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AQUACULTURE AND FISHERIES CRISIS WITHIN THE GLOBAL

CRISIS

Costas Perdikaris and loannis Paschos

SUMMARY

The present essay attempts to address the observed complex
crisis of aquaculture and fisheries sectors within the broader
context of global crisis, using examples of significant negative
effects on natural and social environment. At the same time the
underlying causes of the sectors’ crisis are viewed under the
lens of metabolic rift theory applied to shrimp farming, glass
eel trade, and tuna fishing and farming for sushi. Current crisis

in the Greek aquaculture sector is briefly reviewed as a repre-
sentative example of aquaculture developmental process in west-
ern societies, followed by an attempt to address the emergence
of organic aquaculture schemes. Finally, eco-sound directions
and polices in aquaculture development are briefly discussed,
in order to minimize environmental effects, social inequity and
partially restore existing metabolic rifts.

Climate, Biodiversity and
Environmental Crisis

Climate change is more
than evident in many parts of
the world, characterized by
altered patterns of natural
phenomena, severe damages
and human casualties (IPCC,
2007). Moreover, ice melting
and the resulting rise in sea
level increasingly threat coast-
al lowlands due to flooding,
erosion and salinization, and
further alteration in the bal-
ance of aquatic systems
(Handyside et al., 2007). Tem-

perature rise will particularly
affect freshwater fish (Co-
chrane et al., 2009) and the
problem is expected to be se-
vere, for example, for the
37% of the species in Greece
that are already classified as
threatened. In marine and
brackish waters, tropical and
subtropical alien species have
extended their distribution
pattern to the north of the
Mediterranean (Zenetos et al.,
2009). Overall, climate change
is expected to favor many of
the 11000 alien species re-
corded in Europe (EU, 2008).

North American non-indig-
enous crayfish species
(NICS), which are asymptom-
atic carriers of the crayfish
‘plague’, were imported to
Europe (via aquaculture,
aquarium trade, as live food,
and for re-stocking purposes)
devastating in many countries
the indigenous crayfish spe-
cies (ICS) due to their aggres-
sive behavior, higher growth
rates and fecundity (Holdich
et al., 2009). It was projected
that European waters will be
inhabited by NICS in 100
years time and few, critically

endangered, ICS populations
will be confined in limited
isolated places (Taugbel and
Skurdal, 1999).

Although the ‘polluter pays’
principal has been welcomed
by environmentalists, ecologi-
cal footprint data revealed
that the problem was particu-
larly urgent in resource use.
In Greece, the overall eco-
logical footprint is about 3.5
times higher compared to the
national available biocapacity,
and about 2.2 times higher
compared to the global eco-
logical footprint (WWF,
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CRISIS DE ACUICULTURA Y PESCA EN LA CRISIS GLOBAL

Costas Perdikaris e Ioannis Paschos

RESUMEN

En el presente ensayo se examina la compleja crisis del sec-
tor de acuicultura y pesca dentro de un contexto amplio de la
crisis global, empleando ejemplos de efectos negativos signi-
ficativos sobre el ambiente natural y social. Al mismo tiempo,
las causas subyacentes a la crisis del sector son enfocadas bajo
la perspectiva de la teoria de la brecha metabdlica aplicada
al cultivo de camarones, comercio de angulas, pesca de atun y
cultivo para sushi. La crisis actual en la acuicultura griega es
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RESUMO

No presente ensaio se examina a complexa crise do setor
da aquicultura e pesca dentro de um contexto amplo da crise
global, empregando exemplos de efeitos negativos significativos
sobre o ambiente natural e social. Ao mesmo tempo, as cau-
sas subjacentes a crise do setor sdo focadas sob a perspectiva
da teoria da brecha metabolica aplicada ao cultivo de cama-
roes, comércio de meixdo, pesca de atum e cultivo para sushi.
A crise atual na aquicultura grega é revisada brevemente, como

revisada brevemente, como ejemplo del proceso de desarrollo de
la acuicultura en paises occidentales, seguido de un intento por
considerar la emergencia de esquemas de acuicultura organica.
Finalmente, se discuten brevemente directrices y politicas eco-
légicamente aptas para el desarrollo de la acuicultura, a fin de
minimizar los efectos sobre el ambiente y la inequidad social, y
restaurar parcialmente la brecha metabdlica.

exemplo do processo de desenvolvimento da aquicultura em
paises ocidentais, seguido de uma tentativa por considerar a
emergéncia de esquemas de aquicultura organica. Finalmente,
se discutem brevemente diretrizes e politicas ecologicamente ap-
tas para o desenvolvimento da aquicultura, a fin de minimizar
os efeitos sobre o ambiente e a desigualdede social, e restaurar
parcialmente a brecha metabdlica.

2008). Footprint in aquacul-
ture ranges from negligible to
as much as 50000ha per ha
activity, depending on spe-
cies, farming methods and
intensity (Beveridge et al.,
1997; Folke et al., 1998). In
fact, the ratio of wild fish in-
puts to farmed fish outputs in
the intensively farmed car-
nivorous species (e.g. Atlantic
salmon) is 5.0 compared to
the average value of 0.63.
Fish oil imports are dominat-
ed by Europe and volume re-
quirements by the aquaculture
sector is expected to deter-
mine the sectors role in the
future of wild fisheries (Nay-
lor et al., 2009).

Nutritional Crisis and
Fiscal Growth: India on the
Edge

Annual aquaculture growth
in India follows the national
economy trend (~7% during
2007-2009; EW, 2010; FAO,
2010). In the same time, 36%
of the population lives below
poverty line and 48% of the
children of 0-5 years old are
chronically malnourished (Ar-

nold et al., 2009). Trade liber-
alization generated revenues
to the national economy from
shrimp exports, but at the
same time it was responsible
for an imbalanced growth and
poverty increase at local level
(Pradhan and Flahenly, 2008).
In the agriculture sector,
farming of genetically modi-
fied organisms (GMOs) by
small farmers has compro-
mised their livelihoods, since
they cannot afford to pay for
GMO grains, inorganic fertil-
izers, and pesticides. The
overall picture implies that
nutritional deficiencies and
fiscal development can go
hand to hand, especially when
agricultural products became
the new battleground for
agro-fuel companies and stock
exchange speculators.

Social Crisis

The collapses of Bear
Sterns and Lehman Brothers
opened the Pandora’s Box for
the globalized economic net-
works. Whether this is a de-
caying over-accumulation
(capital concentration) crisis
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(Marx and Fowkes, 1992), fol-
lowed by a reproduction crisis
of the new high-tech era, or
just a creative destruction
phase of the previous eco-
nomic cycle (Schumpeter,
1962), the current crisis has
affected the real economy and
society. Total unemployment
rate reached 17.5% in the
USA (Leonhardt, 2009) and
13.2% of the population (40
million people) live in poverty
(DeNavas-Walt et al., 2009).
This trend is expected to be
accompanied by a parallel
under-consumption crisis, and
negatively affect consumption
habits in fishery products.
Currently, the predicted needs
for fish food supplies are huge
(i.e. 270.9x10° metric tons for
2050; Wijkstrom, 2003) and
the aquaculture sector is ex-
pected to fill the demand gap.
However, even if it is possible
to overcome the finite charac-
ter of natural resources, little
evidence exists at present that
per capita supply and con-
sumption of fish products will
rise, for example, in the sub-
Saharan countries (~less than
8kg vs 16.5kg globally), sug-

gesting that food security and
accessibility opportunities
even to basic goods are not
related to the monetary gain-
driven nature of the industrial
aquaculture and fisheries sec-
tors.

Fisheries in the Twilight
Zone

Overexploitation of com-
mercial fish stocks in most of
the seas is mainly the result
of industrial trawling (Watling
and Norse, 1998). The col-
lapse of Northeast Atlantic
cod fishery and processing
industry in New England dur-
ing the 1990s (Hamilton et
al., 2004a) was not a sudden
event. Early signs of stress in
Atlantic cod, halibut and oth-
er commercial stocks were
evident from 1930s (Clausen
and Clark, 2005). The evolu-
tion of fishery practices and
technology resulted in mass
production and decimation of
large predators and, subse-
quently, to extracting fish of
the lower trophic levels. It is
now widely accepted that
overfishing of predators leads
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to disruption of the energy
flows between the food webs,
increased by-catch and loss of
biodiversity, and, finally, to
collapse of the entire vulner-
able ecosystems.

The ecological consequenc-
es of both ‘fishing down the
food chain’ (Pauly et al.,
1998) and ‘fishing down the
deep’ (Morato et al., 2006)
practices will have ultimately
serious effects on populations
which rely on fisheries. Dur-
ing the 1990s, overfishing and
environmental stress in the
North Sea caused depletion of
commercial stocks and, ac-
cordingly, generated increased
unemployment, business fail-
ures, and rapid structural de-
mographic disturbances in the
Faroe Islands (Hamilton et al.,
2004b). Currently, in develop-
ing countries that collectively
represent 70% of total catch
and 35% of small scale fisher-
ies, 22-24 million fishermen
and 68-70 million people who
work in the postharvest sector
are expected to face serious
consequences from the fish
supply crisis (Hall et al.,
2010). Political will at the in-
ternational level currently re-
flects the dominance of fish-
ery companies and trade laws
over environmental laws, and
the future of marine capture
fisheries will be ultimately
conditioned by political, social
and economic factors, includ-
ing aquaculture (Garcia and
Grainger, 2005).

Metabolic Rifts in
Industrial Fisheries and
Aquaculture

Sustainable development
principles have become the
mainstream doctrine. How-
ever, the dominant neoliberal
attitude and practice towards
the environment (i.e. contin-
ued economic expansion in
order to built capital for in-
vestment) has produced ir-
reversible environmental di-
sasters.

Material exchange in bio-
logical chemistry and agricul-
ture, where depletion of soil
nutrients was observed early
(mid 18" century), led Carl
Marx to deploy the concept of
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metabolic rift. Capitalism is
the driving force for centuries
and organizes social metabo-
lism with nature on the base
of capital, production and
profit escalation. However, the
equilibrium of these dynamic
metabolic processes between
humans and nature are fre-
quently ruptured, as constant
inputs of finite resources are
required and wastes are ac-
cumulated. Such a rupture
(metabolic rift) also threatens
the stability and biological
integrity of aquatic ecosys-
tems (Clausen and Clark,
2005). Accordingly, industrial
aquaculture (‘Blue Revolu-
tion’) is challenged as a
‘quick-fix’ to transcend eco-
logical limits and existing
metabolic rifts such as

a) The development of shrimp
farming by the construction
of mega-farms both in Central
America and Asia. In India,
Bangladesh, Thailand and
many Southeastern Asia coun-
tries, for example, shrimp
farms were built on unfit
acidic soils after clearing
mangrove forests (Barbier and
Sathirathai, 2004). Moreover,
post larvae production is en-
tirely based on wild brood-
stock (Primavera, 2006). The
use of open farming systems
resulted in continuous degrad-
ing water quality (Naylor et
al., 1998). Finally, the shrimp
sector in most countries has
been devastated by the infec-
tion by White Spot Syndrome
Virus (Flegel and Alday-Sanz,
2007), with serious soioeco-
nomic impacts to local com-
munities and economies.

b) The unprecedented exploita-
tion of glass eel stocks in Eu-
ropean waters was evident
during the last 15 years, in
order to fulfill the demand by
Chinese farms; it resulted in
sky-high prices glass eels
(>€1000/kg) and dramatic de-
crease of natural stocks in Eu-
ropean inland waters (ICES,
2008). Accordingly, eel was
registered in the ITUCN list of
threatened species.

¢) The exploitation of mature
stocks of Mediterranean blue-
fin tuna, which have almost

crashed and most specimens
caught are far below the re-
productive age (MacKenzie
et al., 2009). Tuna farming
for sushi depends solely on
state quotas in Europe, as
well as on fish caught in the
Mediterranean waters of
North Africa. Recently (on
March 2010), the involved
parties (EU, USA, Japan,
Canada, etc.) failed to halt
tuna fishing during the last
CITES meeting, by-passing
the urgent alerts of most fish-
ery scientists who suggested
zero quotas (Black, 2010),
while favoring the fishing in-
dustry and their lobbies.

Aquaculture Sector: The
Greek Case

Cotemporary aquaculture in
Greece is ~25 years old, even
though freshwater production
practically started with the
introduction of rainbow trout
during the Marshal Aid Pro-
gram (1948-1952; Perdikaris
et al., 2010). Mariculture de-
velopment was based on the
availability of suitable sites,
French, Italian and Japanese
knowhow, and financial sup-
port from EU structural pro-
grams. However, after 1995, a
few large corporations were
formed via aggressive merg-
ing and direct purchasing of
smaller farms, backed by
bank loans and ‘cheap’ money
from the Athens stock ex-
change. The process was fur-
ther accelerated by artificial
price recession, suffocating
small and medium scale pro-
ducers. The result was that
from about 300 farm owners
in the late 1980s-early 1990s,
only 16 companies or group
of companies control about
70-75% of total production
(particularly, 3 companies
control 90% of juvenile pro-
duction and 60% of fish feed
production) (Barazi-Yeroula-
nos, 2010). Today, the sector
is irreversibly loan and substi-
tute dependent (capital inten-
sive), and also fish oil and
fish meal dependent. The eco-
nomic crisis was used as the
perfect alibi to increase profit
return from capital, by mini-
mizing labor cost (reducing

the salaries of all workers or
significantly sacking pro-
grams). In this situation,
farming companies, fish feed
companies, banks and periph-
eral suppliers will be serious-
ly affected by a possible spi-
ral deleveraging phase.

Organic Aquaculture:
Sound Practice or
Marketing Trick?

Organic movements such as
IFOAM aim to bring together
farmers and associations en-
gaged in organic agriculture,
livestock farming and aqua-
culture (IFOAM, 2007). How-
ever, the organic (‘ecological
friendly’) nature of the pro-
cess has been strongly debat-
ed and sometimes is charac-
terized as ‘oxymoron’ on the
base of resource use, spread
of parasites and genetic ‘polu-
tion’ of natural stocks (Stani-
ford, 2001).

In Asia, organic production
has been practiced for centu-
ries without the need of so-
phisticated technology, chem-
icals, inorganic fertilizers,
increased stocking densities
and mechanized processes
(Beveridge and Little, 2007).
It started as a means of pro-
viding supplementary income
to rural families by maintain-
ing the excess fish caught in
backyard ponds fed with ag-
ricultural, household by-prod-
ucts, wastewater and sewage.
However, based on the avail-
able production data, Europe
is the leading player in or-
ganic aquaculture. Contempo-
rary organic schemes would
be valuable if 1) used in spe-
cies close to the trophic
chain (e.g. tilapias, various
cyprinids; Perdikaris and
Paschos, 2010); 2) resource
inputs are kept to a mini-
mum, compared to product
and waste outputs; and 3) ap-
plied to extensive and semi-
intensive small and medium
scale systems, harmonically
integrated to the surrounding
landscape. Additionally, inte-
grated livestock/fish, agricul-
tural crops/fish, rice/shrimp
or prawns and fish/shellfish
farming schemes could be
useful (FAO/ICLARM/IIRR,
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2001). On the other hand,
organic approaches in inten-
sive systems using carnivore
species are currently con-
ceived as a way to bypass
overproduction, profit margin
and marketing bottlenecks,
and therefore require ethical
justification on the grounds
of resource exploitation and
use.

The Way Ahead

The current complex global
crisis is directly related to
climate and physical environ-
ment, biodiversity, economy,
and social welfare. Industrial
scale aquaculture and fisheries
function within this context,
but at the same time they
possess their own crisis intri-
cacies, which can be fairly
understood by the application
of metabolic rift theory. Fish-
eries are no longer available
to satisfy the demand gap,
and aquaculture already sup-
plies 50% of total fish and
mollusks consumed. Although
feeding conversion ratios and
feeding management have
been improved in piscivorous
fish, fish meal and fish oil
requirements doubled over the
last decade (Tacon and Me-
tian, 2008), enhancing the
existing metabolic rift. Efforts
currently concentrated on fish
meal and fish oil replacement
(Turchini et al., 2009) create
additional metabolic rifts on
the land.

The application of radical
sustainable de-growth eco-
nomic principles (Georgescu-
Roegen, 1971) in multina-
tional large scale fishing fleets
and mega-farm structures
would be justified especially
in proven detrimental activi-
ties, in order to protect natu-
ral resources, reduce social
inequity, and partially restore
certain metabolic rifts. It can
be seen as an active and soci-
ety-driven remediation pro-
cess and a sound tool, to re-
verse the ecological conse-
quences of the ongoing ag-
gressive capitalist production.
On the other hand, the supply
crisis and the observed nutri-
tional crisis in many places of
the developing world could be

mitigated by the wider appli-
cation of bottom production
farming strategies involving
low value herbivore species.
In parallel, equity policies,
better management practices,
and self regulation in small
and medium size farms (Sub-
asinghe et al., 2009) should
be strongly promoted.

Organic production in
aquaculture is steadily in-
creasing (Tacon and Brister,
2002) and could assist in re-
ducing the ecological footprint
of the sector. Developing
countries would be largely
benefited from certified or-
ganic production, either due
to close resemblance to tradi-
tional practices, or due to the
ideal temperature conditions
and availability of water re-
sources (e.g. in sub-Saharan
countries especially for Nile
tilapia and African catfish;
Anguilar-Manjarrez and Nath,
1998). Low impact aquacul-
ture (Bunting, 2006) requires
the application of ecological
footprint approaches and car-
rying capacity tools. More-
over, effective controls in re-
source and space utilization
would reduce social tensions
and resolve present conflicts
with other activities.

The development of coop-
eratives by small and medium
producers and artisanal fisher-
men at the production and
processing levels should be
strengthened within a context
of community-based manage-
ment. Such an organization
has been proved valuable in
assisting poverty alleviation
and also in meeting protein
needs. Application of horizon-
tally integrated aquaculture
(FAO/ICLARM/IIRR, 2001)
could sustain employment op-
portunities in rural and coast-
al fishing communities, com-
bined with participatory plan-
ning, extension services and
public education.

Finally, national legislation
frameworks should shift to-
wards trade bans of invasive
alien species and NICS, and
the application of strict risk
assessment methods (De Silva
et al., 2009) on the rest of
them. Moreover, no-go areas,
ark sites and sanctuaries (Hol-
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dich et al., 2009) could be
valuable tools to protect
threatened species and ecosys-
tems, supported further by
rehabilitation and restocking
programs involving scientists,
local communities and
schools.
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