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INTRODUCTION

1. It is widely acknowledged that fish supplies from traditional marine and inland capture 
fisheries are unlikely to increase substantially and that the projected shortfall in supply 
must be met by increased aquaculture production. Aquaculture contributes already 18.5 % 
of total finfish and shellfish production and more than a quarter of total foodfish. It is thus 
clear that factors that influence future growth rates in aquaculture, including advances in 
biotechnology, have become of paramount importance.

2. The importance of biodiversity, which includes the diversity of genes, species and 
ecosystems, has recently been acknowledged by the entry into force of the Convention on 
Biological Diversity in 1993, by the adoption of the FAO Code of Conduct for 
Responsible Fisheries in 1995, and by the expansion, also in 1995, of the FAO 
Commission on Plant Genetic Resources to include all genetic resources for food and 
agriculture. 

3. Although genetic improvement of common carp started several thousand years ago in 



China, the application of genetic principles to most aquaculture species is a relatively 
recent phenomenon. The majority of farm-raised aquatic animals and plants are very 
similar to their wild forms. Genetic improvement programmes are beginning to be applied 
to more and more aquatic species, but are still limited compared to the levels of 
domestication in livestock and crops.

4. Only a few percent of the world’s aquaculture production comes from genetically 
improved species. There is thus a tremendous potential in increasing output by applying 
techniques of genetic improvement, including selective breeding programmes, 
chromosome manipulation, hybridisation, production of mono-sex groups and gene 
transfer.

BIOTECHNOLOGY DEVELOPMENTS

5. Genetic improvement programmes have been successful in many countries, e.g. 
Atlantic salmon in Norway, tilapia in the Philippines, catfish in the United States and 
Thailand, and oysters in North America. Selective breeding programmes are now being 
studied for a number of species, including marine shrimp, tilapia, common carp and rohu 
in Asia and Africa. In the Mediterranean region, selective breeding of marine fish such as 
seabass and seabream is now being given top priority.

6. Selective breeding programmes represent a long-term genetic improvement strategy 
and the best means to use fully the genetic resources of aquatic species. Short-term 
strategies such as hybridisation are also being used, for example between cachama and 
morocoto in Venezuela, where hybridisation now represents about 80 % of output. 
Manipulation of the sex of tilapia broodstock through hormone-induced sex reversal and 
subsequent breeding allows tilapia farmers to increase growth rates and reduce unwanted 
reproduction.

7. Gene manipulation is probably the technique which has most caught the attention of the 
public so far. The transfer of genes from one species to another or addition of copies of 
the species’ own gene are already being tested for common carp, catfish, coho salmon and 
tilapia. The technique has great potential for increasing growth rates and disease 
resistance as well as producing particular qualities of fish with regard to colour, 
environmental tolerances, shape, fatness, etc. 

8. The concern expressed centres mainly on consequences of the escape of transgenic fish 
into the wild, passing of transgenes into the wild population, potential allergic responses 
to the new gene by consumers compared with the wild species, as well as general ethical 
or moral concerns. As a response, performance standards have been produced by the 
United States Department of Agriculture (ABRAC, 1995); the Convention on Biological 
Diversity and the Code of Conduct for Responsible Fisheries have developed general 
principles concerning organisms that may adversely affect natural ecosystems.

9. Modern molecular techniques now allow analysis of an organism’s DNA. Thus family 
relationships and pedigrees can be established for farmed fish. By the use of micro-
satellite DNA probes, physical tagging of species is being reduced and production costs 



are lowered. These techniques are being used for the mapping of genomes for several 
commercially important aquaculture species such as Atlantic salmon, carp, catfish, 
rainbow and brown trout, and oysters. DNA probes are also being used to identify 
pathogens such as viruses, thus helping to develop specific pathogen resistant (SPR) and 
specific pathogen free (SPF) broodstock of fish and shrimp.

10. Other technologies being developed which could have a future impact in aquaculture 
are techniques for conservation of aquatic germplasm and for production of immune 
enhancers and dietary enzymes. In addition, research in fishmeal replacers and compound 
aquafeeds as well as improved techniques in feed processing and feed formulation could 
lessen demand for fishmeal as feed in aquaculture. 

11. Despite recent improvements in disease resistance and developments of new and 
better antibiotics and vaccines, disease in aquaculture is still a major obstacle to growth 
and profitability in the farming of many species, in particular of shrimp. Improved 
breeding programmes, e.g. in Atlantic salmon in Norway, have in many instances already 
drastically reduced the use of antibiotics but for most other species much more research in 
the development of new drugs and vaccines including oral vaccine delivery systems for 
farmed fish must be undertaken.

12. The presence of controversial issues such as genetic changes in aquaculture species 
will certainly lead to more regulatory oversight and restrictions in the future. The 
techniques used are still associated with uncertainty, and research in genetic engineering 
in aquaculture is still at an early stage compared with other fields such as livestock and 
plants. The uncertainties and risk assessment must be addressed through extensive testing 
and evaluation using an ecosystem approach; a precautionary approach should be adopted 
as part of the regulatory oversight. Codes of practise and guidelines for the responsible 
use of introduced species and genetically modified organisms and for the application of 
the precautionary approach to species introductions have been produced by FAO to assist 
in this area.

IMPACT ON TRADE

13. A tariff protection cannot any more be accorded to domestic aquacultural farmers 
against cheaper imports, governments have found a remedy in anti-dumping duties on 
imported aquaculture products, such as salmon and eel. However, these levies often 
appear to be more a result of internal pressure than an un-biased application of 
international trade rules. Consumer resistance to transgenic crops such as corn and 
soybeans has been especially strong in Europe.

14. In the future, we can envision increased focus on biotechnology and biosafety, not 
only in the eyes of the consumer and consumer groups but also as a legitimate concern of 
scientists and governments. Biosafety (the management of the environmental impacts of 
genetically modified organisms, (GMOs) is the subject of ongoing negotiations on a 
protocol to the Convention on Biological Diversity. With focus on transboundary 
movement, including deliberate transfer through trade, the protocol negotiations are 
inherently trade-related. Issues concerning the relationship between the protocol and the 



World Trade Organization (WTO) rules may have to be resolved. Another issue that will 
be of increasing importance is the sharing of benefits from genetic resources, as covered 
by the Agreement on Trade-Related Aspects of Intellectual Property Rights (TRIPS) 
under WTO. 

15. A key issue is that of labelling genetically modified organisms. This is difficult in 
many crops because shipments often contain mixtures of GMOs and non modified 
product. Codex is now addressing this issue, for transgenic organisms. Advances in 
biotechnology (GMOs) have already led to disputes in the non-fisheries sector, e.g. the 
EC import ban in 1997 on products from the United States containing bovine growth 
hormones. With ongoing breakthroughs in aquaculture research, similar challenges can be 
expected in the future also for seafood products. Following the recent "International 
Agreement on Application of Sanitary and Phytosanitary Measures" (SPS Agreement), 
issues such as use of drugs and other chemicals in aquaculture, quarantine and health 
certification of live aquatic animals during their transboundary movements, and screening 
of aquatic animals and animal products for human pathogens have become important 
issues in international trade. The WTO recognizes the International Office of Epizootics 
as the competent authority to set trade restrictions based on aquatic pathogens. The Code 
of Conduct for Responsible Fisheries calls on governments to apply the precautionary 
approach, stating that the absence of adequate scientific information should not be a 
reason for failing to take measures to conserve species or their environment (article 6.5).

16. The introduction of ecolabels may placate some of the worries voiced by consumers 
as to the sustainable use of species and safety of fish products. However, certification 
schemes even when voluntary lead to the question of impartiality of the certifyer and 
transparency of procedures. There is also the question of what to certify; hybrids, 
polyploids, sex reverted fish and products of selected breeding have all been genetically 
modified. Some countries have expressed fears that ecolabels could be used as a pretext 
for denying market access previously gained through the Uruguay Round. Likewise, 
many industrialized countries worry about sustainability of currently entrenched products 
and increased competition from new more environmentally friendly products.

17. Hazard Analysis Critical Control Points (HACCP) systems
1
 have been promoted as an 

effective means of ensuring the safety of food products and have been adopted by 
regulatory authorities in many countries for the control of safety of fish products, 
predominantly during post-harvest handling, processing and storage. Revised CODEX 
Codes of Practice, including that for aquaculture products, will incorporate HACCP 
principles. However, there must be some doubts about the applicability of HACCP to 
aquaculture at the present time. HACCP requires that the hazards of a product or process 
can be identified, that means of controlling the hazard exist, and that there are procedures 
for monitoring the effectiveness of the control measures. None of these conditions apply 
fully in aquaculture. 

18. Data on the natures of the hazards, and their extents are often lacking or are sparse. 
Some aspects, e.g. contamination by chemical pollutants, have been little studied. 
Likewise, means for controlling the hazards are not yet well developed and in many cases 
are hard to monitor. In any case, the means for reducing the risk from hazards often lie 



outside the control of the aquacultural farmer. 

19. Biotechnologies in general and genetic engineering in particular seem to raise public 
concern about the safety of "new foods". These concerns are likely to lead to curbs on the 
introduction of transgenic fish in the food supply and thus in international trade. In fact, 
the danger of being associated with such issues as genetic manipulation has led the 
salmon industry in many countries, e.g. Norway, to refrain from the use of such practices 
outside the research laboratories. Transgenic Atlantic salmons were recently tested in 
Scotland, but at the end of the successful test they were destroyed because industry did 
not want to purchase them. However, the need for increased output from aquaculture in 
order to meet the demand from a growing world population as well as to compensate for 
the stagnation in the wild catch will lead to intensified efforts in research into new 
technologies including bio-technologies.

CONCLUSIONS

20. Biotechnology continues to be a controversial issue not only because of the perceived 
seriousness of some of the effects it could generate, but also because of the magnitude of 
potential benefits it promises. Risk assessment will be critical. However assessment 
should be based on the product and not the process, i.e. the characteristic of a GMO 
should be evaluated and not the biotechnology. If there is uncertainty as to the 
characteristics produced by certain technologies, then more oversight , testing and caution 
will be required. The impact on production and food security as well as on international 
trade in fish and fishery products is bound to be substantial with an additional effect 
coming from introduction of HACCP plans, International Organization for 
Standardization (ISO) 9000 systems and ecolabels.

SUGGESTED ACTION BY THE SUB-COMMITTEE

21. As the analysis of trade impact of biotechnology developments in aquaculture is 
intrinsically linked to the general analysis of international fish trade and trade agreements, 
the Sub-Committee is invited to consider the implications of likely developments. It may 
wish to recommend that studies to assess current and future impact of biological 
developments on fish and fishery products should be undertaken and to define FAO’s role 
in such activities. The studies may be related to (1) identification of the main 
developments in the relevant biotechnologies, (2) assessment of the possible impact of 
these developments on production, consumption and trade , (3) quantification, where 
possible, of the extent of the spread of the new products or of the use of the new 
processes, and (4) recommendations for follow-up. The Sub-Committee may also wish to 
recommend that the studies be used by FAO to assist in solving trade disputes evolving 
from the increased use of biotechnology in the production of fish and fishery products. 
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For more details on HACCP systems, see COFI:FT/
VI/98/2 



 


