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> For a l ong t i m e, t he ocean w as seen as an i nexhaust i bl e st or e h o u se o f fo o d . Bu t th e

days of pl ent i f ul suppl y ar e l ong pas t . Thr ough over f i shi ng, coas t al devel opm e n t a n d cl i ma te ch a n g e ,
hum anki nd has al r eady depr i ved m any m ar i ne s peci es of t hei r vi t al neces si ti e s. Ne w stra te g i e s fo r

Food from the sea

sust ai nabl e f i sher i es and aquacul t ur e m anagem ent char t a cour se t ow ar ds i m p ro v e me n t b u t a re ra re l y
i m pl em ent ed i n act ual pr act i ce.
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Issue s wi th fi she r i es
			 > Anc h o v i e s , t u n a a n d s i m i l a r f i s h a r e a m o n g t h e m o s t h e a v i l y t r ad ed o f all
food pr oduc t s a nd a r e be i ng c a u g h t i n r e co r d n u m b e r s . Ye t t h e n u m b e r o f o v e r f i s h e d s t o cks is als o
ri si ng be c a use f i shi ng quot a s a r e t o o h i g h a n d i l l e g a l f i s h i n g i s b e i n g p r a ct i s e d i n m a n y p l aces . N ew

Vit a min A is essent ia l for
childhood sur viva l, prevent s
blindness, helps f ight infec t ions
a nd promotes hea lt hy grow t h

Protein is component of ever y
body cell, impor t a nt for grow t h
a nd repa ir ing, suppor t ing
neurologic a l func t ion, diges t ion
a nd hor mones

C alcium helps prevent preecla mp sia a nd preter m deliver y in
women, a nd is essent ia l for s t rong
bones a nd teet h

re gul a t i ons a nd t e c hnol ogi e s h o l d p o t e n t i a l t o d e t e r o ff e n d e r s . H o w e v e r, f o r t h e w o r l d ’s f is h s t o cks

3.2 > Fish are an
important source of

to r e c ov e r f ul l y a nd st i l l be a bl e t o p r o v i d e u s w i t h s u ff i ci e n t f o o d i n t h e f u t u r e , t h e p o l i t i cal will t o

protein. They also

im pl e m e nt c onse r v a t i on st r a t e g i e s co m p r e h e n s i v e l y i s v i t a l .

contain many vitamins
and nutrients, as well
as polyunsaturated

culture Organization of the United Nations), from the year
Not only do people enjoy eating fish, clams, crustaceans

2018, gives a per capita consumption of 20.5 kilograms per

The term “fish con

and other seafood – per capita consumption is rising stea

year. This report includes fishery products from the ocean

sumption”, as used by

dily. In recent decades the global demand for aquatic foods

as well as those from lakes, rivers and ponds.

the FAO, encompasses

Worldwide, fish and seafood account for 17 per cent of

as molluscs, crusta

duce is produced for human consumption as 40 years ago.

the total amount of animal protein consumed by humans.

ceans and other aqua

The global population grew over the same period from 5.6

A detailed study of who eats fishery products indicates

to 7.6 billion people; this can only explain a part of market

that more than 3.3 billion people obtain at least one-fifth

expansion. The main reason appears to be a mounting

of their animal protein requirements through aquatic

appetite for fish. While it has been calculated that the

foods. In countries like Bangladesh, Cambodia, Gambia

average citizen of the world ate around 13.4 kilograms of

and Indonesia, this share approaches as much as 50 per

fish each year during the period from 1986 to 1995, the

cent, which means that fish products play a paramount

tic organisms that are
farmed or caught for
human consumption.

3.1 > Fish and seafood are caught and
consumed around the
world, but in very

3.0 9
Nor t hea s t
Pacif ic

0.3
Nor t h
A mer ic a

different quantities.
In South East Asia,

1.49
Wes ter n
Cent ra l
At la nt ic

1. 75
Ea s ter n
Cent ra l
Pacif ic

Western Europe, Scandinavia and Greenland

1. 6 8
Nor t hwes t
At la nt ic

9. 32
Nor t hea s t
At la nt ic
0 .41
Europ e

considerably more
fish than in northern

0.0 2
O cea nia

Africa, in eastern
South America, or in
the Near East.

10. 27
S out hea s t
Pacif ic

0.34
S out h
A mer ic a

Ave r a ge pe r c a pit a fish
consumpt ion, 2015 to 2017
in kilogr a ms pe r yea r live
weight e quivalent

Zinc

7. 9 5
A sia

5. 5 0
Ea s ter n
Cent ra l
At la nt ic
3
Afr ic a
1. 5 5
1.79
S out hea s t
S out hwes t At la nt ic
At la nt ic

20.0 6
Nor t hwes t
Pacif ic

5. 51
Wes ter n
India n
O cea n

13. 5 4
Wes ter n
Cent ra l
Pacif ic

6 .7 7
Ea s ter n
India n
O cea n

0.45
S out hwes t
Pacif ic

is that heavy metals,
toxins like ciguatoxin,
and antibiotics may
also accumulate in
O me g a-3 f at t y acids a re cr ucia l
for bra in development , cognit ion
a nd immune s ys tem, reducing r isk
of corona r y hea r t disea se a nd
s t roke

fish meat.
Zinc is cr ucia l for childhood
sur viva l, reduces s tunt ing in
children a nd f ight s dia r r hea

3.3 > The amounts

and low cholesterol content. According to the FAO,

ranks near the middle of this range. While every citizen of

d eveloping countries imported around 49 per cent of the

well as the fish and

Indonesia eats more than ten grams of fish protein each

globally traded fishery produce in 2018. This means that

seafood produced in

day, Germans, according to the FAO statistics, average

the import share of these countries has more than doubled

four to six grams per day. The annual per capita consump

over the past four decades.

(live weight).
The increasing worldwide fish consumption can be
attributed to a number of factors. For one, more fish and
seafood are being produced. For another, demographic
changes and improvements in freezing and delivery
chains have contributed to the more frequent appearance

of fish caught, as

aquaculture, have
been rising worldwide
for decades.

ing. Statistics indicate that in areas where people are
moving from the country to the cities, and are beginning
also purchase more fish and seafood or order more of

over 5 0

t hese foods at street stands and restaurants. Moreover, in

10 to 20

No dat a

many places fish is cheaper than meat and is considered
3. 6 2
India

4 .7 2
USA

4.84
Russia

18 0
16 0

Produc t ion of f ish a nd seafood
from

14 0

Inla nd c a pture f isher ies
Ma r ine c a pture f isher ies

120
10 0

Aquaculture on la nd a nd in
inla nd water s
Ma r ine aquaculture

also in developing countries where urbanization is advanc-

5 to 10

3.19
V iet na m

I ron is essent ia l for bra in
development in children a nd
increa ses mater na l sur viva l rates

role in the food supply of the populations there. Germany

30 to 5 0

3.10
Ja pa n

building blocks of

80
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to earn higher incomes for extended periods of time, they

Catch a mount s by FAO region
Catch a mount s in inla nd water s, tot a l 12 .0 2
Nat ions wit h t he highes t c atch a mount s

2 . 49
Nor way

Protein

less well-known fact

of fish on the plates of people in industrial countries, but

C atc h a mount s in millions of tonnes ( 20 18 )

2 .12
Chile

I ron

cell membranes. A

less t ha n 5

20 to 30

C alcium

tion in Germany is between ten and 20 kilograms of fish

1. 31
M editer ra nea n S ea
a nd B lack S ea

people consume

Vit a min A

dioxins, marine bio

has grown so rapidly that today twice as much fishery pro

all fish species as well

which are the crucial
O me g a-3

Millions of tonnes

Fish consumption

Omega-3 fatty acids,

most recent fisheries report of the FAO (Food and Agri

A gr ow i ng a ppe t i t e f or f i sh

6 .71
Indonesia

7.15
Per u

12 . 6 8
China

to be an especially healthy option because of its vitamins,
essential polyunsaturated fatty acids (Omega-3 fatty acids)
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The increasing consumption rates are made possible
by more intense fishing activity in open waters, and by the

Allian ces f o r co llect ive f is h er y m a nagement

rising production of food fish and other organisms by
aquaculture methods. While global fish and seafood pro
duction was around 140 million tonnes in 2006 according
to the FAO, by the year 2018 it had risen to around 179

Regional Fishery Bodies (RFBs) are advisory bodies established among
countries with mutual fishing interests in a particular area. The objectives
and tasks of such intergovernmental fishery bodies can be very diverse,
with interests relating to either inland or marine fisheries, or to promoting

million tonnes. Around 46 per cent of that (82 million

the development of domestic fisheries. Some RFBs adopt legally binding

tonnes) came from aquaculture and the remaining 96.4

conservation and management measures for all members and in this

million tonnes were caught wild by fishermen and

manner may regulate fishing within a limited geographic area outside

-women.
Marine fisheries still make up the largest proportion
of wild catches today. In 2018 they accounted for around

their respective Exclusive Economic Zones (EEZs). Because these decisions
have a legally b inding character under international law for all members,
the individual fishery bodies are also referred to as regional fisheries
management organizations (RFMOs). These include, for example, the

84.4 million tonnes. This is equal to a share of 88 per cent

Commission for the Conservation of Antarctic Marine Living Resources

and is only two million tonnes less than the previous peak

(CCAMLR), the General Fisheries Commission for the Mediterranean

value from the year 1996. The seven most important

(GFCM) and the North-East Atlantic F isheries Commission (NEAFC).

m arine fishing nations, in order, are China, Peru, Indone
sia, Russia, the USA, India and Vietnam. Together they are
responsible for more than half of all the catches in the
o ceans.

International cooperative research initiatives like the

After constant growth in the numbers of fish caught

Sea Around Us project try to combine official catch data

each year, which lasted into the 1990s, the production

from the FAO with estimates of bycatch, as well as with

levels for marine fisheries levelled off, and have now

illegal or unreported landings. As might be expected,

remained relatively stable since 2005. The official

there is a great deal of uncertainty in their scope. At any

total amount over the past 15 years has generally been

rate, their method results in higher estimates of the totals

in the range of 78 to 81 million tonnes annually. A

of fish caught worldwide. For example, in 2016 according

notable peak in 2018 can primarily be attributed to the

to Sea Around Us, some 104 million tonnes of ocean fish

activities of Chilean and Peruvian anchovy fishers. In that

and other marine animals were caught. For the same year,

year they caught significantly more Peruvian anchoveta

however, the FAO reported catches of only 78.3 million

(Engraulis ringens) with their nets than in the preceding

tonnes of marine fish species. The difference of 25.7 mil

three years.

lion tonnes reflects illegal or unreported catches. 8.1 mil

The FAO now records fishery data for more than 1700

lion tonnes of these, about 7.8 per cent of the total catch,

marine fish species. But it is difficult to say to what extent

were thrown overboard as bycatch. According to these

their figures truly reflect the actual catches. In its report,

figures, approximately every fourth fish that is caught is

the FAO itself points out that it mainly works with official

not accounted for in the FAO statistics.

catch data submitted by the individual countries. If there

Critics also argue that the FAO’s figures on the trends

is important data missing from these catch reports or if

in wild catches and aquaculture production fail to address

nations refuse to cooperate with the FAO, as is the case

two important aspects. First are the amounts of wild sar

with Brazil, the organization attempts to fill the gaps by

dines, herring, sprats and other schooling fish that are

estimating the amount of the missing catches. To do this,

caught and processed into animal feed such as fishmeal

it draws on other official sources, such as statistics from

and fish oil, and are thus not used for direct human con

small-scale fishers live in Asia. This woman is selling her

the Regional Fishery Bodies (RFBs) and from regional

sumption. These account for an estimated 25 per cent of

catch at a market in Vietnam.

f isheries management organizations (RFMOs).

all marine catches. The second is that in reporting the

3.4 > Fisheries and aquaculture provide a livelihood for more
than ten per cent of the world’s population. Most of the
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Catch in millions of tonnes
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3.7 >The Japanese

120
110
10 0

flying squid Toda-

Repor ted c atch

rodes pacificus lives

D isc a rds

in the northern Pacific

L a nding s

and is one of the

estimates of illegal
fishing excursions and
also includes bycatch
that is discarded
directly into the sea
again. Their calculated total amount
of fish caught is
therefore significantly

most heavily fished
90

of all cephalopods.
Catch numbers have

80

been declining in
recent y ears, perhaps

70

because population
numbers have p lunged

60

by more than 70 per
cent.

50

higher than that re40
30
20
10
0
19 5 0

19 6 0

1970

19 8 0

19 9 0

20 0 0

2010

aquaculture portion, the weights they use for shellfish

man market, comes in second place with a total of 3.4 mil

Tuna and similar species are being more intensively

include the shells. In farmed animals like oysters, however,

lion tonnes. Third place, at 3.2 million tonnes, goes to the

fished every year. This trend continued in 2018, reaching

the shells make up as much as 80 per cent of the total

skipjack tuna (Katsuwonus pelamis), the most heavily

a new peak of 7.9 million total tonnes. The rise can be

When catch numbers increase steadily or are sustained at

weight but they are not ultimately eaten. For this reason,

f ished of all tuna species. It lives mostly in the tropical and

attributed to greater numbers of fishing excursions in the

high levels, the question of the damage that fishing is

according to the critics, the total production by the aqua

subtropical seas, but is also occasionally caught in the

western and central Pacific. While around 2.6 million

inflicting on the ocean’s biological communities will even

culture industry is not equivalent to the amount of food

North Sea.

tonnes of the skipjack, yellowfin (Thunnus albacares) and

tually have to be addressed. A definitive answer to this

other tuna species were caught annually in the mid-2000s,

question is not possible, however, because we do not

this value is now up to 3.5 million tonnes. The amounts of

know enough about the status of most fish stocks. This is

cephalopods caught reached a similar level. The most

due to a paucity of scientific data. It is not known how

40

abundantly fished species of these were the Humboldt

large these stocks were originally or how much they have

30

squid (Dosidicus gigas), the Argentine shortfin squid

been depleted due to fishing, which is why there are no

(Illex argentinus) and the Japanese flying squid (Todarodes

management or protection concepts for these marine fish

pacificus).

species and stocks. Nevertheless, unmonitored species are

produced. That amount should be accordingly smaller.
M ost l y a nc hov i e s a nd pol l oc k in t h e n e t s

If the FAO total catch figures from 2017 to 2018 are
broken down into individual fish species, the Peruvian
anchoveta (Engraulis ringens) clearly stands out over the
rest. More than seven million tonnes of this schooling
fish, which can be up to 20 centimetres in length, were

Catch in millions of tonnes

ported by the FAO.
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Temp erate lat itudes
Tropic a l water s
Upwelling a rea s

10
0
1970

In recent years, fishing has increased significantly
in the tropical regions of the Indian and Pacific Oceans.

Mu ch t o o h eavily f is h ed

being fished so extensively that the catches make up
about half of all the global marine fish landings.

But the largest catches are still being made in the

The other half, however, are from scientifically

thus unquestionably at the top of the list of the world’s

middle latitudes with their temperate climate. In 2018,

monitored fish populations. These are generally species

most heavily fished species. Pacific pollock (Theragra chal-

3.6 > Most fish are caught in the temperate latitudes. But

around 37.7 million tonnes of marine species were caught

that constitute large populations, are fished on an indus

cogramma), which is known as Alaska pollock on the Ger

fishing in the tropics is growing steadily.

here.

trial scale, and are native to waters where industrialized

caught off the west coast of South America in 2018. It is

1978

19 8 6

19 9 4

20 02

2010

2018
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nations have primary oversight. Scientific evaluation of

size of natural, unfished populations. Actually, the former

development trends of 1300 marine organisms over the

the stocks and monitoring of fisheries requires money

is u sually 30 to 50 per cent smaller than the latter. Only

past 60 years, including invertebrates, using the combined

as well as effective fishery authorities, which is why

populations that are not fished at all can reach their

catch data from Sea Around Us. By their assessment,

there is a notable lack of reliable information on the

n atural stock size.

82 per cent of the populations surveyed are now below

population is too small to completely recover and produce

yields. This means that more animals are being removed

Nor t hea s t Pacif ic

But even when these data are available, it can still be

consistently high fishing yields over the long term. This

than can be replaced. In the long run, therefore, according

Nor thea st Atlantic

difficult to determine the productivity of a fish population

condition is becoming more and more common around the

to the researchers the fishers will bring home smaller and

and the maximum numbers of fish that can be taken under

world, as the number of stocks known to be exploited

smaller catches, even when they fish more intensively

Wes ter n
Cent ra l Pacif ic

the existing environmental conditions without causing

beyond their resilience limits has been increasing for

and for longer periods of time.

long-term damage to the stocks. There is a very wide range

decades. There are thus ever fewer fish in the sea. Accord-

Marine conservationists and many scientists are

Wes ter n
India n O cea n

of opinions, even among fishery biologists. A fish stock

ing to FAO figures, one in ten scientifically assessed stocks

therefore calling for rejection of the popular single-

Southea st Atlantic

is generally considered to be healthy when it contains a

(ten per cent) was considered to be overfished in 1974, but

species management strategy, moving instead towards

Tuna s

sufficient number of animals for a maximum sustainable

by 2017 that number had increased to 3.4 in ten (34.2 per

maximizing sustainable fisheries yields. The large number

yield (MSY) of fish to be removed without causing a long-

cent). In other words, the proportion has more than t ripled

of overfished stocks shows that the old approach is no

term impact to the size of the population. Under this

in four decades. In 2017, only 6.2 per cent of all known

longer sustainable, and that it ignores the role of fish in

Wes ter n
Cent ra l At la nt ic

concept, enough individuals always remain in the water

fish stocks were considered to be lightly fished or under

the food webs of the seas. By fishing to the very limits of

Ea s ter n
Cent ra l At la nt ic

for their offspring to replace the stocks sufficiently for

fished. The remaining 59.6 per cent, according to the FAO,

sustainability, critics argue, humans also leave no buffer

Nor thwest Atlantic

the MSY of fish to be taken again the following season.

were fished at a sustainable level. That means that the

or margin for species to react to changing environmental

The FAO refers to this situation as a stock that is fished at

number of fish removed was not more than the number

conditions. For example, if the reproduction rate of a

the maximum sustainable level. However, this wording

that could be naturally replenished.

species declines because the waters in its spawning

Even more grave are the findings of a recent study by

areas become warmer due to climate change, the catch

equate the size of sustainably fished stocks with the

Canadian and German fishery biologists of the population

limits for maximum sustainable yield can change very

ward trend: According
to the FAO, 34.2 per
cent of all scientifi-

Percent age

rapidly. Intelligent fisheries management, on the other

3.8 > A clear down-

hand, as practised to some extent in the European Union
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Tuna s tock s a re singled out a s t hey a re la rgely migrator y a nd
s t raddling across s t at is t ic a l a rea s.

yields. This reduces the risk of unintentional overfishing

B iologic a lly unsus t a ina ble
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and particularly in the USA, aims at somewhat lower

B iologic a lly sus t a ina ble

90

cally monitored fish
stocks were over

S out hwes t Pacif ic

the levels necessary to produce maximum sustainable

commonly leads to misunderstandings. People often

B iologic a lly unsus t a ina ble

Ea s ter n
Cent ra l Pacif ic

A stock is considered to be overfished if the remaining

state of the stocks and the scale of fisheries in developing countries.

B iologic a lly sus t a ina ble
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2017

and makes the populations less susceptible to environ

from continuing to target that species. In the Mediterra

3.9 > The FAO compa-

mental changes.

nean and Black Seas, for example, the FAO now classifies

rison shows that the
Mediterranean and

In the European Union, for example, fisheries mana

62.5 per cent of the actively fished stocks as overfished.

gers do not look only at the stock size of the species.

Ceaseless fishing pressure throughout recent decades has

the most intensively

Instead, they work in a more process-oriented manner

led to the eradication of at least 17 popular fish species in

fished marine regions

and pose the question of how high the fishing mortality

the Turkish sectors of the two Seas, including the Atlantic

of a stock can be and still achieve and maintain its MSY

bluefin tuna (Thunnus thynnus), the swordfish (Xiphias

size over the long term (FMSY). According to scientific

gladius) and the Atlantic mackerel (Scomber scombrus).

opinion, therefore, the recommended catch quotas, as a

Their disappearance has set off chain reactions in the

rule, should be smaller than the theoretical maximum.

affected ecosystems. For example, mackerel predators like

From this point of view, the only thing that would con

the porbeagle (Lamna nasus) have not been sighted in the

serve resources more effectively would be to stop fishing

Turkish coastal waters in decades. The same is true for

completely.

white sharks (Carcharadon carcharias), which, until the

The reality, however, is that in many places a fish

1980s, had been known to follow migrating schools of

stock being designated as overfished does not stop fishers

tuna as far as to the Sea of Marmara. Today these great

Black Seas are among

in the world.
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predators are considered to be extinct in this part of the

They were successful in some areas. But countries of the

Mediterranean.

European Union, among others, still lack strong political
will to give top priority to marine conservation and to

C onf l i c t of i nt e r e st a t t he c ost o f t h e s e a

follow scientific recommendations on fishing restric
tions. The main reason is that they have not been able to

Overfishing of the seas is not a new phenomenon.

satisfactorily answer the question of how people whose

F ishermen had recorded sharply declining catch


livelihood has depended on the catching of wild fish will

numbers as early as the 1970s, for example, when the

earn a living in the future.

herring stocks in the northeast Atlantic collapsed in

Fish and fishery products are now among the

response to very heavy fishing pressure. Also at that

most abundantly traded foodstuffs in the world. In 2018,

time, the stocks of Peruvian anchoveta shrunk dramati

the total first-sale value of all fishery products produced

cally and the cod fishery in the waters of Newfoundland

by capture fisheries and aquaculture came to USD

collapsed. Concerns about domestic fish stocks prompted

401 billion. At that time, fisheries and aquaculture

some coastal states to establish an Exclusive Economic

together represented the livelihood of around ten per

Zone (EEZ) 200 nautical miles wide, where fishing

cent of the world’s population. In the year 2018, accord-

by foreigners was prohibited from that time on. This

ing to the figures of the FAO, around 39 million people

approach was subsequently adopted in the United

worldwide worked directly in the fishing industry

Nations Convention on the Law of the Sea (UNCLOS),

(inc luding inland fisheries), while 20.5 million people

which entered into force in 1994.

were employed globally in aquaculture farming. Com

With the Exclusive Economic Zone at their doorsteps,
the industrial nations, at least, began to keep track of

3.10 > By the year
2020, so few herring
and cod remained in
the western Baltic

pared to the rep orting year of 2015, both sectors had
shown moderate growth.

catch statistics and to scientifically monitor the condition

85 per cent of all fishers and aquaculture farmers live

of stocks. In the mid-1990s, increasing numbers of

and work in Asia. By no means does the typical f isherman

research papers and media articles began to appear

or -woman work on a large trawler. FAO statistics indi

reporting that the catches of many key species had

cate that around nine out of ten of the workers are from

c ollapsed dramatically due to overfishing. And in June

developing countries, where they earn their livings in

2003 a globally acknowledged report by the Pew Oceans

small-scale fishing or aquaculture facilities. In Europe, as

Commission on the health of the oceans described over-

well as in North and South America, on the other hand,

fishing as a serious threat for the first time.

the number of people working in the fisheries industry

Alarmed by the prospect of collapsing stocks, many

has been declining in recent years. In 2015 there were

countries, particularly the industrialized nations, began

338,000 Europeans working in fisheries, but just three

to regulate fishing in their Exclusive Economic Zones.

years later this figure had fallen to only 272,000. By

Sea that these two
fish species could
no longer produce
enough eggs for their
entire spawning area.
Climate change, aided
by the comb jellyfish,
finished them off, and
the search for juvenile
fish by researchers

3.11 > An Indonesian aquafarmer wades through his fully

and fishers was in

stocked shrimp-breeding pond. This Asian country, after

vain (l.: herring larva,

China, is the second-largest aquaculture producer in the

r.: cod larva).

world, with annual growth rates of up to 12.9 per cent.

84

Fo o d f ro m the sea <

> Cha pt e r 03

Pros and cons of different fishery management approaches

Pros and cons of different fishery management approaches

Approach

Description

Pros

Cons (or challenges)

Approach

Description

Pros

Cons (or challenges)

Total allowable catch (TAC)

Sets a limit on the amount of
total harvest permitted

Can cap harvest at a sustainable
level

May incentivise the race to fish,
high-grading (discarding of
low-valued fish) and misreporting;
may be difficult to enforce,
particularly in artisanal fisheries

Seasonal closures (in all or
at particular fishing sites)

Temporary closures, often set
to protect sensitive portions of
the life cycle

May protect juveniles, spawning fish or the whole stock; easy
to implement

Additional management measures
may be needed to control quantity
of harvest; may cause excess
capacity

Buybacks

Purchasing fishing gear,
vessels, quota or permits to
reduce excess capacity and/
or improve profitability in the
sector

May decrease incentives to
overharvest; may reduce fishing
pressure; may aid in protecting
sensitive species

Potential for capacity to rebuild or
gains in efficiency to counteract
buyback programme; competing
fleet may increase

Ban discards

Aimed at eliminating or
minimising fish caught and
discarded at sea (i.e. all harvest
must be landed)

May reduce fishing pressure per
quantity landed; may incentivise
direct or indirect consumption
of less desirable fish; results in
better extraction information,
which may improve assessments

Additional management measures
may be needed to control quantity
of harvest; difficult to enforce;
requirement to land choke species
could prematurely close target
fisheries

Harvest control rules
designed to maintain stocks
at productive levels

Performance is evaluated
using reference points (RPs)
that d
 escribe desirable states
(target RPs) and threshold
states to avoid (limit RPs)

Provide fishery managers
with (ideally) scientifically and
economically justified targets

Reference points can be hard to
estimate and enforce in real time,
and may also change over time

Ecosystem-based
management

Management that recognises
the dynamic nature of eco
systems, and human nature
interactions and effects of
interactions throughout the
system

Can address broader objectives
than the more common focus
on managing individual species
in isolation

Interactions are complex and can
be difficult to clearly identify; basic
information is not always available;
ecosystem may change to an
alternative state

Marine protected areas
(MPAs) and refugia

Areas in which extractive
activities are limited or
prohibited

May result in fishery benefits
through larval export and spill
over (i.e. movement of juveniles
or adults from the MPA to the
adjacent fishable area); may
increase food provision where
fisheries have been overfished;
MPA effects will be strongest
for Fully Protected MPAs, which
prohibit extractive or destruc
tive activities and minimise all
impacts (also referred to as
marine reserves)

Benefits from larval export and
spillover are often uncertain; may
increase cost of fishing; may promote overfishing at the boundaries
of the MPA; difficult to finance;
may generate social conflicts; often
not easy to set in the proper area
due to conflicting interests

Regional management
organisations

Organisations that coordinate
management for fish stocks
that exist in multiple political
boundaries

May result in improved management for transboundary, strad
dling stocks or stocks that will
shift spatially in the future

Domestic political issues may
impede thorough regional enforcement of straddling stocks; international conflicts may arise

Individual quota (IQ)

Territorial use rights for
fishing (TURFs)

Community-based
co-management

Permits

Assigns a property right to
portions of a quota

Can cap harvest at a sustainable
level; may promote economic
efficiency (particularly if rights
are tradeable); incentivises
management for long-term
sustainability

Privatisation of public resource;
may be difficult to assign rights;
consolidation of IQs by individuals
or firms

Area-based management
in which specific users have
rights to access one or more
fish resources

Incentivises management for
long-term sustainability

Additional management measures
may be needed to cap extraction at
sustainable levels; determining the
appropriate size of TURFs may be
complicated

Local people are allowed to
participate in decision-making
and enforcement

May facilitate monitoring and
enforcement

Restrict the number of users
who are able to access the
resource

May reduce fishing pressure;
may improve enforcement

More likely to function well for
high-valued stocks; too many
stakeholders may hinder effective
management

Additional management measures
may be needed to control quantity
of harvest

Gear restrictions

Rules regarding the number,
types and designs of gear
permitted in a fishery

May protect spawning females,
juveniles, largest fish or
protected species and assure
that fish get to reproduce
before being caught (e.g.
mesh-size requirements); may
protect habitats (e.g. ban
on dynamite fishing); may
minimise bycatch; useful for
data-limited fisheries

Additional management measures
may be needed to control quantity
of harvest; can be difficult and
costly to enforce; do not necessarily
promote economic wellbeing

Size limits (commonly
related of to gear
restrictions)

Designed to protect a particu
lar stage, age or size targeted
species

May protect larger, potentially
more productive fish, or young
fish until they reach reproduc
tive age

Additional management measures
may be needed to control quantity
of harvest; do not necessarily promote economic wellbeing; spawning size may increase or decrease

85

86

Fo o d f ro m the sea <

> Cha pt e r 03

comparison, around 30.8 million people in Asia earned

T h e s e cr e t p l u n d e r i n g o f t h e s e a s

their livings in fisheries in 2018.

for personal consumption) as well as catches by small-

East Asia. According to the International Labour Organi

scale fishers are also part of the unreported fisheries in

zation (ILO), numerous victims have reported extortion,

To date, more than 95 per cent of all fish landings

Leaving unwanted and discarded bycatch out of the cal

many countries. But in these cases, presumably, no one

psychological and sexual abuse, fatal accidents caused

take place within the Exclusive Economic Zones. This

culation, about every fifth or sixth ocean fish that is

would accuse the fishers involved of criminal activity.

by the lack of safety measures on board fishing vessels,

means that fisheries management is primarily the re-

bought or prepared around the world is caught illegally.

“Unregulated fishing” refers to fishing activities for

sponsibility of the individual nations. These use various

This falls under the official designation of illegal,

which there are still no national or international control

instruments and strategies to manage their stocks.

unr eported and unregulated (IUU) fishing.

and extremely hard and dangerous work for starvation
wages.

bodies, but which nevertheless violate international

Experts recommend a range of measures to stop

Experience over the past three decades has shown

“Illegal fishing” is considered to be all fishing activi

laws or globally applicable principles and conventions for

systemic IUU fishery. These are based on the concept

that overfishing can be reduced and stocks be conserved

ties that violate applicable national and international

the conservation of biodiversity. This includes, for

that large-scale illegal fishery should no longer be seen

through systematic regulation. Nevertheless, not every

regulations or the rules of the responsible regional fishe

e xample, fishing by ships that are not registered any

as a management problem, but as a type of organized

measure tried was effective in achieving the desired eco

ries management organizations.

where and are therefore stateless, or fishing in particular

crime, and should be prosecuted as such. Everyone in-

RFMO waters although the flag state of the vessel is not

volved must be informed of the fact that other criminal

a member of that RFMO.

activities are often linked to illegal fishing, including

logical improvements. Some of the regulations left too

The category of “unreported fishing” includes fishing

many options for circumvention by the fishers, while

excursions whose catches are not reported to any official

others worked for species with high reproduction rates

authorities, trips on which false information about spe

The temptation to carry out IUU fishing is great. One

c orruption, falsification of documents and human traf

but failed for species with fewer offspring. Still other

cies fished, fishing area, or amount of bycatch is provided,

reason for this is that high-value food fish such as tuna

ficking. To stop the plundering of the oceans, coastal

guidelines can be implemented on a local scale – for

or those on which other required information is with

bring a high price. Another is that fish and seafood are

states must strengthen and rigorously enforce their

e xample, in remote, small fishing communities – but are

held, for example, relating to the transfer of catches to

traded on a global market. According to the FAO, around

fishery laws. It is the duty of the international commu

not suitable for industrial-scale fisheries.

reefer ships. Strictly speaking, subsistence fishing (fishing

38 per cent of all fishery products in 2018 (wild-caught

nity to not only support the nations concerned in moni

and aquaculture) were for export. The value of these

toring their coastal waters, but also to establish clear

goods was USD 164.1 billion. Experts estimated the sale

rules, functions and responsibilities in the fight against

value of illegal catches at USD 10 to 23 billion. But the

illegal fishing at the international level.

ecological, economic and societal damages that are incur

At the same time, mechanisms must be implemented

3.12 > The endange-

red due to illegal fishery are thought to be much higher.

that help to make information about ships, their owners,

red totoaba from the

In many cases, experts are now referring to this pro

routes and fishery licenses more easily available. The

is mainly caught by

blem in terms of transnational organized crime, the

lack of information about active participants and other

Chinese deep-sea

scope of which not only threatens marine ecosystems in

responsible parties is still one of the greatest obstacles in

fishers. It is targeted

a dramatic way but is also creating a security problem.

the fight against illegal fishing. In addition, regional net

markets a single swim

Large-scale illegal fishing operations by foreign fleets in

works and partnerships between governments, agencies

bladder of this coastal

the coastal waters of African countries, for example, are

and environmental organizations need to be expanded,

fish will bring a price

depleting or destroying the local fish stocks and en-

and cooperation among the states strengthened in the

for its alleged healing

dangering the food security of the coastal populations.

area of maritime security. It is also essential to expose

properties.

Livelihoods are being stolen from the small fishers, and

and prosecute the financial transactions and money laun

this can encourage criminal activities, including piracy.

dering processes associated with illegal fishing.

eastern Pacific Ocean

because on Asia‘s

of USD 1400 to 4000

Added to this, the countries are losing millions in tax

There are two relatively new and important tools

income. Furthermore, illegal fishing operations are

being used in the struggle against large-scale fishery

undermining local, regional and international conser-

crimes. One is modern satellite and positioning technolo

vat ion efforts. If the extent of IUU fishing in a marine re-

gy, and the other is the international Agreement on Port

gion is not known, and the lack of information results in

State Measures (PSMA) to prevent, deter and eliminate

incorrect estimates of its stock and catch numbers, there

illegal, unreported and unregulated fishing. This pact

is very little chance of success in protecting the stocks.

entered into force in 2016 and had been ratified by 66

Furthermore, illegal fishing is often connected to

states by February 2020. It empowers coastal states to

human rights abuses and slavery, especially in South

block entry of ships under foreign flags to their harbours
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gal fishing in West African waters, investigators con

their ship’s prior registration in order to register with a

cluded that 84 per cent of all official and unofficial

less restrictive country. This technique of avoiding the

c atches in West African waters were transferred to free

law is known as “flag hopping”. The FAO has no means

zer c ontainers and left the region through a handful of

of forcing flag states to honour the guidelines, however,

ports h eading to other countries such as Spain.

because their implementation is still voluntary. The same

The PSMA regulates, among other things, the infor

is true for FAO guidelines on the documentation of fish

mation and documents a harbour authority should

catches, which are meant to allow the states, fishery

demand when a (reefer) vessel requests permission to

organizations and other stakeholders to establish trans

enter the port. It also prescribes on-board inspections

parent supply chains, making it possible at any time to

and a thorough exchange of information between all

verify whether fish products of any kind are from legal

responsible parties. In addition to the national authori

catches.
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ties of the coastal state concerned, these include the
government of the state under whose flag the vessel in

P u r s u in g cr im in als wit h s at ellit es

question is sailing, the responsible regional fisheries

an d p o s it io n in g d at a

management organizations and international institutions
such as the FAO. Experts believe that if it is correctly

Proving the illegal activities of fishers has largely been

implemented the PSMA could help to bring an end to

unsuccessful so far due to the vastness of the oceans

systematic, large-scale illegal fishery, because it would

and the shortage of funds for personnel and equipment

prevent the landing and further transport of illegal

in many places. These surveillance gaps can now be

by ships have access to up-to-date information and can

3.14 > The green lines

c atches.

closed with the help of modern satellite and positioning

adjust their course as necessary.

on this map show the

3.13 > A team of

when there is reason to believe that they are involved in

US American and

illegal fishing activities and have such catches on board.

A new web portal showing the locations of large

technology, as a report published in June 2020 by

Although the data transfer system was originally

It is important to note that illegally caught fish gene

reefer and factory ships (Carrier Vessel Portal), which

two environmental organizations specializing in fishery

designed only for direct contact between ships, today the

in the Arabian Sea

in the Gulf of Guinea

rally enter the market through one of two pathways. In

went online in the summer of 2020, will also bring

issues shows. They analysed radio and satellite data

AIS signals are also received by radio towers and satel

between 1 January

that is suspected

one case, the trawlers transfer their catches onto a free

g reater transparency. On the portal, which is operated by

from the Arabian Sea (northwest part of the Indian

lites and recorded by data centres. In this way, observers

Seafood is the most

zer or factory ship while still at sea, where the fish are

the environmental group Global Fishing Watch and com

Ocean) and discovered that during the fishing season of

of fishery activities around the world can trace the routes

110 of them illegally

important source of

then immediately processed and may be mixed with pro

bines positioning and satellite data, registered users can,

2019/2020 alone more than 110 Iranian fishing vessels

of large fishing vessels (over 24 metres long) in real time,

entered the territorial

animal protein for the

ducts from legal catches. It is then practically impossible

for example, analyse the routes of industry ships, or find

entered and illegally cast their nets in the territorial

and are thus much better able to estimate the total

the coastal waters of

for inspectors, intermediaries or customers to trace the

out which ports they regularly enter. The vessel names

waters of Somalia and Yemen. Fishers from India, Pakis-

number of ships in operation. Fishing vessels less than

this African country

provenance of the individual fish filets, which is why the

can then be checked against the positive and negative

tan and Sri Lanka did the same, although in much smaller

24 metres long generally do not have an AIS on board.

have been overfished

transfer of catches on the open sea is prohibited by some

lists that are now published by several regional fisheries

numbers.

According to the FAO, around 60,000 fishing vessels

regional fisheries management organizations. Neverthe

authorities.

Ghanaian coastguard
officers inspect a ship

of illegal fishing.

people of Ghana. But

for decades.

Evidence of illegal fishing in Somalian waters has

were located and identified in 2017 using AIS data. At

less, this practice is carried out in many places, and is the

It is the view of the FAO that the flag states need to

been available for some time. The true magnitude of the

the time only 20,000 of those were listed in publicly

reason why transshipment is seen as one of the biggest

assume a greater role in the efforts against illegal fishing.

crimes, however, only became known after scientists

available registers.

loopholes for illegal fisheries. The second way to get

With its FAO Voluntary Guidelines for Flag State Perfor-

began to deliberately search for clues. Their work was

However, monitoring of the fishing fleets using

them into the market is to transfer large amounts of the

mance, it calls on all nations to respect international law,

facilitated by the fact that more and more ships around

AIS can only work if the systems remain switched on.

illegally caught fish into deep-freeze containers, then

to ensure observance of national and international fishe

the world are being fitted with an Automatic Identifica

For example, in recent years it has been shown re-

reload these onto a container ship in a nearby harbour

ry regulations, to fulfil their inspection obligations, to

tion System (AIS). The system was first developed as an

peatedly that Chinese fishers have deliberately turned

and send them out into the world from there. The advan

prosecute illegal activities by their own fishing fleets and

aid to prevent ship collisions and is now required equip

off the positioning systems of their ships in order to

tage here is that freezer containers are less frequently

to share relevant information and cooperate more closely

ment on all larger ships (gross tonnage of 300 or more).

conceal their locations. In 2019, this ploy was used

inspected in the harbours compared to other transported

with national and international institutions. In this way,

Position coordinates are transmitted every few seconds

by as many as 800 ships to fish illegally off the coast of

goods. In addition, less specific information about the

fishers who have been proven guilty of criminal activi

along with the course and speed, and every three minutes

North Korea for Japanese flying squid (Todarodes pacifi-

container’s contents is required. In a 2016 report on ille

ties could be prevented, for example, from cancelling

the basic ship information is sent out, so that other near

cus) . Global Fishing Watch only managed to detect the

routes of 175 Iranian
ships that fished

2019 and 14 April
2020. More than

waters of Somalia and
Yemen.
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fleet because the bright lights of the ships were visible

This schooling fish is known to be a key link in the

on satellite images. For squid fishing, the ships hang

food web along the Atlantic coast of North America. It is a

bars with as many as 700 light bulbs over the water

source of food for all of the large predators. Humpback

to attract the animals to the sea surface. Since 2003,

whales, dolphins and seabirds prey on it, as do some high

the stocks of this very popular squid have declined by

ly valued and desirable food fish such as tuna, striped bass

70 per cent. Now, knowing the intensity with which

(Morone saxatilis) and bluefish (Pomatomus saltatrix). In

China has been pursuing this species year in and year

addition, menhaden are fished on a large scale to be pro

out, the reason for the plummeting stocks has been

cessed as fishmeal that is used as feed in agriculture or

revealed.

aquaculture. The species is also used as a bait fish and in

Because of these kinds of offences, an absence of

1. China
3.93

No other fish has been caught in greater numbers

a number of other failures in the fight against illegal

along the east coast of North America in a single year

f ishery, China is considered to be the world’s worst-per

than this species. Until ten years ago this fishery was

forming coastal state, followed by Taiwan, Cambodia,

carried out almost completely unrestrained, which

Russia and Vietnam. The best records are achieved by

resulted in drastically reduced stocks. In order to stop

Belgium, Latvia, Estonia, Finland and Poland, all of which

the plunging trend, fisheries authorities introduced catch

are European countries.

quotas in 2012, strictly enforced their compliance, and
had the stocks monitored through an ambitious scientific
support programme. Since then, the schools of herring

5
3
1

6 . Sier r a L e one
3.01

The ten best-performing countries with respect to IUU fisheries
1. Belgium
1.43

5
3
1

5
3
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6 . Swe den
1.7 3

5
3
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3
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7. Ye men
2.9 6

2 . L at via
1.57

5
3
1

5
3
1

7. Bulg a r ia
1.74

5
3
1

5
3
1

8 . Suda n
2.7 7

3. E s tonia
1.6 7

5
3
1

5
3
1

8 . Belize
1.78

5
3
1

5
3
1

9. Liber ia
2.76

4 . Finla nd
1.6 7

5
3
1

5
3
1

9. Tong a
1. 82

5
3
1

5
3
1

10. Somalia
2.75

5. Pola nd
1.6 8

5
3
1

5
3
1

10. Irela nd
1. 8 5

5
3
1

Colour s represent responsibilit y a s

Flag s t ate

Por t s t ate

O t her

In August 2020, the fishery authorities took a further

actions within marine communities, and to examine the

step. Under pressure from scientists, ornithologists,

ways in which human intervention is altering them.

fronts. For example, the FAO is seeing increasing evidence

whales now regularly follow the schools of herring into

f ishers and environmentalists, they unanimously decided

F isheries management using the ecosystem approach is

that where fish stocks are carefully monitored, and catch

New York Harbor, which is a great boost to the tourism

that fishing quotas should no longer consider only the size

characterized by:

quotas adhered to, previously overfished populations

industry because both locals and visitors want to see

that herring stocks need to be in order to renew them

are often capable of recovering. The Atlantic menhaden

these marine mammals close up. And in the US state of

selves (single-species management), but instead should be

( Brevoortia tyrannus) of the herring family, also known

Maine there is again sufficient bait fish for the lobster

based on a multi-species management approach that also

as bunker, is one of these encouraging examples.

f ishery.

takes into account the needs of marine predators, especial

•

SEA OF
JAPAN

reveals the Chinese
squid-fishing fleet

North Korean fishers
are moving into
Russian waters. Be-

IN
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NORTH KOREA
NO

RT

Japan

A
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Korea. Meanwhile,

H

R

off the coast of North

C

Sea of

EA

25 September 2019

H

K

are of less or very little interest;
•

recognition that the health of the seas also depends

stocks to recover. The predator fish in this case serves as

on processes on the land and in the air, and that the

the ecological reference point.

land, ocean and atmosphere represent a closely knit
system;

The basic idea behind this concept is to take into
account the health, productivity and resilience of the

•

incorporation into its design of the ecological as

e ntire ecosystem when determining catch quotas, in

well as social, institutional and economic perspec

cluding the needs of all the marine organisms that depend

tives, and the extent to which these influence each
other;

on a particular fish species. Scientists refer to this prin

B

consideration of the relationships between desirable
target species such as herring and those species that

l imited to catching a volume of herring that will leave the
striped bass enough food to reproduce at a level for their

a focus on conservation of the ecosystem, its struc
tures, functions and processes;

•

ly the striped bass. Under the new policy, fishers are

imagery taken on

•

appreciation not only of the consequences of fisheries

cause they use fewer

ciple as the ecosystem approach. Unlike fisheries manage

luring lights than the

ment concepts of the past, this approach does not focus on

for the respective ecosystems, but also the conse

a single species, sector or problem. Instead, officials are

quences of all human activities, thus including climate

encouraged to consider the many dependencies and inter

change.

Chinese, their ships
appear less brightly
on the images.

01: 30 a .m. ( loc a l t ime )

each country experiences and combats
fishing. The higher
the index and the longer the individual fish
in the figure, the
worse the country’s
performance is in its
fishing.

Coa s t a l s t ate

the USA that also benefits the people there. Humpback

RUSSIA

the extent to which

response to illegal

improvement in the ecosystem along the east coast of

visible on satellite

world’s 152 coastal

bones are depicted
5. Viet na m
3.16

China’s fishing fleet, there is hopeful news on other

RUSSIA

an index for all of the

illegal and unreported
4 . Russia
3.16

Despite the negative headlines regularly received by

A Nor t h Korea n f ishing vessels
wit h sp ecia l light s in t he
Russia n EE Z
B Chinese f ishing vessels wit h
sp ecia l light s across t he bounda r y of t he Nor t h Korea n EE Z

experts have compiled

states that indicates
3. C a mbodia
3. 23

have been growing again, which has led to a noticeable

3.15 > Bright lighting

3.16 > Based on 40
indicators, fisheries

2 . Taiwa n
3. 34

the production of fish oil.

transparency, neglect of its obligations as a flag state, and

A l ook a t t he t ot a l e c osy st e m

The ten worst-performing countries with respect to IUU fisheries
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The FAO had developed recommendations for imple

sible to identify the marine areas in which the fleets are

menting this approach as early as 2003. Since then, most

casting their nets. In a global analysis of high-seas fishe

of the industrial countries involved in fishing as well as

ries in 2016, scientists were able to track the routes of at

the majority of regional fisheries management organiza

least 3620 fishing vessels, 35 tankers and 154 reefer ves

tions have adopted it and adapted their regional and natio

sels. Far more than three-quarters of them came from

nal regulations accordingly.

C hina, Taiwan, Japan, Spain and South Korea. The fishing

But, in the opinion of many fisheries experts, there is

operations covered an area of 132 million square kilo

still a lot of room for improvement with regard to its imple

metres and thus involved around half of the total area of

mentation. There is a need not only for political will, but

the high seas. Ships outfitted for catching squid operated

also for more scientific data on all aspects of fisheries. The

intensively near the boundaries of the territorial waters of

USA is leading the way so far, and is investing a great

Peru, Argentina and Japan. Deep-sea fishing, on the other

deal of time and money in the monitoring of their fish

hand, concentrated on the regions around Georges Bank

stocks. Experience has also proven that successful fishe

in the northwest Atlantic, areas of the northeast Atlantic,

generally refers to

ries management brings all of the relevant and affected

and to a smaller degree in the central and western Pacific.

fishery on the high

interest groups into the decision-making process. The local

The monitored ships spent an average of 141 days at sea

coastal communities must have a say, as well as business

before sailing back into a port.

Deep-sea fishery
“Deep-sea fishery”

seas where water
depths are from 200
to 2000 metres. The

representatives, scientists, government leaders, environ

It is difficult to quantify the amount of damage being

most common method

mentalists and representatives of other sectors that are

inflicted by the increasing fishing pressure in internatio

influenced by fisheries. The success that can be achieved

nal waters. One reason for this is that there are no reliable

through this kind of cooperation at all levels is clearly illus

stock and reproduction statistics for many species, espe

trated by the recovery of the large schools of the Atlantic

cially for exclusively deep-sea species. Another is that it is

menhaden.

not clear how many fish the deep-sea fleets actually catch

of fishing here is with
trawl nets.

in many areas. In 2018, according to the estimates of Sea
M or e pr ot e c t i on f or t he hi gh se a s

Around Us, three per cent of the global catches came from
deep-sea areas.

Effective protection measures by individual nations are

To help curtail overfishing in various international

largely limited to the coastal waters within their own Ex-

waters and avoid resource conflicts, many nations have

clus ive Economic Zones (EEZs). International waters, offi

now established regional fisheries management organisa

cially referred to as the high seas, begin at the outer

tions (RFMOs). These institutions develop collective rules

boundaries of the EEZs. Basically, anyone is permitted to

and regulations for fisheries in their respective areas and

fish in this area. In recent decades a relatively small number

are responsible for their implementation. The FAO there

of states have increasingly begun to take advantage of this

fore grants them a deciding role in the protection and

right. This may be because of overfishing in their own coas-

management of natural stocks, primarily because it is the

tal waters, because the demand and thus the selling price

responsibility of the RFMOs to decide whether or not to

for fish have gone up, a result of technical innovations that

adopt the voluntary FAO guidelines or recommendations

have made high-seas fishing more practicable, or due to

for action in the particular RFMO area. Whether the indi

government subsidies of these fishing activities that have

vidual RFMOs actually fulfil the roles of stock guardian

made them more profitable. The ten leading high-seas

and protector prescribed to them cannot be determined

fishing nations are China, Taiwan, Japan, Indonesia, Spain,

with certainty. Although reviews and surveys of the orga

3.17 > Fishers in the Vietnamese province of Phú Yên cast

South Korea, the USA, Russia, Portugal and Vanuatu.

nizations are now regularly carried out and the results

a net around a school of anchovies. This coastal region is

However, only since the introduction of automatic
ship information and monitoring systems has it been pos

published, a current evaluation procedure for all RFMOs
based on scientific standards does not exist.

known for its anchovy fishery. The countless millions of the
schooling fish that they catch are mostly processed into fish
sauce.
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When experts from Pew Charitable Trusts reviewed

being targeted would not have been economically fea

the work of three regional fisheries management organiza

sible. This means that without subsidies many concerted

tions in 2019, they came to the conclusion that, among

activities that create excessive fishing pressure would

other things, all three bodies

not even be happening. This is especially true for trawler

18

18
27
21

67

fishing in the deep sea and for a large proportion of the
•

•
•

had implemented too few of the international guide-

squid capture in international waters. Still the govern

lines, especially those that were aimed at putting an

ments pay, albeit in differing measure. The deep-sea fishe

end to overfishing and at the recovery of stocks,

ries of Japan are most heavily subsidized, followed by

required too much time to introduce new, modern

Spain, China, South Korea and the USA. Amazingly, for all

management strategies and

five of these countries, the total contributions by far

failed in the task of building a consensus among their

exceed the total income from deep-sea fisheries. The only

member states on key issues of fisheries management.

really profitable targets on the high seas, according to

61

37
31

34

77

71
51
87

47

41

57

81

81

c alculations by scientists, are the high-priced predators
Critics of industrial deep-sea fishing therefore doubt that

such as sharks and tuna.

stocks on the high seas can be effectively protected as long

If scientific calculations show that fishing on the high

as economic and, in part, strategic interests are of upper

seas is not profitable, why do countries continue to do it?

most importance, and as long as some states subsidize

The researchers believe that the businesses actually do

their deep-sea fleets with more than USD 13 billion per

make a profit in the end, for example, by catching and

year. Subsidies are defined as direct or indirect financial

s elling more fish than they report to the authorities. In

S out h Korea

contributions, mostly from government institutions, that

addition, costs can be reduced by transferring the catches

Ta iwa n

result in lower fishing costs, more catches or a higher pro

to reefer ships while still at sea, which prolongs the period

fit margin. These include, among others:

of time that the fishing vessel can continuously remain at
sea. Another possibility is that the ship’s crew is either

•

contributions for the construction of new ships or the
repair of vessels already in operation,

poorly paid, or not paid at all.
Countries like China and Russia also use deep-sea

USA

10

Fra nce

fied by the fishing operations of these two nations in

facilities,

Antarctic waters. Claiming the rights to resources in the

Pa na ma

•

tax relief for fishing businesses,

Southern Ocean and showing a presence there is more

Nor way

•

fishery development programmes and

important than the question of whether the fishing is

S eychelles

•

fuel-price reductions.

e conomically profitable. And finally, it is probably also
been fished or only sparsely fished in the past.

20 0

China

fishing harbours or technical improvements to e xisting

Unless subsidies are tied to strict guidelines, they usually

Prof it s from
high-sea s f ishe r ies wit hout
subsidies in
millions of US D

Ja pa n

fishing to pursue foreign policy interests. This is exempli

worthwhile to fish sporadically in regions that have not

88

Spa in

government financing for the construction of new

•

58

48

88

Russia
0

M exico

– 30

Indonesia

result in fishers fishing for longer periods of time, more

Here again, a negative example is provided by Chi

intensively, and further from their home port. Subsidies

nese fishers, who cast their nets and lines on a massive

for fisheries around the world (coastal and deep-sea) are

scale near the boundaries of the marine protected area of

estimated to total between USD 14 and 35 billion. This

the Galapagos Islands during tuna season. In the summer

would mean that more than one-third of the costs of fishe

of 2020, 243 Chinese vessels cruised through the ecologi

3.18 > Deep-sea fishing would be an unprofitable business in many parts of the world if the fishery nations did not

ries (35 per cent) is financed by taxpayers.

cally sensitive region, more than in any year previously.

subsidize their fleets with an estimated USD 4.2 billion per year (value for the year 2014). This sum is around twice as

In 2016, for example, an analysis of global deep-

Beside vessels suspected of illegal fishing, the fleet also

much as the profits that the deep-sea fisheries would generate without government aid. The profitability of fisheries

sea fishing revealed that without government financial

included reefer ships for transferring the catches on the

support, fishing in more than half of the high-seas areas

high seas. The native Ecuadorian fishers could only watch

Ecuador
77

87

51

34

41

47

57

71
81
27
FAO Region

61

21

31

48

88

on the high seas depends on the individual states, the region of operations, the targeted species and the distance from
ports. As the figure illustrates, primarily the South Korean, Taiwanese, Chinese and Russian fisheries would s uffer
s ignificant losses without government support.
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helplessly as the biosphere was plundered. They them

not eat their purchases. The waste percentage is particular

selves have fishing inspectors on their ships who monitor

ly high in North America and Oceania, where around half

the catches and ensure that rare species are protected.

of the fish caught are ultimately not consumed.

The Chinese fleet, however, operates outside of the inter
national public eye.

Other voices advocate for designating at least 30 per
cent of all marine space as protected areas, and for prohibi

In 2017, when the Ecuadorian coast guard stopped a

ting direct human intervention of any kind in these re-

Chinese reefer ship inside the marine protected area and

gions, in order to offer a refuge for marine biological com

opened its container, the soldiers discovered around 6000

munities. There is a long list of convincing arguments for

deep-frozen sharks, including endangered species such

such measures. In marine protected areas there is a very

as hammerheads and whale sharks. Cases like these high

good chance of recovery for previously heavily fished

light the need for clear political commitment from all

stocks. Biodiversity is generally high or even increases

p arties involved and effective implementation of and


after protection status is declared. Moreover, many species

c omp liance with all directives and agreements. Without

reproduce more successfully because sexually mature ani

these, the promises of protection for the ecosystems of the

mals are not caught, or spawning sites on the seafloor are

high seas will be no more than empty words.

not destroyed by bottom trawling. Marine protected areas,
sometimes referred to as kindergartens or seed banks, also

Is ab s t in en ce t h e o n ly s o lu t io n ?

contribute to the recolonization of adjacent marine regions
and the more rapid recovery of endemic stocks there.

3.19 > An oyster farm on the coast of the US state of Maryland. Breeding of the American oyster is strictly regulated.

Critics of industrial fisheries are therefore appealing for a

Furthermore, the biological communities in marine

global shift in consumer attitudes. Marine conservation

protected areas exhibit a greater resistance to the impacts

organizations argue that every thoughtless seafood meal

of climate change, which is why many environmentalists

contributes to a sell-out of the oceans. Like meat, wild-

and scientists see this strategy as the best solution.

caught marine fish should be viewed as an exceptional

The fish trade, in turn, relies on products from certi

delicacy in industrialized nations such as Germany, and

fied, sustainable fisheries – for example, those that meet

only occasionally served. And when it is, it should come

the criteria and have been certified by the Marine Steward

from sustainable, regional coastal fisheries. Fish that are

ship Council (MSC). In the past 20 years the MSC has

transported around the world before being consumed,

awarded its blue sustainability seal to around 300 fishe

according to their rationale, do little to contribute to a

ries. It is the only internationally recognized certificate

sustainable way of life.

for sustainable wild-fish capture, although many individual

For the populations in poorer countries and on Pacific

countries also have their own national certification and

islands, on the other hand, fish is a necessary dietary

inspection procedures for sustainable fishery products. In

staple. Because there are few inexpensive alternatives,

Germany, for example, these include Naturland Wildfisch,

these people are very dependent on fish as a source of pro

Followfish and Dolphin Safe.

tein. For the world’s oceans to provide sufficient food in

Catches from MSC-certified fisheries, or those that are

the future for the Earth’s growing population, fish resour

under MSC review, now make up 15 per cent of the official

ces must be fairly distributed. A crucial aspect of this will

worldwide landings. The growing number of certified

have to be less fish and seafood consumption for those

fisheries highlights the customers’ and retailers’ wish for

who can afford and have access to alternatives. Further

sustainably produced products, and promises success in

more, according to the FAO, 35 per cent of the production

convincing the fisheries to improve their fishing operations

of fisheries is still going to waste either because refrige

and to have these efforts confirmed by a label.

In addition, scientists and farmers are working together to

ration-chain and hygiene regulations are not observed,

Many of the certified fisheries were forced to make

restore the natural stocks of this important water filterer.

buyers are not found for some products, or the buyers do

adjustments on behalf of marine conservation before they
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responsibility for implementation and monitoring of the

fished stocks sank from 75 per cent in the year 2000 to 45

mutually agreed rules has paid off in many places. This

per cent in 2011. Today, in the USA, there are only half as

s tewardship or co-management process relies on the


many overfished stocks as there were in the year 1997.

3.20 > The snow crab

fishers to manage the resources in a sustainable way, be-

Other examples of success have been realized in the

is one of the most

cause they have the exclusive right of use and thus a strong

waters of Iceland and Norway, by the crab-diver fishery of

personal interest in protecting the marine ecosystem.

Chile, which has become limited to artisanal fishers, in the

important target
species of Japan’s

But such community-based, cooperative management

waters of the coral triangle, and in the waters of Japan

approaches only function effectively where the number of

where the formerly overfished populations of the snow

annual research

participating stakeholders is small, where there is a high

crab (Chionoecetes opilio) have recovered.

catches and related

degree of collective unity, where all participants pursue

But in areas without a functioning fisheries manage

stock modelling.

the same interests and where the individual rights of use

ment plan, according to the FAO, the situation for fish

may not be sold to outside investors. Yet even if these con

stocks is dire. Around three times more fish are caught in

ditions are met there is still a need for state oversight. Any

these areas than in intensively monitored regions of the

policy solutions must also be tailored to the local condi

sea. In addition, the stocks are often only half as large, and

tions. Experience has shown that attempts to apply the

are generally in very poor condition. For this reason, the

same management strategies everywhere are likely to fail.

degree of success that sustainable fisheries management

fisheries. Scientists
therefore monitor its
stocks by means of

In its fisheries report published in 2020, the FAO

is now bringing for a number of countries has not been

were able receive the label. For the most part, the changes

In order to prevent these practices in the future, a con

emphasised that, in view of the increasing number of over

sufficient to halt the general worldwide decline of marine

were aimed at reducing direct consequential damages to

sortium of environmental organizations has submitted a

fished stocks, the goal of putting an end to overfishing in

fish stocks. It is thus essential to learn globally from one

the marine habitat by the fishery. Independent evaluations

list of 16 core demands to the MSC, with the hope that

the oceans by 2020 has not been met. The international

ano ther, share knowledge of successful and effective fishe

by experts have shown that MSC-certified fish stocks not

these will be considered in the current revisions of the

community is therefore called upon to:

ries management strategies, select approaches that take

only exhibit a larger biomass, but that the stocks also grew

MSC regulations. These include, among others, the need to

after certification.

ensure that

local conditions into account, and implement them in close
•

However, experts advise caution in interpreting this
positive trend as evidence of an overall improvement in

•

not an all-purpose, end-all weapon in the fight against
•

the overall ecological footprint of the fishery activities

•

invest in improvements in fisheries management;

of a certified company is assessed, including the non-

•

promote the transfer of technology and knowledge,
especially with regard to science-based fisheries

the fishers are no longer permitted to employ non-

management;

3.21 > With bottom-

limit fishing activities to levels that do not endanger

trawl fishing in the

certified fishing techniques, for example, those that

unable to afford them. For another, environmentalists feel

would lead to unnecessary bycatch;
•

all fish species caught, including those in the bycatch,

•

the reproduction of fish stocks;
•

net. Here is a small

through information campaigns or effective marketing;

ted to employ sustainable techniques on the same fishing

is prohibited;

and

MSC-certified operators are no longer permitted to

•

predict which species
will end up in the

are subject to sustainability criteria and overfishing
•

deep sea it is hard to

influence the purchasing behaviour of consumers

Until recently, for example, certified fisheries were permit
trip with more traditional, destructive fishing techniques,

cooperation with the local populations.

certified portions;

the process are so great that smaller fisheries are often
that the MSC regulations actually do not go far enough.

show a stronger political will, especially at the national
level;

worldwide fishery practices. An MSC certification is
overfishing. For one thing, the effort and costs required by

99

selection of animals
that were brought up

develop global fishery and marine monitoring systems,

in survey catches by
New Zealand scien-

such as bottom trawls, without losing their certification.

employ bottom trawls in marine regions with highly

and make all of the data available to the public in a

Environmentalists have also accused the MSC of ignoring

sensitive biological communities.

timely and transparent way.

evidence that the certified companies are involved in
the shark-fin trade or, in violation of MSC regulations,

It remains to be seen whether the MSC will consider these

According to the FAO, developments in recent decades

that they surround schools of dolphins in order to capture

recommendations.

have proven that fishing pressure has been most success

the tuna hunted by the marine mammals. Such opera-

In coastal regions where fishing is only practised by

fully reduced in marine regions where regulations have

tions generally result in the death of a large number of

artisanal fishermen and -women, involving the local stake

been implemented and compliance monitored. In Argen

d olphins.

holders in management decisions and giving them the

tina, Chile and Peru, for example, the proportion of over

tists at 1200 metres
depth.

100

Fo o d f ro m the sea <

> Cha pt e r 03

101

Aqua cul ture – a g r owth s e cto r
			

> Al m o s t h a l f o f a l l f i s h e r y p r o d u ct s co n s u m e d w o r l d w i d e n o w c o m e f r o m

Cur r ent aquac ult ur e produc t ion

a qua c ul t ur e , w he r e by onl y one i n t h r e e f i s h o r cr u s t a ce a n s g r e w u p i n t h e s e a . T h e r e m a in d er was
fa r m e d i n f r e shw a t e r a qua c ul t u r e f a ci l i t i e s . E x p e r t s n o n e t h e l e s s p r e d i ct a b r i g h t f u t u r e f o r f o o d
p r oduc t i on a t se a , pr ov i de d t hat i t w i l l b e p o s s i b l e t o i m p l e m e n t s u s t a i n a b i l i t y s t r a t e g i e s a n d r ed u ce

3.22 > Aquaculture

the e nv i r onm e nt a l f oot pr i nt of p o n d a n d ca g e a q u a cu l t u r e . T h e r e a r e m a n y i d e a s a s t o h o w t h is co u ld

fish farming is a
business with growth

be a c hi e v e d.

potential, as this
comparison shows. If

F ood f r om ponds a nd c a ge s

According to optimistic calculations, less than 0.015

all the world’s coastal

A nnua l produc t ion
in million tonnes

countries utilized one

0 to 0.0 01

per cent of their suit-

per cent of the oceans’ surface area could produce as much

0.0 01 to 0.5

able coastal waters

fish in aquaculture as the currently landed wild catch. If,

0.5 to 1

for sustainable fish

over the past 20 years. In 2000, just a quarter of all fishery

for the moment, we disregard areas of conservation con-

1 to 2

farming, production
volumes would multi-

products came from aquaculture facilities; today it is

cern such as coral reefs as well as possible social, environ-

2 to 4

almost half. This makes aquaculture the fastest growing

mental and economic concerns, fish farming would theo-

8 to 16

food production sector. In 2018, according to the FAO,

retically be feasible on more than 11.4 million square

16 to 24

114.5 million tonnes of fish, seaweed and seafood with a

kilometres of ocean; mussels could be grown on more

market value of USD 263.6 billion were produced in aqua-

than 1.5 million square kilometres, biologists specializing

culture systems around the world – more than ever before.

in aquaculture argue. If all this area were actually used,

Aquatic animals accounted for 82.1 million tonnes;

it would be possible to produce an estimated 15 billion

methods or a greater

seaweed production totalled 32.4 million tonnes.

tonnes of fish per year – almost 100 times more than the

utilized ocean area.

The importance of aquaculture has increased massively

Roughly two thirds of the fish, crabs, mussels and
other aquatic organisms farmed worldwide came from

ply in most countries,

4 to 8

with the exception of
China and Norway,
both of which already
produce more farmed
fish at sea, which

Potent ial aquac ult ure produc t ion

indicates either
intensive aquaculture

amount of fish and seafood people currently consume
annually.

lakes, ponds or land-based freshwater aquaculture facili-

Other scientists, however, are sceptical of both the

ties. Coastal and marine aquaculture, which includes salt-

rates of increase and the growth potential of aquaculture.

water ponds along the coast and cages in coastal waters,

In their view, the increases to date in the FAO aquaculture

produced a total of 30.8 million tonnes of animals in 2018.

statistics come mainly from domestic fish farming in

The majority of these were mussels (56.2 per cent; 17.3

China, whose figures are considered highly questionable

million tonnes). The total amount of finfish farmed at sea

and represent provincial planning targets rather than

was 7.3 million tonnes, while crustacean production total-

actual production. If the statistics were adjusted, they

led 5.7 million tonnes.

argue, it would be evident that marine aquaculture had

Increases of this magnitude have raised hopes world-

reached its zenith and freshwater aquaculture was hardly

wide that fish farming and seafood cultivation in aquacul-

growing at all. In order to be able to use fish and seafood

ture systems could be a solution to the problem of ensur-

sustainably as a source of protein for many people in

g reater by far than the mass of fish output sold for human

ing a continued supply of sufficient quantities of animal

the future, the primary goal should rather be to manage

consumption, the critics say.

protein to a growing world population – and at a signifi-

marine fisheries in a long-term sustainable manner.

Proponents of aquaculture counter that criticism of

plementary feed. This means that their share has dropped

cantly lower resource use and lower greenhouse gas emis-

Instead, however, so these scientists note, misinformed

adverse aquaculture practices is justified and important.

significantly over the past 20 years, although the total

sions than terrestrial livestock farming. Unlike pigs, cattle

politicians are focusing on aquaculture expansion, which

It should not however result in positive projects being

mass of animals reared without supplementary feed has

or goats, fish do not use energy to generate body heat.

in certain areas is actually detrimental to food security. For

discredited and policy-makers becoming overly cautious

increased to 25 million tonnes. At the turn of the millen-

Instead, a large part of the calories ingested through feed

example, wild-caught edible fish such as anchovy, sprat,

of new aquaculture approaches. In overfished regions

nium, 43.9 per cent of all farmed aquatic animals were

is channelled directly into growth, which is why it is pos-

herring or mackerel are largely not consumed directly, but

such as the Baltic Sea, sustainable aquaculture could help

raised without supplementary feed. Their share has now

sible to produce significantly more fish meat than beef,

are processed into fish feed for salmon and other preda

to improve the situation of both fishers and wild stocks in

dropped to 30.5 per cent, the majority of which are mus-

pork or goat meat with the same feed input.

tory farmed fish. The mass of wild-caught fish input is

the long term.

sels, which filter feed from seawater or brackish water.

But it is also a fact that less than a third of the farmed
fish and aquatic invertebrates are now raised without sup-
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Since macroalgae and seaweeds are very rich in nutri-

0.68 million tonnes of carbon would have been removed

ents and do not require fertilizers or feeds that could pol-

from the system, i.e. only 0.4 per cent of the natural kelp

lute coastal waters, their cultivation is considered an envi-

forests’ carbon sequestration service. On the other hand,

3.23 > Seaweed far-

ronmentally friendly method of food production. For this

a study by US scientists found that 48 million square kilo-

mers in the Solomon

reason, producers in other regions of the world are now

metres of the ocean is suitable for the industrial cultiva

harvested macroalgae

also showing interest in seaweed farming. However, in

tion of macroalgae. This corresponds to about five times

ashore. The cultiva-

order to reduce the food sector’s ecological footprint,

the area of the USA. According to the researchers, using

tion of plants in the

l arge-scale algae production would have to undergo a mas-

these waters fully for seaweed cultivation would probably

work and for many

sive level of expansion. Scientists have calculated such a

fail due to the effort and costs involved. At a regional level,

coastal inhabitants it

scenario: If humanity were to pursue the goal of producing

however, the cultivation of macroalgae can make perfect

is their only source of

only one per cent of all food from algae, 147 times more

sense as a means of carbon sequestration and storage,

algae would have to be grown for human consumption

especially since the macroalgae also contribute to lower-

than is currently the case.

ing the water’s pH value and increasing its oxygen content

Islands bring freshly

sea is hard physical

income.

Similar or even greater quantities would be needed if
macroalgae were put to additional uses. For example,
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d uring their growth, as long as the algae do not die off and
become decomposed by microorganisms.

3.24 > Giant kelp

t here are discussions as to the conditions required for the

However, in the long term more intensive seaweed

production of bioethanol and biomethane from red and

farming alone will not be enough to stop global warming.

forms dense kelp

brown algae. Both products could potentially replace fossil

While the world’s kelp forests remove roughly 173 million

forests off the Pacific

resources. Moreover, some of the algae contain Omega-3

tonnes of carbon from the Earth’s climate system every

fatty acids and could therefore be used as fishmeal or fish

year, humans added around ten billion tonnes by burning

grow to a length of up

oil substitutes in aquaculture facilities. Studies in rumi-

coal, oil and gas in 2019 alone. The kelp forests would

to 45 metres, making

nant livestock husbandry have shown that macroalgae

need around 60 years to absorb and store this much CO 2.

reporting year 2018, seaweed farmers, mainly based in

fed to cattle reduce their methane emissions. And when

Nevertheless, it is important to make better use of the

marine aquaculture facilities or coastal saltwater ponds

East and South East Asia, were already producing as much

applied to the land as fertilizer, they increase the soil’s

is now practised around the globe. The three largest

as 32.4 million tonnes. More than 85 per cent of this

nutrient levels.

marine fish producers are China, Norway and Indonesia.

p roduction originated in China and Indonesia alone.

The farming of fish, mussels and crustaceans in

Even more frequently, however, algae cultivation is

Together, they produced more finfish (3.8 million tonnes)

Two of the seaweed farmers’ best-sellers are the tropi-

now being discussed with regard to the creation of natural

in 2018 than the entire rest of the world (3.6 million

cal seaweed species Kappaphycus alvarezii and Eucheuma

long-term sinks for large quantities of atmospheric carbon

tonnes). Marine crab and crustacean farming is dominated

spp., from which carrageenan is extracted, a thermally

dioxide. The world’s naturally occurring macroalgae

by China, Indonesia and Vietnam. Marine shellfish farm-

stable gelling and thickening agent used in the food and

forests (also called kelp forests) sequester about 1.5 billion

ing however is almost exclusively in Chinese hands. The

cosmetics industries, for example in the production of

tonnes of carbon per year through photosynthesis. Just

People’s Republic produced approximately 14.4 million

vegetarian bread spreads. In the European Union, it is

over one tenth of this, an estimated 173 million tonnes, is

tonnes of marine shellfish in 2018, almost seven times

authorized as a food additive and thickener under the food

stored locally in the sea floor or transported to the deep

more than the rest of the world combined.

additive number E 407. Other farmed aquatic macroalgae,

sea and thus removed from the Earth’s carbon cycle. In

such as the Japanese brown algae Laminaria japonica or

this way, the kelp forests make an important contribution

the kelp species wakame (Undaria pinnatifida), are sold

to reducing the carbon dioxide concentration in ocean

directly as food and served in Asian cuisine, for example

waters and in the atmosphere.

T he f ut ur e be l ongs t o m a c r oa l g a e

China is also the leading producer of macroalgae and

as an ingredient in soups. Production residues or low-qua-

The climate mitigation potential of the algae farmed in

seaweeds, the global harvest of which has almost tripled

lity algae are usually not disposed of, but used as a feed in

aquaculture systems so far is rather low in comparison.

in the past 20 years. Seaweed farming is thus the fastest

mussel farming, among other things – an important step

For example, if all the farmed macroalgae harvested in

growing aquaculture sector. In 2000, 10.6 million tonnes

on the way to closed nutrient cycles and greater sustaina-

2014 (total quantity: 27.3 million tonnes) had not been

of macroalgae and seaweed were harvested. By the

bility.

processed but instead disposed of in the deep sea, only

(Macrocystis pyrifera)

coast of North America. The brown algae

it the world’s largest
bottom-anchored
marine organism.
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enormous potential of seaweed cultivation. Appropriately

global food problem if substitutes for fishmeal and fish oil

planned and implemented, large-scale seaweed cultivation

are cheaper and used more extensively by farmers.

could help protect the climate, improve food security,

Excess feed in marine aquaculture installations not

open up new sustainable sources of raw materials and

only pollutes fjords and coastal waters but downright

improve conditions for marine organisms.

over-fertilizes them. In many places this can lead to
i ncreased algal growth and also to the development of oxy-

The da r k si de of a qua c ul t ur e

gen-deficient zones. For a long time, fish and shrimp
farmers around the world also made unregulated use of

The expansion and intensification of aquaculture in

antibiotics in order to contain diseases in the much too

c oastal waters poses a number of threats to marine eco

dense animal populations. In the shrimp ponds of South

systems, especially when it comes to animal-based aqua-

East Asia, among other regions, this resulted in the deve-

culture. In South East Asia, for example, around 100,000

lopment of pathogens resistant to antimicrobials and ulti-

hectares of valuable mangrove forests were cleared bet-

mately led to several waves of severe outbreaks that

containing, flour-like

ween 2000 and 2012. Almost one third of the forest had

destroyed large parts of the Asian shrimp production,

product that is pro-

to give way to the creation of coastal shrimp aquaculture

especially stocks of the high-yielding giant tiger prawn

ponds. In Indonesia, the proportion of mangroves cleared

(Penaeus monodon), also known as black tiger shrimp.

Fishmeal and fish oil
Fishmeal is a protein-

duced by drying and
then finely grinding
whole fish or fish

for aquaculture was almost 50 per cent. In the same

Much research has been done to curb the disease out-

offal. In contrast, for

regions, many stretches of coastline had already been

breaks. Instead of the giant tiger prawn, whiteleg shrimp

transformed in the 1990s with a view to the expansion of

(Litopenaeus vannamei) now predominate in South East

is pressed and the

shrimp farming, which brings in foreign currency. As a

Asian breeding ponds. Moreover, attempts to breed

emerging liquid is

result, wild-caught tropical shrimp declined, and local

disease-resistant shrimp were successful, so that the use

coastal fishermen landed less fish because the mangrove

of medication has been greatly reduced. Many Norwegian

forests – the natural nursery grounds for juvenile shrimp

salmon cages are now also home to a significant number

and fish – were gone.

of lumpfish. The small, greenish iridescent fish are used as

the production of
fish oil, cooked fish

separated into different components.

Furthermore, the significant area lost to coastal aqua-

cleaner fish because they prey on a parasite of salmon that

culture is only one problem of many. The feed used in such

occurs naturally in Norway’s fjords – known as salmon

facilities still partly consists of fishmeal and fish oil. For

louse (Lepeophtheirus salmonis). This copepod attaches

its production, small schooling fish such as the Peruvian

itself to the skin of the farmed fish and causes wounds

anchoveta (Engraulis ringens) or the Atlantic herring (Clu-

that can be fatal to the salmon. But the lumpfish eat the

pea harengus) are overfished worldwide. According to the

parasites before they can do any great damage, thus elimi-

FAO, approximately 18 million tonnes of fish caught were

nating the need for medication or expensive pest control.

processed into animal feed in 2018. This quantity is far

This benefits not only the salmon and the fish farm opera-

lower than the peak of more than 30 million tonnes used

tors, but also the environment.

in 1994, but also well above the low of 2014 (14 million

However, the only way to prevent “faunal mixing”

tonnes). Critics of this practice have calculated that cur-

as a result of improper aquaculture management would

rently roughly 25 per cent of the schooling fish caught are

appear to be targeted bans on fish farming. For example,

processed into fishmeal or fish oil. In this way, fish that in

in December 2019, after a fire in an aquaculture installa

many parts of the world are consumed especially by the

tion off the coast of Vancouver Island, thousands of Atlan-

poorer population are transformed into fishery products

tic salmon escaped into the surrounding sea, which is

3.25 > For a long time, the giant tiger prawn (Penaeus

such as salmon fillets, which ultimately only the better-off

home to wild Pacific salmon. Marine conservationists and

m onodon), also known as black tiger shrimp, was the most

in society can afford, say the critics. In their view, farmed

environmentalists now fear that the former caged animals

salmon, seabass, etc. can only contribute to solving the

may transmit diseases, viruses and parasites to the native

widely cultured prawn species in the world. It has now
d ropped to fourth place. Nonetheless, a total of 750,000
tonnes of this species was produced in 2018.
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Pacific salmon, with which these wild stocks cannot cope.

obvious that new, efficient and, above all, resource-con-

And there is also the risk that the two species will mate

serving strategies for food production at sea are needed.

and produce offspring. Researchers speak of “genetic pol-

Hope is offered by approaches that focus on the entire eco-

lution” in such cases.

system, both in aquaculture and in fisheries.

Parasites introduced through aquaculture may multiply abruptly under certain circumstances and, in the worst

P r o g r e s s a n d i n n o v a t i o n i n a q u a cu l t u r e

case, impact food webs and entire ecosystems in the
facilities’ wider vicinity. In polluted coastal waters there

The severe ecological consequences of intensive marine

is also an increased risk of new pathogens emerging that

and coastal aquaculture (especially when it comes to fed

may also be dangerous to humans, for example pathogens

production systems) have prompted science and industry

that cause diarrheal diseases. This risk is elevated espe-

to search for new, more environmentally friendly

cially in the coastal regions of India, Bangladesh and

methods and technologies. Notable progress has been

Myanmar. Despite the high population density, these

made in several areas, such as in species selection, feed

regions are also home to intensive aquaculture facilities

composition and the development of integrated circular

and the annually recurring monsoon rains ensure regular

systems.

flooding, in the course of which pathogens can spread
quickly and come into contact with people.

List of current most popular alternative ingredients to replace fishmeal/fish oil
Category

Pros

Cons

Solutions and opportunities

Terrestrial plantbased ingredients,
including crop
by-products (e.g.
rapeseed, wheat
flour, soybean meal)

Easily accessible and can be
produced in large quantities;
economically competitive

Presence of anti-nutritional factors;
low digestibility; poor palatability;
imbalanced amino acid profile; do not
contain nutritional benefits of
omega-3 fatty acids

Apply more advanced processing
technology or enzymatic treatment
to enhance nutritional quality; add
attractants or palatants; can be
modified via advanced genetics
techniques to have long-chain fatty
acids

Terrestrial animal
by-products
(e.g. poultry meal,
feather meal, blood
meal)

Readily available; economically competitive; free from
anti-nutritional compounds

Nutritional quality largely depends
on processing technology; high in
saturated fats and less healthy fatty
acids; must be blended with poly
unsaturated fats; use limited by
regulations related to perceived
disease risk; do not contain nutri
tional benefits of Omega-3 fatty
acids

More advanced processing technology; supplementation of essential
amino acids; increase awareness
and improve consumer perception

Seafood and aquaculture processing
waste (e.g. fish head
or bones)

Potential availability is
substantial due to the large
amount of processing waste
(30 to 70% of fish volume)

Nutritional limitations; need for infrastructure; costly to transport; risk of
contaminants

More advanced processing technology

Microbial ingredients
(e.g. bacteria,
microalgae and
yeast)

Compatible nutritional
profile; some (but not all)
have significantly lower
greenhouse gas emission
intensities than land-based
alternatives

Limited nutrient bioavailability due to
rigid cell walls; high production cost

More advanced processing technology; scale to bring down the cost

Under- and unexploited fishery resources
(e.g. zooplankton,
krill and mesopelagic
species)

Large biomass potential;
not used for direct human
consumption

Exploitation could have significant
ecosystem impacts; difficult to assess
stock size and dynamics; technological innovations needed for increased
exploitation and exploration

Improve stock assessments to
increase understanding of stock
composition and exploitation potential; ecommend precautionary
approach

Genetically
modified (GM) plant
ingredients

Disease/pest resistance;
higher nutritional quality;
longer shelf life; free from
anti-nutritional factors; cost
competitive

Regulatory limitation; mixed positive
and negative effects on nutrient
balance and growth; negative
consumer or producer attitudes

Get adopted by legislation; enhance
consumer awareness; further study to
understand anti-nutritional aspects of
GM ingredients and possible expression of transgenic DNA in fish

Insects
(e.g. black soldier
flies, silkworm,
termites)

Rich protein content; favourable lipid profiles; readily
produced

Presence of indigestible chitin in
exo-skeleton; bioaccumulation of
pesticides; low amount of poly
unsaturated fatty acids in terrestrial
insects; need to scale

Technological improvements to
enhance mass production; improve
understanding of the effect of
insect meal on fish health; increase
awareness and improve consumer
perception

More than 600 species of fish, crustaceans and mussels are currently farmed in aquaculture systems around

If one considers against this background the call for

the world. A notable positive development is the fact that

the growing global demand for fishery products to be met

increasingly native species are farmed in the respective

primarily by means of an expansion of aquaculture, it is

regions. In Europe, for example, these are sea bass

3.26 > Free-floating
or anchored fish
cages with remotecontrolled feeding
units, as tested
here off the coast of
Hawaii, could offer
the opportunity to
shift fish farming out
to the open sea and
reduce aquaculture’s
ecological footprint in
coastal waters.
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( Dicentrarchus labrax), gilt-head bream (Sparus aurata)

The model of a closed nutrient cycle was the inspira-

natural coastal ecosystems have suffered enormously

Some experts recommend a focus on class, not mass.

and turbot (Scophthalmus maximus) . All three species

tion for the development of new Integrated Multi-Trophic

from intensive use in the past, the dismantling of exist-

They favour the operation of individual integrated facili-

are being produced in increasing quantities. In the tro-

Aquaculture (IMTA) systems, in which selected species

ing aquaculture installations will also have to be consi-

ties distributed over a large area so that their ecological

pics, the same is true for species such as barramundi

from different levels of the food web are kept in such a

dered if damaged coastal areas are to be revitalized. The

footprint is as small as possible. But these facilities

(Lates calcarifer) and groupers (Serranidae) as well as

way that the excreta of one species serve as fertilizer or

example of the Chinese coastal metropolis of Xiamen

should then produce high-quality products and market

for Rachycentron canadum – a spiny relative of the

feed for the next species and are used as effectively as

shows just how comprehensive such a restoration endea-

them at an appropriate price.

mackerel – known as cobia, black kingfish or black

possible by the latter. An example would be a facility

vour needs to be. Until 2002, the entire coastal waters

Other scientists advocate an expansion of global

b onito. Both cobia and groupers like warm water. Both

where fish are kept alongside mussels, macroalgae and

of this port city with its 5.1 million inhabitants were

aquaculture, premised on avoiding both environmental

species grow quickly and are very well suited for aqua-

crustaceans. Feed is only used at the start of the chain, in

devoted to aquaculture. For more than two decades,

damage and conflicts with indigenous populations. Their

culture production. Moreover, their meat quality is very

the form of fish food. The fish faeces are then filtered out

muck from the ponds and the residues of the intensive

suggestions include the following:

good, so producers are hoping for high production

of the water by the mussels and algae which utilize them

use of feed in fish cage installations polluted the bay on

volumes and good sales prospects.

as a source of nutrients. Meanwhile, the crustaceans on

which the city is located. In the period of 1984 to 1996,

•

define and enforce environmental standards;

the sea floor consume what is left over from the produc-

this pollution contributed to major fish kills which

•

plan the location of new aquaculture installations on

tion of fish and mussels and sinks to the bottom.

o ccurred roughly twice a year. The mangrove forest died

Intensive aquaculture research and rising world
m arket prices for fishmeal and fish oil have resulted in
a significant reduction in the proportion at which these

The advantages of such systems are obvious: While

components have been added to aquaculture feeds over

surplus nutrients are prevented from entering coastal seas

the basis of scientific information and in consultation
with other local marine user groups;

off almost completely and populations of seabirds and
river dolphins experienced dramatic declines.

•

introduce certificates or label schemes for sustain
able aquaculture production and make supply chains

the past two decades. In the past, feed for predatory fish

as a result of the facilities’ operation, the operators’ econo-

The city then initiated a new four-stage marine and

such as salmon or sea bass consisted mainly of animal

mic risk is also reduced as the parallel production of diffe-

coastal management plan to turn the situation around.

products. Nowadays grains, oilseed crops or legumes

rent species within a single system reduces the prod uction

The aquaculture installations were completely dis-

•

intensify the farming of non-fed species;

substitute these animal products to such a degree that

costs per species. Moreover, the producers can market a

mantled, the local mangrove forest was replanted, wet-

•

in the case of fed species, further optimize feed

the proportion of fishmeal in feeds for trout and salmon,

wider range of products which makes them more resilient

lands were renaturalized, wastewater treatment plants

for example, has fallen to ten per cent or less. This pro-

to short-term fluctuations in demand and prices. Taking

were built and walls and embankments hampering water

portion could be further reduced if it were possible to

into account the customers’ increasing awareness of sus-

exchange were demolished, to name just a few of the

cages – for example, by creating synergies through

cost-effectively produce microalgae in such large quanti-

tainably produced foods, it is likely that fishery products

measures as part of the comprehensive programme.

the conversion of such systems to integrated systems

ties that they could replace fish oil. Similar to fish oil,

from integrated aquaculture facilities will be purc hased

According to scientists the results are impressive: Water

microalgae contain omega-3 fatty acids, which are indis-

more often than products from less sustainable produc-

quality in the bay has improved so much that there are

pensable for fish health and are one of the reasons why

tion and that the operation of such facilities will enjoy

renewed prospects for herons, river dolphins and many

fish is so nutritious for humans.

g reater acceptance by the local population.

other species.

transparent;

r ation formulation and feed use;
•

find alternatives to marine mass fish farming in net

with farmed fish, cleaner fish, algae and mussels;
•

reduce susceptibility to disease through breeding and
genetic modification;

•

shift production to the open sea to reduce the burden

•

stake efforts on ecosystem-based husbandry systems,

on coastal waters;

When asked how freshwater consumption can be

Researchers are still conducting experiments on the

However, the radical dismantling of aquaculture

reduced in circular land-based systems, aquaculture

most beneficial combinations of species for specific

installations is a feasible solution only in exceptional

researchers have taken their cues from aquariums for

r egions. However, in the tropical regions it is becoming

cases. The complete decommissioning of facilities is con-

ornamental fish and developed purification systems

apparent that integrated aquaculture systems could be

traindicated by the growing global demand for fishery

that filter out and convert the excreta of the fish. In this

an elegant solution for the urgently needed production

products. If we want to continue to meet this demand in

Each of these ideas has its benefits. However, for every

way, it is possible to produce one kilogram of fish with

increases in marine aquaculture. While most of the

the future, the FAO believes that this will only be possi-

pro there is also a con when it comes to implementation.

less than 100 litres of fresh water. For comparison:

research in this regard is being undertaken in South East

ble if even more animal and plant products are produced

It is often argued that many of the proposed measures are

in conventional pond or flow-through processes, 2000

Asia, intensive work is also ongoing in Canada, Chile,

in aquaculture systems. Moreover, in many coastal

too expensive and thus uneconomical for operators of

to 200,000 litres of water were needed up to now to

Israel and South Africa.

regions and areas, marine food production is the only

aquaculture facilities. To the disappointment of aquacul-

source of income for the local population. The closure of

ture researchers, there have hardly been any field trials

aquaculture facilities would deprive many people of their

that yielded strong figures to refute this argumentation.

livelihoods, especially in the tropics.

Calculations of the economic viability of sustainable

p roduce the same quantity of fish. Scientists have also
developed water treatment systems and management

Regionally adapted solutions

instructions that can reduce the adverse impacts on the
water used in these widely employed conventional

A switch from conventional aquaculture to integrated

Highly divergent approaches to the future of aquacul-

s ystems.

systems will not suffice everywhere. Especially where

ture are being discussed in the scientific community.

in coastal areas as well as in the open sea.

aquaculture approaches are mostly based on computer
modelling.
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Pros and cons of different mariculture pathways and approaches

Pros and cons of different mariculture pathways and approaches

Pathways or approach

Description

Pros

Cons

Pathways or approach

Description

Pros

Cons

Environmental
standards and
regulations

Standards (e.g. water q
 uality)
set and monitored by
governing agency

May help reduce incidents of disease
transfer, nutrient and chemical pollution and habitat loss

Expensive; prohibitive if unstructured
or poorly defined

Offshore mariculture

Mariculture located in conditions similar to those of the
open ocean

Tracing a seafood product
through the entire supply
chain

Enhances food safety; improves
operational efficiency and market
access; helps eliminate illegal
activities; helps mitigate fraud and
counterfeiting

Expensive; proprietary information
conflicts; involves federal and state
or provincial policies

Higher production costs; potential
for interactions with wild fisheries;
efforts to protect farmed animals
can result in the harming or killing of
large predators (e.g. sharks, seals)

Seafood traceability

Less constrained by water or land
availability for farming sites; may
decrease nutrient and chemical pollution given the appropriate design and
location (e.g. distance, depth and
current); improves growth and condition (lower parasites and disease) of
species; increases production without
additional impact

Marine spatial
planning

Coordinated spatial planning
that considers scientific and
economic information and
other resource users; could
build on land-use policy and
market-based approaches
on land

Prioritises mariculture placement
based on the available information;
may help reduce conflict with other
user groups; can be used to place
farms in ways that minimise disease
transfer and interactions with wild
species

Expensive; may be time-consuming;
needs to adapt as environmental
conditions and social preferences
change

Intensification

Concentrated and mono
culture production systems

Can result in high yield per unit area

Increased risks of pollution, disease
outbreak and the introduction
of invasive species; may be less
resilient; should be designed based
on carrying capacity and should
adopt ecosystem-based management

Sustainable sourcing
for alternative feeds

FM/FO replaced by terrestrial
crops, rendered terrestrial
animal products, fish processing waste and other novel
products

Reduces fed mariculture’s
dependence on capture fisheries for
expansion

Current barriers to widespread adoption (e.g. high costs); may affect the
health of fed species and/or health
benefits for consumers

Selectivity in feeding

Feeding FM/FO at particular
times in the life cycle and
feeding in ways that do not
put excess feed into the
environment

Helps reduce nutrient pollution; may
help reduce dependency on FM/FO

Can be expensive (e.g. requires
technology to automate in offshore
systems)

Selective breeding

Breeding organisms with
desirable traits in order
to produce offspring with
improved traits

May improve feed efficiency; may
improve disease resistance, reducing
antibiotic use (which reduces risk of
antibiotic-resistant disease strains)

Escaped mariculture species may
interact with wild populations, which
can lead to hybrids with reduced
fitness

Selectivity in disease
treatment

Using antibiotics only when
necessary; development of
vaccines

Reduces risk of antibiotic-resistant
disease strains

Expensive compared to alternative
approaches associated with environmental risks

Certification/
labelling/
ranking

Use market-based incentives
to award and promote
sustainable practices

Can incentivise greater adoption of
sustainable mariculture systems and
improve public awareness of sustainably farmed seafood

Certification process can be
expen-sive and thus pose challenges
for small operations; labelling can be
confusing for consumers

Genetic modification

Gene transfer to improve
certain traits

May improve feed efficiency; may
improve disease resistance, reducing
antibiotic use (which reduces risk of
antibiotic resistant disease strains)

Escaped mariculture species may
in-teract with wild populations,
leading to hybrids with reduced
fitness

Unfed mariculture

Farming lower-trophic-level
species such as bivalves and
aquatic plants

Improves water quality in the
surrounding environment through
filtering; does not require direct feed

Insufficient demand for low-trophic
level production may preclude
large expansion; dense cultivation
of plants can block flows, creating
environmental challenges; low edible
conversion requiring more production per pound; more sensitive to
climate change; diverts nutrients
from surrounding environment

Integrated multitrophic mariculture

Farming of different trophic
levels to reduce nutrient
concentrations

In some cases, reduces nutrient and
chemical pollution

Can be technologically challenging
to implement; expensive

But the fact is that if aquaculture is to be practised in

Scientists argue that in countries where there are no

harmony with nature, there cannot be just one blanket

clear rights, regulations and responsibilities, operators of

approach. Instead, it is essential that the methods used

aquaculture facilities have no reason to invest in sustain-

are adapted to local and regional conditions. It is upon

able technologies and feed research. If aquaculture were

policy-makers to define and introduce the laws and regu-

to be expanded in such contexts, it could reasonably be

lations that will resolve the often unclear issues of

expected that water quality would rapidly decline, that

ownership and liability, provide attractive incentives for

the marine environment would be severely damaged and

the sustainable operation of facilities (such as tax bene-

that the health risk for coastal residents would increase.

fits, subsidies, etc.) and prescribe methods and threshold

The decision as to whether and how to expand aquacul-

values for the effective environmental monitoring of

ture is therefore not an easy one. Costs and benefits

aquaculture operations.

would need to be weighed carefully.

111

112

Fo o d f ro m the sea <

> Cha pt e r 03

Ce r t i f i c a t i on m a r k s f or r e spons i b l e a q u a cu l t u r e

fishery products produced according to ASC standards

Co n c lu s i on

had increased by 181 per cent. The environmental
A variety of certification marks allow customers who

requirements imposed by the ASC are also having an

wish to buy fish and seafood from responsible or sus

effect: certified shrimp farms in Vietnam, for example,

tainable aquaculture systems to recognize such products.

were able to halve their adverse environmental impact

Based on the sustainability label of the Marine Steward-

through improved waste management. ASC salmon f arms

The world cannot be fed without fish – all experts

or where fisheries management is far removed from

ship Council (MSC) for wild-caught seafood, there is also

reduced their reliance on fishmeal from wild catches by

agree on that. More than 3.3 billion people get at

scientific advice; this is true even in some parts of the

a quality label for socially and ecologically sustainable

three per cent. The certification guidelines for aquacul-

least one fifth of their animal protein from aquatic

European Union.

aquaculture – that of the Aquaculture Stewardship Coun-

ture facilities that bear the German Naturland label for

foods. The importance of marine fish is even greater

Neither scientists nor politicians agree among

cil (ASC). The ASC has developed aquaculture standards

certified organic aquaculture are stricter than the ASC

for coastal populations in developing nations and

themselves as to the role marine aquaculture can

for 17 species groups whose market value is high and the

standards. Operators undertake, among other things, to:

for the inhabitants of small island states. For many of

play in feeding the growing global population in the

them, fish is often the only affordable source of ani-

future. Some experts point to the theoretical possibi-

adhere to species-appropriate husbandry conditions

mal protein. Most other people are also consuming

lity of enormous increases in production; others are

and low stocking densities;

more and more fish and seafood. Since 1995, global

much less optimistic in their outlook.

production of which has far-reaching impacts on the
environment. These farmed species include marine ani-

•

mals such as abalone, venus clam, common mussel,

populations have been able to recover. In contrast,
the situation is dire wherever there are no controls

use certified organic feed, the fishmeal and fish oil

per capita fish consumption has increased from 13.4

bream, stone bass and cobia. Since November 2017,

content of which originates from residues from the

kilograms to 20.5 kilograms per year.

t here has also been a joint ASC-MSC standard for


processing of culinary fish and not from industrial

This increase has been made possible by more

environmental degradation. Science and industry are

seaweed cultivation. In the course of the ASC certifica-

fisheries specifically exploited for feed production;

intensive fishing, especially in lakes, and an expan

therefore devoting a great deal of effort to the devel-

refrain from the use of genetic engineering, chemical

sion of domestic and marine aquaculture. Never

opment of more sustainable production standards,

additives, growth promoters and hormones;

theless, marine capture fisheries still account for the

technologies and facility designs. Their implementa-

oyster and scallop, as well as salmon, sea bass, gilt-head

tion process, plant operators are motivated to:
•

use fewer pesticides, chemicals and antibiotics;

•

reduce water pollution;

•

•
•

feed more efficiently and thereby prevent eutrophication of facilities and coastal waters;

•

•

A f o o d s o u r ce at it s lim it

•

In the past, the construction and operation of
aquaculture facilities have resulted in large-scale

comply with strict regulations on the use of medica-

largest proportion of wild catches, as international

tion or utilization should conserve natural resources,

tion (e.g. the use of antibiotics is prohibited in shrimp

catch figures have remained at a very high level for

minimise the use of medication and chemicals, and

farming);

about 15 years. It is difficult to quantify the damage

reduce the overall impact on the ocean. To date,

provide high social standards for their employees.

caused by this intensive marine fishing because half

the integrated or ecosystem-based approaches with

implement technical upgrades to their facilities to

of the fish caught come from stocks that are not sub-

c losed nutrient cycles offer the best prospects in this

prevent farmed fish from escaping;

Operators of shrimp farms are under a further obligation

ject to any kind of scientific monitoring. According

regard.

treat all employees fairly and in accordance with

to reforest former mangrove areas. With requirements

to FAO (Food and Agriculture Organization of the

Great hopes rest on the cultivation of macro

appropriate social standards;

such as these, Naturland also sets itself apart from the

U nited Nations) data, more than one third of the

algae, the fastest expanding aquaculture sector.

interact in a positive way with the local communities

minimum requirements set out in the EU Regulation on

s cientifically assessed stocks are now considered


Intensive research is also being conducted on substi-

in the facilities’ surroundings.

organic aquaculture animal and seaweed production.

overfished. Other studies assume an even higher

tutes that will allow for the reduction of the propor

This legislation came into force on 1 July 2020 and for

figure, as the FAO statistics do not, for example, take

tion of fishmeal and fish oil in feeds.

In addition, participating aquaculture companies must

the first time lays down rules for organic fish and seafood

sufficient account of illegal, unreported and uncon-

ensure that their supply chains are designed in such a

production throughout Europe.

trolled fishing.

•
•

However, in order for sustainable business strategies to prevail in the long term, stricter regulations

way that they exclude any possibility of erroneous substi-

While environmental organizations such as Green-

New technologies such as satellite monitoring,

and controls are needed in the aquaculture sector.

tution or admixture of certified and non-certified fish and

peace welcome the Regulation in principle, they also

automatic vessel identification systems and data por-

Quality labels such as the ASC logo can be suppor-

that each product can be reliably traced back from the

describe the rules as the lowest common denominator.

tals on fishing and reefer vessels now allow inspec-

tive in this respect.

point of sale to the aquaculture facility from which it ori-

Important criteria are not sufficiently strict in their view,

tors to detect illegal fishing activities to a greater

But there are also ever louder calls for the con-

ginates. By the end of 2019, the ASC had certified more

with most stocking rates, for example, being set too high

extent. Greatly encouraging is also the fact that in

sumption of fish and seafood to be reduced, given

than 1100 aquaculture facilities in 42 countries. Together,

and hazardous chemicals having been approved for use.

areas where stocks have been managed in a sustain

that as a result of the increasing consumption of fish

they produced almost two million tonnes of fish and

Critics note that the EU Regulation thus falls far short

able and science-based manner and fishing activities

worldwide, the sea as a food source has long since

seafood. Compared to 2014, the number of participating

of the standards that the Naturland association, for

have been closely monitored, once overfished fish

reached its limits.

farms had increased by 450 per cent and the amount of

e xample, has been setting for more than a decade.
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