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From fish in polar seas to bacteria
in hydrothermal springs, some sea
creatures live in conditions that
make it hard for us to believe their
survival is possible. Their resist-
ance under exceptional conditions,
such as high salinity or extreme
temperatures, or their ability to
produce toxic substances, is
intriguing researchers from Marine
Genomics1, a network of European
excellence. Slowly but surely,
biotechnology researchers are tak-
ing an interest in these astonishing
natural phenomena, which can pro-
vide us with numerous benefits,
from new medicines for cancer and
revolutionary antibiotics to
biodegradable plastics.

“Certain organisms survive in
extreme depths, with little or no
oxygen, or resisting extreme
temperatures,” notes Mike
Thorndyke, leader of the Evolu-
tion, Development and Diversity
node within the Marine Geno-
mics network. “How do these
creatures manage under such
conditions? How do they cope
with the dramatic depths, tem-
peratures and pressure? We are
trying to find out, as their
metabolisms could offer discov-
eries that would be of use to
everyone, including in the field
of human health. The enzymes
of these organisms are of more
interest than those usually used;
for example, we could use them
in very saline solutions and in
extreme temperatures.”

EXTREMOPHILES

Take the case of fish swimming
in the polar seas. Why don’t they
freeze? Thirty years of relentless
research has finally revealed the
secret of their resistance to the
icy waters. A team of Canadian
biologists has demonstrated that
“anti-freeze” proteins, 10 times
more active than those previous-
ly known, fix to ice crystals to

stop them growing: a property
that could be very useful in the
field of medicine, in particular
for organ storage or for
cryosurgery, a technique that
consists of destroying tumour
cells by freezing them.

Or consider the bacterium
Desulfotalea, which is resistant to
cold because it grows in sub-
zero temperatures on the
seabed. By using the enzymes of
this bacterium instead of their
mesophilic counterparts (which
can only grow at moderate tem-
peratures), industries involving
food processing or washing
processes could save significant
amounts of energy.

At the other end of the spec-
trum, the bacterium Pyrococcus
abyssi lives in hot marine springs
and maintains an optimal
enzymic activity at tempera-
tures of 80–110°C. The biochem-
ical nature of its enzymes could
be a key tool in technologies in
the future to recombine DNA.
Certain enzymes have already
been put to commercial use: the
DNA polymerase I, isolated
from the thermophile bacterium
Thermus aquaticus works in poly-
merase chain reactions (PCRs) to
manufacture huge numbers of
genes for in vitro research.

The list of marine products use-
ful in biotechnology is growing
steadily and includes a range of
proteins, lipids and “cazymes”,
enzymes capable of converting
complex carbohydrates to pro-
duce green fuel. Other bacteria
are involved in the breakdown of
polymers, a process that scien-
tists at Ifremer, the French
Research Institute for Exploita-
tion of the Sea, are using to pro-
duce entirely biodegradable
plastic. “Finding micro-organ-
isms capable of resisting very
high temperatures, or surviving

in extreme conditions, should
lead to revolutionary industrial
applications,” explains Philippe
Goulletquer, National Coordinator
of Marine and Coastal Biodiver-
sity at Ifremer. “That’s why bio-
diversity is fundamental to
biotechnology.”

CHEMICAL WARFARE

It is not only the habitats of
some marine organisms that
have led them to acquire valu-
able qualities, but also the way
in which they spend their time.
These “couch potatoes” of the
deep combine a sedentary
lifestyle with a soft body, neces-
sitating a chemical means of
defence from predators. They
have, therefore, evolved the
ability to synthesise toxic com-
pounds, or to obtain them from
marine micro-organisms.

Particularly powerful, since they
need to be effective in water, and
as diverse as the microscopic
flora and fauna that produce
them, these natural products are
of great interest to scientists.
They provide a huge reservoir of
substances that could be used, for
example, to develop new treat-
ments for infectious diseases or
cancer. Over 16,000 new com-
pounds of this type have been
isolated from organisms such as
sponges, ascidians and seaweeds.

GENETIC DIVERSITY

In Europe, the Marine Geno-
mics network is helping to dis-
cover new metabolites. “We
sequence DNA fragments to
measure genetic diversity in dif-
ferent sites along European
coasts, but also elsewhere, like
in the Antarctic. It’s important
to allow us to study extremo-
philes, those organisms living in
extreme conditions,” explains
Thorndyke.

1 Financed by the Commission with 10 million Euros over four and a half years
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The network is constructing
large databases that support
research into biotechnology,
such as the development of
antibiotics from DNA frag-
ments, the creation of micro-
conductor chips, and the mass
production in bioreactors of rare
marine bioproducts, such as
growth hormones.

Director of the Center for
Marine Biotechnology and Bio-
medicine in San Diego (USA),
William Fennical is among the
pioneers discovering new anti-
cancerous molecules in the sea.
Having left the invertebrate
field to turn to micro-organ-
isms, Fennical and his team dis-
covered numerous actino-
mycete species in the benthic
deep, despite the common
belief that there were none in
the sea. In 2003, these researchers
demonstrated that Salinos-

Medicines fished from the seas

Ecteinascidia turbinate: This sea squirt from the Caribbean and the Mediterranean makes an anti-cancer
compound, Yondelis (PharmaMar).

Actinomycetes: With its active ingredient extracted from the actinomycete bacterium Micromonospora
marina, the anti-tumour drug Thicoraline is under development by PharmaMar.

Bugula neritina: This cosmopolitan marine bryozoan lives in symbiosis with a bacterium able to secrete an
active bio-molecule, bryostatin. This acts as a deterrent to predator fish, but is also known for having
properties that work against cancer of the kidney and the pancreas, and non-Hodgkin's leukemia,
melanomas and lymphomas. It is currently in clinical trials.

Cyanobacteria: Scytonemin is a yellow-green ultraviolet sunscreen pigment present in this aquatic blue-
green algae and may be used to develop inhibitors for use as anti-proliferative and anti-inflammatory drugs.

Aplidium albicans: This invertebrate has enabled the company PharmaMar to isolate a marine anti-cancer
agent, Aplidin, currently in its trial phase.

Sharks: Sharks are particularly unaffected by cancer, largely because of squalamine, a molecule present in
the liver. This could be used to fight against certain brain tumours. 

Japanese sponge: KRN 7000 is not a natural product but it consists of a series of compounds extracted from
a Japanese sponge, Agelas mauritianus. Tested on mice, it has been proven to work against tumours,
particularly colon cancer.

Conus magus: This cone snail paralyses its prey using a poison-tipped barb. The poison is a painkiller many
times more potent than morphine and is now on the market as Prialt. 

Nemerte worm: GST 21 is the first molecule of marine origin that has been tested for the treatment of
Alzheimer's.

Marthasterias glacialis: The Roscovotine molecule has been extracted from this spiny starfish by Dr Laurent
Meijer from the National Centre for Scientific Research (CNRS) in Roscoff, France. By blocking cancerous
cells without affecting healthy ones, it is a potential chemical weapon against cancer.

Culinary classics with a twist

Some 20% of protein in the human diet comes from the oceans. The
health benefits of seafood have already been well-established and the
future looks even more promising. Gene technology should open the
way to new food products: containing high levels of unsaturated fatty
acids and fish protein, they will help to reduce the risks linked to cer-
tain chronic diseases. Moreover, many organisms contain enzymes of
particular use in the food industry. Amino-peptides found in tuna
reduce the bitterness in certain foods, while proteases from fish elim-
inate the skins of cuttlefish, squid, and the membranes surrounding
the egg pouches of fish, helping in the preparation of salmon caviar.

poramide A, a compound isolated
from one of these actinomycetes,
was able to bind to a tumour and
inhibit its growth. It is now in
clinical trials for multiple myelo-
ma, a cancer of the blood.

A RESEARCH ODYSSEY

“Despite these promising appli-
cations, research related to the
vast potential of marine organ-

isms and the seas is greatly lack-
ing. The seas offer riches that we
need to take advantage of before
they disappear,” underlines
Thorndyke. The pharmaceutical
industry lacks interest in this
type of research, particularly
because of legal uncertainty and
a problem of availability. It is dif-
ficult to apply traditional meth-
ods of testing and development
for a compound produced in
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tiny quantities by a sponge that
lives hundreds of metres down.
But, thanks to a few sea enthusi-
asts, the “biotech” odyssey is
running its course. For the last 20
years, the biotechnology compa-
ny PharmaMar (Spain) has been
investigating potential anti-can-
cer properties of marine prod-
ucts discovered by academics as
well as by its own explorers.
Some 40,000 organisms and
marine products likely to offer
therapeutic potential have
already been recorded by the
Spanish company, and six of
these are in clinical trials.

In the future, researchers will
find it easier to experiment on
hard-to-reach abyssal creatures.
They will be able to grow useful
substances in the laboratory,
since they do not always come
from the marine organisms but
from associated bacteria.
Another option is to isolate the
gene responsible for synthesis-
ing the compound and “graft-
ing” it onto an organism that is
easier to handle. Either way,
these developments cannot take
place without investments, both
private and public. As part of
this, the European Commis-

sion’s Green Paper on maritime
policy suggests the creation of
“Blue Investment Funds”.

Source: Research*eu, the magazine
of the European research area,
Special Issue, December 2007
http://ec.europa.eu/research/rese
arch-eu

TUNA FISHERIES IN THE PACIFIC

The Pacific Islands region and
the wider western and central
Pacific Ocean is the most impor-
tant tuna fishing area in the
world, estimated to be worth
about USD3 billion in 2007. At
present, the main benefits from
tuna fisheries include license
fees, direct employment in fish-
ing activities, spin-offs from
locally based fishing fleets and
processing facilities, and mod-
est local taxes. All Pacific Island
countries receive fees for for-
eign fishing activities in their
waters. In some countries,
access fees form a very large
portion of government revenue,
up to one-third for some coun-
tries in some years.

One of the major issues regard-
ing tuna fisheries in the region
is the relative benefits of receiv-
ing access fees vs. pursuing
domestic industry develop-
ment. An estimated 1.4 million
metric tonnes of tuna have been
taken annually from the waters
of Pacific Island countries in
recent years, although less than

one-quarter of the catch is made
by vessels based in this region.
Consensus is growing that
improved management could
enhance the percentage of value
added per metric tonne of land-
ed tuna.

The same is true of Pacific
Island countries’ participation
in existing tuna processing and
marketing activities. The tuna
industry is currently undergo-
ing structural changes. Tuna
harvesting, processing and mar-
keting is being affected by a
variety of factors, including rap-
idly rising energy prices and
changes in major world markets
as a result of major exchange
rate movements, differences in
relative income growth and
changing consumer demand
patterns. These features are like-
ly to affect the distribution of
benefits from the region’s tuna
resources. 

CONSTRAINTS TO FISHERIES
DEVELOPMENT

Many of the constraints to fish-
eries development can be divid-

ed into two categories: (a) gover-
nance, and (b) small countries
and/or industries struggling
with powerful countries and
powerful economic interests.
The measures suggested for
their mitigation are mostly con-
ventional, and are similar to
approaches that have been
attempted (with varying degrees
of success) in recent history,
although suggestions for a dif-
ferent approach are also made.

Some of the major constraints to
tuna fisheries development in
the region include poor national
fisheries institutions, corruption
within the fisheries sector, lack of
skilled fishery managers, lack of
regional solidarity, poor govern-
ment policies for tuna industry
development, weak governance
in the inshore fisheries sub-sec-
tor, and market access issues. 

Poor national level
fisheries institutions

Government fisheries agencies
are far less effective now than
they were two decades ago.
Some reasons for this are insti-

This report has been produced to inform the World Bank management and other interested donors of the status
and issues of the fisheries sector in the Pacific Islands region. It identifies key constraints and past mitigating
actions, and examines the potential future role of the World Bank in the Pacific Islands fisheries sector.
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tutional structures that result in
low accountability to stakehold-
ers, corruption, poorly trained
staff, and budgetary processes
that favor staffing levels over
activities. Many of the present
difficulties in the fisheries sector
can be traced directly to ineffec-
tive fisheries departments and
low levels of professionalism.
Recommended mitigating actions
to address this issue include:

• Consolidating experiences
from the many institutional
enhancement projects that
have been carried out in the
region, and linking these
efforts to ongoing gover-
nance programs in and out-
side the sector at national
and regional levels;

• Enhancing the ability of fish-
ery stakeholders to influence
fisheries department policies
and activities and to pro-
mote accountability;

• Enhancing the skills of fish-
ery managers; and

• Creating evaluation and
oversight mechanisms to
assure greater adherence to
policies and legislation (e.g.
bringing the results of gover-
nance improvement work
and evaluations to the atten-
tion of stakeholders, high-
level authorities, and the
general public).

Corruption in fisheries

In recent years there has been a
noticeable rise in fisheries-related
corruption in the region. Corrup-
tion is a major issue in fisheries
governance, and many of the
actions identified for improving
fisheries institutions also apply
to decreasing corruption. Recom-
mended mitigating actions to
address this issue include:

• Identifying simple generic
measures for deterring cor-
ruption specific to the fish-
eries sector;

• Estimating and publicizing
the cost to the national and
regional economy of corrupt
activity in the fisheries sec-
tor; and

• Establishing links between
national and international
anti-corruption activities
and those at the fisheries
level.

Lack of skilled
fishery managers

In many of the smaller Pacific
Island countries, fishery agen-
cies do not have staff with the
skills needed to effectively man-
age fisheries. Also, the regional
university does not recognize
the large and growing need for
fisheries managers. Recom-
mended mitigating actions to
address this issue include:

• Creating an awareness and
reviewing the curriculum of
the University of the South
Pacific and other regional
institutions, in conjunction
with a survey of demand
from government fishery
agencies; and

• Arranging a program to
finance fisheries manage-
ment students and mid-
career managers.

Regional solidarity in
fisheries

Pacific Island countries can only
effectively deal with more power-
ful countries and economic inter-
ests through regional solidarity.
In previous decades, the region
was noted for its solidarity in
fisheries matters, especially in
dealing with distant water fish-
ing nations (DWFNs). For vari-
ous reasons, however, this soli-
darity has decreased. Recom-
mended mitigating actions to
address this issue include:

• Assessing the economic and
political costs of eroding
regional solidarity in fish-

eries, giving examples of
where it has occurred, and
how it may be avoided in the
future;

• Encouraging the concept of
accountability in regional
agreements, including pre-
agreed mechanisms for deal-
ing with noncompliance; and

• Developing a regional sector
management strategy that
enables the resource poorest
country to equitably benefit
from regional tuna resources
by enhancing regional bene-
fits across the board.

Government policies for tuna
industry development

It is generally recognized in the
region that the major role of gov-
ernment in promoting tuna
industry development should be
improving fisheries management
policies. This concept, however,
has not been fully implemented
in most countries. Recommended
mitigating actions to address this
issue include:

• Carrying out national
reviews of private sector
investment conditions that
focus on the fisheries sector,
using both investment and
fisheries expertise;

• Exploring potential benefits
of improved resource and
sector management, assess-
ing multiple scenarios of
resource and fleet manage-
ment, and improvements in
the framework for private
investment; and

• Developing a group of
donors that would jointly
support a rational private
sector investment program,
possibly in conjunction with
the negotiation and imple-
mentation of future fisheries
agreements and adjustments
of the resource management
system.
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Weak governance in the
inshore fisheries subsector

Fisheries departments, fisheries
officers, and communities need
to take more responsibility for
marine resources. A related mat-
ter concerns village food sup-
plies. Although the security of
village marine food resources is
arguably the greatest issue with
respect to inshore fisheries in the
region, there is some danger that
its importance may be obscured
by the quest for greater econom-
ic development. Recommended
mitigating actions to address
this issue include:

• Promoting policies or man-
agement plans against which
the actions of fishery depart-
ments with regards to
inshore fisheries can be
measured;

• Subjecting inshore develop-
ment schemes to objective
economic scrutiny by enhanc-
ing the ability of regional
organizations to provide eco-
nomic advice on small-scale
fisheries; and

• Enhancing the skills of fish-
ery managers.

Market access

Access to the world’s lucrative
tuna markets is often constrained
by food safety issues, the require-
ments of trade agreements, and
logistical considerations. Papua
New Guinea is the only country
in the region that is compliant
with European Union food sani-
tation requirements. Some of the
most important logistical consid-
erations in market access concern
inadequate airports and airline
policies. Many countries do not
have adequate size airports for
economical air-freighting and
most airlines that service the
region are likely to introduce air-
craft that have less air cargo
capacity. Recommended mitigat-
ing actions to address this issue
include:

• Promoting more effective
national fisheries institutions
in order to seriously address
the blockages created by the
sanitary requirements; and

• Following up on a 2000
study that suggested region-
al cooperation in air freight-
ing of fish.

All of the mitigation measures
identified above are in many
respects conventional, and are
similar to approaches that have
been attempted — sometimes
with mediocre results — in the
last two decades. This lack of
success indicates that a funda-
mental change of strategy is
required to improve regional
benefits from fisheries. Some
new approaches may circum-
vent traditional institutional
and political constraints and/or
may actively aim to address
them. Such new approaches
include using modern financial
instruments, and more active
multi-lateral donor participa-
tion in fishing sector manage-
ment. Based on the information
and analysis presented in this
report, The World Bank’s
involvement in fisheries in the
Pacific Islands region should
focus on:

• Enhancing the effectiveness
of their governance;

• Assessing the status and
financial feasibility of the
main fisheries, and their
potential restructuring; and

• Enhancing Pacific Island
countries’ share of future
domestic income (value
added) from tuna fisheries. 

A summary of World Bank inter-
ventions that could lead to more
benefits to Pacific Island coun-
tries is provided below. The
interventions are prioritized
according to the magnitude of
likely benefits to countries, and
whether the intervention is cur-
rently being addressed:

• Reduce corruption in fish-
eries;

• Improve poor national fish-
eries institutions;

• Enhance skills of fishery
managers;

• Encourage countries to “take
advantage of their advan-
tage” in dealing with DWFN;

• Increase country participa-
tion in the tuna industry;

• Improve impact of fisheries
studies;

• Improve government poli-
cies for tuna industry devel-
opment;

• Improve regional solidarity
in fisheries;

• Improve the effectiveness of
the Western and Central
Pacific Fisheries Commission;

• Strengthen governance in the
inshore fisheries subsector;

• Improve effectiveness of
monitoring, control, and sur-
veillance through economic
analysis;

• More active multi-lateral
donor participation in fish-
ing sector management;

• Improve market access; and

• Specific studies that may
cover a broader (economic
and/or political) area than
existing analysis.

Source: Summary of Gillett R. and
van Santen G. 2008. Optimizing
Fisheries Benefits in the Pacific
Islands: Major Issues and
Constraints. The World Bank. 62 p.
[Full report is available online at
www.worldbank.org/eaprural]
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Freshwater prawn farming is a
topic of the moment in global
aquaculture. According to the
latest statistics (FAO Fishstat Plus
2008), farmed production of all
species of Macrobrachium reached
nearly 444,000 mt in 2006, with a
value exceeding USD 1.76 billion. 

Macrobrachium: the culture of
freshwater prawns is a new book
by Michael New, C.M. Nair,

M.N. Kutty, K.R. Salin and M.C.
Nandeesha, published by
Macmillan India Ltd in 2008
(www.macmillanindia.com). 

This book, modestly priced at
USD 25 plus postage and pack-
aging, is available from Dr C.
Mohanakumaran Nair (nair-
cm@hotmail.com). While the
book highlights current prac-
tices in the freshwater prawn

farming sector in India, it also
contains information on the cur-
rent situation in some of the
other major producing coun-
tries. It is valuable as a reference
volume and practical manual
for all concerned with freshwa-
ter prawns, especially academi-
cians, farmers, policy makers
and investors.


