breeding and rearing) and
proximity to waste streams to reduce costs.

d. Consumer Awareness : Promote certified sustainable seafood to
drive market demand for responsibly sourced feeds.

CONCLUSION

Resource dependency in aquaculture underscore
a delicate balance between meeting global protel
demand and preserving ecosystems. While
Innovations like insect protein and IMTA offer

\_____________4
N/
—
v

promise, systemic change requires coordinated
efforts across policy, industry, and consumer
behavior. Reducing reliance on wiadught fish and
mitigating terrestrial feed impacts will be critical to
F OKASOAY 3 | adzaildl Ayl of

Co-funded by
the European Union
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The fisheries and aquaculture sector faces significant
economic and market instability driven by geopolitical
tensions, fluctuating demand, production challenges,
and regulatory uncertainties.

CRITICAL FACTORS:

. Geopolitical Tensions and Trade Risks

. Production Costs and Feed Price Volatility
. Demand - Side Pressures

. Biological and Environmental Challenges

. Regulatory and Policy Risks

. Technological and Operational Innovations

OO, WDNER
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A Tariffs and Trade Restrictions  : The
potential imposition of new U.S. tariffs
under the incoming administration,
particularly targeting China (the
R £

exporter), threatens to disrupt global

seafood trade. The U.S. relies on

Imports for over 80% of its seafood

consumption, making it highly

vulnerable to such policies [13].

A Market Access Uncertainty

Geopolitical conflicts, such as the
Russia - Ukraine war, continue to strain
supply chains and inflate costs for
fuel, transportation, and feed
iIngredients.

A Feed Dependency : Feed accounts for
up to 70% of aquaculture operating
costs. Fluctuations in prices for
fishmeal, soy, and corn, compounded
by climate disruptions and
geopolitical instability, directly impact

profitability.
A Regional Feed Production Disparities
”;-—J\ﬂ.. ‘L,“,;o,-‘
JALA grew by 2.1% in 2024 due to

sustainable practices and
technological advances, while Asia
Pacific and the Americas saw declines
(-1.7% and - 3.7%, respectively) due to
disease outbreaks and economic
instability [14].

Industri udang mesti waspada!

Pemberlakuan tarif ini memicu ketidakpastian.
Pelaku industri mulai menahan pengeluaran dan daya
saing udang Indonesia terancam menurun karena
Ekuador dan India mendapat tarif yang lebih rendah.

 TAR

8 ==

ANFFS

United Arab Emirates 1=
New Zealand ¥
10% 10% T. «(6

64% 32% &
<
10% 10% TAR”

10% 10%
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A Shifting Consumer Preferences

- Inflation

A Weak Consumer Spending
and economic uncertainty have led to
restrained demand in major markets
like the EU and U.S., with consumers

prioritizing lower - priced seafood
products. Shrimp prices remain
depressed due to oversupply,
particularly in China, where import
volumes have declined monthly since
February 2024 [13].

. Gen
a0, for-you" |
products and transparency in
sourcing practices pressures
producers to adopt sustainable and
traceable practices, increasing
operational costs.

o o

A Disease Outbreaks
rates due to diseases like Salmon
Rickettsial Syndrome (SRS) in Chile
and sea lice in Norway disrupt

) t X ‘ rr
T J n N <«

. High mortality

salm.on_grO\;vth \;vas Iirﬁited tol b2‘%' In
2024 due to biological challenges.

A Regional Feed Production Disparities

Extreme weather events (e.g., El Nino -
Induced algae blooms in Chile) and
warming waters force early harvesting
and reduce biomass, destabilizing

supply.

salmonwatchireland.ie & :
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A Harmful Subsidies
that 65% of global fisheries subsidies
risk encouraging overfishing and
illegal practices, particularly in
regions with weak management
systems [15].

. The OECD reports

A Legislative Delays : The U.S. Farm Bill,
critical for expanding USDA support to
seafood producers (e.g., access to
credit, "Buy American" labeling), faces
delays, leaving $31 billion in disaster
relief funds uncertain for agquaculture.

Chang et al. (202

A Al and Automation
monitoring fish health, optimizing
feedlng and reducing waste (e.g.,

AgquaBraifl Net)

|mproves eff|C|ency but requires

upfront investment.

. Adoption of Al for

o

A Recirculating Aquaculture Systems
(RAS) : RAS technology reduces water
use by 95% and mitigates
environmental risks, though high
capital costs limit widespread
adoption.

Intelligent unmanned aerial vechicle Wireless transmission system

ey ML
¢ o
Maring work
p[llh rm
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‘ rocesslng Center
1 Big data
~_ analysis

/ Work vessel
feeding S

Smart ROV

Intelligent
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Sensor, underwater camera -



a. Diversification and Resilience

1 A Expand species with stable demand, such as pangasius (+7%

) growth) and tilapia (+5%), which are less reliant on volatile

SustainaBlue noestin ¢ - ng -

R Edatation Inetion A Invest in circular economies, e.g., using fish processing waste
for feed to reduce costs and improve sustainability.

b. Policy Alignment
A Advocate for reforms to redirect subsidies toward stock
assessments, enforcement, and climate adaptation.

c. Market Adaptation
A Enhance traceability and certification (e.g., MSC or ASC
standards) to meet consumer demands for sustainability.

CONCLUSION

Economic and market instability in fisheries and
aquaculture stems from a complex interplay of geopolitica
environmental, and regulatory factors. While challenges i
trade wars, feed costs, and disease outbreaks persist,
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Innovations in technology, policy reforms, and strategic
market diversification offer pathways to resilience.
Stakeholders must prioritize collaboration across supply
chains, advocate for balanced subsidies, and adopt adapt
practices to navigate this volatile landscape.

Co-funded by
the European Union
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The fisheries and aquaculture sectors face significant
social and ethical challenges, ranging from labor
exploitation to cultural displacement. These issues
Intersect with environmental sustainability and
economic equity, requiring systemic reforms.

CRITICAL CONCERNS:

Labor Exploitation and Human Rights Abuses
. Inequitable Resource Access

. Ethical Concerns in Production Practices

. Cultural and Community Displacement

. Food Security and Equity

. Certification and Greenwashing

abc.net.au




