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Abstract:  
 
Intentional transfers of numerous bivalve species have had a long tradition and are commonly 
conducted along the European Atlantic coast. However numerous studies have concluded that 
intentional transfer of species for aquaculture purposes is one of the most principal vectors for the 
introduction of exotic species around the world. Threats due to the transfer and introduction of species 
have been identified and a range of global and regional agreements, guidelines, standards and 
statutes to minimize effects have been established. Yet whether such regulations can protect and 
conserve the marine environment and address economic considerations remains unanswered. This 
study provides the first overview of bivalve transfer activities for aquaculture purposes along the 
European Atlantic coast. Existing international and EU legislation is described, and potential 
weaknesses in the existing legislative frameworks are discussed. Recommendations for the 
development of integrated risk assessment methods are given. These may help to minimize the 
intrinsic threats of transfer activities in marine environments. The resulting impacts and effects of 
transfer activities of bivalves for aquaculture purpose are addressed in detail in a companion paper. 
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Highlights 

► We give first overview about the transfer activities in Atlantic European countries. ► We provide 
first comprehensive review of the existing guidelines and legislation. ► We evaluate strength and 
weaknesses of the legal framework. ► We provide detailed recommendations for industry and policy 
makers. 
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1. Introduction 62 

 63 
Invading marine species were first introduced by early explorers and tradesmen, both intentionally as 64 
sources of food and unintentionally through for example fouling on the hulls of wooden ships or ballast 65 
dumping. In more recent times, the transfer mechanisms by which marine invaders travel and spread 66 
are widespread, numerous and varied. A prevalent mechanism is the transport of species in ships for 67 
aquaculture purposes (principally intentional introductions), such as the trade in pets or live seafood 68 
e.g. mussels from South Africa, North America and Pacific Asia (Branch & Steffani 2004; Heath et al. 69 
1995; Skurikhina et al. 2001). However, a majority of species are introduced unintentionally. It remains 70 
difficult to predict whether a nonindigenous aquatic species can survive and reproduce in a new 71 
environment and, if so, to correctly determine potential harm to the environment. However, evidence is 72 
building that some nonindigenous species have become permanent and invasive inhabitants of new 73 
ecosystems and the disadvantages are becoming clear and significant. Problems vary and may 74 
include the competitive displacement of native species (Laruelle et al. 1994), aesthetic impact and 75 
fouling of gear (Carman et al. 2010), or more dangerously, severely adverse environmental impact, 76 
economic loss and risk to human health (Grigorakis & Rigos 2011).  77 
The movement of bivalves from one location to another by humans for aquaculture purposes can be 78 
usefully categorized into two terms transfers and introductions (Beaumont 2000). A transfer, or 79 
movement within a species’ range, would include the restocking of a habitat once known to have been 80 
occupied by a particular species. In contrast, the movement of individuals outside of that species’ 81 
range is referred to as an introduction. Transfers and introductions can be intentional i.e. the 82 
deliberate introduction of an exotic or indigenous species into an area for aquaculture purposes (a 83 
‘‘target’’ species), or inadvertent, when such species are either associated with an introduced 84 
organism or their translocation is facilitated by aquaculture activities (McKindsey et al. 2007). These 85 
may include both ‘‘hitchhiking’’ species and disease causing organisms, i.e. species that grow in 86 
association with or may be transfered with cultured bivalves (Forrest et al. 2009).  87 
Nowadays, the intentional transfer of e.g. bivalves for aquaculture purpose is one of the main vectors 88 
for the introduction of exotic species around the world (DFO 2006). However, the management of 89 
impacts related to the transfer of aquaculture products is a relatively new endeavour and details of 90 
movements between or within countries are notoriously hard to collate, mainly as there is, to date, no 91 
universal transfer recording system. Most countries involved in bivalve aquaculture are facing 92 
problems related to the impact of transfers, since these activities have been practised widely for 93 
decades or even centuries. Transfers of bivalves may take place on different scales, either within 94 
shellfish harvesting areas (local), between areas within a region or country (national), between 95 
countries within economic regions (Europe; regional), or internationally between economic regions 96 
(international/worldwide). In general, the main producers and distributers of bivalves are responsible 97 
for most transfer activities. They achieve the highest economic profit from these activities; however, 98 
also face the highest risk from the introduction of non-target invasive species to their coastal 99 
ecosystems. 100 
This study offers the first overview of bivalve transfer activities for aquaculture purposes along the 101 
European Atlantic coast. A detailed review of existing international and EU legislation is also provided. 102 
As international policies have begun to address potential threats due to the transfer and introduction of 103 
species, global and regional agreements as well as guidelines and standards have been established 104 
by EU legislation. But is this sufficient to prevent adverse environmental impact caused by bivalve 105 
transfers? To help answer this question all relevant legislation from global international law, to regional 106 
and national regulations are described, as well as the current legal status and potential weaknesses in 107 
the oversight framework. 108 
The introduction of non-indigenous invasive species or fouling organisms includes toxic algae, viruses, 109 
bacteria, disease agents, parasites, or the same species with a different genetic makeup. The latter 110 
can lead to an intermixing of wild and cultured or indigenous and introduced stocks potentially 111 
resulting in: reduced genetic integrity, subsequently poor recruitment and productivity, as well as 112 
factors including sterilization, reduced fitness, meat yield and fecundity. More details about the 113 
potential impacts and effects are addressed in a companion paper (Brenner et al., 2014, in press). 114 
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2. Transfer activities in Atlantic Europe 115 
 116 
All countries along the European Atlantic coast involved in the cultivation of bivalves are currently 117 
conducting transfer activities, however, in different ways and varying quantities (Tab. 1). These 118 
activities include transfers at all life stages from larvae to sexually mature individuals, from field sites to 119 
wild fishery sites or from field to culture sites, from shore to onshore facilities or from nearshore wild 120 
bottom beds to offshore hanging cultivation devices. The objectives of the transfer activities are always 121 
economic. Shellfish producers intend to organise food supply, to replenish a depleted stock, to 122 
enhance production, to relay bivalve for fattening purpose or keep shellfish fresh and alive prior to 123 
consumption. While being transferred, organisms may cross international and/or ecological 124 
boundaries. This is particularly true for countries such as France and Spain which have a long bivalve 125 
cultivation tradition; here well-established trade connections to neighbouring countries and along the 126 
coastlines of the Atlantic Ocean and Mediterranean exist where bivalve cultivation is conducted and 127 
transfers of all stages of the culture organisms are part of the cultivation process (e.g. hatcheries, 128 
refining processes, etc.). In other countries such as Belgium and Germany cultivation is focused on 129 
only a few species and transfer activities are limited to local scales, where mussels are e.g. fished 130 
from wild beds and transfered to cultivation plots close by (Tab. 1). 131 
 132 
Portugal 133 
Portugal has for many centuries cultivated only clams (Venerupis decussatus) on a commercial scale. 134 
Total annual bivalve production can reach several thousand tons under favourable conditions 135 
(Campos & Cachola 2006a). Ninety-percent of the total production is achieved in southern Portugal at 136 
the Algarve coast (DGRM 2010). Most of the shellfish are sold locally, the remainder sold to markets in 137 
other western European countries, particularly Spain. Cultivation takes place mainly on intertidal 138 
bottom culture beds located in the Ria de Alvor, the Ria Formosa Lagoon systems, and the Arade 139 
Estuary (DGRM 2010).  Due to the lack of hatcheries, seed is almost exclusively collected from wild 140 
banks and transfered to cultivation plots for grow-out. In an attempt to maintain competitiveness on the 141 
open market with other national and international bivalve production regions, seeds and adults of the 142 
Japanese carpet-shell Ruditapes philippinarum have been imported from abroad from the late 1980's 143 
by Portuguese growers to e.g. the Ria Formosa Lagoon. This transfer practice was repeated more 144 
recently with quantities of up to several hundred tons (Campos & Cachola 2006b). However, total 145 
production of R. philippinarum at the Algarve has remained low and the environmental impact resulting 146 
from the transfer activities has been considered to be of minor importance. Yet a more severe impact 147 
regarding the Japanese carpet (R. philippinarum) shell are now being reported from the Targus 148 
estuary further north. Here, the population increased dramatically, although carpet shells were not 149 
cultivated in the area. 150 
 151 
Spain 152 
In Spain, bivalve aquaculture production has focussed on mussels (Mytilus galloprovincialis). Other 153 
species, such as carpet shells (R. philippinarum and V. decussatus)  and oysters (Crassostrea gigas 154 
and Ostrea edulis) are cultivated only on a small scale. Main transfer activities encompass the 155 
translocation of mussel spat from natural sites to growing rafts and from clam spat produced in 156 
hatcheries and subsequently taken to onshore parks for grow out. Further, mussel spat originating 157 
from Galicia is also used to supply cultivation areas at Menorca and Mallorca in the Mediterranean. In 158 
addition to these local and national shellfish transfers, variable spat amounts are transfered from Italy 159 
(Japanese carpet-shell, R. philippinarum), France (flat oyster, O. edulis), Portugal (carpet-shell, V. 160 
decussatus) and Scotland (flat and Pacific oyster, O. edulis and C. gigas), destined mainly for 161 
hatcheries and culture parks in the Galician region. 162 
 163 
France 164 
In France, cultivation of bivalves is focussed on the Pacific Oysters (C. gigas), and the two mussels 165 
species Mytilus edulis and M. galloprovincialis. According to the Comité National de la Conchyliculture 166 
production in the season 2010/2011 was about 84.000 tons of oysters (including 1300 tons of flat 167 
oysters) and about 73.900 tons of mussels (both species). According to statistics obtained from 168 
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French customs, international exchanges of live molluscs within Europe are increasing. About 44.000 169 
tons of mussels were transfered from several European countries such as Netherlands, Spain, Ireland, 170 
Italy, and Greece to French markets, not for re-immersion but for reconditioning in purification tanks. 171 
Oyster spat is being transfered from French hatcheries to several EU countries for cultivation 172 
purposes. In addition, cupped oysters are occasionally transfered from Ireland to France (e.g. 3200 173 
tons in 2006) or from France to other European countries, mainly Italy. However, most transfers are 174 
conducted between French regions. Spat of the Pacific oyster (C. gigas) is collected in the Arcachon 175 
and Marennes-Oléron basins and then transfered to growing sites along the coasts of Brittany, 176 
Normandy and also along the Mediterranean. In addition, oyster spat from hatcheries is currently 177 
transfered all over the country. Market sized oysters are occasionally re-transfered from growing sites 178 
to Marennes-Oléron for refining purposes in claires. Transfers of flat oysters (O. edulis) occur mainly 179 
from spat collection sites in west and south Brittany to grow-out sites in north-east Brittany. Mussel 180 
spat is mainly collected from the South-Loire region and cultivated locally or transfered to the principle 181 
rearing sites in North Brittany or Normandy. Market sized mussels are usually delivered directly to the 182 
consumers; however, re-immersions in other regions may take place prior to market supply. According 183 
to the Directive (EC) 2006/88 on animal health, flat oysters (O. edulis) suspected of being infected by 184 
Bonamia and/or Marteilia sp.were excluded from transfer activities. More recently, oyster spat 185 
exhibiting abnormal mortality rates, most probably due to the presence of the OsHV-1 virus, has been 186 
banned for any transfers purposes (e.g. to Normandy). 187 
 188 
Belgium 189 
In Belgium, only naturally settled mussel spat (M. edulis) obtained by suspended cultivation methods 190 
is permitted for mussel cultivation in areas of the North Sea. No regulations exist regarding transfers of 191 
spat or adult mussels between the cultivation areas. Apart from the cultivation of blue mussels, small 192 
scale cultivation of the Pacific and flat oysters are conducted near Ostend, supplied by French 193 
hatcheries and local spat.  194 
 195 
Ireland 196 
Shellfish production in Ireland is dominated by the production of the Pacific oyster (C. gigas) and the 197 
blue mussel (M. edulis). Production of blue mussel is divided into rope and bottom production. For 198 
rope mussel culture, transfer movements are limited whereby the seed is typically sourced using 199 
collection devices in the bays of cultures and grown through the full production cycle. In some 200 
instances, where areas have had prolonged closures due to harmful algal blooms, some stock is 201 
relocated from the rope mussel bays (mainly on the west coast) to bays used for bottom mussel 202 
culture (east and southeast coast). In contrast, the culture of mussels on the seafloor typically involves 203 
considerable movement of product at various stages in the production cycle. Bottom mussel culture is 204 
carried out predominantly on the east (and southeast) and north coast of the country. Seed is 205 
generally sourced from ephemeral beds in the Irish Sea (open water) and moved into the culture plots. 206 
In addition, given increasing demands for seed from producers, applications to import seed from areas 207 
outside the jurisdiction (Great Britain) have been submitted. Following a grow-out period mussels are 208 
exported to other jurisdictions either directly to market or for further production. In particular there is an 209 
important export market of bottom mussels from a number of bottom growing bays to the Netherlands. 210 
Oyster production in Ireland is concentrated on the south west and northwest coasts of Ireland. Seed 211 
is generally translocated from hatcheries in the United Kingdom and France. Production is carried out 212 
predominantly in bags and trestles, although some production is conducted uncontained on the 213 
subtidal bottom. While some oysters are sold to internal markets (restaurant trade), the majority of 214 
oysters are sold to France. Some of these go directly to market while the majority are relayed for 215 
further conditioning in French waters.  216 
 217 
United Kingdom 218 
Similarly to Ireland, the main cultivation species of the UK are mussels, Pacific oysters (C. gigas), 219 
native oysters (O. edulis), scallops (Pecten maximus) and clams (V. decussatus). Pacific oysters and 220 
clams are produced in hatcheries and are transfered to growout sites, while native oysters, scallops 221 
and mussels generally originate from wild stocks. 222 
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Netherlands 223 
In the Netherlands, blue mussels (M. edulis) are cultivated in two separate areas; the Wadden Sea 224 
and the Oosterschelde estuary. In the Wadden Sea, mussel seed is fished from wild beds or collected 225 
with suspended ropes or nets. The growout of mussels to market size is conducted using on-bottom 226 
cultivation methods. In contrast, the Oosterschelde is not only a production area but also a relaying 227 
area for mussels transfered from other places to be sold at the international auction at Yerseke. Since 228 
production in the Netherlands does not meet the demand for mussels, seed and adult mussels are 229 
transfered from other European countries. Transfer of bivalves into the Wadden Sea, except for 230 
mussels from the German parts of the Wadden Sea, is not permitted. Mussels and spat from boreal 231 
areas (from the English Channel to the south of Norway and Sweden) can be transfered to the 232 
Oosterschelde, with permission. No permission is needed for the transfer of mussels and spat from the 233 
Dutch part of the Wadden Sea into the Oosterschelde. Vice versa, a transfer of mussels from the 234 
Oosterschelde to the Wadden Sea is not allowed. However, exemption is possible when an inventory 235 
of species associated with shellfish is carried out in the area of origin of the shellfish and a monitoring 236 
protocol of the transports is provided. Transfer of molluscs from outside the boreal area into the 237 
Oosterschelde is not permitted. Wijsman & Smaal (2006) and Wijsman et al. (2007a; b) reviewed the 238 
risks of transport of mussels from Ireland, the UK, Sweden and Norway to the Dutch production areas. 239 
Based on the results of the study, a permit was given to the corporation of shellfish importers to import 240 
mussels and oysters from 12 production areas in Ireland and the UK into the Oosterschelde. The 241 
import of mussels destined for human consumption from these areas are (currently) monitored for the 242 
presence of exotic species by means of regular sampling upon arrival in Yerseke. Similar studies have 243 
been conducted by Wijsman et al. (2007a; b) and Wijsman and Mesel (2008) on the risks of 244 
transporting mussels from Norway, Sweden and Denmark to the Dutch Wadden Sea. The same 245 
exemption as mentioned above for transfers from the Oosterschelde to the Wadden Sea is possible 246 
for transfers from Norway, Sweden and Denmark. Oysters (C. gigas and O. edulis) are produced in 247 
the Grevelingen and Oosterschelde. Spat is collected locally and produced at pilot scale in a hatchery.  248 
 249 
Germany 250 
Similarly to the Netherlands, cultivation efforts in Germany are focussed almost exclusively on blue 251 
mussels (M. edulis). Besides some small scale rope cultures, most mussels are cultivated on-bottom, 252 
supplied by fished wild seed mussels. Transfer activities are conducted on local, national and regional 253 
levels, either for cultivation or selling purposes. Seed mussels are transfered locally by the fishermen 254 
from their natural wild beds or suspended culture ropes to the licensed cultivation plots. On a regional 255 
scale several thousand tons per year of mussel spat have been transfered, owing to poor recruitment 256 
and failed spatfall in recent years within the German Bight. Spat has been transfered from the 257 
Netherlands, UK, Denmark and Ireland to German culture plots. The majority of mussel spat is derived 258 
from the British Channel and North Sea islands. However, according to the responsible authorities in 259 
Lower Saxony and Schleswig-Holstein transfer activities were stopped in 2006, mostly due to 260 
economic reasons, since the mortality rate of transfered spat was high and growth rates on the culture 261 
plots remained poor. All activities are conducted legally within the Wadden Sea National Parks, based 262 
on exploitation rights warranted before the area was rededicated as a nature reserve. Live market-263 
sized mussels are exclusively transfered from Germany mainly to the Netherlands, France and 264 
Belgium. There, mussels are sometimes relayed e.g. to the Oosterschelde (NL) until they are sold on 265 
the market. Oyster farming is a very small scale business in Germany. The only commercial farm is 266 
located on the island of Sylt where oysters (C. gigas) are grown from spat originating from Ireland 267 
 268 
Denmark 269 
In Denmark, transfer of bivalves takes place in the Limfjord in the North of the country using bottom 270 
cultivation technics. The Limfjord is classified as a Marteilia and Bonamia approved zone and transfers 271 
into the zone are restricted. A processing of mussels from outside the zone is not permitted as there 272 
are no systems to handle the process water. In the Limfjord, regulation of the mussel fishery allows a 273 
bycatch of ca. 30% (wet-weight) mussels with a shell-length under 4.5 cm (minimum legal size). After 274 
processing, mussels below minimum legal size are discarded and have to be relayed to designated 275 
bottom cultivation areas. In addition to the relaying practice, mussel seed is transfered from wild areas 276 
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with a high density to bottom cultivation areas. These fishing areas include Natura 2000 sites, where 277 
seed fishery permitting is based on an Environmental Impact Assessment. Mussel spat (M. edulis) 278 
produced on long-lines in the Limfjord is transfered to the east coast of Jutland and relayed in bottom 279 
culture, however only on an experimental scale. 280 
 281 
Sweden 282 
Mussel production in Sweden is concentrated on the west coast (Skagerrak) of the country. Due to the 283 
regular occurrence of algal toxins and low local consumption, mussel (M. edulis) production has 284 
remained low and only approximately 1000 to 2000 tons of blue mussels are harvested per year 285 
(Lindahl & Kollberg 2008). Transfer activities are rare, since production is based on submerged 286 
longline systems, supplied by natural spat from the water column. About half of the production is 287 
consumed locally. The rest is exported to other European countries, and potentially relayed prior to 288 
consumption. Plans exist to increase production, however; focussing on mussels as an alternative 289 
protein resource for fish food production.  290 
 291 
Norway 292 
Although the blue mussel is found along the entire Norwegian coast from Sweden to Russia, 293 
production has yet to reach commercial viability. The main reasons for this are low prices, logistical 294 
problems, as well as problems with bird predation and marine biotoxins caused by algal blooms. Other 295 
shellfish production of the European flat oyster (O. edulis), both of juveniles and market size, has a 296 
long tradition in Norway, and the Pacific oyster (C. gigas) has also been imported for aquaculture 297 
purposes, but neither of these have reached any significant production volume. Experiments in the 298 
cultivation of the great Atlantic scallop (P. maximus) has also been on-going for a number of years but 299 
commercial production has not yet been established. 300 
 301 
Iceland 302 
In Iceland the mussel (M. edulis) culture industry is a rather new player (Gunnarsson et al. 2005; 303 
Thorarinsdóttir et al. 2007). Today two production areas are harvested and other small scale, 304 
experimental culture sites are located around the island, with the exception of the south coast. In all 305 
cases spat from artificial collector ropes is used for cultivation. However, fishermen have begaun 306 
transferring wild mussels from natural banks to licensed culture sites for growout. Transfers are 307 
conducted to shorten culture time and are reported from several places around the island. Recently, 308 
about 200.000 juvenile oysters (C. gigas) were transfered from a Spanish hatchery with permission of 309 
the Icelandic Food and Veterinary Authority to start cage cultivation on an experimental scale in 310 
northern Iceland. Permission was given assuming that the 8°C maximum temperature in summer at 311 
the new cultivation site would prevent the oysters from reproducing. There was no public discussion or 312 
consultation with the national scientific community before this transfer occurred. 313 
 314 

  315 
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Tab.1: List of most relevant bivalve species transfered in Atlantic Europe for aquaculture 316 
purpose and the level of translocation (L = Local, N = National, R = Regional (European 317 
economic region) and I = International (between economic regions/ worldwide)). 318 
 319 

 320 
*spat transfer from the EU   **spat & adults transfer into the EU 321 

 322 
 323 

3. Relevant guidelines and legislation 324 
 325 
It is clear that bivalve shellfish transfers can pose significant potential threat to the health of a marine 326 
ecosystem thus it is essential that tools be in place, including statutory national and European 327 
legislation, to assess and minimise the risks to bivalve shellfish cultivation while establishing the 328 
means of measuring success. As shown in the following paragraphs, global and regional binding 329 
agreements only contain general obligations, while EU legislation delivers detailed rules and 330 
standards. Figure 1 illustrates the interaction between the different layers of legislation. This legal 331 
“cascade system” (Czybulka 2007) portrays the complexity of environmental governing, where 332 
fragmentary impulses are sent from the topmost cascade, the global international law. At lower levels, 333 
these impulses should be specified and advanced without neglecting the primary purpose. 334 
 335 
 336 
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 337 
 338 
Fig. 1: Illustration of the interaction of the different layers within the legal “cascade system” 339 
displaying the complexity of environmental governing. Fragmentary impulses are sent from the 340 
topmost cascade, the global international law to lower levels, where impulses are specified and 341 
advanced without neglecting the primary purpose. 342 
 343 
 344 
3.1. Global International Law 345 
3.1.1. The UN Convention on the Law of the Sea (LOSC) 346 
Part XII of the global UN Convention on the Law of the Sea (UNLOSC 1982) deals with the states’ 347 
general obligation “to protect and preserve the marine environment”, Art 192 LOSC. According to Art 348 
194 para. 1 LOSC, measures by the states must be taken to “prevent, reduce and control pollution of 349 
the marine environment from any source”. Art 194 para. 2 LOSC requires the states to prevent 350 
environmental pollution on their territory from spreading to other states. Art. 208 LOSC is relevant for 351 
shellfish introductions to aquaculture activity on the seabed. States should enforce laws and 352 
regulations and other measures to prevent, reduce and control pollution of the marine environment. 353 
These “laws, regulations and measures shall be no less effective than international rules, standards 354 
and recommended practices and procedures”, Art. 208 para. 3 LOSC. The aim of the directives is to 355 
ensure that national standards meet the standards of FAO Code of Conduct (FAO 1995) and the ICES 356 
Code of Practices (ICES 2005) which are discussed below. 357 
The term “pollution” is defined in Art. 1 para. 1 no. 4 LOSC as the “introduction by man, directly or 358 
indirectly, of substances or energy into the marine environment.”  Assuming that species, pests and 359 
diseases count as “substances” in this sense, the spread of domestic organisms transmitting diseases 360 
or parasites is covered within the term “pollution”. Hence, the impact of domestic diseases and pests 361 
on wild populations should be subject to Art. 194 para. 1 and 2 LOSC.  362 
If, intentionally or accidentally, non-domestic or non-resident species are transfered, states need to 363 
consider Art. 196 LOSC: “States shall take all measures necessary to prevent, reduce and control 364 
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pollution of the marine environment resulting from […] the intentional or accidental introduction of 365 
species, alien or new.” 366 
The fact that a clear definition of “alien” or “new” species is missing leads to several problems in 367 
practice (McConnell 2002). Additionally, Art. 196 para. 1 LOSC requires “significant and harmful 368 
changes” to make this norm applicable. Furthermore, Art. 194 para. 5 LOSC offers a more extensive 369 
approach to the protection of ecosystems (Czybulka 1999). If the transfer of bivalve shellfish and its 370 
consequences threaten “rare or fragile ecosystems” or the “habitat of depleted, threatened or 371 
endangered species and other forms of marine” coastal states are obliged to take measures to protect 372 
those ecosystems and habitats, and these measures must be adequate. The states’ obligations in 373 
environmental protection are secured by liability rules. According to Art. 235 and 304 LOSC states are 374 
liable for the fulfilment of international obligations for the protection and conservation of the marine 375 
environment. 376 
 377 

3.1.2. The Convention on Biological Diversity (CBD) 378 

Similarly to the LOSC, the Convention on Biological Diversity (CBD 1992) is a binding umbrella 379 
convention, which leaves the details of the rules of implementation to the member states. The 380 
protection of biological diversity is a comprehensive objective, which comprises three sub-areas; the 381 
protection of biodiversity, genetic diversity and the diversity of the ecosystems. Art. 8 CBD lists a 382 
number of different actions to be taken by states and which concern the movement of bivalves. Under 383 
Art. 8 h, member states should “prevent the introduction of, control or eradicate those alien species 384 
which threaten ecosystems, habitats or species”. Unfortunately, the crucial terms “alien”, “species” and 385 
„threaten“ are not precisely defined in the binding convention text. The conference of the parties (COP, 386 
the governing body of the CBD) has adopted guidelines for the implementation of Art. 8 CBD. The 387 
“Guiding Principles for the Prevention, Introduction and Mitigation of Impacts of Alien Species that 388 
Threaten Ecosystems, Habitats or Species” (CBD 2002 CoP 6 /23) should be of special interest for the 389 
movement of bivalves, although these principles are “soft law” and not legally binding. Nevertheless 390 
noteworthy, we find an emphasis on the precautionary principle which obliges the states to take up 391 
preventive regulations e.g. for a risk analysis if there is scientific doubt whether there will be any 392 
ecologically adverse impact. The European Union as member of the CBD has implemented some of 393 
the provisions of CBD and COP 6 / 23 within the binding Regulation (EC) 708/2007. 394 
 395 
3.1.3. FAO Code of Conduct for Responsible Fisheries (CCRF) 396 
The Code of Conduct for Responsible Fisheries (FAO 1995) provides general principles and standards 397 
of conduct for the management and development of fisheries and aquaculture. The code is not legally 398 
binding, but as mentioned above, because of Art. 208 para. 3 LOSC the CCRF must be considered 399 
the standard by which states must comply. Art. 9.1 CCRF calls for states to establish, maintain and 400 
develop an appropriate legal and administrative framework which facilitates the development of 401 
responsible aquaculture. Transboundary aquatic ecosystems should be protected by supporting 402 
responsible aquaculture practices within their national jurisdiction and by cooperation in the promotion 403 
of good husbandry and biosecure practices to promote sustainability, Art. 9.2.1 CCRF. 404 
It also proposes that “efforts should be undertaken to minimize the harmful effects of introducing non-405 
native species or genetically altered stocks used for aquaculture” and that states should “promote 406 
steps to minimize adverse genetic disease and other effects of escaped farmed fish on wild stocks”, 407 
Art. 9.3.1 CCRF. 408 
 409 
3.1.4. ICES Code of Practice on Introductions and Transfers of Marine Organisms 410 
The scope of the code (ICES 2005) extends to human activities which are associated with the 411 
introduction and movement of marine organisms. The aim of the recommendations is to protect 412 
indigenous in addition to deliberately introduced species. An important tool to avoid risk in the 413 
transport of species is quarantine measures. These are part of a proposed multi-step process which 414 
includes mitigation, monitoring and surveillance measures. 415 



MS to be submitted Bivalve Aquaculture Transfers (Part A) 11 

At the European Union level, significant elements of the Code of Practice are implemented by 416 
Regulation (EC) No 708/2007 concerning use of alien and locally absent species in aquaculture (see 417 
below). 418 
 419 
3.2. Regional International Law 420 
3.2.1. Convention for the Protection of the Marine Environment of the North-East Atlantic (OSPAR 421 
Convention) 422 
According to Art. 2 para. 1 (a) of the convention (OSPAR 1992 ) the contracting parties shall take “all 423 
possible steps: to prevent and eliminate pollution and shall take the necessary measures to protect the 424 
maritime area against the adverse effects of human activities; to safeguard human health and to 425 
conserve marine ecosystems, and, when practicable, restore marine areas which have been adversely 426 
affected.” The transfer of shellfish for the purpose of aquaculture should be covered by the human 427 
activities recognized in Annex V in conjunction with Appendix 3, which are to be limited appropriately 428 
because of their actual and potential effects on marine ecosystems and marine biodiversity. The 429 
movement of bivalves would have to have “actual and potential” adverse effects on specific species, 430 
communities, habitats or ecological processes. Furthermore the effects have to be irreversible or 431 
durable. 432 
So far no measures are known in this respect. The OSPAR Report 2009 Assessment of Impacts of 433 
Mariculture (OSPAR 2009) recommends the use of local species for bivalve cultivation. Specific legal 434 
measures are not known, which is unfortunate because the OSPAR-Regime could be an appropriate 435 
basis to establish coordinated legislation for bivalve transfers throughout the north-east-Atlantic. 436 
 437 
3.2.2. European Law (Treaty on European Union (TEU), Treaty on the functioning of the European 438 
Union (TFEU)) 439 
Within the European Union legislative acts, there are rules relating to the movement of bivalves; yet 440 
member states are free to determine an individualized application, as we see in Art. 288 of the TFEU 441 
(TFEU 2008).  “A regulation shall have general application. It shall be binding in its entirety and directly 442 
applicable in all Member States. A directive shall be binding, as to the result to be achieved, upon 443 
each Member State to which it is addressed, but shall leave to the national authorities the choice of 444 
form and methods.” Therefore directives require to be transposed into national regulation to enable 445 
their implementation. 446 
Environmental protection falls within the range of shared legislative responsibility and results from Art. 447 
4 para. 2 e TFEU. With application of the subsidiary principle of Article 5 para. 3 TEU (TEU 2010), the 448 
Community contributes to environmental protection (Messerschmidt 2011).  449 
 450 
3.2.2.1. The Water Framework Directive (the Directive (EC) 2000/60/ of the European Parliament and 451 
of the Council of 23 October 2000 establishing a framework for Community action in the field of water 452 
policy (WFD)) 453 
The WFD covers coastal waters to the extent of one nautical mile stretch from the base line, Art. 2 454 
para. Nr. 7 WFD. In Art. 4 WFD are substantial environmental aims, primarily to achieve good 455 
ecological status and good surface water chemical status by 2015. The concept of the good ecological 456 
status of surface water consists of significant biological (see Annex V 1.1.4), hydro-morphological and 457 
physico-chemical quality elements. Additionally, the habitat condition is relevant. (Messerschmidt 458 
2011) As described above, it seems likely that the movement of bivalves implies threats which lead to 459 
risks to the "good ecological status". 460 
 461 
3.2.2.1. Directive (EC) 2008/56/ establishing a framework for community action in the field of marine 462 
environmental policy (Marine Strategy Framework Directive (MSFD)) 463 
The MSFD supplements the EU legislation on the protection of water bodies by enhancing the WFD. 464 
Consequently, the Exclusive Economic Zone as well as all coastal waters (unless they are covered by 465 
the WFD) are part of the MSFD, Art. 3 No. 1 a and b MSFD. Throughout the development and 466 
implementation of marine strategies at the level of Member States the marine environment shall be 467 
protected and preserved, preventing its degradation and impaired ecosystems must be restored. 468 
Moreover adverse-impact introductions in the marine environment should be reduced and prevented, 469 
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see Art. 1 No. 2b MSFD. The Directive specifically requires member states to develop vigorous plans 470 
of action for marine waters which would include: an assessment (Art. 8), a determination for ‘good 471 
environmental status’ (Art. 9), and the establishment of environmental targets (Art. 10). In particular a 472 
list of stress/pressure points and adverse impacts in Annex III Table 2 shall be considered. 473 
Aquaculture, here primarily the intensive cultivation of fish in open sea cages, is seen as pressure in 474 
the context of nutrient enrichment, not in the distribution of alien species or pests and diseases. These 475 
are listed under the term “biological disturbance”: The “introduction of microbial pathogens, 476 
introduction of non-indigenous species and translocations”. 477 
 478 
3.2.2.3. Council Regulation (EC) 708/2007 concerning use of alien and locally absent species in 479 
aquaculture 480 
The general clause Art. 4 of Regulation 708/2007 requires the member states to ensure that “all 481 
appropriate measures are taken to avoid adverse effects to biodiversity, and especially to species, 482 
habitats and ecosystem functions which may be expected to arise from the introduction or 483 
translocation of aquatic organisms and non-target species in aquaculture and from the spreading of 484 
these species into the wild.” The regulation draws attention not only to translocated aquatic organisms, 485 
but also to “non-target” species. Non-target species are defined in Art. 3 No. 8 as “any species or 486 
subspecies of an aquatic organism likely to be detrimental to the aquatic environment that is moved 487 
accidentally together with an aquatic organism that is being introduced or translocated not including 488 
disease-causing organisms which are covered by Directive (EC) 2006/88/EC.” Notably, the European 489 
Union has taken notice of “hitch hiker species, infectious agents and toxic algae”. Aquaculture farmers 490 
who intend to introduce (non exempted) alien and locally absent bivalves must obtain permission from 491 
the competent authority following Art. 6. In doing so the responsible authority will have to differentiate 492 
between “routine movements” according to Art. 8 and “non-routine movements” according to Art. 9. A 493 
‘non-routine movement’ defined in Art. 3 No. 16 and 17 means the movement of aquatic organisms 494 
from a source which has a low risk of transferring non-target species and which, on account of the 495 
characteristics of the aquatic organisms and/or the method of aquaculture to be used, might give rise 496 
to adverse ecological effects. 497 
In the case of a non-routine movement an environmental risk assessment shall be carried out as 498 
outlined in Annex II. Permits will only be issued when the risk assessment report, including mitigation 499 
measures, indicates low risk to the environment, Art. 9 para. 4. The definition of “risk” is provided 500 
throughout the assessment by a standardized process which involves the potential of genetic and 501 
ecological impact as well as the potential of introducing non-target species. If scientific uncertainty is 502 
evident the precautionary principle should be applied. In addition to the risk assessment, in the case of 503 
a non-routine movement into open aquaculture systems, Art. 15 para. 2, 3 and 4 must be considered. 504 
Here, the bivalves must be kept in a designated quarantine facility. Only progeny of the introduced 505 
aquatic organisms may be used in the aquaculture facilities of the receiving Member State, provided 506 
that no potentially harmful non-target species are found during quarantine. Adult stock may be 507 
released in those cases where the organisms do not reproduce in captivity or are fully reproductively 508 
sterile, providing confirmation of the absence of potentially harmful non target species. Following the 509 
non-routine movement, species shall be monitored after their release into open aquaculture facilities, 510 
for a period of two years or for a full generation cycle, whichever is longer, Art. 18, 22 Regulation (EC) 511 
708/2007. 512 
These rules however, have exceptions, some species are excluded. Art. 2 para 5 states that this 513 
regulation shall not apply except for the general clause in Art. 4 to the species listed in Annex IV. 514 
Hence the bivalves C. gigas and R. philippinarum listed in Annex IV can be moved without any risk 515 
assessment or quarantine. Moreover the regulation does not consider triploid organisms in the 516 
definition of Art. 3 para. 5. The regulation is not therefore applicable to those types. Also the regulation 517 
does not apply to movements of locally absent species within the Member States “except for cases 518 
where, on the basis of scientific advice, there are grounds for foreseeing environmental threats due to 519 
the translocation, Art. 2 para. 2. 520 
 521 
 522 
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3.2.2.4. Directive (EC) 2006/88 on animal health requirements for aquaculture animals and products 523 
thereof, and on the prevention and control of certain diseases in aquatic animals 524 
Directive (EC) 2006/88 requires Member States to authorize aquaculture businesses. The permit is 525 
issued if authorisation conditions under Article 5, 8, 9 and 10 are met. Article 8 considers traceability 526 
and requires an accurate record of the movement and mortality of animals and the results of the risk-527 
based animal health surveillance program detailed under Article 10. Article 9 deals with the 528 
establishment and implementation of "good hygiene practice". A permit is granted only if the 529 
aquaculture operation remains under the supervision of the responsible authority. Under Article 5 para. 530 
2, the authorization will not be granted: “if the activity in question were to lead to an unacceptable risk 531 
of spreading diseases to farms, mollusc farming areas or to wild stocks of aquatic animals in the 532 
vicinity of the farm or mollusc farming area” 533 
However, before a decision is made to deny authorization, consideration shall be given to risk-534 
mitigation measures, including possible alternative locations for the activity in question, Article 5 para 2 535 
subpara. 2. Which risks are acceptable and which are not is not defined in the Directive; these should 536 
be identified, assessed and rated in the processes associated with each farm site, mitigating 537 
measures should be developed and included in a site biosecurity measures plan. For the marketing of 538 
aquaculture animals and products thereof, the provisions of Articles 11 et seq apply. In this chapter 539 
detailed rules on the movement of aquaculture animals between Member States, zones and 540 
compartments with different health status are described. According to Art. 12 para. 1, Member States 541 
ensure the health of aquatic animals after arrival at the destination regarding the diseases listed in 542 
annex IV part II. For bivalves diseases include infection with Bonamia exitiosa, Perkinsus marinus, and 543 
Microcytos mackini. Art. 14 requires a health certificate if animals are moved for the purpose of 544 
farming or restocking are moved into an area which is declared disease-free in accordance with or 545 
subject to surveillance, or eradication programmes. According to Art. 20, wild aquatic species which 546 
are caught in areas that have not been declared free of the diseases shall be quarantined under 547 
surveillance of the responsible authority. This applies only to the species listed in Annex IV, Part II.  548 
Under Art. 17 Member States shall ensure that the living animals of vector species to be introduced 549 
should be held in quarantine for a reasonable period. This rule applies to other than the species listed 550 
in Annex IV, Part II as we will see in Regulation (EC) 1251/2008. Throughout the (directly applicable) 551 
Regulation (EC) 1251/2008 the Commission has adopted rules for implementing the Directive (EC) 552 
2006/88 to the extent of certification and requirements for import and marketing as well as stipulating a 553 
list of vector species. Here bivalves are only vector species under Art. 17 if they are listed in column 2 554 
of Annex I Regulation 1251/2008. This list includes major vector species for the following bivalve 555 
related diseases: Infection with B. exitiosa, Taura-Syndrom, Yellowhead-Disease, Infection with 556 
Marteilia refringens, infection with Bonamia ostreae and White-Spot-Disease. Bivalve vector species 557 
shall be treated as mentioned in Art. 17 Directive (EC) 2006/88. 558 
 559 
3.2.2.5. Directive (EC) 2004/35 of the European Parliament and of the Council of 21 April 2004 on 560 
environmental liability with regard to the prevention and remedying of environmental damage 561 
The Directive (EC) 2004/35 is a regulative liability system that completes the common environmental 562 
law. According to Art 1 Directive (EC) 2004/35 the objectives are to establish a framework of 563 
environmental liability based on the "polluter-pays" principle, to both prevent and remedy 564 
environmental damage. The term environmental damage as referred to in Art 2 No. 1 Directive (EC) 565 
2004/35 comprises damage to water, soil and protected species or natural habitats. The Directive is 566 
applicable in the marine sector including the EEZ (Czybulka 2008). The scope of application is also 567 
inclusive of environmental damage that occurs in the course of professional activities listed in annex 568 
III. With regard to harm of protected species or damage to natural habitats, the types of injury which 569 
occur in the course of professional activities other than those named in Annex III are included. In this 570 
case, however, the damage must be caused deliberately or negligently according to Art. 3 para.1 lit. 571 
b).The transfer of bivalves should be classified as “other professional activity” according to Art. 3 572 
para.1 lit.b) if it causes damage to protected species or natural habitats. Art. 8 deals with the costs. In 573 
general, the operator has to bear the costs of prevention or remediation measures. 574 
 575 
 576 
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3.3. National Law 577 
Member states of the EU are required to follow rules and regulations as listed above, yet 578 
environmental and animal health legislation which exist at the lowest rung of the “cascade system” 579 
remain the most dominant and influential regulatory apparatus. Farmers must apply for and receive 580 
the appropriate permits from the locally responsible authorities. Although influenced by the higher 581 
levels national legislation differs greatly in the Northeast Atlantic. EU directives are also not 582 
implemented uniformly. The problem also exists that countries outside of the EU will have their own 583 
directives, thus transfer activity is also impacted by such laws which are beyond the scope of this 584 
review. 585 
The federal system of states within Germany also creates variation in legal requirements; for example 586 
the strictest rules covering bivalve transfer activity would likely be those from the German region of 587 
Schleswig-Holstein. Regulations here ban transfer activity which cannot prove that no harm is done to 588 
the environment. In the German region of Lower Saxony however regulations require shellfish farmers 589 
only to prevent the possibility of spreading mussel disease. Germany is a good example of how 590 
national approaches to legal procedures covering environmental health are complex and differ widely 591 
especially throughout the Northeast Atlantic. 592 
 593 
 594 
4. Records and Traceability 595 
 596 
To fulfil records and traceability requirements, article 8 of the Directive (EC) 2006/88 requires that 597 
member states shall ensure that all farms rearing bivalve molluscs are registered by the official service 598 
and records of live bivalve molluscs entering the farm, and information relating to their delivery, 599 
numbers/weight, size and origin, must be kept. Similar records must be kept for bivalve molluscs 600 
leaving the farm for re-immersion, containing all information relating to their dispatch, their number or 601 
weight, size and destination, and any observed abnormal mortality. These records, which are open to 602 
scrutiny by the official service at all times, on demand, are updated regularly and kept for four years. 603 
Movements of susceptible shellfish from outside the EU are required to be accompanied by a suitable 604 
animal health certificate, signed by the responsible authority, while a trace notification message is 605 
generated electronically at source. This trace message system was designed to improve the 606 
management of animal movement both from the outside and within the EU, creating a better tool for 607 
managing animal disease outbreaks. It was issued by the responsible authority in the EU for 608 
consignments that require a health certificate (susceptible or vector animals introduced into a 609 
Category I (Disease-free), II (Surveillance Programme) or IV (Eradication Programme) 610 
country/compartment) - for farming, relaying, restocking and further processing for human 611 
consumption. In addition, movements for farming or restocking that do not require a health certificate 612 
must have a traces message. Basically, shellfish movements, other than those directly destined for 613 
human consumption, should be recorded in the trace-system within the EU and for imports into the 614 
EU. Directive (EC) 2006/88 not only requires that aquaculture production businesses keep records of 615 
all movements of shellfish to and from their sites, but also that these records should be kept by other 616 
shellfish-associated businesses, including depuration plants which are responsible for the inspection 617 
and processing of shellfish subject to disease control measures and certain specialist transporters of 618 
aquaculture animals.  These records would include all movements of seed shellfish to shellfish farms, 619 
movements between farms and also movements from farms to the place of final processing. However, 620 
these records do not provide information on ecological impact, or effects on genetic integrity and risks 621 
of introduction and spread of invasive species. There is a provision in the regulations that would allow 622 
shellfish farmers who share the same mollusc farming areas to apply for a shared authorization. This 623 
reflects the spatial distribution of farms within hydrographic areas, and the effect of this on the 624 
potential spread of disease within these areas. There is a provision for eradication programmes for 625 
listed diseases when they are confirmed in a member state.  626 
 627 
 628 
 629 
 630 
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5. Discussion 631 
 632 
There is a perceived need amongst the European scientific community for a more targeted, risk-based 633 
assessment of movements of bivalve molluscs for relaying, within the EU, for commercial purposes. 634 
These risk assessments should include all possible effects of diseases (parasites, viruses and 635 
bacteria), hitch hiking species and genetic contamination including the risk to native stocks from 636 
interbreeding. Because of the unknown risks of certain introductions the emphasis should be on 637 
precaution. If the transfer of a species is allowed, it should be in quarantine – even through the F1 638 
generation to assess reproductive behaviour and danger of disease transmission, prior to its release. 639 
Global (LOSC, CBD) and regional (OSPAR) binding agreements do not offer a broad solution but 640 
leave it to the member states to find sufficient standards. The EU has taken over the task to prevent 641 
environmental damage through bivalve transfers. The CCRF and the ICES-Code of Practice 642 
regulations indicate that EU legislators understand the serious risks posed by the spread of serious 643 
disease, yet the potential for adverse environmental impact (other than the spread of certain diseases) 644 
is currently not adequately addressed through existing legislation. Regulations need increased focus 645 
on the prevention and control of transfers of undesirable alien species. It seems clear that no blanket 646 
exclusions for economically important species should be made (C. gigas), and all likely risks inherent 647 
with transfers within and among member states should be given due consideration.  648 
Part B of Annex III of the Council Directive 2006/88/EC considers surveillance inspections on site. 649 
Surveillance and frequency are dependent on the known health status of a member state and risk 650 
level combined with their adherence to the site’s biosecurity measures. Passive and intelligence-based 651 
surveillance together with training awareness, as well as providing advice to operators on aquatic 652 
animal health issues, will play an essential part in the success of such models. Frequency of 653 
inspections are determined by the health status of the member state regarding diseases; and the risk 654 
level of the farm or mollusc farming area in relation to the contracting and spreading of diseases. The 655 
health status is differentiated into categories, such as: disease-free; not disease-free but subject to 656 
surveillance programme; not known to be infected but not subject to surveillance programme; infected 657 
but subject to an eradication programme; known to be infected, subject to minimum control measures. 658 
The risk level is determined by evaluating risk factors such as e.g. type of production, number of 659 
species kept, quality of bio-security system, competence of staff and risks posed by human activity, 660 
predators or birds in the vicinity of the farm. By using such a complex system farms can be classified 661 
according to their risk level. This classification will help to determine the level and intensity of 662 
surveillance and inspection required. 663 
On a positive note the EU has issued some legislative acts which are applicable towards transfer of 664 
bivalves. The regulation (EC) 708/2007 regarding “non-routine movement” requires that a risk 665 
assessment with specific procedures should be performed. As defined, the risk assessment could be 666 
an appropriate tool to prevent possible environmental threats. However, the regulation (EC) 708/2007 667 
may be limited by the exclusion of certain target species, including C. gigas and R. philippinarum, 668 
which can be moved without additional monitoring and does not include triploid species. Moreover 669 
transfers between member states are not bound legally with the same control as those which cross 670 
national borders. Notwithstanding, it is important to note that while a risk assessment may not be 671 
applied to species listed in Annex IV (of EC/708/2007), exceptions can be made in cases where 672 
member states wish to take measures to restrict certain species in their territory. Ecological 673 
considerations may force such measures. 674 
However varying procedures, rules and regulations throughout the north-east Atlantic, and how strictly 675 
these are enforced or not enforced, gives rise for concern. Because transfer activity will invariably 676 
involve different regions and states, most optimally these should work together cooperatively on a 677 
legislative level to maximize efficiencies and competency. In all ICES member states there are many 678 
pieces of legislation governing activities in the marine environment. However, it is the case that some 679 
pieces of legislation operate in isolation and fail to identify efficiencies that might be found by 680 
consideration of additional legislation, be it transnational or national. For example, the fish health 681 
Directive (EC) 2006/88 requires that shipments are inspected at the point of departure to ensure that 682 
the requirements of the Directive are met, i.e., no risk material is present in the shipment. This 683 
validation is provided on the basis of inspection at the point of origin and requires the identification of 684 
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potential carrier organisms of listed diseases in the shipment. Listed diseases are divided into two 685 
categories; exotic and non-exotic, although Article 43 considers provisions for limiting the impact of 686 
diseases which are not listed, such as emerging diseases. For bivalve molluscs the exotic diseases 687 
are listed as: infection with B. exitiosa, Perkinsus marinus and Microcytos mackini. The non-exotic 688 
diseases are listed as: infection with B. ostreae and M. refringens. While the shipment form offers a 689 
place for the identification of biofouling organisms or vectors, it only specifies that problem species 690 
should be listed and does not have authority to restrict movement stock in the event of non-target 691 
species being present. The authorization does not request that all non-target species should be listed. 692 
For example Urosalpinx cinerea, Credipula fornicata or Mytilicola spp are not listed pests, although 693 
they are recognized as serious pests among certain member states, as in France, Brittany (Grall & 694 
Hall-Spencer 2003), and in Spain, Galician Rías (Sánchez Mata 1996, Blanchard 1997) for C. 695 
fornicata. Thus, unless consignments are refused entry by farmers on commercial grounds, 696 
consignments of infested bivalves can be relayed within and between member states and third 697 
countries, uncontrolled. An opportunity is presented here to fulfil some other national legislative 698 
requirements by listing all non-target species found in shellfish consignment. Such a requirement 699 
would be to identify non-native species that might be imported into an area with a consignment of 700 
shellfish. These lists could easily be implemented in the existing EU legislation mentioned above, but 701 
also should be adopted by states in Atlantic Europe outside the EU. 702 
A problem which must be addressed is lack of enforcement of existing rules: an example is pathogen 703 
organisms (such as ostreid herpes-virus OsHV-1) may have been transferred from areas undergoing 704 
increased mortality, simply because the ban on transfers (included in Directive 2006/88/EC) had not 705 
yet been confirmed and imposed by national authorities. 706 
Furthermore new EU provisions are planned (EU Commission 2013) to manage the introduction and 707 
spread of alien species in general. Concerning aquaculture however they regard to the criticised 708 
regulation (EC) 708 / 2007Altogether the EU legislation as well as differing national handlings reveal 709 
some weaknesses. A cooperative approach and the promotion of steps establishing consistent 710 
procedures without exceptions for relevant species will achieve significant progress in the prevention 711 
of ecological impairment to the environment. In contrast, isolated bans of transfer activities as 712 
happened in the German region of Schleswig Holstein might not be desirable. Broader perspectives 713 
are needed to find solutions. Therefore a cooperative approach towards bivalve transfer activities 714 
throughout the entire north-east Atlantic should be considered. The OSPAR-Regime which covers all 715 
adjacent states of the north-east Atlantic could offer an appropriate legal mechanism. 716 
 717 
 718 
6. Recommendations  719 
 720 
Shellfish aquaculture is, like any other sector, focused on a positive economic return and related 721 
environmental issues such as the health of the maritime bodies of water and transfer of shellfish from 722 
one area to another are often not of major concern. This short-sightedness can potentially have 723 
devastating impact on shellfish farming operations or marketing of large numbers of growers if the 724 
introduction of disease is facilitated through illegal transfers of non-disease certified shellfish from area 725 
to area, state to state, or country to country. While such activity may seem innocuous enough to the 726 
non-informed grower, there are also far reaching biosecurity issues which surround these illegal 727 
activities. Good husbandry and biosecurity practices are essential to successful prevention and control 728 
of pests, parasites, fouling organisms and disease, with associated benefits in production and profit. 729 
Record keeping of farming activities is integral in some shellfish culture businesses, but in others, they 730 
may be non-existent. Growers should have some kind of personal recordkeeping and documentation 731 
of inputs, transfers and outputs of their operation. If tainted shellfish are found in the marketplace or if 732 
a previously unrecorded disease-causing organism, predator species, or non-indigenous species 733 
shows up in an area, reliable data about seed or adult shellfish can help to avoid further transmission 734 
problems. Recordkeeping and data collection can be supplemented by the capture and recording of 735 
environmental data (wind, weather, water temperature, salinity, dissolved oxygen) which may assist a 736 
grower in understanding how his crop is interacting with the marine environment. All of this can form 737 
part of a Code of Practice that the industry could voluntarily adopt to acknowledge that they are 738 
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operating in an environmentally sound way. This would be a good protection against biosecurity issues 739 
which may have far reaching economic and biological implications.  740 
It is important that aquaculture operators be made fully aware that biosecurity infractions will be 741 
handled strictly by enforcement agencies and if in violation of any legislation or regulation will be 742 
prosecuted to the full extent of the law. In addition, growers who knowingly ignore illegal activities by 743 
other growers should be made to understand that their silence ultimately makes them compliant with 744 
the illegal activity, and subjects their businesses to harm if not reported to the appropriate agency. It is 745 
also important to point out to growers that the implications of ignoring illegal introductions, transfers of 746 
shellfish from non-approved waters, or by-passing any regulatory protocol could lead to significant 747 
negative effects for growers not only in the local area, but more broadly at the national and regional 748 
levels. More specifically, industry operators need to understand what the negative biological 749 
implications, ecosystem health impacts, and human health risks may be when operating outside of the 750 
regulatory framework. Understanding the long term view and adhering to a standard code of practice 751 
by the individual growers, groups of growers, and the industry in general, is vital for a protected 752 
continuation and sustainability of the shellfish culture businesses.  753 
Risk assessment methodologies have been developed for a range of scenarios covering disease, non-754 
native species, and methodological innovation. These risk assessments need to be standardised, 755 
updated and applied. In addition, they need to be available to the industry, to minimize the impact of 756 
transfers and to prevent the introduction of invasive species, and for development of contingencies to 757 
minimize their impact and plans to eradicate introductions. Farmers need to consider legislation and 758 
codes of practice appropriate to them, their application, risks, their mitigation and to develop a 759 
practical plan appropriate for themselves, i.e. good hygiene practice as relevant for the activity 760 
concerned to prevent the introduction and spreading of diseases. An example of a practical plan for 761 
shellfish farmers including advice on hygiene, biosecurity and good husbandry practices, risks factors 762 
and their mitigation is provided by Fraser (2010). 763 
A credible and open dialogue between the shellfish sector, agency and policy makers needs to be 764 
maintained to best educate and implement biosecurity measures. Understanding of the economic 765 
implications of harmful or illegal activity, by both those responsible for protecting the environment and 766 
the shellfish industry, will only bring substantial benefits over time. To understand that prevention costs 767 
less is an important aspect of this. Policy makers and policy enforcers must grasp the fundamental 768 
reasons for why industry might be tempted to act illegally during any part of the shellfish culture or 769 
processing sectors. Production schedules, market demand, opportunistic illegal sources of product 770 
may appear to be effective cost cutting measures by industry in the short term; yet policy makers and 771 
law enforcement need to communicate that these actions can actually have a more significant 772 
negative economic impact over the long-term. Abiding by regulations developed on the basis of sound 773 
scientific studies would take a much larger perspective into account and allow for sustainability. 774 
An example of informative dialogue to promote sustainable and improved results over the long term is 775 
the Cooperative Extension Service established in the late 19th century in the United States, with the 776 
aim to improve food agricultural production by transferring the research results to the users on the 777 
farms. The central element of this process were agricultural agents, individuals with advanced degrees 778 
in the agricultural sciences, who served as liaisons between science, policy and the intended audience 779 
for that research, the farmer. Since this format was very successful, it was expanded in the early 780 
1970s to commercial fishing and aquaculture industries. The central purpose of the agents is to 781 
educate fishermen or aquaculturists on the most up-to-date scientific results and to facilitate positive 782 
behavioural changes. The agent remains separate from the natural resource managers and basic 783 
researchers, yet must communicate with both to understand what new, good or bad, issues may 784 
impact the profitability of the industry. By not having a regulatory capacity, yet being the one who is 785 
supplying the managers with the viewpoint of the industry, he remains in the middle, serving as an 786 
educator to both sides. Establishing changes through educational training is a time consuming 787 
process; however, it can be fruitful once there is cooperation and trust between industry and the 788 
agents. We suggest a similar plan for establishing such a type of Cooperative Extension Service within 789 
the EU, elucidating how small changes can reduce large impacts, would surely help protect the natural 790 
marine resources of the EU, and the shellfish industry. 791 
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In addition to expanding education, the methodology to improve plans for the removal and control of 792 
invasive species from transferred stocks must be continually updated and communicated. Thus it 793 
should be incumbent upon policy makers to monitor and farmers to report exotic organisms. To 794 
achieve such aims a deeper awareness of marine biodiversity in shellfish areas, and for example the 795 
ability to distinguish exotic species from indigenous fauna and flora, should be made mandatory. 796 
Monitoring networks would be a vital step in this direction. Monitoring programs developed for other 797 
purposes (i.e. for microbiological contamination, toxins and for EU directives such as the water 798 
framework directive and marine strategy directive) can provide useful information and with some 799 
limited adjustments, could be improved to include exotic species recording. 800 
 801 
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