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Fish	farming	has	now	surpassed	wild	fishing	as	the	main	
provider	of	seafood	on	our	plates.	The	$230	billion	industry	
has	a	vital	role	to	play	in	meeting	protein	demand	worldwide	
and	has	averaged	annual	growth	of	almost	6%	since	2000,	
providing	significant	shareholder	returns.

But	does	anything	smell	fishy	about	this	enticing	investment	
thesis?	This	report	looks	at	the	sector	through	a	sustainability	

lens	and	finds	a	wide	range	of	environmental,	social	and	governance	(ESG)	 
challenges	which	must	be	met	if	aquaculture	is	to	prosper	over	the	long-term.

The	report	identifies	ten	ESG	risks	facing	the	sector.	These	include	deep-seated	
material	environmental	issues	such	as	its	dependence	on	wild	fish	stocks,	destruction	
of	natural	habitats,	and	an	intensifying	battle	against	disease	and	infections.	

To	take	just	one	other	example,	this	report	highlights	how	algal	blooms	caused	in	part	
by	polluted	wastewater	from	aquaculture	operations,	caused	an	estimated	$800	
million	in	damage	to	the	Chilean	salmon	industry	in	2016,	killing	nearly	27	million	fish.	
As	of	May	2019,	the	same	issue	is	now	impacting	the	Norwegian	industry.

There	are	significant	governance	issues	too,	many	of	which	are	unsurprising	given	 
the	fast-growing,	high-demand	nature	of	the	industry.	In	April	2019,	for	example,	 
a	class-action	lawsuit	was	filed	in	the	US	accusing	major	players	in	Norway’s	 
farmed	salmon	industry	of	price	fixing.	

Scanning the horizon for investors
Aquaculture	sits	within	a	complex	map	of	regulatory	contexts	and	voluntary	
certification	schemes,	and	this	report	explores	this	terrain	for	investors.	It	shows	 
how	these	drive	geographic-specific	ESG	risks	across	the	Americas,	Europe	and	Asia.	

It	also	gives	examples	of	fish	farming	practices	that	can	reduce	critical	public	 
health	threats	such	as	antibiotic	resistance,	and	better	protect	marine	and	 
coastal	ecosystems.	

Innovations	are	also	highlighted	such	as	cultured	seafood	or	plant-based	replications	
of	fish	products	that	could	reshape	the	industry.

Ultimately,	this	report	seeks	to	help	investors	understand	these	risks	and	opportunities,	
and	integrate	them	into	their	investment	decision-making.	The	FAIRR	investor	
network	is	having	a	massive	impact	on	the	food	industry	thanks	to	the	investors	with	
over	$12	trillion	of	assets	who	have	joined	since	2016.	FAIRR’s	mission	is	simply	to	
bridge	the	ESG	knowledge	gap	and	be	an	enabler	for	investor	engagement	with	
food-related	businesses.	Please	join	our	free,	fast	growing	FAIRR	investor	network.	

Jeremy Coller 
Founder, FAIRR 
Chief Investment Officer, Coller Capital

“Since 2014 aquaculture, 
or fish farming, has 
overtaken wild fishing 
as the main provider  
of seafood on our plates. 
It is a promising thesis 
for any investor. 
But it doesn’t tell 
the whole story.”

Foreword



GHG emissions 
The	sector	is	exposed	to	the	effects	
of	a	warming	climate	with	
production	in	the	key	producing	
region	of	Southeast	Asia	expected	
to	drop	between	10%-30%	by	
2050	due	to	climate	impacts	such	
as	rising	sea	temperatures	and	
ocean	acidification.

Effluents 
Sewage	and	waste	water	discharged	
from	fish	farms	is	associated	with	
the	risk	of	toxic	algal	blooms	and	
drinking	water	pollution.	In	2016,	
algal	blooms	caused	around	$800	
million	of	damage	to	the	Chilean	
salmon	industry.

Habitat destruction 
Millions	of	fish	escape	from	fish	
farms	every	year	and	mix	with	
native	marine	populations.	It	is	a	
major	issue	that	risks	regulatory	
costs	and	reputational	damage	to	
the	companies	involved.	In	July	
2018,	Mowi	(formerly	Marine	
Harvest)	lost	$3.4	million	and	over	
690,000	salmon	when	a	storm	
severely	damaged	ten	net	pens.

Fish feed supply 
Salmon	and	shrimp	diets	include	
fishmeal	and	fish	oil,	making	the	
industry	highly	dependent	on	
rapidly-depleting	wild	fish	stocks. 
If	the	aquaculture	sector	is	to	
continue	long-term	expansion,	 
the	sector	must	find	a	sustainable	
and	scalable	supply	of	alternative	
feed	ingredients.

Disease 
Outbreaks	cost	the	sector	around	
$6	billion	per	annum	according	 
to	the	World	Bank.	All	salmon-
producing	regions	are	battling	sea	
lice,	but	the	solutions	available	bring	
additional	sustainability	impacts.	

Antibiotic use
Hotspots	of	antibiotic	use	in	
aquaculture	accelerate	development	
of	antimicrobial	resistance	(AMR)	
and	increase	export	risks.	In	January	
2019,	the	US	Food	and	Drug	
Administration	(FDA)	denied	entry 
to	26	shipments	of	Indian	shrimp	due	
to	detection	of	banned	antibiotics.	

Working conditions 
The	wider	seafood	sector,	especially	
in	Asia,	has	been	associated	with	
several	instances	of	labour	and	
human	rights	infringements,	
exposing	it	to	a	regulatory	 
and	public	backlash.	

Animal welfare 
Concerns	about	the	physical	 
and	mental	wellbeing	of	fish	in	
aquaculture	puts	the	industry	at	
odds	with	shifting	consumer	support	
towards	high-welfare	products.	

Community resistance 
Local	communities	increasingly	
object	to	new	aquaculture	projects.	
In	2018,	the	Washington	state	
senate	voted	to	phase	out	
non-native	fish	culture	across	the	
entire	state	by	2025	after	protests	
from	local	communities.

Food fraud 
The	sector	is	vulnerable	to	food	
mislabelling	that	can	lead	to	costly	
product	recalls	and	legal	battles.	 
One	conservation	group	estimated	
that	a	third	of	seafood	in	the	sold	in	
the	US	is	mislabelled.	An	academic	
study	focused	on	Canadian	seafood	
observed	similar	findings.	

As	analysed	in	detail	in	Chapter	2	of	this	report,	however,	the	sector	faces	ten	
environmental,	social	and	governance	(ESG)	risks	that	could	have	a	significant	
impact	on	its	financial	future.	

Chapter	3	of	this	report	looks	at	the	role	of	voluntary	certification	schemes	to	
improve	sustainability	performance,	primarily	examining	standards	issued	by	Global	
Good	Agricultural	Practice	(GLOBALG.A.P.),	the	Aquaculture	Stewardship	Council	
(ASC)	and	Global	Aquaculture	Alliance	(GAA-BAP)	standards.

Chapter	4	explores	emerging	solutions	to	better	manage	ESG	issues.	These	include	
innovations	to	improve	fish	health,	such	as	the	use	of	natural	probiotics,	and	new	
production	systems	that	allow	by-products	to	be	recaptured	and	converted	into	 
feed	and	energy.	It	also	analyses	alternatives	to	fishmeal	feed,	such	as	bacteria,	 
algae	and	insect-based	feeds,	and	alternative	protein	solutions,	such	as	plant-based	
replications	of	fish	products	or	cell-based	seafood.

An	overview	of	legislation	impacting	the	aquaculture	sector	in	the	US,	European	
Union	(EU),	Scotland,	Norway,	China	and	Chile	is	provided	in	the	Appendix.

The steady growth of 
global aquaculture has 
seen fish farms overtake 
fisheries as the world’s 
main provider of seafood. 
Its continued growth  
is seen as key to  
meeting future global 
protein demand.

Executive summary
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Aquaculture has quickly become 
the fastest-growing food production 
sector and will most likely  
remain so in the coming decades.  
What risks do investors face?

In	2016,	aquaculture	was	valued	at	$232	
billion	and	was	responsible	for	53%	of	the	
total	reported	global	seafood	supply,	up	 
from	only	6%	in	1960	(FAO,	2018).	The	
sector’s	rapid	growth	creates	significant	
opportunities	for	investors	but	comes	
hand-in-hand	with	serious	environmental,	
social	and	governance	(ESG)	related	risks	
that	must	be	acknowledged	and	addressed.	

The	risks	associated	with	aquaculture	are	
varied	and	complex.	While	aquaculture	is	
providing	an	increasing	quantity	of	global	
protein	supply	–	now	making	up	more	 
than	50%	of	seafood	around	the	world	–	
there	are	also	social	and	environmental	
consequences	that	accompany	such	

of the total global seafood 
supply came from aquaculture 
in 2016, up from 6% in 1960.

53%
rapid	growth	(FAO,	2018:C	).	High	levels	of	GHG	emissions,	the	destruction	of	
habitats	and	adverse	effects	on	biodiversity,	as	well	as	diseases	that	require	intense	
antibiotic	usage	present	risks	for	companies	and	investors.	The	industry	is	also	
faced	with	community	conflicts,	serious	labour	rights	violations	in	supply	chains	and	
problems	with	illegal	seafood	smuggling.	Overall,	the	risks	are	deeply	interconnected	
and	have	the	potential	to	impact	company	costs,	revenues	and	reputation.	

Further,	the	aquaculture	industry	is	characterised	by	a	variety	of	species,	production	
systems,	regulatory	environments,	certifications,	unique	geographic	features	and	
industry	competition	that	differ	significantly	around	the	world.	As	a	result	of	these	
factors,	ESG	risk	and	opportunity	in	aquaculture	markets	are	nuanced,	and	certain	
issues	might	be	more	prominent	in	certain	regions	than	others.	

The	goal	of	this	report	is	to	help	the	investor	community	better	understand 
the	key	ESG	risks	linked	to	the	sector,	highlighting	case	studies	where	poor	
management	of	key	ESG	risks	have	had	significant	impact	on	the	financial	
performance	of	companies.	This	report	also	discusses	potential	solutions	to	 
the	identified	risks,	through	innovations	in	farm,	feed	and	product	development,	
which	represent	opportunities	for	the	investor	community.	Ultimately,	this	report	
seeks	to	help	investors	integrate	these	considerations	into	their	portfolios	 
and	engagement	strategies.

8
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Aquaculture
The	farming	of	fish,	crustacean,	plants,	algae	and	others	under	controlled	 
conditions	in	both	freshwater	and	marine	habitats.

Biofloc
An	environmentally	friendly	aquaculture	technique	where	fish	and	shrimp	 
are	grown	intensively	with	zero	or	minimum	water	exchange.	

Bivalves
Molluscs	with	a	shell	composed	of	two	parts.

Carnivore
An	organism	that	eats	meat.

Crustaceans
A	large	group	of	arthoropods,	most	of	which	are	aquatic.	This	group	includes	 
popular	seafood	items	like	crabs,	lobsters	and	shrimps.	

Effluents
The	outflow	of	polluted	water	from	an	aquaculture	facility,	or	agricultural	activity	 
to	a	main	waterbody,	often	resulting	in	eutrophication	and	other	negative	effects.

Eutrophication
A	situation	where	a	waterbody	becomes	oversaturated	with	nutrients,	often	 
caused	by	effluents	from	agricultural	and	aquaculture	activities,	and	which	 
often	results	in	the	excessive	growth	of	algae	and/or	oxygen	depletion.	

Extensive farming systems
A	faming	approach	that	uses	fewer	inputs	and	lower	stocking	densities.

Fishmeal
A	ground	meal	made	mostly	from	small	fish	caught	by	specialised	fisheries	 
and	used	as	a	main	ingredient	in	feeds	for	carnivorous	fish.

Flush rate
The	amount	of	time	it	takes	for	a	specific	volume	of	water	to	pass	through	 
a	specific	area	unit.

Food web
A	graphical	display	of	the	inter-connection	of	different	organisms	in	a	food 
chain.	Normally	such	a	food	web	is	displayed	in	different	levels,	where 
organisms	with	the	same	behaviour	in	terms	of	consumption	are	lumped 
together,	these	levels	are	referred	to	as	trophic	levels.	

Herbivore
An	organism	that	eats	plant	material.

Intensive farming systems
A	faming	approach	that	uses	more	inputs	and	higher	stocking	densities.

Kelp
Large	brown	seaweeds.

Marine finfish
A	term	used	to	refer	to	fish	with	fins	that	reside	in	marine	waters.

PCU
The	Population	Correction	Unit	(PCU)	is	a	theoretical	unit	of	measurement	
developed	by	the	European	Medicines	Agency	(EMA)	in	2009	and	adopted	across	
Europe.	It	takes	into	account	a	country’s	animal	population	over	a	year,	along	with	
the	estimated	weight	of	each	particular	species	at	the	time	of	treatment	with	
antibiotics.	Although	it	is	an	estimation,	it	does	enable	year-on-year	comparisons 
to	be	made	and	trends	to	be	seen.

Salmonids
A	related	group	of	ray-finned	fish	that,	among	others,	includes	different	salmon	
species,	trout	and	chars.

Seafood
A	collective	term	used	to	describe	fish,	crustaceans,	molluscs	and	other	aquatic	
animals	destined	for	human	consumption.	

Shellfish
Aquatic	invertebrates	with	an	exoskeleton.	This	is	a	collective	term	that	includes	
groups	like	crustaceans	and	molluscs.

ASC	 Aquaculture	Stewardship	Council 
ASEAN	Association	of	Southeast	Asian	Nations 
CO2 Carbon dioxide 
EU European Union 
FAO	 Food	and	Agriculture	Organization	of	the	United	Nations 
FCR	 Feed	Conversion	Ratio 
FIFO	 Fish	In	Fish	Out	ratio 
GAA	 Global	Aquaculture	Alliance	 
GAP	 Good	Aquaculture	Practices 
GHG Greenhouse Gases 
RAS	 Recirculating	Aquaculture	System 
RTRS	 Round	Table	on	Responsible	Soy	Association 
UN	 United	Nations

Glossary
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Civilisations	began	cultivating	in	this	way	around	2,000	years	ago	in	the	Middle	 
East	and	Southeast	Asia,	as	communities	started	raising	wild-caught	carp	in	 
natural	ponds.	Fish	farming	later	expanded	to	include	other	species	but	remained	 
a	family-owned	endeavour	with	limited	organisation	and	commercialisation.	

Commercial	fishing	of	wild-caught	species	continued	to	be	the	main	provider	 
of	aquatic	animal	protein	up	until	the	1960s.	Until	recently,	the	industry	saw	 
little	value	in	farming	and	culturing	organisms,	as	global	supply	from	oceans	 
seemed	limitless.	

By	the	mid-1960s,	however,	as	the	world’s	commercial	fishing	fleets	expanded	 
their	fishing	effort	and	global	presence,	fish	stocks	began	to	reach	peak	global	
production.	The	global	catch	has	been	stable	or	declining	since	the	1980s	and,	 
in	some	places	scientists,	governments	and	businesses	turned	to	aquaculture	 
to	reduce	the	world’s	dependence	on	fisheries	and	to	find	alternative	ways	of	
meeting	global	demand	for	aquatic	animal	protein.
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Figure 1: Status of global fish stocks from 1975-2015
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Overfished

0
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Source: Status of global fish stocks from 1975-2015 (FAO, 2018)

Aquaculture is the 
cultivation of aquatic 
animals and plants,  
such as fish, crustaceans, 
shellfish, seaweeds and 
other organisms in both 
natural and controlled 
marine and freshwater 
environments. 

Chapter 1:  
Overview of the 
aquaculture sector 
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Following	this	shift,	in	the	1980s,	aquaculture	expanded	on	an	industrial	scale,	 
with	annual	overall	growth	rates	of	8%	over	the	next	two	decades.	In	certain	regions	
(such	as	China	and	African	nations),	as	well	as	in	specific	species	groups	(such	as	
marine	finfish	and	crustaceans),	the	same	period	saw	double-digit	growth	rates.	

China’s	reported	production	alone	tripled	in	two	decades,	growing	from	15	million	
tonnes	in	1995	to	49	million	tonnes	in	2015	(Figure	2).	

Aquaculture	surpassed	fisheries	as	the	main	reported	source	of	seafood	meant	 
for	human	consumption	in	2014	(Figure	3).	Aquaculture	shows	high	projected	
growth	compared	to	other	food	industries.	Although	growth	rates	have	diminished	
compared	to	the	1980s	and	1990s,	average	annual	production	growth	rates	
hovered	around	5.8%	during	2000–2016.	A	Planet	Tracker	analysis	found	that	the	
top	ten	largest	aquaculture	companies	with	data	available	recorded	an	average	
five-year	shareholder	return	of	422%	(Planet	Tracker,	2017).	

1980

40,000,000

60,000,000

1985 1990 1995 2000 2005 2010 2015

Figure 2: Increase in total aquaculture production in China, 1980-2017. 

20,000,000

The People’s Republic of China

Source: Fish Stat.

Despite	the	fact	that	global	fishing	efforts	continue	to	increase,	catch	levels	have	
remained	steady	over	the	past	two	decades.	This	indicates	that	capture	fishery	
production	has	likely	peaked,	with	limited	potential	for	production	increases	 
(FAO,	2018:C).	More	conservative	estimates	that	also	incorporate	data	on	illegal	
fishing	and	bycatch	indicate	that	global	harvests	are	actually	in	decline,	suggesting	
severe	exhaustion	of	global	fishery	resources	(Good	Food	Institute,	2018;	Pauly	and	
Zeller,	2016).	Although	there	has	been	widespread	hope	that	the	aquaculture	sector	
will	fill	the	supply	gap	left	by	capture	fisheries,	this	does	not	appear	to	be	the	case.	
FAO	data	shows	that	growth	in	aquaculture	production	is	slowing	and	will	not	meet	
projected	demand,	especially	as	demand	for	fish	outpaces	the	already	high	human	
population	growth	rates.

How does the world feed an additional 2.2 billion mouths between now  
and 2050? 

At current growth rates, the global human population will increase by 2.2 billion 
from now until 2050 (United Nations, 2013). The biggest increase in seafood 
consumption is expected to come from emerging economies like China, whose 
citizens are already shifting from vegetable-based to protein-rich diets with meat 
and seafood (He et al., 2018). Already, global per capita seafood consumption has 
risen to about 20kg per annum, which is effectively double the consumption 
average in the 1960s, according to the latest FAO data (FAO, 2018:C).

Aquaculture is perceived as a sustainable solution for meeting the growing 
demand for animal protein, especially considering the reduced natural capacity  
of the world’s oceans, rivers and lakes (Béné et al., 2015). It is estimated that 
aquaculture production needs to at least double by 2050 to 160 million tonnes 
annually. Assuming an average feed conversation ratio of 2:1, this currently means 
that around 320 million tonnes of feed is required to produce this volume of 
seafood. Approximately 70% of these feeds require fishmeal and fish oil from  
wild fisheries (NOAA, 2018). This volume accounts for a quarter of total fishery 
volume, or over 20 million tonnes of wild seafood per year (Cashion et al., 2017).

Experts also estimate that the large majority of this fish diverted for fishmeal—up 
90% — could instead be used to feed humans (Cashion et al., 2017). With 
carnivorous fish that require fish as feed dominating the top ten fastest-growing 
aquaculture species, investors must consider how the industry will meet growing 
demand without compromising sustainability aspects and staying within the 
planet’s production boundaries.
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Figure 3: Global capture fisheries and aquaculture production from 1990-2030
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Carp and other cyprinids

30,544,7371

Oysters

5,594,8224

Salmon, trout, smelts

3,319,7157

Miscellaneous freshwater fish

9,944,4022

Clams, cockles, arkshell

5,570,1415

Freshwater crustaceans

2,280,6878

Tilapia and other cichlids

5,898,7933

Shrimp, prawns

5,180,5636

Scallops, pectens

2,126,9309

Mussels

2,007,50710

Figure 4: Top aquaculture species in terms of quantity in 2016 (tonnes)Main species and production figures and trends

Aquaculture	is	a	diverse	industry	that	includes	the	farming	of	hundreds	of	species	
of	fish,	crustaceans,	molluscs	and	other	aquatic	animals	(collectively	referred	to	as	
seafood).	Many	of	these	species	are	specific	to	certain	geographies.	

In	terms	of	global	volume,	the	most	important	cultured	seafood	species	in	2016	
included	carp,	miscellaneous	freshwater	fish,	and	tilapia	(Figure	4).	The	species	 
listed	here	are	mostly	produced	in	Asia,	apart	from	salmonids	(FAO	2018:	C).	 
Carp	is	very	popular	in	Asia,	often	serving	as	the	main	source	of	animal	protein	 
in	rural	communities.	Their	production	is	an	important	part	of	the	livelihood	of	
millions	of	households.

The	most	important	species	by	value	differ	somewhat	from	those	that	are	the	 
most	harvested.	In	addition	to	carp	(which	ranks	highly	because	of	its	high	 
volume),	shrimp,	freshwater	crustaceans	and	salmonids	derive	the	highest	
economic	value.	(Figure	5).	

In	ranking	production	by	country,	China	is	by	far	the	biggest	producer,	accounting	
for	just	over	50%	of	global	aquaculture	production	and	producing	nearly	ten	times	
the	amount	of	India,	the	second-ranking	country.	Seven	of	the	top	ten	producers	 
of	farmed	fish	are	in	Asia,	apart	from	Chile,	Norway	and	Ecuador	(FAO	2018:C).	

Figure 5: Top aquaculture species in terms of value in 2016

Rank Species Global value, 2016 
(USD 000)

1 Carp	and	other	cyprinids 66,138,549

2 Shrimps,	prawns 32,012,410

3 Miscellaneous	freshwater	fish 24,869,103

4 Freshwater	crustaceans 22,531,882

5 Salmon,	trout,	smelts 19,220,049

6 Tilapia	and	other	cichlids 11,285,571

7 Clams,	cockles 9,610,646

8 Oysters 6,628,893

9 Scallops,	pectens 5,607,886

10 Miscellaneous	coastal	fish 5,018,175

Figure 6: Top farmed seafood producing countries by financial value, 2016

Country Rank by 
value

Value, 2016 (USD 000) Rank by 
quantity

Quantity, 2016 (tonnes)

China 1 144,715,879 1 49,245,828

India 2 10,644,800 2 5,700,000

Vietnam 3 9,345,987 4 3,624,538

Indonesia 4 8,992,524 3 4,985,002

Chile 5 7,867,541 8 1,035,254

Norway 6 7,623,688 7 1,326,157

Bangladesh 7 5,621,080 5 2,203,554

Japan 8 3,962,281 12 676,786

Thailand 9 2,488,403 10 962,571

Ecuador 10 2,338,810 15 451,085

Total 231,798,686 80,068,829

Source:	FAO	(2016)	Global	Aquaculture	Production
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Floating structures made of a strong  
frame of lightweight pipes that hold one 
or several nets to contain the cultured 
species. These floating systems are 
anchored to the seabed or lake bottom 
using concrete sinkers. 

Species farmed:  
Marine: salmon, sea bream, sea bass  
Fresh or brackish water: tilapia

Cages

Shift to high-intensity farming systems in Asia
Asian	farmers	focused	on	producing	lower-value	supply	(such	as	carp	and	tilapia)	 
for	domestic	markets	often	employ	extensive	farming	methods,	with	seafood 
grown	using	more	space	but	with	less	input.	This	requires	fewer	resources,	 
as	carp	are	situated	lower	on	the	food	chain	and	mainly	consume	plants	and	algae.

However,	over	the	past	20	years,	Asian	countries	have	increasingly	started	to	farm	
certain	low-value	species	(like	pangasius	and	tilapia)	and	high-value	species	(such	as	
shrimp)	for	Western	markets.	In	order	to	compete	with	Western	producers,	farmers	
now	use	highly	intensive	farming	systems.	These	methods	have	high	stocking	
densities	and	require	excessive	use	of	antibiotics	and	other	veterinary	drugs	and	
pesticides.	While	this	greatly	increases	the	production	output	of	Asian	operators,	
responsible	in	part	for	high	growth	rates,	it	also	increases	environmental	impact.	
China	is	also	beginning	to	produce	many	high-value	species,	such	as	salmon	and	 
sea	bass,	which	have	historically	been	produced	primarily	in	Western	countries.

Constructed by clearing coastal or inland 
areas of all vegetation and erecting a 
system of dikes and sluices to hold water. 
To maintain water quality and oxygen 
levels, regular water exchanges are made 
using tidal currents or pumping systems.

Species farmed:  
Freshwater: carp  
Brackish water: shrimp, crabs

Ponds

Major production systems

Traditionally,	most	seafood	is	cultured	in	ponds	or	cages,	which	are	located 
in	marine,	brackish	or	freshwater	environments.	

Both	of	these	classic	culture	systems	are	characterised	by	their	open	nature.	 
There	is	no	boundary	between	the	farm	and	wider	aquatic	environment.	 
This	comes	with	significant	environmental	and	social	risks	that	have	the	 
potential	to	hurt	financial	performance	(Parker,	2018).	

The	associated	risks	with	both	methods	are:		

•	 waste	from	farms	such	as	excess	feeds,	veterinary	drugs	and	faeces;

•	 effluents	from	agricultural	farms,	resulting	in	algal	blooms;	and

•	 chemical	wastes	and	micro	plastics	from	factories	and	sewage	systems.	

The	effects	of	these	risks	across	both	methods	are:

•	 reduced	growth	rates	and	survival;

•	 mass	mortality	events;	and

•	 plastic	and	chemical	residues	passed	onto	consumers.

18

Overview of the aquaculture sector01 Overview of the aquaculture sector



19%

21%

10%

1%

48%

2%

12%

11%

19%

4%

50%

4%

Consumption trends and main markets 

Global	consumption	for	seafood	is	increasing.	Per	capita	consumption	of	
wild-caught	and	farmed	seafood	has	grown	from	9kg	in	1961	to	20.2kg	in	2015.	
Average	annual	increases	over	this	period	(3.2%)	accelerated	faster	than	world	

population	growth	(1.6%)	and	consumption	of	terrestrial	animal	
protein	(2.8%).	

Historically,	seafood	consumption	in	Western	countries	has 
been	relatively	low,	with	annual	per	capita	consumption	in	Europe	
ranging	from	ten	to	25kg.	In	Europe,	63%	of	traded	and	
consumed	seafood	originates	from	intra	regional	or	internal	trade,	
with	the	continent	being	a	strong	producer	of	sea	bass,	sea	bream	
and	salmon.	Asia	provides	14%	of	the	total	trade	value	to	Europe,	
followed	by	South	America	(9%)	and	Africa	(8%)	(FAO	2018:C).	

North	America	has	an	equivalent	per	capita	consumption	of	25	 
to	30kg	annually,	but	with	very	different	trade	figures	(Figure	7).	In	North	America,	
intra	regional	trade	accounts	for	just	19%	of	total	value,	and	the	remaining	81%	of	its	
seafood	trade	and	consumption	is	imported.	The	majority	of	these	imports	(48%	of	
total	seafood	trade	value,	59%	of	imports)	come	from	China	and	ASEAN	member	
states	(FAO	2018:C),	exposing	North	American-based	investors	to	ESG-related	 
risks	that	are	associated	with	aquaculture	in	Asia.

Figure 7: North American trade flows of fish and fish products by continent  
(share of total imports, in value), 2016

of traded and consumed seafood 
originates from intraregional  
or internal trade

63%

Per	capita	seafood	consumption	in	Asia,	by	contrast,	is	very	diverse.	Landlocked	
nations	and	India	consume	on	average	less	than	10kg	annually.	Other	countries	 
in	Southeast	Asia,	such	as	Myanmar,	have	an	annual	per	capita	consumption	rate	
exceeding	7kg.	Seafood	consumption	in	China	falls	in	between	the	extremes,	 
and	averages	30	to	50kg	per	capita	annually	–	closer	to	consumption	levels	in	 
North	America	and	Europe.	Seafood	trade	in	Asia	is	balanced	between	50%	
originating	from	intra	regional	trade	and	the	other	half	originating	from	imports	 
(by	traded	value),	primarily	from	Europe	(19%),	North	America	(12%)	and	South	
America	(11%)(Figure	8).	China	is	heavily	exposed	to	aquaculture	in	terms	of	seafood	
consumption.	While	farmed	seafood	makes	up	approximately	half	of	global	seafood	
consumption	(with	the	other	half	coming	from	fisheries),	in	the	case	of	China,	
farmed	seafood	makes	up	approximately	75%	of	seafood	consumption	(Figure	9).

This	difference	is	partially	due	to	demographic	change;	the	fast-growing	purchasing	
power	of	the	middle-class	in	Asia	has	led	to	the	farming	of	many	high-value	species,	
which	were	once	exclusively	farmed	for	Western	consumers.	In	2017,	China	
became	the	biggest	buyer	of	salmon	products	($300	million	in	2016)	(ITE	Food	 
&	Drink,	2017).	Now,	in	addition	to	being	the	world’s	largest	producer	and	exporter	
of	seafood,	China	is	also	turning	into	the	biggest	importer	and	consumer	of	seafood	
(Harkell,	2018:C).	China	relies	heavily	on	aquaculture	to	meet	this	new	demand	
(Figure	9).

Figure 9 – China’s dependence 
on aquaculture in 2015

Wild catch
27%

Aquaculture
73%

Figure 8: Asian trade flows of fish and fish products by continent  
(share of total imports, in value), 2016

Intra	regional	trade	and	imports Intra	regional	trade	and	imports
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Risks in international trade

Seafood	is	the	world’s	most	highly-traded	
food	commodity,	exposing	seafood	to	
considerable	trade	risk.	In	2016,	about	35%	
of	global	seafood	entered	international	trade	
with	export	value	of	$143	billion	(FAO	2018:	
C).	This	is	nearly	triple	that	of	soybeans,	 
at	$52	billion.

The	US	in	particular	is	tightening	import	
requirements	for	seafood,	increasing	risk	 
for	exporting	countries	that	do	not	meet	
specified	standards.	In	2018,	the	US	
government	stated	its	aim	to	make	the	US	
more	self-sufficient	in	seafood	supply	by	
expanding	domestic	production	(Intrafish,	
2018)	and	criticised	perceived	lower	
standards	in	importing	nations	(Intrafish,	
2018:	A)

New	US	regulation	is	increasing	traceability	
requirements	for	imported	seafood.	Nations	
heavily	reliant	on	exporting	seafood	to	the	
US	will	have	to	meet	these	standards	in	order	
to	remain	competitive.	See	pages	64	and	124	
for	more	details.

of global seafood entered 
international trade with export 
value of $143 billion

35%

Industry structure

With	industrial-scale	intensive	aquaculture	being	a	relatively	young	sector,	the	
actors	are	fairly	fragmented.	There	are	many	small-	and	medium-sized	businesses	
operating	in	this	arena,	particularly	in	Asia.	The	exceptions	to	this	trend	are	salmon	
producers	in	the	UK	and	US,	where	the	top	five	producers	make	up	95-96%	of	
total	salmon	production	(Mowi,	2018).	In	Asia,	however,	there	are	over	18	million	
registered	aquaculture	sector	workers,	most	of	whom	are	engaged	in	small,	
family-owned	businesses	(FAO	2018:C).	In	China,	the	world’s	top	producer,	 
we	see	a	trend	towards	further	consolidation	in	the	sector,	driven	by	regulation	
aiming	to	make	the	sector	more	sustainable	and	internationally	competitive.	 
See	page	128	for	further	information.

Typically,	there	is	limited	transparency	throughout	the	sector	(FAO,	2016:	C).	 
This	is	particularly	pertinent	in	Asia,	where	most	production	takes	place.	 
There		are	relatively	few	publicly	listed	corporations	in	this	region	because	the	
industry	is	dominated	by	family-operated	and	government-funded	businesses.

To	capitalise	on	the	relationship	between	the	two	sectors,	many	global	businesses	
active	in	the	capture	fisheries	industry	have	diversified	their	investments	by	adding	
aquaculture	to	their	portfolios,	or	vice	versa.	Cooke	Seafood,	which	initially	focused	
on	aquaculture,	subsequently	expanded	its	seafood	activities	into	the	capture	
fisheries	through	various	acquisitions	(Cooke,	2019).	This	results	in	significant	
overlap	between	capture	and	aquaculture	fishery	actors.	For	example,	fish	meal	
from	fisheries	is	often	used	as	feed	for	aquaculture	operations,	while	the	catch	 
and	production	from	both	activities	can	be	processed	in	the	same	factories.	
Consequently,	most	publicly	listed	seafood	companies	are	involved	in	both	 
industries,	with	limited	transparency	often	making	it	hard	to	distinguish	 
between	revenue	streams	from	each	activity	(Planet	Tracker,	2017).

Research	shows	that	although	the	seafood	industry	consists	primarily	of	many	
smaller	players	and	family-oriented	enterprises,	13	of	the	largest	seafood	
businesses	control	a	combined	11	to	16%	of	the	global	marine	catch	and	
aquaculture	production,	and	also	control	19	to	40%	of	the	largest	and	most	
valuable	stocks	(Österblom	et	al.,	2015).	These	businesses	are	active	in	all	segments	
of	seafood	production	and	dominate	global	decision-making	processes,	including	
the	development	and	direction	of	aquaculture	certification	schemes.	Due	to	their	
large	impacts,	these	companies	are	referred	to	as	keystone	corporations.

Figure	11	shows	the	top	30	listed	seafood	companies	by	estimated	revenues	 
from	aquaculture,	as	found	by	Planet	Tracker.	The	list	is	dominated	by	companies	
from	Norway,	Japan	and	North	America.	It	is	worth	noting	that	these	are	regions	
with	limited	aquaculture	production	compared	with	China	and	Southeast	Asia,	
signalling	a	gap	in	value	production.
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Figure 10: Top 30 listed seafood companies in terms of estimated revenues from aquaculture

Ticker Company name Headquarters Estimated revenues from 
aquaculture (USD), as found  
by Fish Tracker

AQUACHIL	CI	 Empresas	AquaChile	SA Chile $618,628,000

CAMANCHA	CI	 Pesquera	Camanchaca	SA Chile $380,815,000

AUSTRALI	CI	 Australis	Seafoods	SA Chile $347,560,000

300094	CH	 Zhanjiang	Guolian	Aquatic	Products	Co	Ltd China $393,752,357

BAKKA	NO	 Bakkafrost	P/F Faroe	Islands $381,963,315

CPRO IJ Central	Proteina	Prima	Tbk	PT Indonesia $644,888,946

1333	JP	 Maruha Nichiro Corp Japan $3,561,604,651

1332	JP	 Nippon	Suisan	Kaisha	Ltd Japan $2,403,284,966

8041	JP	 OUG	Holdings	Inc Japan $1,626,063,346

8058	JP	 Mitsubishi	Corp Japan $1,118,590,117

8030	JP	 Chuo	Gyorui	Co	Ltd Japan $917,861,179

7538	JP	 Daisui	Co	Ltd Japan $568,043,125

8002	JP	 Marubeni Corp Japan $561,891,417

8228	JP	 Maruichi	Co	Ltd Japan $525,650,418

8038	JP	 Tohto	Suisan	Co	Ltd Japan $490,947,009

2060	JP	 Feed	One	Co	Ltd Japan $432,710,319

2874	JP	 Yokohama	Reito	Co	Ltd Japan $400,186,769

8091	JP	 Nichimo	Co	Ltd Japan $355,971,361

MHG NO Mowi	ASA Norway $3,871,401,787

LSG NO Leroy	Seafood	Group	ASA Norway $1,637,258,849

AUSS	NO	 Austevoll	Seafood	ASA Norway $1,270,210,619

SALM	NO	 Salmar	ASA Norway $1,076,926,581

GSF NO Grieg	Seafood	ASA Norway $780,601,445

NRS NO Norway	Royal	Salmon	ASA Norway $503,809,274

CPF TB Charoen	Pokphand	Foods	PCL Thailand $1,947,694,132

43	HK	 CP	Pokphand	Co	Ltd Thailand $407,385,000

TU TB Thai Union Group PCL Thaliand $1,906,424,763

NOMD US Nomad	Foods	Ltd United	Kingdom $457,103,231

HVG	VN	 Hung	Vuong	Corp Vietnam $807,046,017

Case study: Benchmarking producers on sustainability performance

The Coller FAIRR Protein Producer Index assesses 60 global animal protein 
producers on critical ESG issues. Of these companies, nine are pure seafood 
companies engaged in aquaculture and five companies producing multiple  
animal proteins including farmed seafood. We assess company performance  
on nine risk factors: greenhouse gas emissions, deforestation & biodiversity loss, 
water scarcity, antibiotics, waste and pollution, working conditions, food safety, 
animal welfare, sustainable proteins.

In 2018, the top three performing companies in the Index were all Nordic 
aquaculture businesses, reflecting the relatively strong performance of these 
companies relative to other protein producers, particularly those outside Europe. 
However, this sector still faces a number of sustainability challenges that we hope 
to uncover through this report. 

FAIRR is currently assessing the companies for the 2019 Index. (Figure 12)  
Pure play aquaculture companies are now being assessed on 19 KPIs,  
including five KPIs that are specific to the sector.

Figure 11: Aquaculture companies assessed included in  
the 2019 Coller FAIRR Protein Producer Index

Ticker Company Proteins produced Headquarters
QLG:MK QL	Resources	Berhad Multiple Malaysia

2282:JP NH	Foods	Ltd Multiple Japan

JAP:SP Japfa	Ltd Multiple Singapore

CPF:TB Charoen	Pokphand	Foods	PCL Multiple Thailand

1210:TT Great	Wall	Enterprise	Co	Ltd Multiple Taiwan

BAKKA:NO Bakkafrost	P/F Seafood	only Faroe	Islands

AQUACHIL:CI Empresas	AquaChile	SA Seafood	only Chile

GSF:NO Grieg	Seafood	ASA Seafood	only Norway

LSG:NO Lerøy	Seafood	Group	ASA Seafood	only Norway

MOWI:NO Mowi	ASA Seafood	only Norway

1332:JP Nippon	Suisan	Kaisha	Ltd Seafood	only Japan

SALM:NO SalMar	ASA Seafood	only Norway

TGR:AU Tassal	Group	Ltd Seafood	only Australia

TU:TB Thai Union Group PCL Seafood	only Thailand

Source:	Planet	Tracker	(2017)
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Reviewing	ESG	risks	in	aquaculture	is	challenging	due	to	the	sector’s	nascency	 
and	the	limited	availability	of	information	on	certain	topics	and	regions.	In	addition,	 
the	severity	and	magnitude	of	impact	of	each	of	these	ESG	risks	depends	on	the	
species,	production	system,	geography	and	consumer	preferences.	However,	this	
section	seeks	to	provide	investors	with	an	understanding	of	the	significant	and	
material	issues	that	are	impacting	the	sector.	

The global intensification 
of aquaculture is rapidly 
increasing its environmental 
and social footprint.  
This section of the report 
presents ten ESG risks 
that aquaculture faces 
throughout the value chain. 

Chapter 2:  
ESG issues 
in aquaculture
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Financial levers and timeline 
of risks to aquaculture

Legal	and	Regulatory

Reputation

Production	and	Pricing

Market	Access

Financial levers

Effluents
Algal	blooms,	caused	by	nutrient-
rich	effluents,	have	disrupted	
production	in	the	salmon	industry.	
As	of	May	2019,	the	Norwegian	
salmon	industry	is	suffering	from	
the	worst	algal	bloom	in	30	years.	
At	time	of	writing,	government	
reports	indicate	the	loss	of	10,000	
tonnes	of	salmon.	An	early	estimate	
from	Sparebank1	Markets	suggests	
it	could	impact	up	to	1%	of	
Norway’s	salmon	supply.	A	Nordea	
Bank	analyst	estimates	the	loss	
reduces	forecasted	global	supply	
growth	from	6.6%	to	5.0%.

Disease
In	Chile,	the	salmon	farming	
industry	experienced	an	outbreak	
of	infectious	anaemia	(ISAV)	that	
cost	the	sector	$2	billion	and	
20,000	jobs.	Due	to	the	impact 
of	the	epidemic,	banks	chose	to	
renegotiate	loans.	However	they	
also	considered	forcing	companies	
into	bankruptcy,	highlighting	the	
severe	risk	that	disease	presents	 
to	aquaculture.

Antibiotics
The	US	imports	about	70%	of	its	
seafood	from	Asia,	half	of	which	is	
cultured.	In	2016	the	US	Food	and	
Drug	Administration	(FDA)	saw	a	
record	year	for	refusals	to	import	
Asian	shrimp	due	to	contamination	
with	banned	antibiotics.	In	January	
2019	the	FDA	prevented	 
26	shipments	of	Indian	shrimp	 
from	entering	(15%	of	the	total	 
for	that	month),	due	to	detection	 
of	banned	antibiotics.	India	is	the	
country’s	top	shrimp	supplier,	
making	up	35.2%	of	all	imports.	 
The	US	is	therefore	highly	exposed	
to	risks	associated	with	antibiotic	
use	in	the	Asian	market.	

Transparency and food fraud
In	2015,	Chilean	authorities	
intercepted	37,200	cans	of	‘horse	
mackerel’,	which	turned	out	to	be	
Pacific	menhaden,	a	lower-value	
species.	If	sold,	the	mislabelled	
cans	would	have	retailed	for	over	
$19	million.	The	costs	of	global	
seafood	fraud	for	unknowing	
retailers	and	consumers	have	 
not	yet	been	monetised	but	 
are	significant.

Community resistance
In	December	2018,	the	
government	of	British	Columbia	
reached	an	agreement	with	First	
Nations	peoples	to	close	several	
Mowi	and	Cermaq	farms	and	
restrict	salmon	farming	in	coastal	
areas	that	play	an	important	role	 
in	their	livelihood.

Habitat destruction and 
biodiversity loss
Companies	are	making	significant	
investments	to	prevent	farmed	 
fish	from	escaping.	As	of	February	
2019,	Scottish	Sea	Farms	said	it	
had	installed	new	nets	at	21	out	 
of	45	salmon	farms	in	Scotland	 
at	a	cost	of	£4.2	million	and	 
aimed	to	install	them	at	nine	 
more	farms	in	2019.

GHGs
Catches	and	fish	feed	prices	
depend	heavily	on	El	Niño	and	
other	weather	phenomena	that	 
are	caused	by	global	warming.	In	
Ecuador,	shrimp	production	is	likely	
to	outweigh	demand	in	2019	 
due	to	El	Niño	weather	conditions.	 
It	is	expected	that	the	increased	
harvest	will	reduce	the	price	of	
shrimp.	The	effects	are	starting	 
to	be	noticed	–	in	February	2019	
the	average	price	for	shrimp	was	
$2.67/lb,	compared	with	$2.96/lb	 
in	the	same	month	last	year. 
In	South-East	Asia,	production	of	
marine	finfish	is	expected	to	drop	
by	up	to	30%	by	2050	due	to	
rising	ocean	temperatures.

Fish feed 
Prices	tend	to	fluctuate	heavily	
with	changing	weather,	especially	
when	impacted	by	severe	El	Niño	
effects.	In	2014,	warming	waters	
caused	a	reduction	in	anchovy	
yields	in	Peru,	the	world’s	top	fish	
feed	exporter.	As	a	result,	fish	feed	
prices	surged	to	$2,400	per	ton,	
compared	to	the	average	of	
$1,600	per	ton.

Labour conditions
In	2015,	the	European	Commission	
issued	a	‘yellow	card’	warning	to	
Thailand	following	numerous	
human	rights	abuses	 
in	the	country’s	seafood	supply	
chains.	The	Commission	
threatened	to	ban	seafood	imports	
from	the	country	altogether	if	 
they	did	not	see	improvements.	 
The	warning	was	lifted	in	2019	but	
highlights	the	legal	and	compliance	
concerns	that	could	severely	affect	
the	operations	of	some	companies.	

Fish welfare 
In	2018,	a	report	linked	welfare	
standards	with	the	financial	
performance	of	aquaculture	
companies,	demonstrating	how	
companies	that	prioritised	welfare	
issues	experienced	financial	
outperformance.	The	analyst	
attributes	this	strong	performance	
to	the	mitigation	of	reputation	 
risk	and	the	fish	health	benefits	
associated	with	higher	 
welfare	standards.

Short term Medium term Long term
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Greenhouse  
gas emissions

Climate	change	is	having	profound	effects	on	aquaculture	ecosystems	around	the	
world.	While	contributing	to	increased	GHG	emissions,	aquaculture	is	also	affected	
by	the	environmental	impacts	of	climate	change.	Different	geographies	and	
production	systems	are	affected	in	different	ways	and	certain	production	systems,	
such	as	cage	and	pond	operations,	are	especially	vulnerable	to	the	effects,	as	many	 
of	their	environmental	parameters	are	beyond	farmers’	controls.	

Aquaculture’s contribution to climate change
While	estimates	are	scarce,	emerging	research	suggests	the	rapid	development	of	
industrial	scale	aquaculture,	as	a	result	of	plateauing	fisheries	stocks,	is	contributing	
to	increasing	global	GHG	emissions	(Yuan	et	al.,	2019).	GHG	emissions	are	the	
leading	cause	of	climate	change,	which	poses	risks	to	the	aquaculture	sector	and	is	
expected	to	bring	severe	ecological	and	biological	changes	in	terms	of	productivity,	
species	abundance,	ecosystem	stability	and	pathogen	levels	worldwide	(FAO,	 
2016:	B),	all	of	which	will	have	an	impact	on	the	operating	costs	of	aquaculture	
companies.	Overall,	industrial	aquaculture	is	contributing	to	climate	change,	 
while	also	being	exposed	to	significant	risks	because	of	it.	

Few	estimates	of	the	global	aquaculture	sector’s	GHG	emissions	exist.	FAO	
documents	indicate	that	the	“paucity	of	data”	on	GHG	emissions	in	seafood	supply	
chains	is	inhibiting	the	development	of	measures	to	reduce	energy	use	in	the	sector	
(FAO,	2017).	Further,	the	sector’s	emissions	are	difficult	to	calculate	as	they	are	
usually	accounted	for	across	several	national	GHG	inventories,	including	agriculture,	
waste,	fuel	combustion	and	refrigeration.	Carbon	emissions	released	by	land	
conversions	for	aquaculture	are	rarely	considered	when	calculating	aquaculture	
emissions.	For	example,	the	impact	of	converting	wetland	and	mangrove	areas	into	
fishponds	is	underestimated.	From	2000	to	2015,	122	million	tonnes	of	carbon	
was	released	due	to	mangrove	deforestation,	which	is	equivalent	to	Brazil’s	annual	
emissions	(Erickson-Davies,	2018).	Wetlands	also	play	an	important	role	in	the	
global	carbon	cycle;	they	cover	just	6%	of	the	world’s	land	surface	but	contain	12%	
of	its	global	carbon	pool	(Erwin,	2009).	In	China,	paddy	fields	are	increasingly	being	
converted	to	aquaculture	ponds	(currently	these	conversions	make	up	over	50%	 
of	Chinese	inland	fish	ponds)	which	is	contributing	to	global	warming	from	methane	
emissions	(Yuan	et	al.,	2019).	Finally,	GHG	emissions	from	aquaculture	operations	
vary	widely,	depending	on	the	species	cultured	and	the	type	of	production	system	
used.	However,	a	2019	study	found	that	freshwater	aquaculture	in	the	top	21	
producing	nations	is	responsible	for	1.82%	of	global	methane	and	0.34%	of	 
global	nitrous	oxide	emissions	(Yuan	et	al.,	2019).
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Asia
In	Asia,	sea	surface	temperatures	are	rising	at	higher	rates	than	offshore	areas, 
with	potentially	severe	implications	for	coral	reefs,	capture	fisheries	and	
aquaculture.	Warmer	waters	in	the	region	are	already	having	an	impact	by	
generating	stronger	and	more	frequent	tropical	storms	that	wipe	out	farm	stock	
and	erase	farm	infrastructures.	Southeast	Asia,	one	of	the	world’s	most	productive	
aquaculture	regions,	is	expected	to	experience	a	production	drop	of	10%	to	30%	
(Froehlich	et	al.,	2018).	Shrimp	farms	located	in	the	tropics	are	projected	to	suffer	
from	rising	sea	levels,	which	could	flood	inland	freshwater	operations.	Moreover,	
ocean	acidification	is	expected	to	lead	to	declines	in	mollusc	production	over	
2020-2060	(FAO,	2016:	A).	Diseases	affecting	salmon	will	also	become	more	
prevalent	due	to	climate	change	and	warmer	waters.

Other regions
Some	areas,	however,	especially	in	Africa	and	South	America,	are	predicted	to	 
see	aquaculture	productivity	increase	by	up	to	30%.	Some	species,	such	as	tilapia	
production	in	the	tropical	Pacific,	may	benefit	from	climate	change	(FAO,	2016:	A).	
Aquaculture	companies	such	as	Tassal	have	reported	that	they	are	currently	working	
on	adaptation	measures	in	response	to	rising	sea	temperatures	and	extreme	
weather	events,	including	geographic	diversification	of	its	marine	farm	portfolio.

For	most	species,	the	most	emission-intensive	stages	of	fish	farming	are	in	feed	
production.	In	Atlantic	salmon	and	rainbow	trout	production,	feed	accounts	for	
around	87%	of	total	GHG	emissions	(Rasenberg	et	al.,	2013).	Shrimp	is	an	exception,	
as	on-farm	energy	use	is	the	most	emission-intensive	stage.	Intensive	shrimp	 
farms	require	the	use	of	aerators	and	pumping	systems	to	maintain	water	quality,	
which	drives	up	the	operational	energy	expenditure.

Compared	to	land	animal	proteins,	average	farmed	salmon	production	has	relatively	
low	GHG	emissions.	However,	shrimp	aquaculture	GHG	emissions	are	comparable	 
to	those	arising	from	beef	production:	the	data	in	Figure	12	suggest	shrimp	
production	emissions	are	around	20%	lower	than	beef	production,	however	another	
study	suggests	they	are	as	high	as	in	beef	production	(Poore	and	Nemecek,	2018).	

How climate risk impacts aquaculture

Europe and North America
In	northern	parts	of	Europe	and	North	America,	where	temperatures	are	rising	
fastest,	severe	impacts	are	expected	to	make	it	more	challenging	to	farm	salmon	
(Froehlich	et	al.,	2018).	However,	climate	impacts	on	the	salmon	sector	are	still	 
largely	uncertain	and	require	research.	For	example,	warmer	water	and	salinity	
changes	will	likely	result	in	increased	salmon	diseases	and	parasites,	while	pathogens	
associated	with	a	colder	climate	may	be	reduced	(Troell	et	al.,	2017).	Overall,	the	lack	
of	clarity	exposes	investors	in	the	European	and	North	American	salmon	aquaculture	
sector	to	risks.

How warmer water affects algae and fish 

Climate	change	is	associated	with	warmer	water,	which	can	be	
problematic	for	several	reasons:

• Toxic	algae	prefer	warmer	water

• Warmer	water	mixes	less,	which	allows	algae	that	can	be	harmful	to	fish	
to	grow	thicker	and	faster

• Small	organisms	move	through	warm	water	faster	meaning	algae	can	rise	
to	water	surface	quickly,	where	they	absorb	sunlight	and	in	turn	heat	up	
the	water	further,	contributing	to	more	algal	blooms	(US	EPA,	2019).0 2 4 6 8
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Figure 12: Average GHG emissions per 40g / protein

GHG emissions (kg CO2 -eq)
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Source: Adapted from Hilborn et al. (2018)
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Engagement questions 
for investors

Case study: Climate change and salmon feed

Climate change will heavily impact fish meal fisheries, where catches are already 
fluctuating due to El Niño weather impacts (FAO, 2016: B). Peru, the world’s 
largest producer of fishmeal, is listed as one of 17 countries in which fisheries  
will be most vulnerable to climate change. This listing is based on an analysis of 
a country’s exposure to global warming, the importance of fish production to  
the economy and the country’s adaptive capacity (FAO, 2016: A). Overall, climate 
change will affect raw material availability and further drive up operational costs 
– particularly when considering feed already comprises 30-50% of salmon 
production costs.

Case study: Mowi, formerly Marine Harvest, identifies and acts on climate  
related business risks 

Mowi conducted a materiality analysis to understand climate change-related 
issues that are critical to the company and stakeholders, and the ability of the 
business to execute its strategy and operations. The materiality analysis highlights 
areas of opportunity and risk, and the results define Mowi’s priorities and R&D 
efforts, both at group and asset level. 

The climate assessment considers chronic physical risks that could disrupt 
production capacity, such as changes to oceanic circulation and uncertain climate 
variability patterns (e.g. El Niño), or changes in average precipitation. Mowi also 
considers how its salmon farming operations are exposed to biological risks, which 
might impact profitability and cash flows through adverse effect on factors such 
as growth, harvest weight, harvest volume, mortality, downgrading percentage  
and claims from customers (CDP, 2018). Has	the	company	assessed	how	climate	change	might	impact	its	

production	sites	and	input	costs?

What	warming	potentials	does	the	company	use	as	part	of	this	exercise?

Does	the	company	report	annually	on	scope	1,	2	and	3	emissions?	

Does	this	include	emissions	from	the	sourcing	of	fish	feed?

Is	there	a	downward	trend	in	absolute	emissions	and/or	 
emissions	intensity?

Does	the	company	have	a	strategy	to	reduce	GHG	emissions?

Does	the	company	have	or	plan	to	set	a	science-based	target	 
to	reduce	GHG	emissions?
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Effluents 

Effluents	cause	thick	layers	of	sludge	from	faeces	and	excess	feeds	to	form	 
around	ponds	and	below	cages.	They	are	associated	with	the	following	issues,	
which	impact	company	costs:

Eutrophication.	Excess	nitrogen	and	phosphorous	encourages	the	growth	of	
harmful	algal	blooms,	which	increases	the	chances	of	large-scale	eutrophication	
(low	oxygen	levels	in	water).	This	means	other	marine	life	dependent	on	oxygen	 
is	unable	to	survive	in	the	area.	This	can	cause	the	deaths	of	farmed	fish	and	other 
wild	aquatic	animals	in	the	area	(Healey	et	al.,	2016).

Biodiversity impacts.	In	addition	to	harmful	algal	blooms,	plants	and	animals	 
living	in	benthic	habitats	can	be	physically	smothered	by	particulate	organic	matter	
sinking	and	settling	from	marine	farms,	negatively	impacting	biodiversity.

Poor fish health.	Excess	feed	encourages	increase	in	pathogens,	which	may 
harm	fish	health.	Poor	water	quality	is	known	to	affect	gill	health	and	the	 
immune	system	of	farmed	fish,	increasing	risk	of	mortality	(Tett	et	al.,	2018).

Effluents,	wastewater	from	aquaculture	operations,	are	often	discharged	
in	significant	quantities,	resulting	in	excess	nutrients	and	waste	polluting	 
the	surrounding	ecosystem.	

They	contain:	
1. solid,	organic	waste	such	as	faeces	and	uneaten	feed;
2. excess	nutrients,	namely	phosphorus	and	nitrogen;	and
3. chemical	substances	such	as	therapeutic	drugs.

A	study	drawing	on	data	from	more	than	38,000	animal	and	crop	farms	found	
that	farmed	fish	and	crustaceans	have	a	similar	eutrophication	impact	to	beef	
production	(Poore	and	Nemecek,	2018).	

Most	aquaculture	production	systems	are	open	systems,	with	no	boundary	
between	the	farm	and	the	wider	environment.	This	means	that	all	farm	outputs	 
are	dispersed	into	local	ecosystems,	and	consequently	may	not	be	used	efficiently	
by	the	farm	and	can	pollute	local	environments.	For	example,	in	China,	researchers	
concluded	that	nitrogen	use	efficiency	ranged	from	11.7%	to	27.7%,	whereas	
phosphorus	use	efficiency	ranged	from	8.7%	to	21.2%	(Zhang	et	al.,	2015).	 
Effluent	discharge	is	a	greater	issue	in	freshwater	ecosystems	and	inland	ponds, 
the	most	common	aquaculture	systems	(Hall	et	al.,	2011).	Freshwater	ecosystems	
have	lower	flush	rates,	which	means	they	are	generally	more	susceptible	to	negative	
impacts	of	pollution	than	marine	ecosystems	(Islam,	2005).	

Companies	typically	deal	with	the	issue	of	effluent	discharge	by	leaving	sites	to	
fallow	after	a	production	cycle	ends,	allowing	a	production	area	to	rest	and	recover	
naturally	from	farming	impacts.	However,	research	commissioned	by	the	Scottish	
government	in	2018	indicates	that	the	two-year	fallowing	period,	as	recommended	
by	the	government	at	time	of	writing,	may	be	insufficient	to	allow	lochs	to	recover	
over	the	longterm.	This	is	due	to	lower	flush	rates	in	these	areas.	Research	
undertaken	at	salmon	farms	in	Canada,	Scotland	and	New	Zealand	showed	benthic,	
or	seabed,	recovery	rates	ranging	from	a	few	weeks	to	six	years,	indicating	the	
complexity	of	measuring	and	managing	benthic	impacts.	Authors	noted	that	factors	
determining	recovery	rates	“seem	not	to	be	well	understood”	(Tett	et	al.,	2018).
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Case study: Scottish and Irish regulatory action on marine pollution 

Recent clashes between corporates and regulators suggest that the aquaculture 
sector will experience stricter regulation of its environmental impacts.

Mowi Ireland has had a licence revoked for one of its production sites after 
harvesting 121% of the stock specified in its licence. The company states that if 
the stock at the farm cannot be sold, it would represent a loss of sales in 2020 of 
€13.7 million – about 20% of its expected turnover next year – and potentially 
undermines its viability.

According to Ireland’s agriculture and marine minister, Mowi harvested 1,100 
tonnes of salmon from one Irish farm in 2016, despite the licence specifying a 
production limit of 500 tonnes. He argued that the increase in stock will have 
increased effluent discharge at the site, harming the local environment.  
Mowi is appealing the regulator’s decision (Moore, 2019).

In May 2019, a BBC report named Mowi as one of several fish farmers under 
investigation by the Scottish Environmental Protection Agency (SEPA) for possible 
misreporting of chemical use. Mowi denied wrongdoing. Other producers under 
investigation had not been named at time of writing. 

SEPA chief executive – Terry A’Hearn – said: “If companies do the right thing, 
then they have nothing to worry about. If companies do the wrong thing, we are 
there to find that out and make sure they improve their game. If that’s going to 
take tough action, you can be assured we’ll take it” (BBC, 2019). See the Appendix 
for further information on Scottish regulation.

These events demonstrate the regulatory risks from high stocking densities on 
farms. Some governments are beginning to crack down on farms that practice 
overstocking due to increased pollution. See the Appendix for further 
information on Scottish regulation.

Case study: The financial impact of algal blooms on the salmon industry

Algal blooms have disrupted production in the Norwegian and Chilean salmon 
industries. In 2016, Chile suffered from algal blooms that caused an estimated 
$800 million in damage by killing nearly 27 million fish (20% of the country's 
salmon production that year) (Globefish, 2016). In 2018, the problem continued, 
albeit with lower severity. Invermar, a Chilean salmon producer, reported a loss of 
$8.25 million, which amounts to 4% of its $206 million revenue for that year (WSJ, 
2018:B), after algal blooms killed around 1,600 tonnes of salmon. 

The issue of algal blooms is not limited to certain geographies. As of May 2019, 
Norway is currently experiencing its worst algal bloom in 30 years, causing  
high mortalities at salmon farms (Furuset, 2019). On 21 May, the Norwegian 
government confirmed that 10,000 tonnes of farmed salmon had been lost.  
A Nordea Bank analyst, Kolbjørn Giskeødegård, noted that this figure does not 
represent the full loss to the market, as it does not account for their potential 
growth before harvest. Giskeødegård estimates this could represent a drop in 
supply of 40,000 tonnes, which would lower forecasted global salmon supply 
growth from 6.6% to 5.0%. He stated that companies affected by the bloom will 
suffer, but conversely those unaffected are likely to benefit from higher prices.  
At time of writing, the larger listed players were unaffected, but it is difficult to 
forecast how the bloom may affect farms going forward (Ramsden, 2019).

This recent event demonstrates that algal blooms impact producers across 
various salmon farming regions, including in Norway which has the most  
stringent environmental protections. Warmer waters exacerbate the risk  
of algal blooms, so strong environmental performance is not always  
sufficient to protect against this risk. 
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Recirculating aquaculture systems: benefits and drawbacks
Recirculating	aquaculture	systems	(RAS)	are	a	type	of	closed	production	system	
that	filters	and	reuses	water	throughout	production	(Bregnballe,	2015).	There	 
is	considerable	excitement	in	the	industry	regarding	these	systems,	as	they	are	
thought	to	have	several	advantages	over	other	systems,	including	lower	levels	 
of	eutrophication,	no	escapees,	less	water	use	and	often	a	lower	transportation	
footprint,	as	they	are	based	on	land.	

However,	they	are	also	associated	with	considerable	risks,	including	high	
environmental	impact,	increased	GHG	emissions,	high	levels	of	toxicity,	high	 
density	stocking	and	welfare	concerns.	Indeed,	when	comparing	individual	farming	
systems	through	life	cycle	analysis,	research	on	salmon	farming	shows	that	except	
for	eutrophication,	the	life	cycle	contributions	in	six	out	of	seven	environmental	
impact	categories	are	much	higher	for	land-based	RAS	systems	(Ayer	and	
Tyedmers,	2009)	(See	figure	13).	

RAS	can	be	located	anywhere;	the	technology	is	not	restricted	by	the	requirements	
of	the	farmed	species	as	temperature,	current	and	water	quality	can	be	controlled.	
However,	as	so	many	variables	are	mechanised,	these	farms	typically	use	three	 
to	five	times	the	energy	needed	for	cage	farming	operations,	resulting	in	a	high	
increase	in	the	carbon	footprint	of	operations	(Ayer	and	Tyedmers	2009).	 
As	a	result,	land-based	intensive	aquaculture	systems	can	be	as	emission-intensive	 
as	beef	production	(Hilborn	et	al.,	2018).	For	example,	2013	figures	for	land-based	
production	of	salmon	show	that	CO2	emissions	are	thrice	that	of	cage	farming	
operations.	Calculations	from	a	model	cage	system	resulted	in	2.72kg	of	CO2 per 
1kg	of	salmon,	while	a	land-based	RAS	model	resulted	in	6.08kg	of	CO2	per	1kg	of	
salmon	(Rosten	et	al.,	2013).	It	is	important	to	emphasise	that	other	studies	have	
argued	that	when	taking	into	consideration	the	contribution	in	emissions	from	the	
effluents	generated	by	cage	farming	operations,	RAS	omit	five	to	ten	times	fewer	
GHG	emissions,	though	definitive	research	on	this	nuance	is	lacking	(Wright,	2011).	
Secondly,	emissions	can	be	somewhat	mitigated	by	using	renewable	energy	
sources.Another	emerging	risk	of	RAS	is	the	potential	effect	of	toxic	chemicals	on	
human	health.	This	is	due	to	higher	amounts	of	chemicals	input	in	most	land-based	

systems,	compounded	by	the	constant	re-use	of	water.	The	Human	Toxicity	
Potential	in	lifecycle	assessments	can	be	used	to	calculate	the	effects	of	toxic	
chemicals	on	human	health	(Hertwich	et	al.,	2001).	By	calculating	the	specific	inputs	
for	four	different	types	of	salmon	farming	operations,	researchers	determined	 
that	land-based	recirculating	systems	result	in	a	higher	human	toxicity	potential,	
approximately	five	times	higher	in	comparison	to	cage	farming	operations	(Ayer	 
and	Tyedmers	2009).	However,	it	is	worth	noting	that	these	results	were	generated	
in	2009,	during	which	time	RAS	technology	has	evolved.	More	recent	research 
was	not	available	at	time	of	writing.

There	is	great	industry	interest	in	RAS,	as	land-based	fish	farms	appear	to	alleviate	
many	detrimental	impacts	of	traditional	aquaculture.	However,	fish	raised	in	 
RAS	are	often	kept	in	high	stocking	densities	to	offset	higher	operational	costs.	 
For	example,	Mowi	reports	stocking	densities	of	70kg	per	cubic	metre	for	 
4kg	smolts	and	50kg	per	cubic	metre	for	adult	salmon	at	its	land-based	RAS	 
facility	in	Canada	(Marine	Harvest	2014).	This	is	several	times	higher	than	
independently	recommended	stocking	densities	of	10-15kg	per	cubic	metre 
for	salmon,	which	raises	concerns	for	fish	welfare	(Stevenson,	2014).	

What does this mean for investors?
At	time	of	writing,	land-based	RAS	farming	systems	generally	carry	higher	risk	than	
marine	cage	aquaculture.	While	lack	of	exposure	to	pathogens	is	a	clear	advantage	
in	farming,	this	also	means	that	one	operational	mistake	in	RAS	can	wipe	out	the	
whole	stock,	as	fish	have	never	developed	strong	immune	systems	through	
pathogen	exposure.	This	can	result	in	significant	financial	losses.	Consequently,	
insurance	agencies	are	currently	reluctant	to	insure	land-based	farms	(Evans,	
2018:C).	According	to	media	reports,	Geir	Myre,	global	head	of	aquaculture	at	
insurer	AXA	XL	Catlin,	said	that	RAS	is	currently	“very	much	a	loss	business”.	RAS	
provides	less	than	2%	of	AXA	XL	Catlin’s	premiums	but	5%	of	its	claims.	According	
to	Myre,	the	dearth	of	information	and	historic	data,	coupled	with	the	many	
variations	of	RAS	technology	make	it	difficult	for	insurers	to	make	informed	
decisions.	As	a	large	insurer,	AXA	XL	Catlin	is	prepared	to	take	on	the	additional	risk	
as	the	company	believes	that	RAS	technology	has	potential	to	become	a	less	risky	
production	method	(Intrafish,	2019).	

Overall,	unless	energy	efficiency	can	be	significantly	improved	and	welfare	concerns	
resolved,	most	RAS	systems	should	not	be	considered	as	sustainable	alternatives.	 
In	addition,	Mowi,	formerly	Marine	Harvest,	and	Biomar	have	stated	that	in	some	
locations	such	as	Scotland,	land-based	RAS	systems	are	not	viable	alternatives	to	
ocean-based	cage	operations	and	would	require	further	testing	to	fully	understand	
their	financial	viability	(Ramsden,	2018).

Figure 13: Relative contribution to lifecycle impacts of three aquaculture systems

Source: Ayer and Tyedmers (2009)
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Engagement questions 
for investors

How does this data impact calculation of farms’ fallow periods?

Does the company conduct research into improving benthic  
recovery forecasting?

How is the company measuring, reporting and managing organic and 
inorganic loading/eutrophication linked to its farming operations?

If the company is investing in land-based systems, how is it managing 
energy use and effluent discharge associated with these systems?

If the company is planning to increase production at its sites, how does it 
plan to mitigate additional effluent discharge?

Is the company aiming to use certification to improve its performance  
on waste management?

How does the company measure its impact on benthic environments?
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Declining fish 
feed supply

Salmon	and	shrimp	are	carnivorous	fish,	meaning	that	they	consume	other	fish	 
in	their	natural	diets.	This	means	that	fish	feed,	or	aquafeed,	for	these	species	 
must	contain	either	fishmeal	or	fish	oil	(FMFO).	These	products	are	made	from	 
fish	captured	in	the	wild.	

According	to	the	FAO,	the	reliance	on	FMFO	for	feed	is	one	of	the	aquaculture	
sector’s	main	growth	constraints	(FAO	2018:C).	Feeding	farmed	fish	without	 
FMFO	is	critical	to	achieving	sustainable	industry	growth	that	does	not	risk	
long-term	harm	to	marine	ecosystems.

Aquaculture	is	commonly	cited	as	a	solution	to	pressure	on	wild	fish	stocks,	but	while	
it	remains	reliant	on	wild	fish	to	feed	farmed	fish,	this	is	not	the	case.	Nearly	one	fifth	
of	global	capture	fisheries	production	is	used	for	fishmeal	and	fish	oil	production.	Of	
this	proportion,	69%	of	fishmeal	and	75%	of	fish	oil	production	is	used	in	farmed	fish	
feed	(FAO	2018:C).	FMFO	are	generally	produced	from	small	forage	fish	and	krill,	
which	are	at	the	bottom	of	the	food	chain.	They	are	an	important	source	of	nutrients	
for	a	wide	number	of	marine	organisms.	Overfishing	of	forage	fish	and	krill	could	lead	
to	shortages	of	food	for	other	marine	life	that	depend	on	them.	Consequently,	FMFO	
production	not	only	endangers	populations	of	forage	fish,	but	the	other	marine	
animals	that	depend	on	them	in	their	own	diets	(Changing	Markets	Foundation	 
and	Compassion	in	World	Farming,	2019).	

The	proportion	of	FMFO	in	salmon	and	shrimp	feed	has	declined	over	recent	years,	
however,	increased	demand	for	seafood	means	that	FMFO	demand	will	also	
increase.	Demand	for	FMFO	is	increasing:	data	and	projections	on	fishmeal	supply	
vary,	however,	the	World	Bank	projects	a	7.6%	increase	in	fishmeal	production	over	
2010-2030	(World	Bank,	2013).	If	not	managed	carefully,	rising	demand	might	
outpace	feed	supply	by	up	to	16	million	tonnes	a	year	by	2025	(Olson,	2015).	

ESG concerns associated with fish feed
Fish	feed	production	is	affected	by	climate	change-related	weather	patterns	
(Shepherd	and	Jackson,	2012).	Fish	meal	prices	tend	to	fluctuate	heavily	with	
changing	weather,	especially	when	impacted	by	severe	El	Niño	effects.	In	2014,	
warming	waters	caused	a	reduction	in	anchovy	yields	in	Peru,	the	world’s	top	fish	
meal	exporter.	As	a	result,	fish	meal	prices	surged	to	$2,400	per	ton,	compared	to	
the	average	of	$1,600	per	ton	(Terazono,	2015).

Dependency	on	fish	meal	is	therefore	a	significant	risk	to	producers	of	carnivorous	
fish.	China	has	quickly	increased	its	aquaculture	production,	however,	its	use	of	fish	
meal	has	not	increased,	remaining	steady	at	1	to	1.5	million	tonnes	per	year.	 
This	is	due	to	high	production	of	non-carnivorous	fish	that	do	not	require	fish	meal.	
When	farming	carnivorous	fish,	Asian	farmers	often	use	local	feeds	that	utilise	 
local	waste	streams	(Wong	et	al.,	2013).	Overall,	China	produces	almost	60%	 
of	the	world’s	seafood,	but	only	uses	25-30%	of	the	global	production	of	fish	 
meal	(Han	et	al.,	2016).	
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Fish feed costs 

As	Figure	14	shows,	feed	accounts	for	33-43%	of	the	production	cost	of	farmed	
salmon.	In	farmed	shrimp	production,	this	figure	is	around	50%	(Poh,	2014).	 
Feed	costs	are	continuing	to	rise.	As	shown	in	Figure	15,	the	World	Bank	finds	that	
over	2010-2030,	fish	meal	and	fish	oil	prices	may	rise	by	90%	and	70%	respectively.	
Steep	price	rises	in	marine	ingredients	will	increase	pressure	on	producers’	margins	
unless	suitable	alternatives	are	found.	

Overcoming fish feed challenges 
To	improve	feed	efficiency	and	find	alternative	ingredients,	the	industry	is	working	
to	overcome	sustainability	concerns	and	the	decreasing	availability	of	fishmeal	and	
oil.	There	are	two	common	solutions	being	explored,	firstly	the	use	of	alternative	
feed	ingredients	and	secondly,	there	is	a	growing	interest	in	using	by-products	from	
fish	processing.	However,	both	solutions	come	with	drawbacks	and	impacts	on	 
the	sustainability	and	quality	of	farmed	fish.	

Currently	soy,	rapeseed	and	corn	are	the	main	commercial	alternative	feed	
ingredients	used	in	aquaculture.	Although	using	soy	instead	of	fish	meal	from	
overfished	fisheries	seems	a	logical	step	towards	increased	sustainability	of	feed	
ingredients,	the	issue	is	complex.	Soy	production	for	aquaculture	is	associated	 
with	the	following	social	and	environmental	impacts:

• deforestation	and	GHG	emissions;

• increase	in	monoculture;

• significant	water	use;

• fertiliser	and	pesticide	run-off;	and

• slave	labour.

Demand	for	animal	feed	in	Asia,	including	for	aquaculture,	is	driving	global	
deforestation	and	the	production	of	soy	in	large-scale	monoculture	plantations	 
has	a	considerable	environmental	footprint	(Kruasmann	et	al.,	2013).	 
Soy	production	also	requires	significant	amounts	of	water,	fertiliser	and	pesticides,	
most	of	which	ends	up	polluting	local	environments.	Recently,	aquaculture	companies	
have	been	linked	to	soy	plantations	in	Brazil	that	have	been	implicated	with	illegal	
deforestation	of	the	Amazon	rainforest	while	allegedly	making	use	of	slave	labour	
(Rainforest	Foundation	Norway,	2018).	It	should	be	noted	that	no	evidence	was	
found	that	major	salmon	feed	producers	using	soy	are	associated	with	these	
allegations,	however,	their	supply	chains	are	exposed	to	these	risks.	

Alternative	plant-based	feeds	present	additional	impacts	as	their	price	is	volatile	
and	they	alter	the	nutritional	value	of	farmed	fish.	Firstly,	the	price	of	alternative	
plant-based	feed	is	highly	volatile	because	production	is	limited.	This	is	due	to	
competition	with	human	food	supplies	and	increasingly	due	to	climate	change;	
changing	temperatures	may	reduce	yields	of	soy,	corn	and	other	ingredients	in	
future.	For	example,	soy	has	seen	its	price	double	since	2007.	Secondly,	plant-
based	feed	ingredients	change	the	chemical	composition	of	fish	and	may	reduce	
the	nutritional	value,	as	they	do	not	contain	the	same	types	of	omega-3	oils	found	
in	fish	meal	(Fry	et	al.,	2016).	This	could	reduce	consumer	demand	for	fish	as	the	
most	commonly	cited	reason	for	consuming	fish	is	health	benefits	(Good	Food	
Institute,	2018),	especially	from	omega-3	fish	oils.	

Figure 15: Projected change in seafood-related commodity prices, 2010-2030 

Source: World Bank, Fish to 2030.
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A	second	solution	to	overcome	the	sustainability	challenges	associated	with	fish	
feed	is	to	use	by-products	from	fish	processing.	FAO	modelling	shows	that	by	
2030,	approximately	54%	of	the	growth	in	fishmeal	production	will	come	from	
improved	use	of	waste,	cuttings	and	trimmings	from	fish	processing	(FAO	2018:C).	
In	conversations	with	FAIRR,	one	company	indicated	that	due	to	its	involvement	in	
both	the	capture	and	aquaculture	sectors	it	is	able	to	easily	source	sustainable	feed	
ingredients	from	by-products,	demonstrating	a	clear	benefit	of	being	involved	in	
both	the	fisheries	and	aquaculture	sectors.	However,	using	by-products	in	fish	meal	
will	impact	the	nutritional	composition	of	fish.	Potential	effects	include	lower	
protein,	increased	ash	(minerals)	and	amino	acids	(e.g.	glycine,	proline,	
hydroxyproline)	when	compared	with	products	from	whole	fish.	Overall,	this	may	
hinder	increased	use	of	fish	meal	and	fish	oil	as	aquaculture	feed	(FAO	2018:C).

The	gradually	stagnating	availability	of	fish	feed	and	lack	of	alternatives	that	provide	
equivalent	nutritional	benefits,	coupled	with	detrimental	sustainability	impacts	 
of	other	feeds,	poses	serious	risks	to	the	aquaculture	sector	and	its	investors.	
Radical	alternatives,	beyond	soy,	are	needed	for	the	feed	sector,	creating	potential	
investment	business	opportunities.	For	more	information	on	innovative	feed	
alternatives	see	‘The	way	forward’.
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Figure 16: Projected world fish meal production, 1996-2030

Source: http://www.fao.org/state-of-fisheries-aquaculture/en/
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Engagement questions 
for investors

What metrics does the company use to track FCR across various farmed 
seafood products? Is there a downward trend in FCR?

Is the company working on projects, research or other actions to reduce 
its use of fishmeal, fish oil and/or soy feed ingredients (e.g., through R&D 
in non-animal feed sources?)

Does the company track and disclose feed ingredients by source  
(fish stocks or plant origin), volume and percentage?

Does the company disclose its forage fish dependency ratio? How is the 
company working to reduce the ratio?
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Habitat destruction  
and biodiversity loss

Aquaculture	is	driving	extensive	habitat	destruction	and	biodiversity	loss.	 
These	two	issues	are	strongly	interlinked	and	are	the	result	of	factors	 
such	as	the	replacement	of	natural	habitats	by	aquaculture	and	the	effect	 
of	escaped	fish	on	local	ecosystems.	Habitat	destruction	and	biodiversity	 
loss	can	result	in	severe	regulatory	costs	and	reputational	damages.

loss when over 690,000 salmon 
escaped after a storm severely 
damaged a Mowi production site

$3.4m

Several	factors	make	it	more	challenging	to	prevent	habitat	destruction	and	
biodiversity	loss.	Firstly,	mangroves	and	wetlands,	which	serve	as	nurseries	for	
many	types	of	marine	life	and	natural	coastal	defence	systems,	are	being	replaced	
by	inland	ponds	and	coastal	shrimp	farms.	About	a	third	of	the	world’s	mangrove	
forests	have	disappeared	in	the	last	century.	In	Thailand,	60%	of	this	reduction	can	
be	attributed	to	shrimp	pond	conversion	(International	Reporting,	2018).	

A	second	challenge	is	that	fish	regularly	escape	from	aquaculture	farms	as	a	result	 
of	bad	weather,	strong	currents,	external	damage	from	wildlife	and	a	general	lack	 
of	farm	maintenance.	It	is	estimated	that	on	average	0.5	to	1%	of	all	farmed	fish	
escape	annually	(Alverson	and	Ruggerone	1997).	Across	a	range	of	species,	
research	shows	that	in	six	European	countries	from	2007-2009,	nearly	nine	million	
fish	escaped	during	252	incidents,	resulting	in	a	direct	product	loss	of	$47.5	million	
(Jackson	et	al.,	2015).	Sea	bream	accounted	for	the	highest	number	of	escapes	
(77%	of	the	total	with	a	value	of	$42.8	million),	followed	by	Atlantic	salmon	(9.2%	
worth	$4.7	million).	Of	the	113	escaped	salmon	events,	nearly	75%	escaped	due	 
to	structural	or	operational	failures.	Overall,	it	is	common	for	fish	farmers	to	
consider	the	benefits	of	preventing	escapees	versus	the	costs	of	improving	their	
cage	or	pond	setups;	farmers	often	decide	to	incorporate	the	costs	of	escapees	
into	their	annual	budgets	(Naylor	et	al.,	2005).	

Fish	escapees	reduce	farm	profitability;	in	July	2018,	Mowi	lost	$3.4	million	and	
over	690,000	salmon	when	a	storm	severely	damaged	ten	net	pens	(Navarro,	
2018:	C).	Escaped	fish	also	cause	serious	biodiversity	issues	as	they	are	often	
genetically	distinct	from	their	wild	counterparts	or	not	native	to	the	areas	where	
they	are	cultured,	such	as	most	shrimp	cultured	in	North	America.	When	farmed	
fish	mix	with	native	populations,	they	modify	the	gene	pool	and	outcompete	local	
species	(Bajak,	2016).	Research	by	the	Scottish	government	indicates	that	farm	
escapees	are	a	“major	threat”	to	wild	salmon	populations.	There	is	also	a	risk	that	
infectious	diseases	will	transfer	to	wild	stocks	(Government	of	Scotland,	2002).	
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Case study: The impact of escaped salmon

Nearly one third of global Atlantic salmon production occurs in regions where  
the fish are non-native. Millions of Atlantic salmon have escaped on the western 
coasts of North America and South America (Naylor et al., 2005), and escapees  
are already spawning in British Columbia despite being poor colonisers outside 
their native ranges (Thorstad et al., 2008).

Farmed salmon take resources from wild salmon and expose them to pathogens. 
Inbreeding has a mostly negative effect on wild salmon, reducing lifespans, 
lessening vitality and leading to lower production within two generations 
(Thorstad et al., 2008). Farmed salmon can rapidly infiltrate wild habitats; in 77  
out of 147 rivers sampled in Norway, hybridisation between wild and farmed 
salmon was confirmed, with results indicating that 52% of sampled rivers’ gene 
pools are altered by escaped fish. Almost 50% of wild fish contained the DNA of 
farmed salmon (Keough et al., 2017). In the North Atlantic high seas, 20-40% of 
Atlantic salmon caught between 1989 and 1996 were of farmed origin. And in 
Norway, an average of 11-35% of wild fish come from farms; the ratio is closer  
to 80% in some areas (Naylor et al., 2005). 

Looking at data on large escape events of over 100,000 fish in Figures 17 and 18, 
we see that most large escape events are in Chile, even though Norway is the 
largest producer of Atlantic salmon, suggesting that the Chilean industry is  
more prone to escape events.

of the sampled 
rivers’ gene pools 
had been altered 
by escaped fish

52%

A	third	challenge	is	most	aquaculture	escape	events	are	not	recorded;	although	
most	salmon	producers	have	set	routines	for	reporting	large-scale	sea	pen	
escapees,	trickle	losses	and	escapes	from	freshwater	hatcheries	are	largely	
unrecorded.	It	is	nearly	impossible	for	farms	to	account	accurately	for	losses	 
in	specific	species	where	counting	is	not	possible,	such	as	shrimp.

There	are	additional	issues	associated	with	aquaculture’s	impact	on	habitats	and	
biodiversity.	As	discussed	in	the	‘Effluents’	section,	nutrient	discharge,	especially	
from	inland	aquaculture,	has	significant	biodiversity	impacts.	The	large	influx	of	
nitrogen,	phosphorous	and	other	organic	matter	causes	eutrophication,	often	
making	habitats	unsuitable	for	fish	(European	Commission,	2012).	In	coastal	
habitats,	local	wildlife	such	as	sea	turtles,	dolphins	and	seals	get	attracted	to	caged	
fish	and	consequently	caught	in	the	nets,	which	can	result	in	harm	to	the	wildlife	 
as	well	as	damage	to	fish	farms.	Some	farms	are	using	sonar	devices	to	deter	
wildlife	such	as	dolphins,	however,	the	long-term	effects	are	uncertain	(Scottish	
Oceans	Institute,	Unknown).

Source:	https://www.intrafish.com/aquaculture/1543294/here-are-the-largest-recorded-farmed-atlantic-salmon-escapes-in-history	

Source:	https://www.intrafish.com/aquaculture/1543294/here-are-the-largest-recorded-farmed-atlantic-salmon-escapes-in-history	

Figure 17: Largest recorded farmed Atlantic salmon escapes in history,  
as reported by industry media 

Company Year Number of 
fish

Cause

AquaChile	Chile 2013 787,929 Damaged	cages	due	 
to	bad	weather

Marine	Harvest	Chile 2018 680,000 Wind

Marine	Harvest 2005 496,000 Strong	wind	and	electricity

Cypress	Island	Inc. 1997 369,000 Unknown

Meridian	Salmon	Farms 2011 336,470 High	tides

Sjølaks	Norway 2008 307,356 Unknown

Scottish	Sea	Farm	Scotland 2000 258,420 Weather

Grieg	Seafood	Shetland	
Scotland

2002 238,420 Unknown

Australis	Chile 2016 173,156 Displacement	of	modules	due	to	
strong	underwater	currents

SalMar	Norway 2011 173,156 Unknown

34%

27%

18%
14%

7%

Other US Scotland Norway Chile

Figure 18: proportion of salmon escapes of over 100,000 fish by country
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Engagement questions 
for investors

Has	the	company	invested	in	infrastructure	improvements	and	employee	
training	to	reduce	fish	escapee	events?	

Has	the	company	invested	in	measures	to	preserve	or	avoid	destruction 
of	mangroves?	

Is	the	company	publicly	reporting	on	escape	events,	including	the	number	
of	lost	fish,	associated	production	value	and	cause	of	event?
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Disease 
management 

Disease	in	aquaculture	can	lead	to	mass	fish	mortality.	Mitigating,	preventing	and	
controlling	the	spread	of	disease	is	critical	to	aquaculture	operations;	the	FAO	 
lists	diseases	as	one	of	the	sector’s	largest	constraints	(FAO,	2009).	Diseases	
significantly	increase	production	costs,	both	due	to	the	cost	of	treatment	 
and	the	loss	of	stock	in	the	event	of	fish	mortality.	

The	negative	effects	of	disease	management	are	worsened	by	aquaculture	
intensification	and	the	open	nature	of	most	farming	systems.	Diseases	spread	 
more	easily	when	farms	operate	in	an	open	environment,	especially	when	they	are	
situated	in	large	clusters.	In	addition,	the	proliferation	of	disease	is	directly	linked	to	
pollution	from	effluents,	as	poor	water	quality	weakens	species’	immune	systems.	

Fish	farms	in	Northern	Europe,	South	America	and	Asia	are	all	susceptible	to	
diseases,	which	in	some	cases	affect	all	the	farms	in	a	region	and	lead	to	serious	
financial	losses	as	highlighted	in	the	figure	below.

In	2007,	the	Chilean	salmon	farming	industry	suffered	from	an	outbreak	of	
infectious	anaemia	(ISA)	that	cost	the	sector	$2	billion	and	20,000	jobs	(Navarro,	
2018:A).	At	the	peak	of	the	crisis	in	2009,	estimates	suggested	that	salmon	farming	
companies	owed	banks	a	total	of	$4	billion	(World	Bank,	2014).	Due	to	the	impact	
of	the	epidemic,	banks	chose	to	renegotiate	loans,	however,	they	also	considered	
forcing	companies	into	bankruptcy,	highlighting	the	severe	risk	that	disease	
presents	to	aquaculture	(World	Bank,	2014).	

Over	the	past	decade	the	shrimp	sector	has	lost	approximately	$45	billion	from	
diseases	(Navarro,	2018:A),	with	$20	billion	lost	in	Asia	(Davies,	2016).	Current	
estimates	predict	that	up	to	40%	of	tropical	shrimp	production	(>$3	billion)	is	lost	
annually,	mainly	as	a	result	of	viral	pathogens	that	do	not	respond	to	standard	
preventative	measures	such	as	vaccinations	(Navarro,	2018:A).	Early	mortality	
syndrome	(EMS)	has	also	severely	impacted	the	shrimp	sector.	The	disease	was	first	
noticed	in	China	in	2009,	however,	significant	research	did	not	begin	until	2012,	 
by	which	time	it	had	spread	to	several	countries	including	Malaysia	and	Vietnam,	
causing	losses	in	excess	of	$1	billion	(World	Bank,	2014).

Summarised	from	an	IntraFish	recording	of	a	presentation	from	Andy	Shinn,	 
director	of	Fish	Vet	Group	Asia	during	the	World	Nutrition	Forum	2018.

Figure 19: An overview of major pathogens in aquaculture and their financial costs

Pathogen Affected species Financial impact

Infectious	haemopatopoietic	necrosis	virus	
(IHNV)

Canadian	salmon	
(Canada) 

Sector	lost	$31	million.
$153	million	in	lost	sales.

White	spot	syndrome	virus	(WSSV) Shrimp	(Asia) $15	billion	over	five	years.

Vibrio	parahaemolyticus	(AHPND),	also	
referred	to	as	Early	Mortality	Syndrome	
(EMS)

Shrimp $45	billion	of	global	losses	
in	the	past	decade.

Edwardsiella	ictaluri US	pangasius	
catfish

Generates	annual	losses	of	
around	$30	million.

Piscirickettsia	salmonis Salmon	(Chile) $100	million	of	losses	in	
Chile.

Streptococcus	agalactiae Tilapia Losses	of	over	$713	million	 
in	total.

Argulus Carp Losses	of	$6.4	billion	to	 
the	sector.

Sea	lice Salmon	/	other	
marine	fish

Costs	$600	million	annually.
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Case study: World Bank simulation – major disease outbreak  
in Asian shrimp aquaculture

To understand the impact of a large-scale disease outbreak in aquaculture, the 
World Bank simulated a rapid 35% decline in Asian shrimp production across 
35 countries, using a 2015 projection as a baseline. Analysts then observed how 
affected shrimp farms recovered over a five-year period, to understand the 
impacts on production, supply, prices and trade around the world (see Figure 20).
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Figure 20: global shrimp supply under World Bank baseline and disease outbreak scenarios
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In regions affected by the hypothetical disease outbreak, the loss to shrimp 
aquaculture production is more than 1.36 million tonnes in 2015, with nearly half 
from the drop in Chinese production. Overall, the opportunity cost of lost growth 
during the disease period is high for countries with high anticipated aquaculture 
growth rates, such as Thailand and China. By 2020, shrimp aquaculture production 
in Southeast Asia would be about 10% less than without the outbreak and China’s 
would be 6% less. In 2030, shrimp production in China and Southeast Asia would 
still be lower than under the baseline projection, by 2.5% and 5.8% respectively. 

This simulation illustrates the worldwide implications of a localised shock to fish 
supply. The model predicts adjustments in the aquaculture supply in unaffected 
regions, however, if a supply shock were to hit a major production region, it is 
unlikely that unaffected regions would be able to meet demand, and the world 
market would be significantly impacted (World Bank, 2013).

“As production intensifies and as fish 
population increases within a production 
system, both risks of disease outbreak  
and the consequences of outbreak 
intensify in aquaculture. Given the 
projection of continued expansion  
of aquaculture, disease shocks of the 
magnitude simulated in this scenario  
can and are likely to occur.” 
(World Bank, 2013) 

58

ESG issues in aquaculture02



Engagement questions 
for investors

How	is	the	company	innovating	to	protect	fish	health	against	current	 
and	emerging	diseases?	

How	does	the	company	work	with	other	local	producers	or	a	central	 
body	to	protect	against	disease	and/or	parasite	outbreak?

Does	the	company	disclose	stock	losses,	revenue	losses	and	causes	 
of	disease	outbreaks?

What	measures	are	in	place	to	help	the	company	prevent	disease	from	
occurring	and	control	disease	after	an	outbreak	has	occurred?

What	is	the	company	doing	to	reduce	chemical	treatments?	How	is	it	
ensuring	that	these	alternatives	do	not	have	welfare	or	sustainability	
implications?

How	does	the	company	think	about	stocking	density	in	the	context	of	its	
disease	management	programme?
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Hotspots	of	antibiotic	use	in	aquaculture,	such	as	Chilean	salmon	and	Asian	shrimp	
production,	represent	some	of	the	highest	antimicrobial	use	in	food	production.	

• A	2015	study	estimated	that	chicken	production	used	148mg/PCU	of	antibiotics,	
while	pig	production	averaged	172mg/PCU.	In	comparison,	Chilean	salmon	
production	is	estimated	to	use	up	to	1,400mg/PCU	(Van	Boeckel	et	al.,	2015).

• A	2017	study	on	shrimp	production	from	China	found	that	52%	of	tested	
samples	contained	antimicrobial	residues,	and	in	10%	of	these	samples,	 
the	residues	exceeded	legal	limits	(Wang	et	al.,	2017).

• A	2016	study	on	India,	the	world’s	third	largest	fish	producer,	found	that	
antibiotics	used	in	freshwater,	brackish-water	and	hatcheries	were	often	 
not	permitted,	and	labelled	as	only	for	animal	use	or	for	critical	human	use	 
(CSE,	2016).

In	part	due	to	varying	levels	of	regulatory	pressure,	the	use	of	antibiotics	continues	
to	increase.	In	Chile,	the	most	commonly	used	antibiotics	in	salmon	production	are	
florfenicol	and	oxytetracycline,	comprising	99.6%	of	antibiotic	use	in	2016	(Miranda	
et	al.,	2018).	They	are	generally	used	to	treat	the	Piscirickettsia salmons infection.	As	
Figure	21	shows,	six	antibiotics	are	approved	for	legal	use	in	Chilean	aquaculture;	
five	of	which	are	classified	as	‘highly	important’	or	‘critically	important’	for	human	
health	by	the	WHO,	raising	concerns	around	antimicrobial	resistance.

Figure 21: List of antibiotics authorised for use in Chilean salmon production  
(at time of writing)

Antibiotic WHO status

Oxytetracycline	 Highly	important	

Florfenicol	 Not	medically	important

Amoxicillin Critically	important	

Erythromycin Critically	important	

Flumequine Critically	important

Oxolinic	acid Critically	important

Source:	Miranda	et	al.,	(2018)

Antibiotic 
use 

In	aquaculture,	similar	to	terrestrial	farming	systems,	antibiotics	overuse	is	
widespread.	Given	the	difficulty	in	administering	medication	to	individual	fish,	 
it	is	common	to	give	medical	treatment	to	an	entire	population	of	fish,	even	if	only	 
a	small	subset	are	affected.	Often,	unhealthy	fish	do	not	consume	the	medicine	due	 
to	reduced	appetite,	therefore	the	treatment	sometimes	aims	to	protect	healthy	 
fish	until	sick	fish	die	and	the	infection	subsides.	As	a	result,	infections	are	rarely	
completely	cleared.	This	form	of	oral	treatment	contributes	to	sub-therapeutic	
doses,	which	can	lead	to	antibiotic	resistance	(Towers,	2014).	Further,	inconsistent	
and	disregarded	antibiotic	regulations	around	the	world	are	creating	export	risks	 
for	Asian	exporting	countries.
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In	addition	to	varying	regulations,	the	industry	faces	a	challenge	with	understanding	
the	extent	of	the	antibiotics	issue.	Antibiotic	use	in	aquaculture	is	poorly	
documented	and,	in	many	cases,	information	is	unavailable	or	incomparable	 
across	regions.	

There	are	also	concerns	with	the	lack	of	studies	examining	the	environmental	and	
ecological	impacts	of	antibiotic	build	up,	especially	in	Chile	(Miranda	et	al.,	2018),	
which	has	the	highest	rates	of	antibiotic	consumption	per	tonne	of	harvested	
salmon	(see	Figure	22)	(Henriksson	et	al.,	2018).	While	studies	show	that	uneaten	
feed	causes	build-ups	of	antibiotics	in	surrounding	marine	environments,	and	it	is	
assumed	that	these	residues	lead	to	the	development	of	antimicrobial-resistance	
pathogens,	how	this	occurs	is	not	well	understood.

Case study: Antibiotic residues and export risk

The US imports about 70% of its seafood from Asia, half of which is cultured, 
seriously exposing the country to risks associated with this market. In 2016, the US 
FDA saw a record year for refusals to import Asian shrimp due to contamination 
with banned antibiotics (Southern Shrimp Alliance, 2016). In January 2019, 
following a reduction in refusals in 2017 and 2018, the US FDA prevented 26 
shipments of Indian shrimp from entering (15% of the total for that month), due to 
detection of banned antibiotics. This compares to a total of 27 refused shipments 
of Indian shrimp for all of 2017 and 2018 combined. This sharp spike in refusals is 
particularly worrying for US importers given that India is the country’s top shrimp 
supplier, making up 35.2% of all imports (Behera, 2019). Indian shrimp exporters 
are likely to face further challenges with the US market. The new Seafood Import 
Monitoring Program (SIMP) in the US is in force from 1 January 2019; it requires 
traceability data from point of harvest to point of entry into the US, which many 
Indian exporters will struggle to provide (Intrafish, 2019:A).

Case study: Banned antifungal drugs and export risks

In addition to antibiotics, other regularly-added chemicals include antifungal drugs 
to prevent the spread of fungal infections and chemicals to minimise fouling of 
feeds (Watts et al., 2017). After public health concerns in 2013, Japan banned 
ethoxyquin, an antioxidant used to preserve fish meal, resulting in a dramatic drop 
in shrimp imports from Southeast Asia (VietnamNet, 2012). Similarly, in 2017, 
French retailer Carrefour and several Italian supermarkets banned the sale of 
farmed Asian pangasius catfish from all their stores due to similar concerns with 
dangerously high residue levels (White, 2017:B).
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Figure 22: The use of antibiotics in salmon aquaculture
from 1985 to 2015 in the top five producing countries
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Engagement questions 
for investors

Does	the	company	research	new	and	use	existing	measures	to	improve	
fish	immunity?

Did	the	company	see	a	reduction	in	percentage	of	fish	or	quantity 
per	tonne	of	product	that	received	antibiotic	treatment	compared	 
to	previous	years?

Does	the	company	publicly	report	its	use	of	antibiotics,	broken	down	by	
country	and	type	(e.g.	CIAs,	MIAs)?

Does	the	company	track	sales	to	international	markets	with	regulations	 
on	antimicrobial	use	and	residues?	How	has	this	proportion	changed 
	over	time?

Does	the	company	forbid	use	of	medically	important	antibiotics	 
for	non-therapeutic	purposes?	How	is	compliance	to	the	policy	 
monitored	and	verified?	
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Transparency  
and food fraud

The	fisheries	and	aquaculture	sectors	are	recognised	as	among	the	most	vulnerable	
sectors	to	food	fraud.	An	international	conservation	group	estimates	that	over	 
20%	of	seafood	sold	globally	is	mislabelled	(Warner	et	al.,	2013).	Food	fraud	
presents	food	safety	risks	for	consumers	and	consequently	reputational	risks	 
for	businesses	due	to	its	illegality.	

Food	fraud	occurs	because	there	is	financial	incentive	for	a	company	within	 
a	supply	chain	to	sell	one	product	in	place	of	another.	Typically,	lower	value	 
species	are	substituted	for	higher	value	species,	or	lower	value	products	such	 
as	farmed	fish	are	sold	as	wild	caught	fish	(Reily,	2018).	

Seafood	fraud	occurs	around	the	world.	One	2013	study	found	that	seafood	 
in	the	US	is	mislabelled	30%	of	the	time,	with	tilapia	often	being	substituted	for	
snapper	and	catfish	sold	as	grouper	(Warner	et	al.,	2013).	A	2018	study	making	 
use	of	DNA	barcoding	and	Canadian	government	trade	data	found	that	32%	of	
Canadian	seafood	is	mislabelled,	with	incorrect	reporting	taking	place	throughout	
the	supply	chain	(Shehata	et	al.,	2018).	In	2015,	Chilean	authorities	intercepted	
37,200	cans	of	‘horse	mackerel’	which	turned	out	to	be	Pacific	menhaden,	a	
lower-value	species.	

If	sold,	the	mislabelled	cans	would	have	retailed	for	over	$19	million	(Fish	
Information	Services,	2015).	The	costs	of	global	seafood	fraud	for	unknowing	
retailers	and	consumers	have	not	yet	been	monetised	but	are	significant.	 
In	addition,	consumers	are	exposed	to	harmful	levels	of	antibiotic-resistant	 
diseases	as	a	result	of	mislabelled	seafood.	For	example,	in	2007	the	US	increased	
monitoring	on	Chinese	shrimp	imports	due	to	an	awareness	that	fish	are	exposed	
to	extremely	high	levels	of	antibiotics.	Despite	this,	Chinese	seafood	was	still	able	
to	enter	the	country,	as	country	of	origin	labels	were	fraudulently	changed	 
(Gale	et	al.,	2016).

Seafood	fraud	at	the	producer	level	is	more	likely	to	take	place	in	capture	fishing	
rather	than	farms,	as	the	latter	will	be	organised	to	produce	a	particular	species.	
However,	regardless	of	where	the	fraud	or	error	takes	place,	it	has	ramifications	
throughout	the	seafood	value	chain	as	the	reputations	of	the	two	sectors	are	
closely	interlinked.	

Seafood	fraud	has	several	parallels	with	the	European	horsemeat	scandal	in	January	
2013,	when	frozen	beef	products	were	found	to	contain	varying	levels	of	product	
from	undeclared	species,	primarily	horses	and	pigs.	Once	consumers	learned	that	
the	products	contained	meat	from	undeclared	species,	sales	plummeted.	Industry	
analyst	Kantar	reported	that	UK	beef	sales	were	down	by	3%	in	the	year	to	
December	2013,	while	frozen	burgers	and	frozen	ready	meals	dropped	by	7.2%	
and	7.6%	respectively.	Sainsbury’s,	an	unaffected	UK	retailer,	reported	a	rise	in	
revenues	over	this	period	(Butler	and	Smithers,	2014).	Food	fraud	issues	cause	
increased	costs	in	terms	of	potential	regulatory	fines,	recall	and	testing	costs	and	
lost	revenues.	If	industry-scale	fraud	were	to	be	found	in	the	seafood	industry,	 
it	is	possible	that	similar	scandals	could	reduce	consumer	demand	for	a	period	 
of	weeks	to	months.	
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Case study: European salmon farmers investigated for price fixing 

Fraudulent activity may be occurring at some of the largest global aquaculture 
companies. A group of predominantly Norwegian salmon producers have been 
accused of conspiring to artificially raise prices for farmed salmon.

In late April 2019, three US seafood buyers filed lawsuits alleging that large 
Norwegian salmon producers shared competitive information in order to 
manipulate prices paid by US buyers. This follows an ongoing European 
Commission investigation into suspected price-fixing in the Norwegian salmon 
industry. As Norway is not a member of the EU, the Commission has instead 
conducted raids on subsidiary offices in EU countries to carry out its investigation. 
Commercial buyers have accused producers of using subsidiaries to purchase  
fish on the spot market and artificially increase prices for other buyers.

If found to be at fault by the European Commission, the companies concerned  
risk losing up to 10% of global turnover to regulatory fines. At time of writing,  
it was expected that the US lawsuits would be combined into a class action 
lawsuit in May 2019. 

The defendants of the US suits are:
• Mowi ASA
• Marine Harvest USA
• Marine Harvest Canada
• Ducktrap River of Maine LLC
• Grieg Seafood ASA
• Grieg Seafood BC
• Bremnes Seashore AS
• Ocean Quality AS

• Ocean Quality North America
• Ocean Quality USA
• Ocean Quality Premium Brands
• SalMar ASA
• Lerøy Seafood Group
• Lerøy Seafood USA
• Scottish Sea Farms

Engagement questions 
for investors

What proportion of the company’s operations and its suppliers are 
certified to a GFSI-recognised scheme?

Is the company investing in any research or technology to enhance 
traceability (e.g., blockchain)?

What steps has the company taken to mitigate mislabelling 
in its supply chain? 

70

ESG Issues in Aquaculture02



Labour 
conditions

The	seafood	industry,	especially	in	Asia,	has	been	associated	with	labour	and	
human	rights	issues,	including	forced,	child	and	slave	labour	(FAO,	2018:A).	 
Beyond	negative	social	impact,	poor	labour	conditions	are	associated	with	supply	
chain	issues,	financial	penalties,	legal	and	compliance	concerns,	reputational	risk,	
lack	of	consumer	demand	and	reduced	employee	engagement,	all	of	which	 
impact	company	revenues	(ShareAction,	2016).	

Aquaculture	production	often	takes	place	in	areas	with	high	rates	of	poverty	and	
many	migrant	workers.	For	example,	in	Thailand,	85%	of	the	workers	in	fishery	
supply	chains	are	migrant	labourers	(Human	Rights	Watch,	2018).	Migrant	workers	
and	individuals	living	in	poverty	are	vulnerable	to	labour	rights	violations	as	they	
have	reduced	access	to	education,	finances	and	social	protection.	Companies	
found	to	be	violating	labour	regulations	(or	companies	whose	suppliers	violate	 
local	laws)	may	be	subject	to	legal	penalties	or	increased	reputational	risk.	

In	markets	where	labour	law	violations	are	commonplace,	importing	countries	may	
put	trade	restrictions	in	place	on	the	countries	concerned,	as	was	the	case	with	the	
European	Commission	warnings	to	the	Thai	seafood	industry	in	2015.	Secondly,	
developed	markets	are	increasingly	requiring	importing	businesses	to	show	that	
they	are	not	using	slave	labour	in	supply	chains.	See	case	studies	on	page	74.	

Since	2015,	several	cases	of	slavery	and	forced	labour	have	been	reported	in	
fishery	operations	in	Southeast	Asia,	which	supply	fishmeal	for	aquaculture	
operators	(Associated	Press,	2015:A).	Although	numerous	industry	initiatives 
have	focused	on	improving	seafood	supply	chains	to	eradicate	forced	labour, 
a	2018	report	by	Human	Rights	Watch	concluded	that	despite	the	noteworthy	
improvements	following	industry	exposés	in	2014,	forced	labour	in	Thailand	
remains	deeply	engrained	in	the	seafood	industry	(Human	Rights	Watch	2018).	
Overall	the	lack	of	transparency	in	Asian	seafood	operations	makes	it	difficult	 
to	assess	risk	exposure	and	whether	the	situation	is	improving.	

While	labour	rights	issues	are	largely	symptomatic	of	broader	societal	and	economic	
issues,	there	are	several	approaches	that	companies	can	take,	such	as	working	with	
NGOs	and	governments	to	develop	national	policies	and	legislation,	conducting	
risk	assessments	focused	on	labour	rights	and	working	with	NGOs	to	raise	
awareness	of	the	issue	(FAO,	2018:A).	
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Case study: Slavery in Thailand’s seafood supply chains 

The risk of import bans can incentivise countries and companies to tackle labour 
rights issues. In 2015, Europe and North America acted against Thailand when 
their seafood supply chains were exposed for having numerous human rights 
abuses. The European Commission issued an Illegal Unreported and Unregulated 
‘yellow card’ warning to Thailand in 2015 (Grant, 2019), and threatened to ban 
seafood imports from the country altogether if the commission did not see 
improvements (European Commission, 2015:A). The US Trafficking in Persons 
(TIP) Report, the US government’s main diplomatic tool to engage governments 
on human trafficking, also downgraded Thailand to the lowest rank akin to North 
Korea and Iran (Grant, 2019). 

Following reforms, the US upgraded the country's TIP rating and in January 2019, 
following successful cooperation with the EU to tackle illegal, unreported and 
unregulated fishing as well as labour rights issues, the European Commission lifted 
the ‘yellow card’ warning on Thailand (European Commission, 2019). In particular, 
the Commission noted Thailand’s efforts to tackle human trafficking and to 
improve labour conditions in the fishing sector in its announcement (European 
Commission, 2019)

Engagement questions 
for investors

Modern Slavery Acts 

Opaque	supply	chains	and	business	operations	make	it	easier	for	labour	
rights	issues	to	take	place.	

To	combat	this	issue,	governments	are	introducing	mandatory	reporting 
on	modern	slavery.	

In	2015	the	UK	introduced	the	Modern	Slavery	Act.	The	act	requires	any	
company	supplying	goods	or	services	in	the	UK,	with	a	global	turnover	of	
£36	million	or	more,	to	publish	an	annual	slavery	and	trafficking	statement	
(Kelly,	2015).	California	also	has	a	transparency	act	that	mandates	large	
businesses	operating	in	the	state	to	disclose	their	efforts	to	eradicate	
slavery	and	human	trafficking	in	their	supply	chains	(EY,	2017).	Most	
recently,	in	2018	Australia	passed	a	Modern	Slavery	Bill,	which	requires	
Australian	companies	with	a	turnover	of	over	$100	million	(AUD)	to	
produce	an	annual	statement	about	modern	slavery	(Sedex,	2018).	

Overall,	Modern	Slavery	Acts	are	raising	awareness	among	company	
stakeholders	and	incentivising	retailers	and	companies	along	supply	 
chains	to	introduce	robust	anti-slavery	measures	(Edie,	2017).

How does the company track risk and mitigation actions, review or 
update information sources and systems and incorporate learnings  
from previous incidents into its long-term abuse prevention strategy?

How does the company track and assess labour-related risks in its  
supply chain? 

How does the company remediate stakeholders whose human rights 
have been violated? Can the company provide examples or evidence?

How does the company review or update internal or external information 
sources and systems and incorporate learning from previous incidents 
into its long-term human rights policy?

Does the company have employment policies (e.g., fair wages,  
formal contracts, fair working hours) for vulnerable people, such  
as migrant groups?

Does the company have a policy to uphold human rights and fair 
employment policies throughout its own operations and supply chains? 
How does it monitor compliance with this policy?
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Community 
resistance

There	is	increasing	community	resistance	from	native	tribes	and	local	communities	
that	oppose	aquaculture	farms	in	their	coastal	waters.	Protests	and	resistance	to	
aquaculture	pose	risks	to	companies,	whose	operations	could	be	limited	or	halted	
as	a	result	of	controversies.	

Native	tribes	and	local	communities	are	increasingly	resistant	to	new	aquaculture	
projects	in	coastal	waters.	In	2018,	a	First	Nations	tribe	in	Washington	successfully	
protested	salmon	farming,	with	the	state	Senate	voting	to	phase	out	salmon	culture	
across	the	entire	state	by	2025	(Mapes,	2018).	The	decision	followed	a	large	
escape	event	from	a	Cooke	Aquaculture	farm	at	Cypress	Island	in	2017	where	over	
263,000	fish	escaped.	Salmon	escapees	alter	the	gene	pool	of	local	salmon,	which	
poses	threats	to	local	livelihoods.	For	more	information	on	the	impact	of	salmon	
escapees	see	‘Habitat	Destruction	and	Biodiversity	Loss’.	

Similar	conflicts	are	occurring	in	Canada,	Scotland,	Norway	and	Australia	where	
local	communities	oppose	the	presence	of	large	industrial-scale	aquaculture	
operations	along	their	coasts.	In	December	2018,	the	government	of	British	
Columbia	reached	an	agreement	with	First	Nations	peoples	to	close	several	Mowi	
and	Cermaq	farms	and	restrict	salmon	farming	in	coastal	areas,	which	play	an	
important	role	in	their	livelihood	(Intrafish,	2018).	In	southern	Australia,	several	
certified	salmon	farmers,	led	by	Australian-based	salmon	farming	company	Tassal,	
face	resistance	from	local	communities	due	to	their	lack	of	environmental	standards	
and	the	negative	impacts	on	the	surrounding	coastal	area,	which	locals	depend	on	
for	their	livelihoods	and	recreation	(Breen,	2017).	In	2017,	large	protests	took	place	
against	Tassal’s	proposed	$30	million	farm	in	Tasmania	(Whalquist,	2017).	Although	
the	farm	was	approved,	local	communities	continue	to	put	pressure	on	Tassal	to	act	
more	responsibly	and	oppose	the	expansion	of	aquaculture	on	the	east	coast	of	
Tasmania	(Breen,	2017;	Fromberg,	2017).

Engagement questions 
for investorsoduction	sites?

How	are	these	types	of	conflicts	managed?

How	does	the	company	respond	to	community	resistance	 
to	its	operations?

Does	the	company	conduct	a	community	engagement	programme 
(e.g.,	consulting	local	stakeholders)	when	assessing	viability	of	new	
production	sites?
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Fish welfare:  
an emerging risk

Consumers	are	starting	to	acknowledge	that	the	physical	and	mental	well-being 
of	fish	are	compromised	in	aquaculture.	Aside	from	ethical	concerns,	recent	studies	
show	a	link	between	strong	company	performance	on	welfare	and	financial	
outperformance,	indicating	the	risk	of	poor	fish	welfare	to	company	reputation.	

Welfare	concerns	are	supported	by	new	research	that	is	changing	what	we	
understand	about	fish	behaviour.	For	example,	Nile	tilapia	have	individual	
personalities	(Cerqueira	et	al.,	2016),	Gilthead	sea	bream	experience	positive	 
and	negative	emotions	(Millot	et	al.,	2014),	and	some	species	of	fish	exhibit	unique	
foraging	skills,	spatial	and	long-term	memory,	and	even	use	tools	(Bshary	et	al.,	
2002;	Millot,	Nilsson	et	al.,	2014).	Recent	work	also	shows	that	many	species	of	
fish	are	averse	to	confined,	barren	environments,	and	prefer	habitat	that	resemble	
their	natural	environments.	Salmon,	for	example,	have	a	strong	preference	for	dark	
tank	walls	(Gaffney	et	al.,	2016)	and	Mozambique	tilapia	will	push	through	
weighted	doors	to	access	social	partners	(Galhardo	et	al.,	2011).	

Signs of future materiality 
A	growing	understanding	of	fish	is	leading	to	increasing	concern	for	their	welfare,	
and	many	of	the	concerns	consumers	have	about	terrestrial	animals	are	extending	
to	fish.	A	2019	survey	of	over	9,000	consumers	across	nine	major	European	
markets	confirmed	that	fish	welfare	is	of	interest	to	consumers.	Conducted	by	
market	research	firm	ComRes,	the	poll	found	that	68%	of	respondents	reported	
knowing	little	or	nothing	at	all	about	fish	welfare,	but	65%	believe	that	fish	are	
sentient	and	can	feel	negative	emotions.	Only	13%	agreed	that	fish	do	not	feel	 
pain.	Overall,	79%	of	respondents	stated	that	fish	welfare	should	be	protected 
at	the	same	level	as	other	food	animals	and	indicated	they	would	like	to	see	
information	on	fish	welfare	on	the	label	of	all	fish	products	(ComRes,	2018).	

As	consumer	perceptions	shift,	poor	welfare	practices	present	a	growing	risk	to	
aquaculture	companies.	Some	studies	show	that	in	certain	regions	such	as	
Northern	Europe,	fish	welfare	is	increasingly	considered	and	often	used	as	a	proxy	
for	other	product	attributes	relating	to	food	safety	and	health.	These	concerns, 
if	not	addressed,	could	impact	the	popularity	of	farmed	fish	as	consumers	grow	
increasingly	aware	of	welfare	issues	(Bacher,	2015).	Recently,	a	Norwegian	seafood	
industry	analyst	linked	welfare	standards	with	the	financial	performance	of	
aquaculture	companies	(Feruset,	2018),	demonstrating	how	companies	that	
prioritised	welfare	issues	experienced	financial	outperformance.	The	analyst	
attributes	this	strong	performance	to	the	mitigation	of	reputation	risk	and	the	 
fish	health	benefits	associated	with	higher	welfare	standards	(Feruset,	2018).

The	largest	listed	farmed	fish	producers	are	not	addressing	fish	welfare,	as	found	by	
the	Coller	FAIRR	Protein	Producer	Index.	FAIRR’s	2018	analysis	showed	that	most	
companies	assessed	do	not	have	a	welfare	policy	in	place.	The	four	top	performers	
in	2018	(Grieg	Seafood,	Bakkafrost,	Mowi	and	Lerøy	Seafood	Group)	primarily	
focus	on	fish	health	rather	than	welfare	indicators	in	their	welfare	policies	(FAIRR	
Initiative,	2018).	Early	findings	from	the	2019	edition	of	the	Index	follow	a	similar	
pattern.	Leading	food	retailers	such	as	Tesco,	Sainsbury’s	and	Waitrose,	which	are	
more	exposed	to	reputational	risk	than	their	suppliers,	have	already	implemented	
fish	welfare	policies,	with	requirements	on	issues	ranging	from	pre-slaughter	
stunning	and	stocking	density	to	bans	on	routine	mutilations.
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Feature

Fish wellbeing: the next animal welfare issue?

Companies	must	go	beyond	the	physical	
parameters	that	minimise	mortality	and	
disease	outbreak	on	farms	to	consider	the	
natural	habitats,	natural	behaviour,	and	
life-cycle	patterns	of	individual	species.	

Each	finfish	species	has	its	own	set	of	specific	
welfare	concerns;	for	many	farmed	fish,	 
at	least	some	ecological	and	behavioural	data	 
is	available,	but	remains	under-utilised	by	
farming	operations.	Choosing	to	cultivate	
mussels,	oysters	and	seaweeds	–	organisms	
that	do	not	require	feed	and	have	minimal	
welfare	concerns	–	will	minimise	the	ecological	
and	animal	welfare	risks.	

Companies	should	implement	species-specific	
welfare	protocols	to	ensure	provision	of	
appropriate	diet	and	feeding	systems,	thermal	
and	physical	comfort,	health	and	pain	
monitoring	and	consideration	of	measures	 
to	reduce	fear	and	stress	in	farming	
environments	and	handling	protocols.	
Companies	must	consider	these	issues	 
at	every	stage	of	the	individual’s	life:

Manipulation	of	lighting,	enrichment	and	tank	colour	has	been	shown	to	have	
species-specific	welfare	benefits.	For	example,	blue	light	has	negative	growth	effects	
for	rainbow	trout	while	blue	light	seems	to	be	favourable	in	gilthead	seabream	
(Karakatsouli	et	al.,	2007).	In	terms	of	social	dominance	and	aggressive	behaviour,	 
fry	raised	in	enriched	environments	are	more	similar	to	naturally	raised	fish	than	those	
fish	raised	in	a	baron	hatchery	environment	(Berejikian	et	al.,	2000,	2001).	The	use	 
of	dark	tank	backgrounds	has	been	shown	to	reduce	levels	of	aggression	in	Arctic	
char	(Hoglund	et	al.,	2002)	and	coho	salmon	(Gaffney	et	al.,	2016).	Aggression	is	a	
major	concern	in	aquaculture	and	is	often	the	primary	cause	of	fin	and	skin	damage	 
in	fish.	Fin	and	skin	damage	have	the	potential	to	cause	inflammation	and	pain,	 
and	may	lead	to	infection	and	reduced	survival	in	fish.	

For	species	that	live	naturally	in	large	shoals,	low	rather	than	high	densities	may	be	
harmful,	whereas	for	territorial	species	the	opposite	may	be	the	case.	Reductions	in	
stocking	density	may	reduce	the	physical	spread	of	disease,	but	stocking	density	will	
also	have	an	effect	on	many	other	aspects	of	welfare	such	as	the	water	quality,	
particulate	matter,	fish	to	fish	interaction,	and	fish	to	housing	interaction.	In	different	
systems	and	with	different	species,	the	way	stocking	density	factors	combine	to	
affect	welfare	will	differ,	making	it	difficult	to	provide	blanket	guidelines,	much	less	
legislation	on	maximum	densities.	However,	there	is	considerable	evidence	for	
decreasing	welfare	associated	with	high	stocking	densities	in	rainbow	trout	(Ellis	et	al.,	
2002).	High	stocking	densities	of	Atlantic	salmon	in	marine	net-pens	under	
commercial	production	conditions	were	also	associated	with	a	reduction	in	welfare	
but	only	above	a	threshold	of	22kg/m3	(Turnbull	et	al.,	2005).	The	effects	of	high	
density	include	decreased	growth,	reductions	in	food	intake,	food	conversion	
efficiency	and	nutritional	status,	fin	erosion,	gill	damage,	a	reduced	immune	capacity,	
and	alterations	in	swimming	behaviour.	Behavioural	observations	of	on-farm	fish	
should	be	taken	to	see	indications	of	poor	welfare	due	to	improper	stocking	density.

Removal	from	the	water	is	a	severely	stressful	situation	for	fish.	For	example,	 
air	exposure	for	three	minutes	results	in	a	50-fold	increase	in	stress	hormone	 
levels	within	30	minutes	in	gilt	head	sea	bream,	which	are	commonly	farmed	 
in	the	Mediterranean	(Arends	et	al.,	1999).	Care	must	be	taken	to	keep	fish	 
out	of	water	for	as	short	a	time	as	possible.

Housing

Stocking Densities

Handling
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Distress	and	injury	occur	most	often	when	fish	are	loaded	into	lift	nets	and	cages,	and	
lifted	from	the	water.	Excessive	gravitational	weight	loading	on	fish	positioned	at	the	
bottom	of	the	net	can	cause	injuries	from	compression	and	spine	injury	from	adjacent	
fish.	Poor	conditions	during	transport,	such	as	overcrowding	and	inadequate	water	
quality,	may	also	result	in	irreparable	damage	to	the	fish	and	increased	mortality.	 
For	example,	the	greatest	stress	response	occurs	during	loading	and	the	first	few	hours	
of	transport	in	coho	salmon	smolts	(Specker	and	Schreck,	1980)	while	rainbow	trout	
show	signs	of	vigorous	swimming	activity	and	elevated	oxygen	consumption	during	
transport	(Chandroo	et	al.,	2005).	Excessive	weight	loading	of	fish	during	transport	
should	be	avoided	and	provision	of	a	recovery	period	following	transport	is	important	
for	welfare	and	subsequent	survival.	Anaesthetic	agents	may	also	be	used	to	sedate	
fish	prior	to	transport	and/or	slaughter	to	reduce	activity	and	stress.	

Slaughter	should	be	as	humane	as	possible	–	fish	should	be	stunned	prior	 
to	slaughter,	causing	an	immediate	loss	of	consciousness	that	lasts	until	death.	 
Many	of	the	current	methods	used	for	killing	farmed	fish	do	not	meet	the	criteria	 
for	humane	slaughter.	One	common	method,	often	used	on	rainbow	trout,	is	to	allow	
fish	to	asphyxiate	in	air	or	on	ice	(Kestin	et	al.,	1991).	Fish	take	a	long	time	to	lose	
consciousness	when	taken	out	of	water	to	die	of	asphyxia,	as	compared	to	
mammals	and	birds	deprived	of	air,	and	this	is	particularly	true	of	species	adapted	
to	low	oxygen	conditions.	Another	common	method,	often	used	to	slaughter	
salmon	species,	is	immersion	in	CO2	saturated	water	followed	by	gill	cutting.	
Immersion	in	CO2	only	occurs	over	several	minutes,	during	which	the	fish	 
appear	severely	distressed	(Robb	et	al.,	2000	a,b).

Reproduction	of	farmed	trout	and	salmon	is	usually	achieved	by	maintaining	separate	
–sex	populations	in	different	net	pens.	When	ready	to	spawn,	fish	are	individually	
removed	from	the	water	and	hand	stripped	for	their	eggs	and	milt	by	holding	the	fish	
with	the	reproductive	vent	directed	towards	a	collection	vessel,	then	bending	or	
stroking	the	fish	(Conte,	2004).	Although	no	research	to	date	has	measured	pain	or	
stress	specifically	associated	with	hand	stripping	fish	for	gametes,	the	very	act	of	
handling	fish	is	stressful	and	this	combined	with	hand	stripping	undoubtedly	makes	it	a	
stressful	event.	Manual	handling	can	cause	skin	abrasions,	and	removal	of	scales	and	the	
fish’s	protective	mucous	coat,	which	serves	as	a	physical	and	chemical	barrier	to	
infection	as	well	as	being	important	in	osmoregulation	and	locomotion	(Ashley,	2007).	
Thus,	handlers	should	take	precautions	including	the	use	of	wet	and	gentle	hands,	
species	appropriate	nets,	and	keeping	the	fish	moist	during	handling.	Anaesthetics	
should	be	used	prior	to	hand	stripping	to	reduce	handling	injuries	to	the	fish	(Conte,	
2004).	If	the	fish	are	not	to	be	immediately	slaughtered	and	are	to	be	used	as	future	
broodstock,	post-spawn	fish	should	be	given	special	feeding	and	environmental	
attention	to	assure	recovery	and	reconditioning	(Conte,	2004).

Finally,	companies	must	acknowledge	that	every	species	has	different	needs	 
and	there	is	no	single	measure	of	welfare.	

Beyond	the	physical	parameters	of	poor	welfare	such	as	mortality	and	disease	
outbreak	on	a	farm,	signs	of	poor	fish	welfare	also	include	behavioural	indicators	 
such	as:	fearfulness	(heightened	startle	responses,	avoidance	of	unfamiliar	objects,	
abnormal	swimming	patterns,	changes	in	foraging	behaviour,	increased	ventilator	
activity),	disrupted	social	dynamics	(increased	aggression,	lack	of	hierarchy	in	species	
that	would	normally	form	stable	dominant-subordinate	relationships),	and	monotonous	
and/or	inflexible	behavioural	patterns	(e.g.,	stereotypical	behaviours	and	reduced	
behavioural	diversity).	Stien	et	al.,	2013	note	that	salmon	farmers	should	consider	 
the	following	indicators:	“water	temperature,	salinity,	oxygen	saturation,	water	 
current,	stocking	density,	lighting,	disturbance,	daily	mortality	rate,	appetite,	 
sea	lice	infestation	ratio,	condition	factor,	emaciation	state,	vertebral	deformation,	
maturation	stage,	smoltification	state,	fin	condition	and	skin	condition”	but	again,	
even	these	somewhat	extensive	considerations	are	focused	on	the	physical	
parameters	of	poor	fish	welfare	and	do	not	delve	into	the	behavioural	indicators.	

How	well	these	signs	work	in	any	given	case	will	depend	on	the	species	concerned	
(i.e.	eye	colour	may	be	a	good	indicator	of	social	stress	in	salmon,	but	not	in	
sticklebacks),	on	the	life-stage	of	the	fish	(i.e.	depleted	energy	reserves	might	be	
cause	for	concern	in	an	immature	salmon,	but	not	in	one	that	has	just	spawned),	 
and	also	on	the	individual	(i.e.	failure	to	feed	may	be	a	sign	of	poor	welfare	in	a	
juvenile	salmon	in	the	summer,	but	not	necessarily	in	the	winter	when	they	may	 
show	adaptive	natural	anorexia).	

In	contrast	to	terrestrial	animal	welfare	where	each	highly	domesticated	species	is	
given	their	own	set	of	welfare	guidelines	(i.e.	mammals	do	not	have	the	same	set	 
of	welfare	guidelines	–	cows	and	pigs	receive	different	considerations),	the	welfare	
guidelines	for	the	large	range	of	fish	species	farmed	in	aquaculture	are	often	lumped	
together.	It	is	therefore	essential	to	understand	the	species-specific	biology	of	fish	
before	drawing	any	conclusions	in	relation	to	welfare.

Transport

Slaughter

Spawning
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Engagement questions 
for investors

Does	the	company	track	sales	to	international	markets	with	stronger	
regulations	on	animal	welfare?	How	has	this	proportion	changed	over	time?

Has	the	company	assessed	changing	consumer	concerns	on	fish	welfare	 
in	its	key	markets?

What	proportion	of	revenues	are	from	markets	where	welfare	standards	
may	tighten?

What	steps	is	the	company	taking	to	manage	fish	welfare	(e.g.,	policies,	
implementation,	monitoring)?	How	does	the	company	ensure	its	actions	
are	relevant	to	the	species	in	question?
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Certification is a 
common tool for 
many food producers 
to communicate 
sustainability standards, 
however, it is often 
difficult to ascertain 
what this means 
in practice.

Chapter 3:  
Certification  
and beyond

The	strength	of	regulation	on	aquaculture	
varies	widely	by	market,	as	seen	in	the	
Appendix.	This	makes	certification	one	of	
the	simplest	and	most	globally	accepted	
ways	for	aquaculture	producers	to	
communicate	transparency	and	strong	
sustainability	standards	in	their	operations.

A	recent	study	compared	the	effectiveness	
of	salmon	aquaculture	legislation	in	
protecting	wild	salmon	with	the	Aquaculture	
Stewardship	Council’s	(ASC)	standard	 
for	salmon.	The	study	showed	that	
government	regulations	are	falling	behind	
the	fast	pace	of	development	in	the	sector	
(Gardner	Pinfold	Consultants,	2016).	

Gaining	certification	tends	to	provide	price	
premiums	for	first	movers	only,	limiting	the	
immediate	advantage	for	later	adopters.	
However,	a	clear	demand	for	sustainable	
seafood	has	driven	more	widespread	
consideration	of	sustainability	across	the	
supply	chain.	In	response	to	consumer	
demand,	many	European,	Australian	and	
North	American	retailers	are	in	the	process	
of	switching	their	product	spectrum	to	
eco-label	certified	seafood	products.	 
One	study	found	the	majority	of	European	
consumers	believe	responsibly	farmed	
seafood	should	be	a	priority	for	retailers.	 
The	growing	presence	of	certified	seafood	
on	retail	shelves	highlights	the	importance	 
of	sustainable	farming	operations	for	
aquaculture	operators.	

For	investors,	certification	often	serves	 
as	a	proxy	indicating	good	sustainability	
management	in	supply	chains.	This	is	
especially	important	for	operations	in	 
regions	with	weaker	legislation	such 
as	Chile	and	South	East	Asia,	as	opposed	 
to	markets	with	strong	aquaculture	
regulation,	such	as	Norway.	
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Aquaculture certification schemes

There	are	over	50	certification	schemes	related	to	seafood.	With	each	scheme	
presenting	its	own	methodology	and	scope,	this	proliferation	makes	it	increasingly	
difficult	and	confusing	for	consumers,	aquaculture	operators	and	investors	to	
understand	which	products	actually	constitute	sustainable	seafood.	However,	three	
certification	standards	dominate	the	global	certification	of	aquaculture	operations	
(Figure	23).

Rating the raters

Due to the sheer number and variety of sustainable seafood schemes, several 
organisations now formally assess schemes to identify the differences between 
them and, in some cases, recommend the most stringent schemes.

The widely recognised Global Sustainable Seafood Initiative (GSSI) benchmarks 
sustainable seafood standards to assess whether they align with FAO standards 
and guidelines for aquaculture certification. If a scheme fulfils the criteria, it is 
formally recognised by the GSSI. It does not rank the recognised schemes, but 
provides detailed overviews of its assessment of each scheme.

The initiative has benchmarked and recognised all three main aquaculture 
certification standards mentioned here, in addition to four other schemes.

Fidra, a Scottish environmental charity, has undertaken a simpler analysis that 
highlights the best certification schemes by issues. While this gives no detail on 
the underlying requirements, it provides an overview of how different schemes 
compare on key issues in the aquaculture sector (Fidra, 2018).

Figure	23:	Summary	of	certification	scheme	criteria
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ASC 29

GLOBAL	G.A.P. – 25

RSPCA – 23

Organic	–	Soil	Association – – 22

GAA-BAP – 21

Friends	of	the	Sea – – – – 16

	Strictest	requirements   Requirements   Recommendations – No	recommendations	or	requirements

Source:	Fidra	(2018)
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Global Good Agricultural Practice (GLOBALG.A.P.)
Founded	by:	the	Euro-Retailer	Produce	Working	Group	(EUREP),	made	up	of	
European	supermarket	chains	and	their	suppliers	in	1997.	

About:	Global	Good	Agricultural	Practice	(GLOBALG.A.P.)	is	one	of	the	world’s	 
most	widely	accepted	food	safety	certifications.	It	sets	rules	and	standards	for	
agriculture,	livestock	and	aquaculture	producers,	which	are	assessed	by	
independent	third-party	auditors.	It	has	over	600	certified	products	and	188,000	
certified	producers	in	135	countries.	Standards	cover	the	entire	supply	chain.	

Are	they	species-specific?:	There	are	some	specific-specific	standards:	A	farmed	
Atlantic	salmon	standard	was	launched	under	the	GLOBALG.A.P.	in	2004,	followed	
by	farmed	shrimp	certification	in	2008,	with	farmed	tilapia	and	pangasius	standards	
launched	in	2009.	

Adoption:	As	of	2018,	35	countries	use	GLOBALG.A.P.	Aquaculture	Certification.	
This	certification	covers	30	species	of	fish,	crustaceans	and	molluscs.

Global Aquaculture Alliance (GAA)
Founded	by:	Established	in	1997	by	a	host	of	aquaculture	and	agribusiness	
companies,	seafood	restaurants	and	wholesalers.

About:	The	Global	Aquaculture	Alliance	(GAA)	is	an	international	non-governmental	
trade	organisation	working	to	promote	responsible	aquaculture.	Its	Best	
Aquaculture	Practices	(BAP)	Certification	Standard	was	launched	in	2003	and	
encompasses	the	entire	production	chain,	from	farms	and	feed	mills	to	hatcheries	
and	processing	plants.	

Are	they	species-specific?:	BAP	offers	a	salmon-specific	standard	and	several	others	
that	apply	to	broad	groups	of	species,	such	as	a	Finfish	and	Crustacean	Farm	and	
Mollusc	Farm	standard.	These	standards	include	some	differing	requirements	for	
different	production	systems.	

Adoption:	As	of	2018,	over	150	retail	and	food	service	companies	source	their	
seafood	from	more	than	2,000	BAP-certified	facilities.	

Aquaculture Stewardship Council (ASC)
Founded	by:	The	World	Wide	Fund	for	Nature	(WWF)	and	the	Dutch	Sustainable	
Trade	Initiative	(IDH)	in	2010. 

About:	The	Aquaculture	Stewardship	Council	(ASC)	is	a	non-governmental	
organisation	which	sets	sustainable	standards	for	farmed	seafood.	ASC	provides	
aquaculture	operations	with	a	stringent	certification	and	labelling	scheme.

Are	they	species-specific?	ASC	covers	various	species	groups,	including:	tilapia,	
pangasius,	salmon,	cobia,	bivalves,	shrimp	and	seaweed,	with	labelled	products	
available	in	at	least	18	countries.	It	is	worth	noting	that	the	15	Global	Salmon	
Initiative	(GSI)	member	companies,	including	global	players	like	Mowi	–	which	
account	for	over	50%	of	the	world’s	global	farmed	salmon	production	–	have	
pledged	to	have	all	their	salmon	farms	ASC-certified	by	2020.

Adoption:	By	2018,	737	farms,	1,676	suppliers	and	14,716	products	worldwide	
received	ASC	certification.

Discussion
ASC	is	currently	the	sole	aquaculture	certification	scheme	to	be	recognised	as	 
a	full	member	of	the	ISEAL	Alliance	Code	of	Good	Practice,	for	Setting	Social	and	
Environmental	Standards.	ISEAL	members	are	verified	as	credible	sustainability	
standards,	ensuring	that	they	address	the	most	pressing	sustainability	issues.	 
This	makes	ASC	one	of	the	most	stringent	certification	schemes,	by	being	further	
certified	by	an	external	body.	

Researchers	have	assessed	the	breadth	and	depth	of	these	three	standards	for	
shrimp	aquaculture.	A	2013	assessment	found	that	certification	schemes	for	
shrimp	do	not	adequately	address	measures	to	reduce	impact	on	climate	change,	
which	is	particularly	important	for	the	most	GHG-intensive	farmed	seafood	 
species	group.	No	requirements	were	found	on	reducing	energy	use	or	switching	 
to	renewable	energy	sources.	The	same	study	also	found	that	while	all	standards	
assessed	mentioned	the	importance	of	preserving	mangroves,	criteria	on	
replantation	were	generally	“vaguely	phrased”.	Most	standards	did	not	require	 
any	follow-up	assessment	of	whether	the	replantation	was	successful	in	 
restoring	mangroves.	

Another	study	looking	at	shrimp	certification	concluded	that	GLOBALG.A.P.	 
has	a	wider	and	more	holistic	approach	to	certification,	including	a	broader	 
range	of	topics,	such	as	labour	issues	and	animal	welfare,	but	tackles	issues	more	
superficially.	ASC	is	narrower	in	its	approach	but	far	more	detailed,	with	a	strong	
focus	on	specific	species.	GAA-BAP	operates	somewhere	in	between	these	 
two	standards.	

In	terms	of	salmon	production,	ASC	is	generally	understood	to	be	the	most	
stringent	in	terms	of	environmental	sustainability,	but	the	other	standards	do	
outperform	in	certain	areas.	On	escapee	management,	ASC	performs	poorly	
relative	to	the	other	two	standards	discussed	here.	GAA-BAP	is	the	strongest,	 
with	requirements	on	third-party	approval	of	site	installations,	infrastructure	
management	and	workforce	training.	On	fish	health	and	disease	management,	 
ASC	is	the	only	scheme	that	assesses	performance:	it	specifies	a	maximum	rate	 
of	unexplained	and	disease-related	mortalities.	It	also	specifies	that	farms	should	
publicly	report	on	sea	lice	data,	but	does	not	set	any	thresholds	in	this	regard.	
However	GLOBALG.A.P.	and	GAA-BAP	both	have	more	stringent	prescriptions	 
on	farm-level	health	policies.	
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The	three	certifications	also	have	differing	adoption	patterns.	GAA	has	the	
strongest	following	in	North	America,	whereas	ASC	is	most	strongly	represented	in	
Europe.	GLOBALG.A.P.	has	received	the	strongest	support	from	retailers,	although	
ASC	is	quickly	catching	up.	

Certain	environmental	issues	are	better	covered	by	the	three	standards	than	others.	
See	Figure	24	below.

Figure 24: Additional issues and their current coverage

ESG issue Coverage

Food	safety	aspects	included	at	the	request	
of	retailers

covered	by	all	three	standards

Impacts	of	farm	locations	on	ecosystem	
services	and	habitat	value	

overlooked	or	undervalued

Labour	issues	incorporation could	use	improvement

Native	vs.	non-native	species	and	strains more	emphasis	needed

Origin	/	sustainability	of	feed	ingredients more	emphasis	needed	

Eco-labelling	in	developing	countries potential	opportunity	

Focus	on	community	relations,	transparency	
issues

could	be	improved	by	the	leading	eco	labels	

Greenhouse	gas	emissions	from	exported	
seafood

not	accounted	for	

Animal	welfare Covered	by	GAA-BAP	and	GlobalG.A.P.;	
indirectly	and	partially	covered	by	ASC	
through	other	measures

The	various	certification	standards	have	already	picked	up	on	these	gaps,	and	
numerous	initiatives	have	been	started	to	address	many	of	them.	ASC	is	the	most	
vocal	and	transparent	about	its	progress	and	the	standard	owner	has	been	steadily	
improving	its	standards	over	the	past	few	years.	Data	reporting	on	sea	lice	and	
marine	mammal	entanglements	were	recently	included	in	the	requirements	for	
ASC-certified	farms.	In	October	2018,	ASC	announced	a	collaboration	with	Fair	
Trade	to	address	social	issues	in	aquaculture.	In	December	2018	it	announced	the	
development	of	a	separate	feed	standard	for	plant-based	feeds,	in	addition	to	 
its	original	feed	standard,	to	certify	the	sustainability	of	aquaculture	feeds	 
and	their	ingredients.	

On	finfish	welfare,	GLOBALG.A.P.	provides	the	strongest	assurance	among	the	
three	schemes	discussed	here.	It	includes	over	100	indicators	on	farmed	finfish	
welfare.	These	relate	to	requirements	on	policy	rather	than	performance,	 
so	cannot	provide	absolute	assurance	that	good	welfare	practices	are	being	 
followed.	GAA-BAP	also	has	reasonably	strong	indicators	on	farmed	salmon	 
welfare	policies,	but	requirements	relating	to	crustaceans	are	weak.	

Other assurances through certification

Besides	certifying	aquaculture	activities	through	one	of	the	three	main	certification	
standards,	farm	operators	can	choose	species-specific	standards	such	as	the	
Scottish	Salmon	Producers’	Organisation	Code	of	Good	Practice.	They	can	also	
choose	to	strengthen	their	main	certification	with	a	welfare	standard	by	applying,	
for	example,	a	welfare	standard	for	farmed	Atlantic	salmon	and	trout	through	 
the	Royal	Society	for	the	Prevention	of	Cruelty	to	Animals.	

Aquaculture	producers	can	thus	combine	standards	to	create	a	set	of	certifications	
that	make	sense	for	them.	This	allows	them	to	reduce	their	environmental	 
and	social	impact	across	multiple	areas	to	ensure	a	holistic	approach	to	 
supply	chain	management.

Another	way	of	seeking	sustainable	certification	is	through	being	certified	organic.	
Organic	food	production	has	reduced	harmful	impacts	for	multiple	reasons.	The	use	
of	pesticides,	insecticides	and	fungicides	has	been	shown	to	have	detrimental	impacts	
on	the	surrounding	ecosystem,	shown	through	the	declining	worldwide	bee	
population.	Some	of	these	chemicals	have	also	been	found	to	have	harmful	 
effects	on	the	health	of	the	workers	and	those	most	exposed	to	them.	

But	in	addition	to	the	sustainability	imperative,	organic	food	also	demonstrates	 
a	clear	market	opportunity.	Organic	food	is	one	of	the	fastest-growing	food	segments,	
with	a	growth	rate	of	7.4%	in	2014	for	the	European	market	(almost	triple	the	growth	
in	the	general	grocery	retail	market).	For	millennial	consumers	–	who	are	the	
fastest-growing	group	of	consumers	–	organic	food	purchases	have	grown	 
from	25%	of	purchases	to	42%	of	purchases	between	2007	and	2014.	 
The	global	organic	food	and	beverage	market	is	expected	to	reach	$320.5	billion	 
by	2025.	In	2015,	the	EU	alone	produced	50,000	tonnes	of	organic	culture,	
accounting	for	nearly	4%	of	total	aquaculture	production.	

For	aquaculture	producers	interested	in	organic	certification,	there	are	multiple	
organic	schemes	that	cover	seafood	products,	including:	Naturland	(worldwide),	
BioLand	(Germany),	BioSuisse	(Switzerland),	plus	EU	Organic	as	a	general	 
European	standard.	

growth rate of 
European organic 
food market  
in 2014

7.4%
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Going beyond certification

It	is	possible	to	be	sustainable	without	being	certified.	Certification	is	costly	and	
often	hard	to	attain	for	aquaculture	operators	in	developing	countries.	It	is	also	at	
times	not	practical	or	feasible	to	certify	all	supply	chain	actors,	especially	in	long	
and	complex	supply	chains.	In	addition,	there	have	been	doubts	surrounding	the	
independence	of	some	eco	labels	as	they	are	intertwined	with	big	corporations	in	
the	feed	and	fishing	industry.	Some	believe	that	the	main	motivation	of	eco	labels	
should	be	to	provide	neutral	and	straightforward	guidance	to	consumers.	A	lack	of	
neutrality	was	one	of	the	key	challenges	faced	by	FAIRR	when	seeking	to	expand	
the	indicators	used	to	assess	aquaculture	companies	in	the	Coller	FAIRR	Protein	
Producer	Index	https://www.fairr.org/index/.	There	is	poor	understanding	of	what	
constitutes	best	practice	beyond	certification	schemes	for	the	sector.	Thus,	it	is	
perhaps	unsurprising	that	certain	producers	have	turned	to	other	guidelines	for	
ensuring	sustainability.

One	example	of	these	guidelines	is	the	Good	Aquaculture	Practices	(GAqP).	GAqP	
offer	an	approach	to	sustainability	management	that	complements	and	enhances	
the	demands	of	certification.	GAqP	are	principles	that	focus	on	addressing	the	
environmental	impacts,	food	safety,	animal	welfare	and	social	aspects	of	
aquaculture	operations	through	analysing	the	carrying	capacity	of	the	local	
environment	and	a	coordinated,	multi-actor	approach	to	aquaculture	planning.	 
They	also	differ	from	the	requirements	of	certification;	while	certification	typically	
focuses	on	one	particular	facility’s	policies	and	performance,	GAqP	provides	
principles	on	regional	coordination	between	farms	and	other	stakeholders.	

While	the	GAA-BAP	standards	and	ASC	Salmon	Standard	require	farms	to	
participate	in	a	multi-actor	area-based	management	scheme,	which	stipulates	
whether	a	farm	is	part	of	a	regional	scheme	to	work	with	other	local	producers	 
to	control	disease,	parasites	and	medicinal	treatments,	the	ASC	Shrimp	standard	
and	GLOBAL	G.A.P.	standard	do	not.	

As	such,	investors	should	encourage	farm	operators	to	start	or	join	and	actively	
contribute	to	long-term,	large-scale,	multi-sector	engagements	that	focus	on	
challenges	that	require	collaborative	approaches,	such	as	disease	and	pollution	
management	and	labour	conditions	in	supply	chains.	Companies	should	be	
encouraged	to	publicly	report	data	to	these	schemes	to	enhance	development	 
of	solutions	to	these	challenges.

A	good	example	is	the	industry’s	response	to	the	forced	labour	issue	in	Thailand’s	
$7	billion	seafood	industry.	The	Seafood	Task	Force	initiative	combines	the	
strengths	of	retailers,	processors,	producers,	governments	and	NGOs	to	eradicate	
forced	labour	in	seafood	supply	chains.	Names	such	as	Mars	Petcare,	Nestlé,	Target	
and	Walmart	are	supporting	the	project.	The	initiative	took	a	holistic	approach	 
and	began	by	engaging	the	Thai	government	and	developing	more	transparency	

in	combination	with	strong	traceability	systems.	The	project	is	also	seeking	to	
understand	the	root	causes	of	forced	labour	and	placing	emphasis	on	restoring	the	
health	of	fisheries	by	supporting	local	fishery	improvement	projects.	This	long-term,	
large-scale,	multi-sector	approach	is	an	excellent	way	of	attacking	complex	issues	
like	forced	labour.

Certification	is	a	costly	endeavour	for	most	farms:	to	reduce	costs,	companies	may	
wish	to	take	more	risk-based	approaches	that	focus	on	monitoring	and	improving	
performance	in	areas	known	to	be	of	higher	risk	of	unsustainable	practices.	 
For	example,	the	Brazilian	organisation	AgroTools	provides	a	web-based	service	
allowing	global	companies	to	assess	whether	raw	materials	they	procure	are	
acquired	from	sustainable	sources	and	with	sustainable	practices.	It	tracks	data	on	
deforestation,	slave	labour,	exploitation	of	indigenous	lands,	and	other	social	and	
environmental	issues.	It	collects	data	from	a	range	of	inputs,	including	government	
and	satellite	data,	to	assess	whether	individual	producers	in	the	supply	chain	are	
adhering	to	sustainability	standards.	While	these	types	of	approaches	rely	on	
third-party	data	rather	than	an	individual	assessment	of	production	facilities,	they	
can	help	companies	and	investors	hone	in	on	areas	of	particular	concern	and	assess	
risk	without	placing	an	extra	reporting	burden	on	companies	and	other	actors	in	the	
supply	chain.
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Case study: ASC non-compliance

Many	consumers	and	investors	use	certification	as	a	tool	to	determine	whether	
products	have	been	produced	to	a	high	environmental	standard.	While	certification	
helps	farmers	communicate	good	practices	to	stakeholders,	it	unfortunately	does	
not	necessarily	mean	that	standards	have	been	followed.

Canadian	NGO	SeaChoice	released	a	report	in	2019	claiming	that	some	ASC-
certified	farms	do	not	meet	all	the	standards	stipulated	by	the	certification,	 
despite	the	requirement	that	farms	must	meet	100%	of	the	standards	in	order	 
to	be	certified.

The	study	looked	at	all	audits	filed	for	all	certified	salmon	farms	from	the	scheme’s	
inception	in	2014	to	March	2018.	Most	farms	meet	the	key	environmental	
indicators,	suggesting	that	ASC	certification	remains	a	good	mark	of	performance	
on	some	issues,	if	not	all;	95%	met	requirements	on	forage	fish	dependency	ratios	
in	fishmeal	and	fish	oil,	and	96%	of	farms	met	standards	on	parasiticide	use.	

However,	SeaChoice	analysis	found	that	farms	were	not	consistently	meeting	some	
reporting	requirements,	such	as	counting	on-farm	sea	lice,	monitoring	sea	lice	on	
wild	salmon,	and	participating	in	an	area-based	management	scheme.	The	review	
found	that	there	were	no	certified	salmon	farms	that	met	all	the	requirements	
related	to	participation	in	area-based	management	schemes.	

Of	even	perhaps	greater	concern	is	the	fact	that	the	SeaChoice	review	also	found	
that	intermediary	stages	of	salmon	production	are	considered	out	of	scope	for	
certification,	which	conflicts	with	the	claim	that	ASC	certification	provides	
assurance	over	the	whole	value	chain.	

Intermediary	farms	–	which	include	transfer	pens,	initial	grow-out	sites,	and	nursery	
pens	–	are	used	in	salmon	production	in	certain	regions:	Tasmania,	Scotland	and	
British	Columbia,	specifically.	There	is	some	usage	in	Norway,	as	well.	While	ASC	
implies	that	all	stages	of	the	production	cycle	for	salmon	farming	are	to	be	assessed	
based	on	certain	indicators,	the	ASC	has	stated	that	these	intermediary	sites	are	
“out	of	scope”.	The	implications	of	this	stance	could	exclude	up	to	a	year	of	the	
production	cycle	from	required	compliance.

This	development	is	particularly	worrying	considering	that	many	salmon	producers	
are	extending	the	amount	of	time	that	smolts	remain	in	freshwater	systems	before	
being	transferred	to	sea,	in	order	to	increase	growth	rates	and	protect	smolts	from	
sea	lice	and	other	marine	parasites	or	predators.	If	farms	are	using	intermediary	
sites	to	do	this	rather	than	hatcheries,	this	could	present	an	increasingly	extended	
period	in	the	production	cycle	that	is	not	subject	to	certification	requirements	but	
still	allows	producers	to	claim	certification.
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Chapter 4:  
The way forward

This chapter discusses 
innovations in farm, feed 
and product development 
to meet sustainability 
challenges in the 
aquaculture sector.

The	rapid	development	of	aquaculture	is	linked	with	increasing	ESG	risks,	which	
could	reduce	or	halt	anticipated	growth	in	the	sector.	To	translate	risks	into	
opportunities,	investors	and	business	operators	need	to	integrate	more	robust	
practices	that	reduce	ecosystem	impacts	and	improve	fish	welfare.	This	chapter	
discusses	the	way	forward	for	aquaculture	through	innovations	in	farm,	feed	 
and	product	development.
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New approaches to fish farming

Good Aquaculture Practices
To	tackle	larger	issues	such	as	habitat	destruction,	climate	change	and	disease	
pandemics,	a	novel	approach	to	farm	management	is	required.	The	Good	
Aquaculture	Practices	(GAqP)	typically	address	environmental	impacts,	food	safety,	
animal	welfare	and	social	aspects	of	aquaculture	operations.	It	emphasises	planning	
new	farms	through	ecosystem	and	social	assessments	of	the	proposed	sites	and	
cooperation	with	other	stakeholders.	This	holistic	approach	to	farm	management	
embraces	the	interconnectedness	of	farms	and	carrying	capacities	of	the	
surrounding	environment.	GAqP	considers	the	potential	effects	of	climate	change	
and	community	conflicts	on	new	and	existing	farms,	to	ensure	farms	are	more	
resilient	to	environmental	and	social	issues	(Bone	et	al.,	2018).

GAqP helps UK overcome disease pandemic

An example of effective, coordinated disease management in inland systems  
is the control of Spring Viremia in Carp (SVC) in the UK. The UK adopted a 
coordinated control and eradication programme in 2005 and was free of the 
pathogen in 2010. This was possible due to legislation that allowed for a passive 
surveillance programme. In addition to passive surveillance, the authorities 
educated stakeholders and conducted active surveillance with government and 
industry bodies, which focused on testing aquaculture sites, traders and imports 
at particular risk. On suspicion of the disease, the authority would place temporary 
movement limitations on a site until testing. Once the disease was confirmed, the 
movement of animals on or off site was prohibited until the stock was culled and 
the site disinfected. When culling and disinfection was not possible, sites had to 
introduce strict biosecurity measures. 

Moving away from high stocking densities and carnivorous fish
There	are	risks	and	costs	associated	with	stocking	high	numbers	of	fish	in	farms,	
stocking	non-native	species	and	growing	predatory	fish.	Firstly,	high	stocking	
densities	in	aquaculture	increase	the	frequency	of	disease	outbreaks	and	reduce	
fish	welfare.	They	also	lead	to	more	environmental	pollution,	as	the	carrying	
capacities	of	ecosystems,	especially	in	freshwater	and	coastal	nearshore	areas	with	
low	flush	rates,	are	exceeded.	

Non-native	species	also	cause	issues	when	they	escape	from	fish	farms.	A	novel	
solution	to	eliminate	the	risk	of	escapees	interbreeding	with	wild	populations	is	to	
grow	sterile	fish.	One	new	technique	called	CRISPR-CAS9	alters	genes	and	makes	
all	farmed	fish	sterile.	However,	there	are	concerns	over	whether	consumers	would	
buy	genetically	modified	fish.

Farming alternative species 
As	discussed	in	‘Effluents’,	fish	and	livestock	farming	operations	release	high	
quantities	of	nitrogen-based	pollutants	into	marine	ecosystems.	In	addition	to	
innovations	in	farm	practices,	infrastructure	and	technology,	shifting	production 
to	non-carnivorous	species	could	help	increase	production	and	improve	
environmental	performance	of	the	sector.

Currently,	carnivorous	fish,	such	as	salmon,	shrimp	and	tuna,	are	most	popular	with	
Western	consumers.	Farming	these	carnivorous	fish	requires	more	energy	and	feed	
resources	compared	to	farming	herbivorous	fish.	This	trend	results	in	pressure	on	
wild	fish	stocks	to	supply	feeds	and	overall	these	operations	generate	more	waste.	
By	shifting	to	different	species,	global	seafood	production	can	be	increased	without	
requiring	more	resources.	A	recent	academic	report	led	by	Professor	Jennifer	
Jacquet,	New	York	University,	notes	that	recent	moves	to	industrialise	octopus	
farming	are	"counterproductive	from	a	perspective	of	environmental	sustainability...
[as	it]	would	increase,	not	alleviate,	pressure	on	wild	aquatic	animals".	Demand	for	
octopus	in	several	Asian	and	Mediterranean	countries	is	driving	this	trend,	despite	
octopus	having	an	FCR	of	3:1	(Jacquet	et	al.,	2019).	Considering	these	issues,	
farmers	and	legislators	should	rethink	the	strong	focus	on	the	farming	of	predatory	
fish	to	increase	seafood	production	while	improving	sustainability	impacts.

Farming	filter	feeders,	such	as	bivalves,	can	have	a	positive	impact	on	marine	
pollution.	Some	research	has	shown	that	filter	feeders	such	as	bivalves	remove	
nitrogen	more	efficiently	and	at	a	lower	cost	than	sewage	treatment	facilities	
(Chopin,	2013).	Researchers	estimated	the	value	of	eutrophication	reduction	
services	from	shellfish	and	seaweed	farms	in	the	EU	to	be	€11	to	€17	billion	in	
2008	(Ferreira	et	al.,	2009).	In	2016,	bivalve	farms	in	the	EU	were	responsible	 
for	the	removal	of	46,800	tonnes	of	nitrogen	(Ferreira	and	Bricker,	2016).	Bivalve	
production	is	increasing.	It	has	already	surpassed	the	value	of	salmon	farming	 
in	the	US,	with	oysters	($173	million	in	2015)	and	clams	($112	million	in	2015)	 
being	the	most	popular	(Maloney,	2018).

In	addition,	farming	of	certain	marine	species	may	play	a	role	in	sequestering	
carbon,	therefore	mitigating	climate	change.	Marine	algae	and	seaweeds	also	
account	for	over	half	of	all	global	carbon	fixation	and	70%	of	all	carbon	stored	 
in	the	world’s	oceans	(Chopin,	2013).	Bivalves	are	thought	to	sequester	carbon	
through	shell	production.	Carbon	makes	up	approximately	12%	of	bivalve	shells.	
However,	as	carbon	is	also	emitted	during	bivalve	shell	production,	researchers	
have	not	concluded	whether	bivalve	production	could	serve	as	a	carbon	sink	
(Olivier	et	al.,	2016).	

Carbon	trading	credits	and	nutrient	trading	credit	systems	have	been	proposed	 
by	academics	in	recent	years	to	incentivise	farmers	to	produce	species	with	a	
positive	impact	on	pollution	(Chopin,	2013;	Lindahl	et	al.,	2005;	Olivier	et	al.,	
2016).	While	still	largely	exploratory,	building	momentum	with	legislators	and	the	 
private	sector	around	these	credit	systems	could	support	more	sustainable	 
farming	practices.	

Up to 70% of all 
carbon stored in 
the world’s oceans 
is attributed  
to marine algae 
and seaweeds
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Integrated multi-trophic aquaculture (IMTA)
Several	measures	can	reduce	effluent	pollution,	such	as	reducing	excess	feed	
through	standardising	feed	inputs	and	removing	and	treating	excess	nutrients	in	
ponds.	The	FAO	also	proposes	integrated	multitrophic	aquaculture	systems	that	
allow	the	waste	of	one	species	to	serve	as	food	for	another	as	a	cost-effective	way	
of	minimising	water	pollution.	

As	recently	highlighted	by	FAO,	farming	multiple	complementary	species	within	the	
same	production	area	allows	farm	operators	to	follow	a	more	ecologically	sound	
approach	with	better	resilience	to	risks	like	disease	outbreaks	and	climate	change.	
Moving	away	from	monoculture	and	adapting	more	natural	polyculture	farming	
systems	is	a	fundamental	part	of	Integrated	Multi-Trophic	Aquaculture	(IMTA).	 
This	is	the	farming	of	selected	species	in	a	way	that	allows	one	species’	uneaten	feed,	
waste,	nutrients	and	by-products	to	be	recaptured	and	converted	into	feed	and	
energy	for	other	crops	and/or	marine	animals	farmed	in	the	system.	Farmers	can	
combine	production	of	carnivorous	species,	such	as	salmon,	with	seaweeds	or	filter	
feeders	that	consume	excess	nutrients	from	fed	aquaculture	for	their	growth	
(Chopin,	2013).	This	means	the	culture	of	fish	in	combination	with	filtering	species,	
like	seaweeds	and	bivalves	(Figure	25),	has	a	net-positive	effect	on	water	quality.

Bivalves	improve	water	quality	for	cultured	fish,	but	research	from	Canada	shows	
that	seaweeds	and	mussels	also	benefit	from	being	cultured	in	the	vicinity	of	
salmon	farms,	with	up	to	50%	higher	growth	rates	compared	to	monocultures.	 
In	China,	the	government	encouraged	businesses	to	experiment	with	upscaling	
sustainable	culture	systems;	one	company	received	permission	to	upscale	an	IMTA	
system	across	a	40,000-hectare	coastal	area.	In	2005,	the	company	produced	
28,000	tonnes	of	assorted	seafood	valued	at	over	$60	million	with	a	net	profit	 
of	$18	million	(Troell	et	al.,	2009).	In	2017,	the	US,	following	a	similar	approach,	
awarded	the	first	aquaculture	permit	in	federal	waters	to	Catalina	Sea	Ranch,	 
which	adopts	IMTA	to	farm	mussels,	seaweeds	and	other	sustainable	marine	crops.	
The	company	became	profitable	within	two	years	of	operation	and	in	January	2019	
applied	for	permission	to	expand	its	operations	(Bartholomew,	2018).

Implementing	IMTA	systems	is	not	currently	a	viable	option	for	all	aquaculture	
businesses	as	the	technology	has	not	been	scaled	in	many	areas	and	would	require	
an	overhaul	of	current	monoculture	production	systems.	However,	open	cage	or	
pond	systems	cannot	handle	high	stocking	densities	without	compromising	other	
valuable	ecosystem	services	and	without	endangering	the	productivity	and	viability	
of	their	own	operations	over	the	long	term	(Goldberg	and	Naylor,	2005).	

higher growth 
rates of seaweeds 
and mussels  
when cultured  
in the vicinity  
of salmon farms 

50%

Figure 25: Visualisation of an IMTA system incorporating salmon, seaweeds and mussels
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Offshore aquaculture
Currently	most	marine	farming	takes	place	in	coastal	areas.	Offshore	aquaculture	
systems	are	situated	further	out	at	sea	and	may	reduce	pollution	and	
eutrophication	relative	to	coastal	systems.	Open	sea	areas	cover	less	valuable	
habitats	and	are	less	fragile	than	coastal	zones,	resulting	in	greater	carrying	
capacities	for	large-scale	aquaculture	operations.	Higher	flush	rates	also	prevent	
farms	from	polluting	and	weakening	their	own	fish	stocks	through	farm	effluents.	
This	minimises	disease	outbreaks	and	limits	the	spread	of	diseases	between	farms.	
Finally,	as	offshore	facilities	are	situated	far	from	local	communities,	the	potential	
for	social	backlash	is	reduced	(Buck	et	al.,	2018).	While	there	are	several	benefits,	
areas	further	from	the	coast	generally	experience	more	adverse	weather,	which	
incurs	higher	equipment	costs	and	may	bring	increased	physical	risk.	It	is	also	
important	to	note	that	effluents	are	still	discharged	into	the	sea:	however,	it	is	
expected	that	they	will	have	fewer	negative	impacts	in	the	open	sea	relative	to	
shallower,	more	valuable	coastal	environments.

Offshore	aquaculture	is	still	in	early	stage	development	and	faces	several	
sustainability	and	safety	risks.	Offshore	areas	typically	experience	stronger	winds	
and	bigger	waves.	Cage	structures	must	be	larger	and	stronger,	resulting	in	higher	
start-up	costs.	Secondly,	there	are	still	many	regulatory	uncertainties,	especially	 
in	Europe	and	North	America.	At	time	of	writing,	China	was	in	the	process	of	
constructing	178	offshore	pilot	farms	(China	Dialogue	Ocean,	2018).	For	example,	
De	Maas	SMC,	a	large	gas	and	oil	contractor,	was	awarded	a	$150	million	contract	
from	the	Chinese	government	to	construct	a	pilot	offshore	farm	(Harkell,	2018:B).	
Another	Chinese	consortium	has	reserved	$955	million	to	develop	three	pilot	
farms.	Norway	is	also	making	headway,	with	the	first	offshore	trials	for	salmon	
farming	approved	in	December	2018	(Aadland,	2018).

Bag nets
When	businesses	are	unable	to	implement	IMTA	or	offshore	aquaculture,	cage	
farming	operations	can	significantly	reduce	effluent	discharge	and	disease	risk	by	
employing	bag	nets	instead	of	open	nets.	These	bags	are	semi-closed	containment	
systems	that	collect	farm	waste	like	faeces	and	uneaten	feeds,	so	they	do	not	
pollute	the	environment	(NOFIMA,	2014).	They	also	create	barriers	against	
diseased	wild	fish	and	parasites	in	order	to	reduce	infections	in	cultured	stocks.	
Improvements	are	achieved	with	a	small	amount	of	energy	compared	to	land-based	
farming	systems.	For	example,	in	a	study	on	salmon	farming	systems	in	Canada,	
farms	with	bag	nets	had	the	smallest	overall	environment	footprint	(Ayer	and	
Tyedmers,	2009).	Implementation	is	a	challenge	as	bag	nets	present	an	added	
expense	for	producers.

offshore pilot farms are under construction 
in China, at the time of writing
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Case study: Improved nets

Producers such as Cooke Aquaculture, Grieg Seafood and Scottish Sea Farms are 
investing in enhanced nets that aim to prevent mammals, such as seals, accessing 
farmed salmon. This follows public outcry against seal shooting and pressure from 
proposed US legislation (see Appendix for further information). As of February 
2019, Scottish Sea Farms said it had installed new nets at 21 out of 45 salmon 
farms in Scotland at a cost of £4.2 million and aimed to install them at nine more 
farms in 2019. Cooke Aquaculture states that it invested £4.7 million in similar 
nets. Grieg Seafood reports that it invested “several million pounds” in new nets in 
Scotland and has consequently not shot any seals in 2018 (Shetland News, 2019). 

When salmon farms in Norway voluntarily replaced their nets with stronger, 
weather-resistant material following the introduction of the Norwegian Technical 
Standard (NS 9415) in 2004, the number of escaped fish dropped from over 
600,000 to 200,000 yearly (Keough et al., 2017). This is a best-practice that  
should be adopted by salmon farms to minimise financial losses and 
environmental impacts. 
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Fish health innovation 
Several	innovative	solutions	to	improve	fish	health	have	been	commercialised	 
in	the	last	few	years.	Here	we	explore	methods	to	manage	sea	lice,	vaccines,	
probiotics	and	digital	solutions	to	monitor	fish	well-being.	

To	manage	disease	risk	effectively,	organisations	need	to	ensure	water	quality,	
prevent	overfeeding	to	ensure	appropriate	microbial	balance	and	clean	ponds	
thoroughly	between	cycles.	In	shrimp	production,	emergency	harvests	are	also	
used	to	minimise	stock	loss;	during	the	White	Spot	Disease	(WSD)	outbreak	among	
shrimps	in	Mozambique,	farms	performed	emergency	harvests	after	initially	
detecting	the	virus	that	causes	the	disease.	However,	this	causes	significant	
production	losses	and	does	not	address	root	causes	of	disease.	New	approaches	
are	urgently	required.	Salmon	production	faces	a	different	set	of	animal	health	
problems.	Norwegian	salmon	farms	are	estimated	to	lose	around	9%	of	revenues	
each	harvest	to	sea	lice-related	costs	(Abolofia,	2017).	Several	innovative	solutions	
to	improve	fish	health	have	been	commercialised	in	the	last	few	years,	some	of	
which	are	more	effective	than	others.	Many	salmon	farmers	are	focusing	on	raising	
stronger	smolts	in	closed-loop	systems	to	decrease	their	susceptibility	to	sea	lice.	 
In	this	section	we	explore	methods	to	reduce	sea	lice	in	salmon,	novel	vaccines,	
probiotics	to	advance	fish	health	and	digital	solutions	to	monitor	fish	well-being.	

Sustainability issues with cleaner fish
Practical	solutions	to	reduce	sea	lice	in	salmon	and	marine	finfish	include	the	use	of	
cleaner	fish,	fish	species	that	naturally	eat	lice,	however,	this	method	has	knock-on	
sustainability	impacts.	Two	species	of	fish,	wrasse	and	lumpfish,	are	often	used	for	
this	purpose.	Lumpfish	has	benefits	over	wrasse	in	terms	of	efficacy,	as	wrasse	do	
not	feed	on	sea	lice	in	colder	temperatures	and	take	longer	to	raise	(Powell	et	al.,	
2018).	Overall,	the	use	of	cleaner	fish	is	growing	in	salmon	production.
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Figure 26: Total number of cleaner fish used in Norwegian salmon and trout production
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Source:	Norwegian	Directorate	of	Fisheries	(2018)

Companies	are	increasingly	using	cleaner	fish	to	avoid	chemical	treatments,	but	 
this	leads	to	the	exploitation	of	wild	stocks	with	little	regulatory	oversight,	which	
impacts	the	wider	marine	ecosystem.	Wrasse	are	especially	vulnerable	to	
overfishing	as	it	is	a	relatively	slow-growing	species,	taking	more	than	six	years 

to	reach	maturity	(Open	Seas	2017).	Annual	landings	of	wrasse	in	Norway	had	risen	
from	less	than	two	million	in	2008	to	22	million	in	2016.	Lumpfish	are	also	under	
threat,	having	been	classified	as	‘Near	Threatened’	by	the	IUCN	Red	List,	raising	
concerns	over	the	impact	on	wild	populations	(Powell	et	al.,	2018).	

The	salmon	industry	is	beginning	to	farm	its	own	supplies	of	cleaner	fish,	however,	
once	again,	relatively	little	is	known	about	the	environmental	risks	of	this	process.	 
A	2018	review	notes	that	knowledge	of	farmed	lumpfish	is	largely	limited	to	
anecdotal	evidence	or	not	widely	published.	Farmed	lumpfish	are	prone	to	fungal	
infections,	parasitic	infection,	gill	disease	and	bacterial	infection.	At	a	Scottish	
marine	hatchery,	fungal	infection	caused	up	to	45%	mortality	among	lumpfish	
broodstock	over	two	years	(Powell	et	al.,	2018).	In	2013,	a	wrasse	farm	in	Shetland	
experienced	a	viral	disease	outbreak	that	led	to	the	culling	of	9,000	wrasse	
(Shetland	News	2013).	Research	also	suggests	that	bacterial	and	parasitic	infection	
in	lumpfish	and	wrasse	is	more	likely	to	occur	when	cohabiting	with	salmon	
(Brooker	et	al.,	2018).	

Some	of	the	problems	associated	with	salmon	farming	are	also	applicable	to	
wild-caught	and	farmed	cleaner	fish	used	on	salmon	farms.	Farmed	cleaner	fish	 
still	rely	on	wild	broodstock,	which	may	impact	wild	stocks	of	these	species	(Powell	 
et	al.,	2018).	Cleaner	fish	are	also	known	to	escape	from	farms	and	intermingle	 
with	wild	populations.	For	example,	a	small	Norwegian	study	shows	that	up	to	35%	 
of	wrasse	sampled	in	the	wild	may	have	altered	genes	due	to	interaction	with	
farmed	cleaner	fish	(Faust	et	al.,	2018).	The	impacts	of	this	development	are	 
as	yet	unknown.106
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Hydro and thermal de-licing
Other	methods	of	sea	lice	control	include	hydro	and	thermal	de-licing,	where	fish	are	
sprayed	with	strong	jets	of	water	or	bathed	in	warm	water	to	kill	lice.	However,	these	
methods	are	not	conducive	to	good	welfare.	Thermal	de-licers	bathe	salmon	in	water	
at	around	28-34˚C	to	remove	lice,	which	is	distressing	to	fish	that	typically	reside	in	
water	temperatures	of	8-14˚C.	This	treatment	also	risks	harming	the	physical	health	of	
fish,	causing	issues	such	as	gill	damage	and	scale	loss	(Poppe	et	al.,	2018).	Additionally,	
thermal	de-licers	do	not	resolve	the	root	cause	of	infestations.	A	Norwegian	study	
found	that	in	three	out	of	four	sites	that	used	a	thermal	de-licer	to	treat	sea	lice,	
infestation	levels	returned	to	normal	three	weeks	after	the	treatment.	

The	welfare	impacts	associated	with	thermal	de-licers	are	a	reputational	risk.	It	was	
reported	in	local	and	national	media	that	Mowi	lost	95,000	fish	through	an	error	in	
thermal	de-licer	operation	in	Scotland	(Telegraph	2016).	The	scale	of	media	reports	
prompted	Mowi	Scotland	to	issue	a	formal	response	to	the	press	(Mowi	Scotland,	
2016).	While	fish	welfare	is	not	yet	a	mainstream	consumer	concern,	it	is	possible	 
that	it	may	follow	land	animal	welfare	and	rise	up	the	agenda	in	future.

Vaccines
As	discussed	in	‘Disease	Management’,	diseases	cost	companies	billions	of	dollars	each	
year.	To	overcome	this,	new	vaccination	methods	are	being	developed	to	combat	
viruses,	reduce	the	use	of	antibiotics	and	improve	profitability	in	the	sector.	There	are	
several	new	easy-to-administer	feed-based	vaccines	that	protect	against	viruses	such	
as	Viral	Nervous	Necrosis.	Their	use	is	mainstreaming	in	Asia,	providing	investors	with	
new	market	opportunities	(Dhar	et	al.,	2014).

Probiotics
Another	solution	is	to	adopt	preventative	measures	that	address	the	root	causes	 
of	the	widespread	and	costly	impacts	of	diseases	and	parasites.	One	method	is	to	 
improve	the	natural	resistance	and	wellbeing	of	juvenile	fish	produced	in	hatcheries.	 
To	do	this,	companies	can	invest	in	enhanced	larval	rearing	protocols,	higher-quality	feed	
to	improve	larval	development	and	probiotics.	Probiotics	are	natural	microorganisms	
that	combine	with	feed	to	improve	gut	flora,	feed	digestibility,	overall	vitality	and	the	
stress	resistance	of	fish.	They	can	also	be	added	to	water,	mostly	in	ponds,	to	improve	
water	quality	and	the	health	of	cultured	fish.	Some	probiotic	species	even	inhibit	the	
growth	of	pathogenic	bacteria	(Martinez	Cruz	et	al.,	2012).	For	example,	Abalone	on	
probiotic	diets	had	a	reported	survival	rate	of	62%	to	the	pathogenic	bacterium	Vibrio	
anguillarum,	while	only	25%	of	the	untreated	animals	survived	(Macey	and	Coyne	
2005).	In	hatcheries	producing	white	shrimp,	production	increased	by	35%	when	
using	specific	probiotics	and	the	use	of	antibiotics	decreased	by	94%	(Balcazar	and	
Shen	2007).	At	time	of	writing,	the	global	market	for	probiotics	(including	for	human	
uses	and	terrestrial	livestock	farming)	is	growing	at	7.4%	annually	and	expected	to	
reach	$52.34	billion	by	2020	(Grand	View	Research,	2014).

Another	area	making	rapid	progress	is	the	digitalisation	of	aquaculture	processes.	
These	technologies	bolster	monitoring	and	control	by	utilising	a	variety	of	sensors	and	
cameras	allowing	for	precision	farming	(Føre	et	al.,	2018).	Proposed	solutions	range	 
from	digital	feeding	systems	that	feed	accurately	while	recording	feed	losses,	thus	
maximising	farm	profitability	and	minimising	waste,	to	deep	learning	programmes	 
and	other	applications	which	analyse	and	improve	farm	management	in	real-time.	 
In	Norway,	where	some	of	these	systems	are	already	being	tested,	overall	farm	
expenditures	reduced	by	5%	(Baraniuk,	2018).	108
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Case study: Preventing Early Mortality Syndrome (EMS) in shrimp

Water quality is key to preventing the spread of infections. Research finds  
that high acidity and salinity in ponds affects the risk of EMS infection (Sajali  
et al., 2019). 

To reduce the risk of infection, farmers can line ponds with nets to prevent 
pathogens from entering and raise post larvae in separate tanks or net pens  
for ten to 20 days, to ensure they are strong enough and disease free before 
transferring them to freshwater ponds (The Fish Site, 2016). 

Biofloc technology is an emerging method of preventing EMS infection.  
These systems convert toxic chemicals such as nitrate and ammonia into useful 
products such as fish feed. Studies show that shrimp infected with the EMS causing 
virus are more likely to survive in biofloc systems than clear seawater systems. 
These systems also reduce the risk of bacterial infection, which could decrease 
antibiotic use on shrimp farms. This is particularly important in the context of EMS, 
as several studies show that the bacteria that causes EMS (AHPND) is increasingly 
resistant to antibiotics (Sajali et al., 2019). 

While the technology is promising, there are barriers to its adoption. Biofloc 
systems are energy intensive as the water must be consistently aerated,  
they are also sensitive to light conditions and local water chemistry, making 
it difficult for farmers to implement (Thong, 2014). 

Case study: Digitalisation: Maximising profits, minimising waste

Digitalisation can boost production, curb diseases and enhance profitability.  
Feeds account for 50-70% of aquaculture costs (Partos, 2010), but up to 30%  
of feeds are left uneaten and pollute the local environment (Cubitt, 2008).  
One technology company, Cage Eye, created a hydro-acoustic system that detects 
noise levels among fish. As salmon make less noise when they stop eating, 
operators know when to stop feeding. Lingalaks CEO Erlend Haugarvoll says the 
technology could save his firm between $900,000 to $1.3 million in overheads, 
with savings estimated at $114 million yearly if the system is fully adopted in 
Norway (Baraniuk, 2018). 

In 2018, Cargill partnered with Cainthus to develop facial recognition technology 
for both terrestrial livestock and farmed seafood. The feed system uses predictive 
imaging to identify individual animals and track key data such as food intake, heat 
detection and behaviour patterns. This generates predictive analytics to help 
operators make better decisions. Cargill’s recently developed iQuatic software 
also gives operators real-time access to dissolved oxygen levels, weather shifts, 
animal health and other factors which use machine learning to optimise advice 
over time. Another new company, Umitron, combines solar-powered sensors  
and machine learning to optimise feeding.

Automated video surveillance is being used to determine when and how much to 
feed caged salmon, while looking out for potential pests like sea lice. Self-guided 
laser systems that kill sea lice without harming fish have also been developed. 
These laser systems are placed in the centre of fish cages. When a camera detects 
sea lice, the laser targets the lice without harming the salmon. As a relatively new 
and patented solution, there is little documentation assessing its efficacy (Overton 
et al., 2018). 

Some technologies can be used in conjunction with blockchain technology,  
a secure, decentralised and tamperproof data system. For example, IBM is 
developing a data-driven aquaculture management platform that uses 
‘environmental sensors, underwater video monitoring, hydro-acoustic technology 
and drone imagery, together with satellite and other geospatial datasets’, to 
provide a real-time view of aquafarm environments. Once information is captured 
it can be stored on a blockchain, where it can be trusted due to the high levels  
of security afforded to these systems. However, the technology is still dependent 
on correct data being entered into the system.

estimated yearly savings if the hydro-acoustic 
system is fully-adopted in Norway

$114 million
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Improving transparency

As	highlighted	throughout	Chapter	2,	the	
lack	of	transparency	in	aquaculture	is	
challenging	for	several	reasons.	Without	
insight	into	the	business	practices	of	major	
companies,	such	as	those	based	in	China,	it	
is	hard	for	investors	to	understand	where	to	
target	their	efforts	to	overcome	ESG	risks.	
On	top	of	this,	poor	supply	chain	
transparency	enables	poor	aquaculture	
practices	to	go	unnoticed	(see	the	‘Fish	
welfare’,	‘Labour	conditions’	and	
‘Transparency	and	food	fraud’	sections	in	
Chapter	2).	While	certification	schemes	and	
regulations	help	to	overcome	transparency	
concerns,	there	are	novel	technologies	being	
used	to	foster	greater	supply	chain	
transparency,	halt	food	fraud,	provide	
businesses	and	investors	with	accurate	
real-time	data	about	farming	practices	 
and	improve	the	legitimacy	of	existing	
certification	schemes.	

Blockchain	technology	is	being	used	to	
improve	the	traceability	and	transparency	 
of	seafood	supply	chains.	The	technology	is	
used	by	companies	ranging	from	start-ups	
such	as	Provenance,	to	multinationals	like	
IBM,	to	record	key	data	about	the	journey	 
of	seafood	from	farm	to	consumer.	 
Using	blockchain	to	record	data	about	 
where	fish	has	come	from	and	how	it	was	
produced	helps	to	eliminate	cases	of	food	
fraud.	In	addition,	blockchain	data	systems	 
are	also	being	considered	as	potential	
solutions	to	overcome	challenges	associated	
with	the	trustworthiness	of	existing	
certification	schemes.

112

The way forward04



Feed innovation

The	feed	sector	is	actively	
developing	alternative	protein	
sources	that	are	more	efficient	and	
environmentally	friendly.	Feed	
innovation	presents	an	exciting	
opportunity	for	investors,	as	new	
products	could	be	used	beyond	the	
farmed	seafood	sector	and	adopted	
by	the	pet	and	consumer	food	
markets	as	well.	

Most	innovation	in	feed	is	
occurring	in	the	salmon	sector,	
which	is	under	intense	scrutiny	
from	investors	and	consumers	to	
shift	to	more	sustainable	practices.	
For	salmon	feeds,	plant-based	
ingredients	have	replaced	a	larger	
percentage	of	the	fishmeal	and	fish	
oils	traditionally	required.	

However,	some	innovations	also	
come	with	adverse	sustainability	
and	health	drawbacks.	Many	
terrestrial	plant-based	ingredients	
come	with	equally	high	
environmental	impacts	because	 
of	intensive	production	techniques.	
The	low	digestibility	of	some	of	
these	ingredients	also	generates	
more	waste	through	an	increase	in	
fish	faeces.	As	a	result,	alternative	
feed	ingredients	that	provide	
comparable	nutrition	to	fish	meal	 
or	soy	but	at	lower	environmental	
and	financial	costs	are	being	
developed.	The	biggest	game-
changers	include	feed	ingredients	
made	from	bacteria,	algae	 
and	insects.

Skretting,	a	global	producer	of	
aquaculture	feeds,	acknowledges	
that	balancing	and	prioritising

reducing	pressure	on	wild	stocks.	
Its	projections	show	that	if	all	
producing	countries	integrated	 
fish	processing	waste	into	fishmeal	
production,	this	would	increase	
global	fishmeal	production	by	
11.8%	compared	to	the	baseline	
scenario.	This	would	be	
accompanied	by	a	corresponding	
14.1%	drop	in	fishmeal	price	and	
1.9%	growth	in	global	aquaculture	
production.	Vertically	integrated	
producers	may	be	at	an	advantage	
in	this	scenario,	as	they	will	have	
better	access	to	fish	by-products	
through	other	parts	of	their	
businesses.	

Fish oil replacement  
from algae
Inroads	are	also	being	made	in	 
the	use	of	algae,	particularly	as	 
a	replacement	for	fish	oil	and	
high-grade	hatchery	feeds.	Fish	oil	
is	an	excellent	source	of	omega-3	
fatty	acids	or	DHA,	but	with	rising	
prices	of	forage	fish,	the	feed	
industry	is	seeking	alternate	sources	
of	omega-3	fatty	acids.	Companies	
like	Corbion,	which	acquired	
TerraVia	for	$20	million	in	2017,	 
are	pioneering	ways	to	produce	
omega-3	fatty	acids	from	
heterotrophic	algae,	which	require	
no	light	and	can	be	produced	
efficiently	and	in	greater	quantities	
than	light-dependent	algae.	The	
company	distributed	40,000	tonnes	
of	its	AlgaPrime	salmon	feeds	from	
September	2016	to	March	2017	

different	environmental	impacts	is	a	
challenge.	For	example,	to	protect	
marine	biodiversity,	a	feed	producer	
may	wish	to	replace	fishmeal	with	
soy	–	however	this	increases	
exposure	to	deforestation	and	
GHG	emissions.	Skretting	aims	to	
utilise	life-cycle	analysis	tools	to	
ascertain	how	to	measure	and	
manage	trade-offs	between	GHG	
emissions,	land	use,	eutrophication,	
marine	biodiversity	and	other	
environmental	impacts.	The	
company	is	prioritising	impact	
against	two	significant	
environmental	challenges:	
biodiversity	loss	and	climate	
change.	It	is	therefore	exploring	raw	
materials	that	do	not	require	further	
use	of	agricultural	land.	Among	the	
most	fundamental	game-changers	
are	feed	ingredients	made	from	
bacteria,	algae	and	insects.

Regardless	of	what	innovation	
companies	decide	to	pursue,	
decoupling	the	continuing	
dependence	of	the	aquaculture	
sector	on	capture	fisheries	should	
be	a	main	priority	for	companies,	
legislators	and	investors.

Repurposing waste as feed
Waste	and	by-products	from	
agriculture,	aquaculture	and	
livestock	production,	particularly	
poultry,	are	increasingly	used	as	
feed	ingredients.	World	Bank	
research	indicates	that	the	use 
of	fish	processing	by-products	in	
aquafeed	may	increase	up	to	2030,	

reports	that	the	approval	“helps	set	
a	precedent”	and	will	make	it	easier	
for	other	single-cell	proteins	to	 
gain	approval.	

Farming insects 
Due	to	their	low	input	and	
exponential	growth,	insects 
are	poised	to	become	major	
alternatives	to	fish	feeds.	
Mealworms,	flies	and	roaches	
efficiently	convert	vegetable	waste	
into	protein.	Companies	like	
Millibeter	are	aiming	to	grow	black	
soldier	flies	to	convert	250	tonnes 
of	waste	into	12	tonnes	of	protein, 
ten	tonnes	of	oil	and	50	tonnes	of	
fertiliser	daily.	Millibeter’s	first	
facility	will	open	in	2019	and	be	
online	by	2020.	AgriProtein,	who	
own	Millibeter,	plan	to	put	up	200	
similar	fly	farms	by	2027.	Other	
leading	start-ups	include	Protix	in	
the	Netherlands,	and	Ynsect	and	
InnovaFeed	based	in	France.	
Together	these	companies	raised	
over	$170	million	in	2018.	

European	legislators	are	paving 
the	way	for	better	acceptance	of	
insects	as	fishmeal	replacements,	
with	several	studies	proving	that 
fly	larvae	are	excellent	nutrient	
sources	for	Atlantic	salmon	and	
other	high-value	species.	The	
Dutch	agribank	Rabobank	sees	
insects	as	a	major	area	of	growth	
and	estimates	the	share	of	feed	
alternatives	to	jump	to	500,000	
tonnes	by	2022.	

NouriTech,	a	venture	backed	by	
Calysta,	Cargill	and	various	
investors,	is	developing	a	gas	
fermentation	facility	that	produces	
FeedKind	protein	by	using	bacteria	
to	break	down	methane.	This	
solution	offers	a	competitively	
priced	fishmeal	alternative,	
potentially	reducing	GHG	emissions	
by	converting	methane	to	protein	
with	minimal	water	and	space. 
As	of	May	2017,	Calysta	raised 
$40	million	in	investments	for	the	
venture,	which	aims	to	initially	
produce	20,000	tonnes	of	protein	
yearly.	Operations	are	set	to	begin	
in	2019	with	plans	to	upscale	
production	to	200,000	tonnes	
using	a	$660	million	facility	by	
2020.	Thai	Union	Group	is	trialling	
use	of	FeedKind	protein	to	replace	
the	wild-caught	fish	ingredients	in	
its	shrimp	feed.	While	the	trials	are	
ongoing	at	time	of	writing,	a	
company	representative	reported	
that	shrimp	raised	on	the	new	feed	
were	no	different	to	its	standard	
product:	“Everything	was	the	same,	
except	that	we	had	removed	the	
10%	of	the	feed	that	contained	
wild-caught	fish.”	(White,	2019).	In	
2019,	US	biotechnology	company	
KnipBio	reported	its	KnipBio	meal	
became	the	first	single-cell	protein	
to	achieve	Generally	Regarded	As	
Safe	(GRAS)	designation	from	the	
US	FDA,	meaning	it	can	be	sold	
and	used	as	an	aquafeed	ingredient.	
Larry	Feiberg,	Knipbio’s	CEO,	

alone.	Algal	applications	for	other	
species	are	in	the	pipeline.	

Seaweed from polyculture
As	part	of	IMTA,	the	by-products	
and	waste	of	fish	or	shrimp	can	be	
used	to	grow	seaweed	that	feeds	
algae	and	shellfish.	This	process	
increases	the	efficiency	and	output	
of	ponds	and	outdoor	operations.	 
A	2014	trial	led	by	Cooke	
Aquaculture	in	Canada	produced	
organically	grown	kelp	and	blue	
mussels	around	salmon	pens,	
minimising	pollution	by	converting	
fish	waste	to	food.	When	used	as	
additives	or	fed	directly	to	fish,	kelp	
can	grow	up	to	30	times	faster	than	
land	plants,	with	the	added	benefits	
of	providing	habitats	for	marine	life,	
absorbing	CO₂	and	fighting	 
ocean	acidification.	

Overall,	seaweed	production	for	
feeds,	cosmetics	and	human	food 
is	rapidly	expanding.	The	annual	
global	market	for	seaweed	is	about	
12	million	tonnes,	valued	up	to	
$5.6	billion	with	seaweed	grown	for	
human	consumption	accounting 
for	$5	billion.	

Single cell proteins
While	still	in	early	stages	of	
development,	several	companies	
are	innovating	to	produce	single	cell	
proteins	for	aquafeed.	Single	cell	
proteins	are	proteins	from	the	cells	
of	microorganisms	such	as	yeast,	
fungi,	bacteria	and	algae.	
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New product developments

In	addition	to	the	above	technologies	in	the	
aquaculture	sector,	new	plant-based	
products	are	being	developed	that	imitate	
seafood.	As	in	the	meat	and	dairy	sectors,	
alternatives	to	seafood	are	being	launched	
and	cell-cultured	seafood	is	in	development.	
These	innovations	could	disrupt	the	protein	
industry	by	providing	attractive,	viable	
products	through	significantly	less	
resource-intensive	production	methods.

On	average,	annual	global	sales	of	
plant-based	meat	alternatives	have	grown	by	
8%	a	year	since	2010	and	are	projected	to	
achieve	a	compound	annual	growth	rate	
(CAGR)	of	5.8%	between	2018	and	2026,	
signalling	growth	potential	for	seafood	
alternatives.	These	products	are	some	way	
behind	meat	alternatives	as	the	flaky	texture	
of	fish	is	harder	to	replicate	with	plant-based	
ingredients.	However,	the	first	plant-based	
seafood	products	are	now	coming	to	market,	
primarily	in	the	US	and	Western	Europe.	

In	the	livestock	sector,	leading	companies	are	
increasing	exposure	to	these	alternative	
proteins,	largely	through	acquisitions,	
venture	investments	and	new	product	
development.	At	time	of	writing,	it	is	too	
early	to	tell	whether	companies	in	the	
seafood	industry	will	follow	this	trend,	but	it	
is	possible	that	these	products	could	take	
market	share	from	traditional	seafood	
products	in	the	long	term.	If	successful,	
these	products	could	meet	growing	future	
demand	for	seafood	while	bypassing	the	
sustainability	challenges	faced	by	capture	
and	farm	production	methods	today.	

Snapshot: Plant-based seafood  
alternative products

Sophie’s Kitchen, a plant-based seafood brand, 
is participating in an accelerator programme 
overseen by Chipotle Mexican Grill. The 
quick-service restaurant chain runs an 
accelerator programme for food-focused 
startups through the Chipotle Cultivate 
Foundation. The programme aims to drive 
change in the food industry by assisting 
impact-focused growth-stage ventures to scale 
up and expand their positive impact. Sophie’s 
Kitchen reported a 72% jump in sales from Q1 
2017 compared with Q1 2018 (Fox 2018), 
demonstrating early consumer and corporate 
appetite for its products. 

Good Catch Foods, an emerging vegan food 
company, is expanding international 
distribution of its plant-based tuna product in 
2019 following a US release the previous year. 
In August 2018, Good Catch Foods closed an 
$8.7 million Series A funding round including 
investment from PHW Group, a European 
poultry processor. Paul Wesjohann, chief 
executive officer of the company, said “[PHW 
Group’s investment in] Good Catch is 
consistent with our pursuit to provide the US 
with sustainable, clean foods. We do not see 
this transaction as a financial investment but 
rather as the beginning of a long-term strategic 
partnership.” (Food Business News, 2018).

Quorn Foods, an established player in the meat 
alternative market, launched a new range of 
plant-based ‘Fishless Fillets’ in March 2019. 
Quorn has launched a mixture of vegan and 
vegetarian meat alternatives in the past and 
company representatives report that on 
launch, its vegan products typically outsell the 
rest of the frozen meat-free category by a 
factor of ten. The frozen fish segment is an 
£850 million category in the UK and as the 
first company to produce a product that 
imitates the most popular breaded and 
battered fish products, the company envisions 
that this new product will be popular.

116

The way forward04



Potential drivers of seafood alternative consumption

The Good Food Institute outlines several drivers that could push demand for 
seafood alternatives faster than meat alternatives:

1. Unmet demand for seafood
Nearly 90% of fisheries cannot sustainably expand production. This could 
accelerate the shift to plant-based alternatives faster than in the case of 
alternatives to land animal protein.

2. High proportion of seafood allergies provide early target market
In the US, fish and shellfish are two of the eight most common allergenic foods, 
with shellfish being the most commonly recorded allergy. This provides an 
early-adopter market for seafood alternatives, as was the case with early 
plant-based dairy alternatives.

3. Concern over toxins in seafood products
Recent media coverage has highlighted the risk of consuming mercury or 
microplastics through certain seafood products. Consumers concerned about  
these risks may be attracted to alternatives that do not carry this risk. 

While there are lessons to be learnt from examining the growth of meat 
alternatives, seafood does have a few unique features that affect demand for 
alternative products. One driver in the growth of meat alternatives is the rising 
concern of the negative health impacts of overconsuming meat. Seafood is widely 
considered a healthy protein, so this pull factor will not be as strong for seafood 
alternatives. 

Cell-cultured seafood
Among	the	most	radical	and	promising	approaches	to	seafood	production	is	cellular	
agriculture,	where	the	meat	of	fish,	shrimp	or	other	seafood	is	grown	in	laboratories.	
To	grow	seafood	from	cells,	muscle	tissue	is	taken	from	host	animals,	grown	in	 
cell	culture	media	and	eventually	mixed	to	look	like	wild	or	farmed	meat.	 
The	final	product	is	made	of	the	same	cell	types	as	the	original	tissue	taken 
from	the	host	animal.	

This	technology	is	in	early	stages:	as	of	August	2018,	the	Good	Food	Institute	had	
identified	four	companies	that	focused	on	cultivating	cells	from	fish	or	other	marine	
animals:	Finless	Foods,	BlueNalu,	Wild	Type	and	Seafuture	(Good	Food	Institute,	
2018).	Another	startup	focusing	on	this	technology	is	Shiok	Meats,	a	a	Singapore-
based	company	developing	a	cell-based	shrimp	product.	It	has	raised	$4.6	million	in	
seed	funding,	led	by	investor	Monde	Nissin	Corporation,	owner	of	Quorn	Foods.	
The	company	aims	to	bring	a	product	to	market	around	3-5	years	from	2019	
(Rowland,	2019).

In	contrast	to	plant-based	alternatives,	there	are	several	reasons	that	cell-cultured	
seafood	may	develop	faster	than	cell-cultured	land	animal	proteins.	Growing	
conditions	need	to	replicate	natural	environments	as	closely	as	possible.	
Mammalian	cell	culture	is	usually	conducted	at	around	37°C	to	imitate	natural	
animal	body	temperatures.	To	culture	cells	from	freshwater	fish,	this	temperature	
required	ranges	between	15-37°C,	and	for	saltwater	fish	this	range	is	4-24°C.	 
The	lower	energy	requirement	leads	to	significantly	lower	costs	when	scaling	up.	
Finally,	finfish	meat	is	structurally	much	simpler	than	land	animal	meat,	which	 
makes	it	easier	to	replicate	in	cellular	production	methods (Good Food Institute, 
2018).	

Once	mastered,	cellular	agriculture	poses	several	benefits	as	growing	meat	in	
laboratories	is	far	more	efficient	than	raising	and	continuously	feeding	animals	until	
they	attain	market	sizes.	For	one,	culturing	the	meat	of	predators	like	tuna,	salmon	
and	cod	requires	the	same	effort	as	those	at	the	bottom	of	the	food	chain.	Meat	
produced	via	cellular	agriculture	uses	less	than	10%	of	the	water	and	land	
resources	used	for	conventional	meat	production.	If	this	nascent	technology	scales,	 
it	would	alleviate	pressure	not	just	on	oceans,	lakes	and	rivers,	but	on	land	as	the	
need	for	corn	and	soy-based	feeds	would	be	eliminated (Good Food Institute, 
2018).

Cultured	seafood	also	brings	benefits	in	terms	of	marine	pollution,	resource	use	
and	product	safety.	It	would	be	free	of	mercury	and	plastics	that	pollute	the	oceans	
or	the	antibiotics,	pesticides	and	other	chemicals	used	in	intensive	aquaculture.	
Wastage	is	reduced	as	all	parts	of	the	cultivated	meat	can	be	consumed	since	there	
are	no	trimmings	like	fins,	bones	and	cartilage.	Aseptic	meat	creation	ensures	
products	are	bacteria	and	virus-free,	thereby	prolonging	shelf-life (Good Food 
Institute, 2018).

Adapted from the Good Food Institute (2018).
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Engagement questions 
for investors

Has	the	company	considered	investing	in	production	of	lower-impact	
species	to	reduce	its	environmental	footprint	and	widen	consumer	choice?

Is	the	company	investing	in	feed	innovations	that	reduce	reliance	 
on	fish	or	soy?	

How	is	the	company	looking	at	integrated	multi-trophic	aquaculture	
systems	that	may	mitigate	some	sustainability	impacts?

How	is	the	company	thinking	about	the	evolution	of	plant-based	and	
cell-based	meat	production,	and	how	this	may	affect	the	seafood	industry?
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Fishery legislation varies 
substantially between 
countries, in both strength 
and capacity. Many 
developing nations lack 
the policies necessary to 
protect their environment 
from aquaculture impacts.

The regulatory 
environment in key 
producing countries

Using	World	Bank	indicators,	a	2012	study	found	that	60%	of	countries	lack	sound	
governance	regulating	aquaculture	and	fisheries,	necessitating	the	need	to	replace	
and	improve	aquaculture	legislation	(Martinez-Porchas	and	Martinez-Cordova,	
2012).		Investors	must	stay	abreast	of	differing	regulations	across	markets,	as	this	
may	mean	that	standards	within	multinational	companies	may	differ	accordingly.	
Antibiotic	use,	in	particular,	varies	widely	between	Norway	and	Chile,	as	the	former	
has	stringent	regulation	on	this	issue	relative	to	the	latter.	

United States

National development of aquaculture facilities
In	the	United	States,	aquaculture	is	implemented	through	the	National	Aquatic	Act	
of	1980,	with	individual	states	adding	a	second	layer	of	legislation	through	each	
respective	state’s	statutes	and	codes	(FAO,	2019:	D),	making	aquaculture	legislation	
and	permission	highly	fragmented	(Lester	et	al.,	2018).	

Aquaculture	in	the	US	is	regulated	by	three	major	federal	agencies:	the	Department	
of	Agriculture	(USDA),	the	Food	and	Drug	Administration	(FDA)	of	the	Department	
of	Health	and	Human	Services	(DHHS),	and	the	Environmental	Protection	Agency	
(EPA).	Other	federal	agencies,	such	as	the	National	Oceanic	and	Atmospheric	
Administration	(NOAA),	are	also	involved.	The	Clean	Water	Act,	through	the	EPA,	
specifies	that	fish	farms	must	monitor	discharges	to	the	benthic	environment	and	
the	water	column.	Effluent	limits	are	also	set	by	the	EPA.	The	agency	has	released	
several	guidelines	and	regulations	to	limit	pollution	from	farms,	including	the	
Effluent	Limitations	Guidelines,	New	Source	Performance	Standards	for	the	
Concentrated	Aquatic	Animal	Production	Point	Source,	and	the	Draft	Guidance	 
for	Aquatic	Animal	Production	Facilities	to	Assist	in	Reducing	the	Discharge	 
of	Pollutants	(FAO,	2019:	D).	However,	some	states	do	not	require	Environmental	
Impact	Assessments	for	aquaculture	operations.
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In	2005,	the	US	Department	of	Commerce	released	the	National	Offshore	
Aquaculture	Act	to	set	up	a	permitting	process	for	companies	wishing	to	farm	in	
offshore,	federally	managed	waters.	However,	scholars	argue	that	this	act	failed	 
to	provide	a	clear	roadmap	and	left	many	uncertainties	in	the	permitting	process	
(Lester	et	al.,	2018).	An	increasing	number	of	farmers	and	investors	are	looking	for	
ways	to	avoid	the	strict	legislation	in	coastal	zones	and	are	instead	eyeing	closed-
cycle,	land-based	operations,	and	offshore	farms.

Coastal	marine	aquaculture	generally	remains	fairly	limited	in	the	US,	with	growth	
rates	of	around	3%	from	2009-14	(NOAA,	2019).	One	investor	reportedly	lost	 
$1	million	during	the	waiting	process,	with	some	applicants	deciding	to	move	their	
planned	offshore	aquaculture	operations	to	Mexico	instead	(Associated	Press,	
2015:B).	According	to	one	report:

“The	offshore	aquaculture	world	is	now	in	R&D	mode.	Investors	will	closely	watch	
the	performance	of	existing	trials	and	then	react	to	it.	This	will	take	time.	Scoping	
for	the	right	sites,	identification	of	species-mix,	development	of	infrastructure,	 
and	talent	and	risk	assessments	(among	others)	suggests	that	even	in	the	most	
aggressive	scenarios,	US-based	offshore	aquaculture	starts	being	commercially	 
viable	only	ten	to	15	years	from	now.”	(California	Environmental	Associates,	2018).

Social	backlash	has	also	led	to	a	state-level	ban	on	non-native	finfish	aquaculture	
facilities	in	the	state	of	Washington.	Following	the	2017	escape	of	250,000	Atlantic	
salmon	from	a	facility	owned	by	Cooke	Aquaculture,	local	outrage	led	Washington	
state	to	implement	a	ban	on	all	future	non-native	finfish	aquaculture	facilities.	 
The	escaped	fish	were	reportedly	found	entering	local	rivers,	which	poses	 
a	threat	to	the	depleted	wild	populations	of	Atlantic	salmon	in	the	region.	 
Legislators	thus	opted	to	end	licensing	of	new	aquaculture	operations	(Fisher,	2018).	

Trade regulation
In	2018,	the	US	implemented	the	Seafood	Import	Monitoring	Programme	(SIMP)	 
to	prevent	imports	of	key	seafood	products	derived	from	IUU	(illegal,	unreported	 
and	unregulated)	fishing.	This	regulation	requires	importers	of	key	species	to	provide		
custody	information	for	the	supply	chain	–	from	point	of	harvest	to	point	of	entry	 
into	the	US	(NOAA,	2018).	Regulation	of	this	nature	puts	producers	that	have	 
tracing	systems	in	place	at	an	advantage.	Producers	without	traceability	will	 
lose	access	to	a	key	market	and	consequently	may	have	to	reduce	prices.

The	US	NOAA	is	proposing	a	ban	on	seafood	imports	from	facilities	that	cull	marine	
mammals	by	2022.	This	would	require	importers	to	meet	standards	specified	in	 
the	Marine	Mammal	Protection	Act.	In	Scotland	and	Norway	it	is	legal	to	shoot	seals	
that	attack	fish	farms.	Both	governments	are	in	talks	with	the	US	to	seek	exemption	
from	this	regulation.	As	of	March	2018,	Scotland	has	been	unsuccessful	in	this	bid,	
with	NOAA	confirming	that	the	Scottish	industry	would	be	covered	by	the	ban	 
(BBC	News,	2018).	

European Union

Both	Europe	and	North	America	have	seen	rising	land	prices	and	a	subsequent	
disappearance	of	coastal	ponds	and	marine	cage	operations	(Van	Beijnen,	2017).	 
This	is	especially	true	in	the	European	Union,	where	there	are	numerous	agencies	
involved	in	regulating	aquaculture.	While	strong	regulation	protects	against	
environmental	damage,	it	has	coincided	with	low	growth	rates.	Growth	in	the	
aquaculture	sector	across	the	European	Union	has	stagnated	in	the	past	decade.

Implementing	effective	environmental	regulation	while	allowing	industries	to	grow	is	
an	ongoing	challenge.	The	EU’s	recent	Blue	Growth	Strategy	for	aquaculture,	which	
has	prioritised	the	reduction	of	the	administrative	burden	on	aquaculture	operators,	
has	set	no	clear	environmental	objectives	(Good	Fish	Foundation,	2018).	Despite	a	
desire	for	growth	in	maritime	communities	and	significant	amounts	of	funding,	few	
changes	have	been	put	into	practice.

Although	individual	member	states	of	the	European	Union	have	national	fishery	
legislation	in	place,	these	must	be	in	line	with	EU	rules	and	regulations.	The	starting	
point	for	EU	aquaculture	legislation	was	the	2003	enactment	of	the	resolution	on	
Aquaculture	in	the	European	Union	(European	Parliament,	2019).	Many	other	
legislative	resolutions	were	released	in	the	following	years,	detailing	many	aspects	 
of	production,	processing,	and	sales.	Partly	as	a	result	of	these	resolutions,	the	
application	process	for	obtaining	a	permit	has	become	lengthy.	To	combat	this,	 
the	EU	responded	with	a	Common	Fisheries	Policy	Reform	and	Strategic	Guidelines	
for	the	sustainable	development	of	EU	aquaculture	in	2013.	These	aim	to	simplify	
administrative	procedures,	reduce	licensing	time	for	aquaculture	farms,	and	
coordinate	spatial	planning	to	overcome	the	general	lack	of	space	for	new	
aquaculture	operations	(European	Parliament,	2019).	

Some	studies	have	shown	that	developed	countries	with	stricter	environmental	
regulations	have	lower	aquaculture	growth	rates	than	developing	countries	with	 
less	stringent	environmental	regulations	(Abate	et	al.,	2016).	However,	these	
regulations	could	lead	to	a	more	sustainable	and	reliable	fish	population	in	the	
long-term.	Promoting	GAqP,	IMTA	systems	and	offshore	aquaculture	could	 
help	governments	achieve	environmental	objectives	while	minimising	 
administrative	burden.	
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Scotland

According	to	a	2018	report	by the Scottish Environmental Protection Agency 
(SEPA),	one	in	five	fish	farms	in	Scotland	failed	to	meet	statutory	environmental	
standards (Keane,	2015).	The	sector is	a	key	rural	employer	in	Scotland	and	while	
the	government	aims to	double the sector’s economic	contribution	to	Scotland	by	
2030 (Scotland	Food	and Drink,	2017),	environmental regulation is	increasing.	In	
November	2018, the	Scottish	Environmental Protection Agency	(SEPA)	set	out	a	
plan to	protect	marine	environments	byenhancing standards for organic	waste	and	
pharmaceutical	practices	(particularly emamectin, a	treatment	used	against	sea	lice),	
improving	the	sustainable	siting	of	farms,	and strengthening	monitoring	and	
assessment	processes	(SEPA,	Unknown;	SEPA,	2018),	which	is	likely to	form	the	
basis	of	the	new	regulation.

In	November	2018,	Scotland’s	Rural Economy	and	Connectivity	Committee	
published	a	report	on	the	environmental	impacts	of	salmon	farming.	 
This	provided	65	recommendations	to	improve	the sustainability	and	 
biosecurity	performance	in	the	sector,	one	of	which	stated,	

SEPA	has	also	proposed	the	introduction	of	depositional	zone	regulation,	or	DZR.	
This	would	replace	limits	on	biomass	with	limits	on	impact	on	the	seabed.	In	other	
words,	marine	cage	fish	could	be	farmed	more	intensively	if	there	is	no	evidence	 
of	adverse	effects	on	the	surrounding	ecosystem	(Scottish	Parliament,	2016).	

In	Scotland,	aquaculture	producers	must	gain	licences	under	the	Water	
Environmental	(Controlled	Activities)	(Scotland)	Regulations	2011.	The	terms	of	 
the	licence	specify	production	limits	and	medicine	usage.	Fish	health	is	regulated	
by	The	Animal	and	Animal	Products	(Examination	for	Residues	and	Maximum	
Residue	Limits)	(England	and	Scotland)	Regulations	2015	and	monitored	by	the	 
Fish	Health	Inspectorate.	In	2013,	the	Aquaculture	and	Fisheries	(Scotland)	Act	
2013)	was	implemented	to	ensure	sustainable	growth	in	these	sectors.

“If the industry is to grow, the ‘status quo’ 
in terms of regulation and enforcement is 
not acceptable... Urgent and meaningful 
action needs to be taken to address 
regulatory deficiencies as well as fish  
health and environmental issues before  
the industry can expand.”
Scotland Rural Economy and Connectivity Committee, 2018

Norway

Aquaculture	in	Norway	–	which	takes	place	outside	of	the	European	Union	
regulations	–	is	regulated	through	the	Aquaculture	Act	of	2005.	Its	goal	is	to	promote	
the	profitability	and	competitiveness	of	the	aquaculture	industry	within	the	
framework	of	sustainable	development,	contributing	to	development	on	the	coast	
(FAO	2019:	A).	A	second	key	piece	of	legislation	is	the	Salmon	Allocation	Decree	of	
2004.	This	outlines	regulations	regarding	the	breeding	of	both	salmon	and	trout,	
which	are	major	exports	for	Norway.	Producers	are	also	subject	to	the	Food	Safety	
Act	2003,	which	stipulates	certain	requirements	for	managing	disease	in	seafood.	

Norway’s	regulations	are	perceived	as	some	of	the	strictest	in	the	world.	Farms	are	
only	granted	a	licence	to	operate	if	conservation	measures	are	met,	and	other	land	
use	interests	have	been	weighed	(FAO	2019:A).	Each	aquaculture	operation	must	
apply	for	a	licence	that	comes	with	a	strict	fixed	production	quota	of	780	to	900	
tonnes	annually	(FAO,	2019:A).	The	total	number	of	licences	for	seawater	facilities	
issued	at	any	given	time	is	limited	to	1,015,	as	of	2017.	Companies	can	buy	and	sell	
licences	that	have	been	issued	to	them.

In	addition,	Norway	employs	a	progressive	‘traffic	light	system’	that	aims	to	reduce	
the	impact	of	sea	lice	on	wild	salmon	stocks	in	Norwegian	seas.	Farmers	are	
required	to	report	sea	lice	levels	to	the	government,	which	sets	production	limits	
based	on	sea	lice	outbreaks.	If	the	mortality	of	wild	salmon	is	lower	than	10%	in	
certain	areas,	farms	operating	in	these	areas	can	increase	their	production.	In	areas	
where	mortality	varies	between	10	to	30%,	production	is	kept	steady.	In	areas	
where	mortality	is	higher	than	30%,	production	must	be	reduced.	The	number	of	
pharmaceutical	treatments	used	also	impacts	production	limits.	However,	because	
this	approach	only	focuses	on	sea	lice	management,	some	argue	that	the	regulatory	
system	is	not	aggressive	enough	and	other	environmental	or	welfare-related	
variables	should	be	taken	into	account	(Olaussen,	2018).	

Salmon fish farm. Hordaland, Norway
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China

China’s	Thirteenth	Five-Year	Plan	for	Economic	and	Social	Development	(2016-
2020)	includes	policies	aiming	to	reform	the	fisheries	and	aquaculture	sector.	
According	to	the	UN	FAO,	the	plan	aims	to	“achieve	sustainable,	healthier	 
production	better	integrated	with	the	environment”	(FAO	2018:C).	

The	Five-Year	Plan	addresses	issues	such	as	product	quality,	scarcity	of	farming	
space,	fragmented	production	structure	and	degraded	natural	resources.	Methods	
to	achieve	this	include	wider	adoption	of	new	technological	innovations	and	more	
energy-efficient	production.	For	example,	Chinese	authorities	have	given	approval	for	
construction	of	178	offshore	farms	to	be	completed	by	2025	(China	Dialogue	Ocean,	
2018).	As	part	of	the	government’s	aim	to	consolidate	the	industry,	it	is	also	expected	
that	the	Chinese	aquaculture	sector	will	move	from	extensive	to	intensive	production.	

Historically,	the	basis	of	China’s	aquaculture	legislation	is	the	Fisheries	Law	of	1986,	
which	was	amended	further	in	2000.	Its	primary	goal	is	to	enhance	the	country’s	
production	of	fishery	resources	with	a	strong	focus	on	aquaculture	(FAO,	2019:	C).	
China’s	straightforward	aquaculture	legislation	initially	spurred	clear	growth	in	the	
sector,	but	also	resulted	in	excessive	pollution	and	a	steep	rise	in	conflict	with	other	
coastal	zone	users.	Scholars	argue	that	significant	regulatory	gaps	remain,	while	
simultaneously	noting	that	the	country	is	quickly	progressing	in	updating	its	rules	 
and	regulations	to	further	combat	both	pollution	and	unsustainable	development	
(Bankes	et	al.,	2016).	

In	practice,	China	is	also	cracking	down	on	environmentally	damaging	aquaculture	
activities,	similar	to	Europe	and	North	America.	In	one	such	example	of	regulatory	
action,	national	authorities	announced	last	year	that	crab	cages	would	be	removed	
from	Lake	Taihu	in	Eastern	China.	All	45,000	cages	were	to	be	removed	by	the	 
end	of	December	2018	to	“protect	water	quality	in	the	lake"	(Godfrey,	2018).	This	has	
resulted	in	a	scramble	to	find	new	sites,	as	freshwater	crab	production	commands	 
premium	prices.

Increased	local	resistance	to	poor	food	safety	practices	has	also	prompted	China	 
to	clamp	down	on	illegal	shrimp	trading.	In	2017,	one	of	China’s	largest	pangasius	
importers	was	found	smuggling	41,100	tonnes	of	products	into	China	from	Vietnam	
(Harkell,	2017:A).	The	illegal	shrimp	trade	was	estimated	at	as	much	as	270,000	
tonnes	and	over	$1	billion	in	2016,	before	the	crackdown	began	(Harkell,	2017:B).	
Illegal	trade	was	thought	to	have	been	significantly	reduced	after	raids	of	11	
companies	in	early	2018	(Harkell,	2018:A).

Chile
Chilean	aquaculture	regulation	is	developing,	but	generally	remains	weaker	than	
Norwegian	equivalents.	The	country	manages	aquaculture	operations	through	its	
General	Law	on	Fisheries	and	Aquaculture.	There	are	two	authorities	which	grant	
licences:	authorisation	of	farming	operations	(which	ensure	certain	technical	
requirements)	are	granted	by	the	Fishery	Sub-Secretary	of	the	Ministry	of	Economy.	
The	Ministry	of	Defence	then	authorises	licences	which	specify	the	physical	locations	
of	farms,	the	species	produced,	and	the	appropriate	stocking	density.	Cage	
aquaculture	–	located	in	lakes,	rivers,	or	sea	–	is	subject	to	different	authorities	
depending	on	whether	the	operations	take	place	in	freshwater	or	saltwater,	 
but	once	a	licence	is	granted	it	is	valid	for	25	years	before	needing	to	be	renewed.	 
This	is	in	stark	contrast	to	the	strict	regulation	of	Norwegian	fishery	activities.

In	addition,	activities	which	are	carried	out	on	private	property,	even	when	
employing	marine	waters,	are	permitted	so	long	as	they	operate	in	line	with	the	
country’s	legislation.	The	General	Law	on	the	Environment	does	state,	however,	
that	all	aquaculture	activities	must	undergo	an	Environmental	Impact	Assessment.

The	country’s	relatively	weak	legislation	has	led	to	a	salmon	farming	boom,	but	has	
also	resulted	in	considerable	pollution	of	coastal	waters	in	addition	to	excessive	use	of	
antibiotics	(MercoPress,	2016).	In	2016,	the	government	issued	new	legislation	to	
improve	the	sector’s	environmental	impact.	The	Chilean	government	now	limits	
stocking	density	based	on	production,	biosecurity	and	environmental	factors.	As	of	
2016,	the	government	also	requires	all	salmon	producers	in	Chile	to	report	their	use	
of	antibiotics	(Miranda	et	al,	2018).	Similar	to	Norway,	the	Chilean	government	also	
specifies	production	limits	based	on	environmental	performance.	However,	the	two	
differ	in	focus,	as	production	limits	in	Chile	relate	to	the	mortality	of	farmed	salmon	
rather	than	wild	salmon,	as	in	Norway.	This	incentivises	the	protection	of	farmed	fish	
stocks	over	wild	fish	stocks.	

In	2018,	many	rules	were	relaxed	to	increase	production.	Salmon	farmers	are	now	
able	to	increase	stocking	by	up	to	9%	per	cycle,	which	is	a	significant	increase	from	the	
previous	growth	rate	allowance	of	3%	per	cycle.	This	applies	only	to	companies	who	
report	mortality	rates	under	10%,	use	antiparasitic	treatments	in	less	than	50%	of	
their	locations,	and	use	a	maximum	of	150g	of	antibiotics	per	tonne	of	salmon	(Fish	
Information	Services,	2018).	Companies	who	report	mortality	rates	of	more	than	
14%	will	be	required	to	reduce	stocking,	increasingly	so	if	mortality	rates	are	
especially	high.	This	is	the	case	regardless	of	antibiotic	usage.

This	is	not	to	say	that	antibiotic	use	does	not	affect	production	limits.	Although	
growth	rates	of	9%	are	allowed	if	using	less	than	150g	of	antibiotics	per	tonne	of	
salmon,	allowed	growth	rates	decrease	with	greater	antibiotic	use.	Growth	rates	of	
6%	and	3%	are	allowed	for	producers	who	use	150-300g	and	300-600g	of	antibiotics	
per	tonne,	respectively.	Only	after	600g	per	tonne	are	stocking	reductions	required	
(Fish	Information	Services,	2018).	
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