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The European lobster has a wide
distribution from the Arctic Ocean, North
of Norway towards the coastal waters of
Southern Europe down to North Africa.
Although in lower numbers nowadays, the
species distribution also extends
throughout the Mediterranean.
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Interaction between cultured        
and wild European lobsters

Basic biology

AquacultureDistribution

Implications for 
practice

● The low levels of gene flow among 
European lobster populations suggest that 
lobster culture can be carried out in areas 
where there are no native populations 
without adverse impact on adjacent native 
stocks.

● Additional research is needed for the 
estimation of the fitness of reared 
individuals

European lobster
Homarus gammarus

European lobster management should be based on local
populations i.e. self-recruiting stocks rather than on broader
metapopulations. Delimitation of a local lobster stock is likely to
vary throughout the range. Assessment needs to be based on a
combination of biological, hydrographical and genetic
information. It would be wise to apply the precautionary principle
to movements of lobsters for enhancement purposes.
Transplantation of lobster stocks over larger distances should be
avoided until much more detailed information on fitness related
differences is available.

In addition to commercial movements between countries, culture
of lobster during the early high-mortality stages and then release
in the wild has been widely practised. However, in many cases
marking of released individuals has not been carried out to
determine the efficacy of the enhancement.Coded-wire or other
physical tagging has been limited by the need to rear larvae to
sufficient size and by cost, tag loss, etc. Furthermore, no account
has been taken of the potential genetic changes in native
stocks.Genetic tagging is a viable and powerful approach to

address these questions. A com-
prehensive set of microsatellite and
mtDNA markers that allow for high
resolution genetic studies have now
been reported. More recently, the
genetic fitness of larvae from wild and
ranched families was assessed using
microsatellite DNA profiling. Results

indicate that the offspring of cultured females displayed relative
fitness of only 60% in relation to those of wild individuals clearly
demonstrating the potential problems of cultured individuals at
least during early larval stages.

• European lobsters are sedentary animals with home ranges
varying from 2 to 10km. In the absence of exploitation, the life
span is probably in decade. Males reach sexual maturity earlier
than females.

• Females can spawn annually or following a bi-annual pattern.
Reproduction takes place during summer and is linked with the
moulting cycle.

• After extrusion, the eggs are held on the pleopods for
approximately another year until hatching.

• The first few post-hatching weeks are characterised by a
pelagic phase. During this period, larvae undergo four
developmental stages until metamorphosis to stage IV when
they settle to the seabed. No information is currently available
on the early benthic phase (EBP) of the European lobster from
settlement at 5-7mm CL until 20mm+.

• In most areas, lobsters do not mature before 5–8 years. Genetic
data suggest that the normal breeding system in the wild is
likely to be polygynous.

Fishery

Geographical distribution of the 
European lobster 

Total European capture production for the
European lobster

Female European lobster 
carrying eggs 

• Within the past 70 years, total annual
European landings have varied between
1 600 and 4 800 tonnes.

• Lobster catches vary considerably between
countries with Scotland, Norway, England,
Wales and France the main producing
countries. Within the Mediterranean annual
reported landings have never reached the
same levels as in the northern range.

• European lobster fisheries have so far been
either unregulated, or only lightly
regulated by national minimum legal size.

• Lobster aquaculture production is growing,
driven by both a noticeable decline in
fisheries and an increased worldwide
market demand.

• Results of a recent research project on the
development of methods for intensive
farming of European lobsters in closed
systems indicate that it is possible to rear a
portion size lobster from hatching in 800-
900 days.

Juvenile lobsters at the Norwegian 
Lobster Farm at Kvitsøy, Norway 



Monitoring tools for evaluation of 
genetic impact of aquaculture activities  on wild 

populations

For more information see 

E. Garcia-Vazquez and D. Danancher 
Department of Functional Biology, University of Oviedo, SPAIN

Overall objective of WP2: to review current technology for discriminating cultured and wild individuals of fish and shellfish species important in European aquaculture and for monitoring the possible 
impacts of farmed animals on native gene pools. Including methods for identifying hybrids and introgressed fish in wild populations, and desirable methodological improvements to be promoted in the 
future, and methods for measuring and monitoring the fitness of fish of different genetic type in the wild.

Task 2.1. Assessment of tools for identifying the genetic origin of fish and monitoring their occurrence in the wild
D. Blohm, F. Bonhomme, G. Carvalho, D. Crosetti, T. Cross, G. Dahle, D. Danancher, R. H. Devlin, E. Garcia-Vazquez, K. Glover, B. 
Guinand, G. Hulata, K. Joerstad, K. Kohlmann, S. Lapègue, P. McGinnity, G. Marteinsdottir, P. Moran, C. Primmer, P. A. Prodöhl, M. 
L. Rise, C. Saavedra, Ø. Skaala, T. Svaasand, A. Triantafyllidis, E. Verspoor

Task 2.2. Tools for monitoring fitness of aquaculture individuals in the wild
T. Cross, F. Juanes, G. Marteinsdottir, P. McGinnity, P. Moran, C. Primmer, M. L. Rise, O. Skaala, A. Triantafyllidis

Available genetic tools for Genimpact 
species

Research needed on monitoring tools
The state of the art is very different for the different species

We need:

- More genetic tools for GENIMPACT species

- An intercalibration of results of different laboratories 

- Databases of produced genotypes and of the genetic material of control individuals

- To maximize the information obtained from different statistical analyses

- More research with real data sets

- Much work for identification of SNPs and construction of microarrays

but…why SO MANY molecular markers?

Genomes are very 
different

- compact genomes: less 
multiallelic markers

Variety of populational situations

- recent bottlenecks: less within-
population variation

Variety of aquaculture situations

- domestic and native stocks 
separated for generations: more 
genetic divergence 

Variety of techniques for 
individual typing

- cheap/expensive, technically 
easy/difficult…

Why molecular markers?
● Inherent to the individual (they can’t be lost)
● Inheritable (you can identify progeny)… 

therefore you can estimate fitness
● Non-destructive sampling (you don’t need to 

kill the animal –or not always!)

New technologies !!

Species Allozymes Mitochondrial DNA Micros AFLPs SNPs Genomics Other 
Common carp 

Cyprinus carpio 
19 variable 
loci of 60  D-loop, Cytb, ND3/4, ND5/6 >100  One study  PCR 

RFLPs  In progress  RAPD, SSCP  

Atlantic salmon 
S. salar 

33 variable 
loci of 110  

D-loop, Cytb, ND1, ND5/6  
>20 RFLPs 
>40 SNPS 

~1700 Yes  Yes Yes, well 
underway 

Blood 
proteins  

European Sea bass 
Dicentrarchus labrax >25 D-loop, Cytb  >250 > 200 In progress  In progress Linkage map 

Gilthead sea bream 
Sparus aurata 21-27 Dloop   127 147 Yes In progress    

Turbot 
Scophthalmus maximus >25 Dloop, Cytb, rRNAs, tRNAs >35 No No In progress   

Atlantic cod 
Gadus morhua >30  Whole  >80  No 

>90 ; 
more in 
progress  

 >20 000 
ESTs ; more 
in progress 

  

Atlantic halibut 
Hippoglossus hippoglossus >40 No >25  No No In progress   

European flat oyster 
Ostrea edulis 

Crassostrea gigas 

22 
24 

Cytb, rRNAs  
Cytb, 16S rRNA  

 24 
>120 

296 
> 300 

 No 
>50 

No 
In progress 

Genetic map 
Genetic maps 

European Lobster 
Hommarus gammarus >40 Whole >50 No No No   

Mussels 
Mytilus edulis  

M. galloprovincialis  
M. trossulus 

15 Whole  7 No 
Yes 
(PCR-
FFLP)  

In progress   

Scallop 
Pecten maximus 13 Cytb, COI, ND1, rRNAs, tRNAs  9 No In progress In progress   

 

If escapees don’t reproduce, who cares?

Fitness: 
Relative success in contributing descendants to the next generation
Dependent on survival and reproduction of the individual

Fitness of aquaculture individuals in the wild
Monitoring fitness changes of wild 

populations due to introgression:

● Key life history events (maturity, growth, 
reproduction strategies)

• Genetic constitution of the broodstock and the wild 
stock

Research on fitness needed
- Evaluate the extent of introgression of cultured individuals in 
natural populations
- Search for major common genes affected during 
domestication (QTL mapping, microarrays)
- Expand studies of fitness related single and multigene traits 
in cultured species (identify causative polymorphisms, e.g. 
SNPs)
- Estimate absolute size of native spawning populations in 
relation to number of escapees
- Common garden fitness experiments .

!

Stakeholders suggested...
- Increased research and efforts on population genetic studies are needed for those species for which the current level of knowledge is scarce, particularly 
all species in the Mediterranean region
- How many individuals can escape before their negative effects on natural stocks are noticeable? The intensity of escapes, and the stock structure and 
size of wild populations are key issues for answering this question. The need of setting up conservation priorities was emphasised
- Reinforce the volunteer collaboration between state and industry is better than impose conservation measures by law. Self-regulation of industry by 
voluntary code of practise was suggested as a good way of protecting the wild populations
- Before establishing a new aquaculture facility, initial information from the wild local populations should be required
- Financial resources are probably better spent preventing escapes rather then assessing impacts of escapes on wild populations. The use of sterile stocks 
like triploids was discussed and generally recommended, after previous exploration of the consumer’s reaction
- For improving traceability, a better tracking of broodstock movements was recommended. Molecular markers, although expensive, can be the tool of 
choice to identify origin of escapees 

Workshop 2: Monitoring tools for evaluation of genetic impact of aquaculture 
activities on wild populations (Tenerife,  Spain, 19-21 October 2006)

Blohm D., Bonhomme F., Carvalho G., Crosetti D., Cross T., Dahle G., Danancher D., Devlin R.H., García-Vázquez E., Glover G., Guinand B., Hulata G., Joerstad K., Kohlmann K., Lapègue S., McGinnity P., Marteinsdottir G., Moran P.,
Primmer C., Prodöhl P., Rise M.L., Saavedra C., Skaala Ø., Svaasand T., Triantafyllidis A., Verspoor E. (2007). Assessment of tools for identifying the genetic origin of fish and monitoring their occurrence in the wild. p 128-134,

Marteinsdottir G., Cross T., Juanes F., McGinnity P., Moran P., Primmer C., Rise M., Skaala O., Triantafyllidis A. (2007). Tools for monitoring fitness of aquaculture individuals in the wild. p 135-140,
In: Svåsand T., Crosetti D., García-Vázquez E., Verspoor E. (eds). Genetic impact of aquaculture activities on native populations. GENIMPACT final scientific report (EU contract n. RICA-CT-2005-022802). http://genimpact.imr.no/
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Modelling genetic impacts of 
cultured/wild interactions
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Modelling approach
1) Modelling procedure
● collect demographic and genetic data
● build demographic model of life cycle
● build genetic model component
● add fitness differences from empirical studies
● run variety of cultured/wild simulations

2) Modelling outputs
● identify lacking data
● identify changes in population character
● identify changes in population abundance
● identify population viability risks
● define future research priorities

Research priorities
Development of interaction models requires collection of data 
relating to:

● basic life-history information on many of the cultured 
species, together with more detailed life-history information 
on the best studied species 
● fitness differences between cultured and wild individuals
● the genetic basis of such fitness differences
● methods of identification of escaped stocks

Gilbey, J. et al. (2007). Predictive tools - Modelling assessment and risk of genetic impact on wild fish populations from escapes of cultured fish and shellfish. p 142-160. In:
Svåsand T., Crosetti D., Garcia-Vazquez E., Verspoor E. (eds). Genetic impact of aquaculture activities on native populations. GENIMPACT final scientific report (EU
contract n. RICA-CT-2005-022802). http://genimpact.imr.no/

McGinnity, P. et al. (2003). Fitness reduction and potential extinction of wild populations of Atlantic salmon, Salmo salar, as a result of interactions with escaped farm
salmon. Proceedings of the Royal Society, London. B., 270: 2443-2450.

Photo credit: David Hay, Freshwater Laboratory, Scotland, U.K.; Alan Hughes, Peter Gugerell, Wikimedia.

Why model?
Investigating genetic impacts of cultured fish on wild populations is a logistically challenging, expensive and
lengthy process, and few detailed interaction studies have been carried out. Yet expected impacts are likely to
vary with numbers of escapes, the “health” of wild populations, and the nature and extent of genetic
differences. Thus generalizing from empirical studies to all species and all interaction scenarios is difficult.
Building population models and running simulations of interactions can help and offers a way, for different
species, to:
• understand expected of impacts, both generally and in specific scenarios.   
• identify research needs and priorities.

Farmed Atlantic salmon caught in the River Shieldaig, 
Scotland. Status confirmed by pigment analysis at the 
University of Stirling.

Europe has seen significant increases in the aquaculture
production of a large number of native fish and shellfish
species including Atlantic cod, Atlantic halibut, Atlantic
salmon, common carp, sea bass, gilthead sea bream, turbot,
European lobster, scallops, mussels, and oysters. This gives
rise to concern about the potential genetic impact of feral
cultured individuals on wild populations

Cultured individuals generally are genetically different due
to inbreeding, domestication, and selective breeding.
Ecological interactions in the wild (e.g. competition) can
reduce numbers of wild fish, while interbreeding and
introgression can lead to outbreeding depression reducing
individual fitness. This is can have serious consequences
for population character and viability. Outbreeding
depression can result from reduced local adaptation or the
break-up of co-adapted gene complexes.

Modelling issues

To be informative, modelling requires integration of
biologically realistic mathematical formulations of both
demographic and genetic processes. This requires insight
into life history patterns, the ecological regulation of
population numbers, adaptive differentiation of
populations, behaviour differences between cultured and
wild individuals and the genetic architecture of cultured
wild differentiation. It also requires empirical data on
demographic and genetic parameters in wild populations,
including data which can be used to corroborate model
outputs.

Modelling needs

Cultured/wild 
interactions

CULTUREDWILD

Competition

Disease
introduction

Habitat
disruption

Interbreeding

Introgressive
hybridisation

Impact on
character

Impact on
abundance

Direct Genetic
Effects

Indirect Ecological
Effects

Loss of variability
Selective change

Change in variability
Change in fitness

VIABILITY?

Finfish and shellfish farming within Europe

empirical

theoretical                       fitness

genetic                                                                                          broad-scale

demographic                                                                                      site-specific

species specific                                                                    multiple scenarios

management advice

identify data deficiencies                  identify data deficiencies

define research priorities                            define research priorities

Fitness differences    

Example of fitness differences between wild, farmed and
hybrid fish. Lifetime reproductive success of Atlantic
salmon from empirical study of McGinnity et al, 2003.
Cross types refer to: BC1W F1 hybrid × wild; F1HyW wild
female × farm male; F1HyF farm female × wild male;
F2Hy F1 hybrid × F1 hybrid; BC1F F1 hybrid × farm.
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Introduction

Each species should be managed 
separately

The main results obtained in the three Genimpact expert workshops were discussed with important stakeholders during the management workshop in Thessaloniki,
Greece (April 19th-22nd, 2007). This poster reports the results of the discussions. The following points should be taken into consideration not only for the species
considered in the project but for the sustainable development of aquaculture in general.

The potential effect of escapees on wild populations should be assessed on a
per species basis. Each single species/group of species have their particular
life history traits, genetic structure etc. Basic knowledge is still lacking for
most species.

Efforts should be made to avoid 
escapees
Instead of trying to protect the wild populations from escapees, the best
logical solution would be to try to prevent escapes. This will rely on
technical improvements from the industry that have little to do with
genetics.
However, it is almost impossible to completely stop escapees. The level of
escapees that should be considered a threat should also be dealt on a species
basis: The intensity of escapes, the stock structure and the wild populations
size as well as the escapees’ life stage are key issues. Large populations
could probably resist better the impact of escapes than small ones.
Therefore, wild stocks should be protected.
Public information about the results of GENIMPACT is considered as a way
of raising public concern about this problem. A different point of view
stresses that we should not overexpress our concerns to the point of freezing
all activities and demonizing the aquaculture industry.

Measures to identify escapees 
are needed
DNA markers constitute the tool of choice to identify the origin of escapees.
However, traceability of escapees with genetic techniques is considered an
expensive approach. Economical and technical support by governments and
Fishery Directorates is recommended.

Input from modelling assessment 
and risk 
The potential for using modelling studies is recognized. Outputs are not
definitive statements. As models are updated with new information and
understanding, outputs may change. When presenting examples of
modelling outputs, it is necessary to avoid the impression of bias by
showing full range of predicted outcomes under the full range of potential
interaction scenarios.

Measures to ensure isolation 
between wild & domesticated  
stocks are needed

New techniques of direct genetic 
manipulation should be under 
consideration

Debate on the use of local stocks as 
broodstocks is ongoing

Site selection/conservation of               
wild populations

Common legislation across EU           
is needed

Genetics and the aquaculture 
industry interaction

Different measures such as hybridization, sterilization and polyploidy can
be applied for protecting the wild population from the escapees. Sterile fish
can be a part of the solution. Induction of triploidy has been successfully
applied in several fish and bivalves and it is not regarded as a “genetic
modification”. However, triploids could indirectly affect wild populations.

The commercial farming of transgenic fish is viewed with widespread
scepticism. Their possible release into the wild is regarded a serious threat to
ecosystem stability. Only totally sterile transgenic fish would represent a
commercial innovation. Additionally, it is important to further explore the
potential of DNA vaccination and transgenesis with RNA interference.

The use of local stocks for selective breeding is an option worth considering, but
the risk of these stocks being not competitive in the market should be pointed
out. A lot of information is missing on the interactions between wild and farmed
individuals. Fitness experiments (similar to those carried out for Atlantic salmon)
should be carried out for other species.
Stocking is recognised as a particular and different case. Avoiding stocking is
highly recommended but in some cases it may be necessary for restoring lost
populations or sustaining local small scale fisheries.

The places where the aquaculture facilities are sited play a major role in the
effect of the farmed stock on the wild. Additionally, conservation measures are
important for protecting the wild populations.

Reinforcing the volunteer collaboration between the states and the industry is
much better than imposing protective measures by law. Self-regulation of the
industry by voluntary code of practise is encouraged. The need of legislation to
implement control and/or compensation measures in some cases, however,
should be pointed out. Differences between countries at the legislation level are
recognized.

More interaction between ecologists, quantitative geneticists and molecular
biologists is recommended. The application of the genomic revolution is
considered premature for aquaculture. However, it is widely felt that the industry
will benefit from the genomic revolution as soon as its practical implications are
better known.

Development of management 
options to reduce genetic impacts 

of aquaculture activities

Development of management 
options to reduce genetic impacts 

of aquaculture activities




