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Risk on local fish populations and ecosystems posed by the use of imported feed fish by the tuna farming industry in the Mediterranean
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Risk to local fish populations and ecosystems posed by the use of imported feed fish by the tuna farming industry in the Mediterranean

Background and overview of the problem

Starting in 1996, bluefin tuna (Thunnus thynnus) farming in the Mediterranean has increased exponentially to become the main driver of the fishery, with virtually all purse seine catches in the region being now destined to fulfil the demand for live fish by the 44 tuna farm facilities from 9 countries authorized by the International Commission for the Conservation of Atlantic Tuna (ICCAT; http://www.iccat.es/ffb.htm). Whereas as much as 21,000 tonnes of wild-caught live tuna were already farmed in 2003 (Tudela and García, 2004), farming capacity in 2004 is incompletely reported by ICCAT at 31,652 t.  This figure doesn’t account for farming capacity in Croatia, one of the main regional producers and the cradle of tuna farming in the Mediterranean (where it started, driven by the emerging success of tuna farming in Australia). Given that the total annual quota set by ICCAT for the fishery amounts to 32,000 t, it is easy to understand that severe problems exist for the conservation of the species (with clear over-quota catches; see Tudela and García, 2004 and Nature, 2004), which is assessed as overexploited by ICCAT.

Beyond the obvious problems related to the sustainable management of the wild stock, as reported above, current tuna farming practices in the Mediterranean entail a much more subtle though potentially very important environmental risk. During their captive period, which lasts for about 6 months, farmed tuna are fed on an exclusive basis large quantities of whole bait fish (small and medium pelagic species). Most of it consists of imported frozen, untreated fish, from outside the Mediterranean region, often belonging to small pelagic species alien to the Mediterranean though closely related to the local clupeiform ones (which are mainly sardine Sardina pilchardus, anchovy Engraulis encrasicolus and round sardinella Sardinella aurita). The systematic dumping into the Mediterranean marine ecosystems of thousands of tonnes of exotic whole fish constitutes a first order environmental threat due to the significant risk of spreading new diseases to the native fish populations. The subsequent threat to local purse seine fishing fleets targeting small pelagic fish is also obvious, as well as to the wider marine ecosystems, where small pelagic populations play a key functional role.

Quantification of fish feed annually consumed by Mediterranean tuna farms

As reported by Lovatelli (2003), in most Mediterranean countries the tuna farming season extends for about 6-7 months, starting typically in June. During this period, the weight gain of tuna would range from 10% to 50% of the initial body weight, depending on a number of factors. ICCAT routinely uses a default 25% factor for the back calculation of farm inputs from tuna farm production figures. The reported daily ration administered to captive tuna ranges from 2-10% of tuna body weight, it being usually changed according to water temperature (the warmer the water, the higher the ration) (Lovatelli, 2003). A figure of 5% seems to conservatively represent the average daily ration during the farming period -which includes the warmest months of the year (see also Ottolenghi et al., 2004; Oray and Karakulak, 2003). Farmed tuna are usually fed 6 days a week, 180 days a season, as reported for Turkey (GFCM/ICCAT, 2003). The scattered information available on food conversion rates (weight gained by tuna divided by weight of feed used) ranges from 1:10 to 1:25 (Lovatelli, 2003).

By assuming 1) that 25,000 t of bluefin tuna were put in cages during the 2004, 2) a feeding period of 180 days and 3) a daily ration of 5%, it results an estimate of 225,000 tonnes of feed fish dumped into the Mediterranean environment. This figure is higher than the annual catch reported in recent years for any of the local small pelagic fish species in the whole of the Mediterranean (including the species with the highest landings, sardine S. pilchardus, with a catch in 2002 of 186,000 t according to FAO).

This situation concerns primarily European Union waters since farming facilities in Spain, Malta, Italy, Greece and Cyprus account for 71% of the officially declared farming capacity in the region (see ICCAT on-line record). According to WWF sources, up to 1/4 of total farmed tuna currently produced in the Mediterranean originates from the Spanish region of Murcia; this means that more than 56,000 t of baitfish would annually be introduced into a coastal stretch of only 170 km long. This figure is close to the 55,000 tonnes fed in 2003 to all Australian farmed tuna (Dalton, 2004) and, for comparison purposes, it is worth the combined annual catch of sardine and anchovy by the whole Spanish fishing fleet in the Mediterranean.

According to Katavic et al. (2003) about 15,000 tonnes of baitfish were used by the Croatian tuna farms in 2001. Oray and Karakulak (2003) report that 8830 t of imported feed fish (along with other domestically caught fish) were used in the first tuna farming operations in Turkey in 2002, involving 1580 t of wild-caught tuna.

Specific composition and origin of feed fish

Although some local fish production is used, especially in Spain, Croatia and Italy, a large percentage of the fish feed utilized in the Mediterranean tuna farming industry is imported frozen from outside the region (over 95% of total baitfish in the case of Turkey; Lovatelli, 2003). The precise specific composition of feed fish is not known in most of cases. Lovatelli (2003) summarizes that small pelagic species used include sardine (Sardina pilchardus), round sardinella (Sardinella aurita), herring (Clupea spp.), mackerel (Scomber scomber) and horse mackerel (Trachurus spp.). A tuna farm in Turkey reported a diet composition of 40% herring, 30% mackerel, 15% capelin (Mallotus villosus) and 15% squid ; typical feeding composition in Italy consist of sardines (10-15%), mackerel (40-45%), herrings (30-35%), anchovies (3-5%) and squids (3-5%) (GFCM/ICCAT, 2003). Katavic et al. (2003) report Croatian farms to use frozen herrings (Cl. harengus), sardine, round sardinella and short-fin squid (Illex coincidetii). The first tuna farming operations in Turkey in 2002 implied the use of imported frozen herring (Cl. harengus), capelin, shad (Alosa alosa), sardine, Atlantic mackerel (S. scomber), horse mackerel and squid, as well as anchovy (E. encrasicolus) caught in Turkish waters (Oray and Karakulak, 2003). 

The origin of imported baitfish is also very diverse. GFCM/ICCAT (2003) mentions Denmark, the Netherlands, Ireland, South America (reported by Malta) and USA (attributed to Turkey). Baitfish used in Croatia in 2001 was sourced both from the North Sea and locally (Ottolenghi et al., 2004). Turkish feed fish imports in 2002 originated from Spain, Mauritania, Norway and the Netherlands (Oray and Karakulak, 2003).

According to information obtained from the database of the Spanish foreign trade statistics (http://customs.camaras.org/), significant imports of frozen herring (5,914 tonnes) and round sardinella (5,401 t) were made in 2003 by Spanish Murcian-based tuna farming companies. The origin of these imports was Denmark, the Netherlands and Sweden for herring and almost exclusively the Netherlands for round sardinella. The same importer companies re-exported some of this fish to Cyprus, Malta, Tunisia and Turkey, all major farmed tuna producers, where some facilities belong to the same Spanish operators. Whilst the reported herring was harvested in the North Sea/Baltic region, round sardinella was certainly caught by the Dutch industrial fleet operating in West Africa. Indeed, WWF own sources point to this latter region as supplying a large share of the baitfish used by the tuna farming industry in the Spanish Mediterranean.

In conclusion, the available information clearly points to large quantities of imported frozen clupeiform species as the main source of tuna feed used in Mediterranean tuna farms. This untreated trash fish directly dumped in the Mediterranean ecosystems appears to originate mostly from the North Sea/Baltic region and the West African upwelling system. However, availability of information is still quite limited (i.e. there is a vague reference in the literature to USA imports) and subject to the evolving situation of the tuna farming sector, which is now under high pressure to reduce exploitation costs due to the oversupply of the Japanese market. This has resulted in the cancellation of baitfish supply agreements with local fishermen in Spain, due to the lower price of certain frozen baitfish in the international market (Tudela and García, 2004). 

Frozen whole feed fish as a vector for the introduction of exotic diseases: lessons from Australia

As discussed in Harvell et al. (1999) there is growing evidence of an increase in disease occurrence in the global ocean. According to these authors, most new diseases occur by host shifts rather than by the emergence of new organisms, a phenomenon they attribute to both climate change and human activities. The latter would have accelerated the global transport of species, thus bringing together pathogens and previously unexposed host populations (range shifts of pathogens). The argument that the herpesvirus responsible for the mass mortality event that affected pilchard Sardinops sagax in Australia in 1995 would have been introduced with frozen pilchards imported from distant waters used as fish feed by the South Australia tuna farming industry (Jones et al., 1997) was one of the strong points referred to in support of this thesis. 

As reported by Ward et al. (2001), in 1995 and 1998-1999 the Australian population of pilchard, Sardinops sagax was affected by two mass mortalities that each killed more fish over a larger area than any other mono-specific fish-kill ever recorded. The responsible agent was found to be a previously unknown herpesvirus (pilchard herpesvirus PHV, Hyatt et al., 1997), thought to be exotic to Australian sardines (as suggested by the lack of previous similar events, the focal origin of epizootics and the dramatic spread through the entire species range; Gaughan, 2002). The first epidemic event spread at about 30 km/day from Anxious Bay, South Australia, and covered 5000 km of coastline from March to September 1995. In 1995 but not in 1998, mortalities also spread to New Zealand (Smith, 1995). As a result, spawning biomass of S. sagax in South Australian waters fell by 75%; spawning biomass reduction following the 1998 event is estimated at about 70% (Ward et al., 2001).

There is consensus among independent scientists to point to the introduction of thousands of tonnes of imported, untreated (frozen whole) pilchard S. sagax in the marine environment by the tuna farming industry as the most likely origin of PHV in Australian waters (Jones et al., 1997; Ward et al., 2001; Gaughan et al., 2000). The outbreaks began in two areas (Anxious Bay and Spencer Gulf) located less than 250 km from Port Lincoln, where large quantities of untreated imported frozen pilchard were fed to bluefin tuna held in sea cages. Ward et al. (2001) report that the location and timing of the 1995 and 1998-1999 mortality events was not random; according to Gaughan (2002) the probability of a second mass mortality starting randomly within the same 250 km stretch of coast in Australia is only 0.001.

Though the specific mechanisms vary depending on the virus, exposure pathways of susceptible local fish populations from pathogenic virus carried by baitfish used in tuna farms would include 1) free virus contained in the thawed water, including those originating from body fluids that are released as the fish thaw, 2) free virus released in the environment through tuna and seabird faeces and 3) virus contained in the tissues of baifish that are opportunistically consumed by susceptible wild fish (Biosecurity Australia, 2003; on VHSV virus).

While in Australian farms tuna is mainly fed by placing the frozen blocks of baitfish underwater in a mesh-closed feeding cage within the tuna pen proper, so that baitfish is being detached from the block and made reachable by tuna as it thaws (“block feeding” technique; Biosecurity Australia, 2003), Mediterranean farms introduces the thawed feed fish directly to the tuna pens using shovels or other options. This latter system makes baitfish fully vulnerable to seabird predation; indeed, it is typical to see large flocks of sea gulls feeding on tuna feed fish in many Mediterranean farms (see cover picture). This fact maximizes the dispersion of the potential pathogenic agents contained in the baitfish since seabirds are able to travel long distances and release the virus contained in their faeces or in the remaining tissues of consumed fish quite far from farming sites, on natural seabird feeding grounds characterized by high densities of local small pelagic fish.  

The VHS case

The Australian PHS epizootics events reported above clearly demonstrate that the risk of disease transmission linked to massive translocations of whole untreated baitfish across regional boundaries is not limited to those well known fish diseases. As Dr Brian Jones (pers. com.), principal fish pathologist with Western Australia’s Department of Fisheries points out:

“The problem is compounded in that we don't know what viruses are present in pilchards (or other small pelagics).  We didn't know about the herpesvirus until fish were dying, and one of the research teams when looking for the herpesvirus found another rare undescribed virus (not a herpesvirus) in several pilchards from South Australia”.

The viral haemorrhagic septicaemia (VHS), though, is a well-known fish disease caused by the VHSV virus. This virus classed in the Rhabdoviriae family is a disease agent in freshwater salmonids and has been isolated from a wide range of wild marine fish species in the North Atlantic and the Baltic Sea and in the North American Pacific including clupeiform species such as spratt Sprattus sprattus, herrings Clupea harengus and Clupea pallasi and Pacific sardine or pilchard Sardinops sagax (OIE, 2000). VHS outbreaks are subject to obligatory reporting to the World Organisation for Animal Health (OIE). Recent VHSV-mediated mortality events have affected S. sagax and Cl. pallasi in British Columbia in 1998/99 and 2001/02 (Hedrick et al., 2003).

VHSV was detected for the first time in pilchard S. sagax and mackerel off California in 2001; further studies carried out in 2002 confirmed this finding. Although none of the fish analysed showed symptoms of disease, the presence of the VHS virus was detected in as much as 4-8% of sampled animals (Hedrick et al., 2003).

Most of southern California’s sardines are frozen in blocks and exported to Australia, where they are used to fatten farmed tuna. Experts have acknowledged that if it is possible for marine VHSV to be introduced to Australia via imported baitfish, it has likely already happened given the vast amounts of Californian pilchard shipped to Australia over the past several years (Hedrick, 2002).

In August 2004 the OIE published the first record of VHS outbreak in a sea bass (Dicentrarchus labrax) aquaculture facility in the Mediterranean (see OIE’s Disease Information 17, 242 and Disease Information 18, 52). In fact, D. labrax is not considered as a susceptible host species for viral hemorrhagic septicaemia according to OIE’s International Aquatic Animal Health Code 2004. Also, presence of VHSV hadn’t been previously reported in the Mediterranean Sea. The declared VHS outbreak killed 2,500 fish in Alaçati, Çesme, in the Aegean coast of Turkey. There is an important tuna farm in Çesme, located at the opposite side of the small Çesme Peninsula.
Initiatives to restrict the use of baitfish in fish farming activities and current situation in the Mediterranean region

After the isolation in 2001 of VHSV from pilchards and mackerel from California, Australia –a world’s leading farmed tuna producer- reviewed its former import risk analysis (IRA) policy that generically established the need for a health certification attesting that fish are free of visible lesions indicative of infectious disease (AQIS, 1999). The 1999 IRA policy already granted a ‘specified species’ status to pilchards, mackerels and closely related species (i.e. herring Clupea spp.), so they were subject to a higher level of risk management to prevent the entry of VHSV. This way, further specials conditions were put in place in 2002 by Biosecurity Australia and importation of whole fish of pilchard and mackerel was generally banned on an interim basis, unless strong arguments indicated that the product could be controlled with a high degree of certainty and that its use didn’t pose an unacceptable risk. Besides, specific end-use conditions affecting this baitfish were also established (restriction of the use of certain species at low water temperature, when the risk of VHS infection is higher, etc.).

In Denmark use of trash fish (including whole baitfish) in saltwater aquaculture is banned and fish farms have been forced to switch to formulated feeds (BEK nr 640 af 17/09/1990; LBK Nr. 753 af 25/08/2001). This legislation is a noteworthy exception within the EU context, it being much stricter than common EU standards. Indeed, the specific environmental risk of disease transmission to wild local fish populations mediated by the massive dumping of whole imported untreated baitfish by the aquaculture/fish farming industry still remains completely unaddressed by the EU, as well as by Mediterranean states hosting tuna farms. It is important to stress that this risk is of an environmental nature rather than a typical feed quality issue related to either livestock or consumer health (the principles currently governing EU health standards as applied to feed imports). The potentially vulnerable local small pelagic populations are key components of natural marine ecosystems, as exemplified by the conspicuous impact of pilchard mortalities in Australia on seabird populations (Bunce and Norman, 2000; Dann et al., 2000).
The Mediterranean at risk
Though extensive fish kills such as those recorded in Australia have not been reported in the Mediterranean in recent times, there is cumulative evidence of a severe decline in local small pelagic populations over the last few years, mostly affecting sardine in the western basin. Though sardine catches by the Spanish fishing fleet in the Mediterranean started to steadily decline from mid 90’s (a trend common to this fishery in the whole of the Mediterranean, according to GFCM statistical records), they fell at previously unrecorded rates from 2000, more than halving in just 2 years (from 48,953 t in 2000 to 21,565 t -the lowest level since 1970- in 2002). This latter dramatic trend is specific to Mediterranean Iberia, where there is now a deep crisis affecting the purse seine fishing sector. Dynamic simulations using the Ecopath/Ecosim methodology point to a combination of an increased fishing effort and unknown environmental factors as the driving forces of this decline in the sardine population since 1995 (Coll et al., submitted). 

According to Dr Daniel Gaughan (pers. com.), Principal Scientist with Western Australia’s Department of Fisheries, the introduction of a new virus wouldn’t necessarily result in massive fish kills; their effects could be much subtler, though also deleterious: 

“There could well be disease events happening at levels insufficient to be detected. Once introduced to a new population, viruses are there forever, and as such could cause an on-going level of mortality that could make fish populations less resilient to traditional levels of fishing effort.”

Whether exotic pathogenic viruses have already been transmitted to Mediterranean small pelagic populations (and are already affecting them) or not, all evidence points to a high level of risk associated to the current unrestricted use of imported baitfish as tuna feed in the region. At this regard, Dr Jones states:

 “The risk of disease transmission is very high; most fish viruses rely either on direct feeding or proximity to spread, and we set up a classic transmission experiment every time we feed sardines to tuna”. 

The Mediterranean marine ecosystems are characterized by a special relevance of the pelagic compartment, with small pelagic fish playing a key role by channelling the trophic energy of the ecosystems through higher trophic levels. Anomalous drastic reductions in their biomasses would severely affect the structure and functioning of the entire ecosystems. As reported earlier, the species imported as baitfish in the Mediterranean are predominantly clupeiform species (i.e. round sardinella and herring, see above), as are the most abundant small pelagic species in the Mediterranean (sardine, anchovy and round sardinella). Furthermore, the massive imports of round sardinella from W. Africa involve the same species inhabiting the Mediterranean, S. aurita. This taxonomic proximity between the species imported as baitfish and those composing the local pelagic community exacerbates the danger of disease transmission via host range shift. As stressed above, this is also valid for those cases involving the import of a locally occurring species, though belonging to a different, geographically separated population (i.e. S. sagax in Australia and S. aurita in the Mediterranean). As Gaughan (2002; see excerpt below) points out, two conspecific populations geographically separated for long time would be expected to have developed divergent immunity profiles. This would explain the possible presence of the pilchard herpesvirus (PHV) in the source population of imported S. sagax to Australia without causing mass mortalities there.

The Guidelines on Sustainable Bluefin Tuna Farming Practices in the Mediterranean (March 2005), prepared by an ad hoc GFCM/ICCAT working group in response to an initiative presented by WWF in GFCM in 2002, do explicitly acknowledge the risk of “the involuntary introduction of pathogens” by the use of frozen baitfish from wild stocks of different geographical origins, and state that “frozen allochthonous species can be vectors to pathogenic organisms as well as potential aetiological disease agents of autochthonous [Mediterranean] wild populations”.

WWF proposed measures

According to the specialists there is an inherent risk associated to the massive dumping of imported baitfish into the marine environment (Gaughan, 2002; see excerpt below). Traditional import risk assessment (IRA) policies addressing specific, well known pathogens are totally inappropriate to deal with this problem (since most potential diseases are a priory unknown; Arthur, 1995, Gaughan, 2002). Only a broadly precautionary approach, in the line of the above-mentioned Danish total ban on the use of trash fish in aquaculture –a domestic regulation more restrictive than the EU binding legislation of application there-, would adequately avert the risk.

In this sense, and given the high risk of disease translocation associated to current farmed tuna feeding in the Mediterranean as derived from the strong scientific arguments presented above, WWF considers that the use by this industry of whole untreated baitfish from outside the Mediterranean region should immediately be banned. Such a measure would concern both domestic legislation in coastal states and the broader European Union legislative framework (given the leading role of most of EU’s member states in the Mediterranean -Spain, Italy, Malta, Cyprus and recently Greece- in this unregulated hazardous practice). Adoption of the principles guiding the Danish legislation since 1985, that is, ban on trashfish use and compulsory switch to processed, formulated feed, would be the only desirable way forward.
The scientific evidence presented here, supported by reputable fish pathologists, points to the largely a priori unknown nature of potential disease agents, which clearly shows that focus on “developing standardized quality-control systems to ensure the absence of potential pathogens”, as proposed in the GFCM/ICCAT Guidelines mentioned above, is a wrong, totally inadequate approach to deal with this serious environmental risk.

Excerpt from Gaughan (2002)

“Hazard identification, which OIE views as a crucial first step in its guidelines for risk assessment, should not be restricted to dealing only with identifiable diseases, but should also embrace case histories of epizootic events linked to unidentified pathogens. Thus, failure to identify a specific pathogen should not always be sufficient reason to conclude an IRA, as is currently the case. Similarly, the example provided by the two Sardinops epizootics in Australia indicate that existence of the same species at both country of export and country of import warrants consideration as a special case in deciding whether or not a formal IRA should be instigated, without the need for knowledge of the disease status of the species involved. In particular, recognition of high risk associated with creating artificial links between geographically separate populations within a particular species and between similar species should not await quantitative evidence. As anthropogenic factors have been strongly linked to emerging infectious diseases of wildlife, including marine organism (Harvell et al., 1999; Daszak et al., 2000), it is time to recognize that trade in untreated commodities is in fact the hazard; attaching identities and names to the hazardous components is clearly a secondary concern in managing disease translocation. We cannot wait for conclusive results from controlled experiments to show us that potential for disaster exists. The potential already exists: the risk of disease should not be ignored just because a particular disease cannot be detected (Hoffman, 1970; Bakke and Harris, 1998)”.
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ANNEX 1

Statement by Dr Daniel Gaughan, Principal Scientist with Western Australia’s Department of Fisheries, for this report by WWF
There is no doubt that trade in biological goods is a means of translocating pathogens.  This risk increases when the commodities involved are large, although this also depends on how the products are used. In cases where raw (or live) organisms are introduced into the vicinity of similar wild organisms, there is a risk of disease being introduced into a new ecosystem. 

Given the economic, nutritional and social importance of fishing, a concerted effort to undertake research into minimizing the risk of disease-transfer, i.e., gaining greater control over viral traffic
 of aquatic resources, should be a priority for the R&D strategies of the fishing and aquaculture industries
. That is, high priority should be given to adequately funding research into disease-transfer in aquatic commodities.  Pathogen invasion is one the four broad threats posed by aquaculture activities to the world’s ocean and coastal resources
. A negative result for an IRA [import risk assessment] for aquaculture, either for the cultured commodity or for an imported food material, should not be viewed as the end point for any particular aquaculture industry.  Rather, it should be the impetus to invest in the longer term success of an industry by funding research that alleviates the risk of disease translocation.  This is easier said than done – it may well be an expensive exercise, but given the economic importance of fish farming (or ranching), mitigation of the risk of pathogen invasion is preferable to closure of the industry. One challenge will be to develop a feeding system not reliant on introducing raw fish from foreign locations directly into the environment, while at the same time maintaining a marketable end-product. Others may disagree that this is the best approach – the point is, work on alternatives to current practices are needed now and, importantly, there needs to be a willingness to accept the risk-averse alternatives.

Daniel Gaughan, January 2005
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