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l INTRODUCTION 

As dccided in ICES C.Res.l998/2:41, adopted at the 1998 Annua! Science Conference in Cascais, Portugal, the 
Working Gro up on the Application of Genetics in Fisheries and Marie u !ture [WGAGFM] (Chair: J. Mork, Norway) met 
at the Marine Research Institute in Reykjavik, Iceland, 12-15 Aprill999, to deal with its Terms of Reference for 1999 
(Anncx l). 

1.1 Attendance and Meeting Place 

There are currently 50 appointed members and observers in the WGAGFM (Annex 2). Of these, 22 members from 16 
ICES Member Countries attended the 1999 WGAGFM meeting in Reykjavik (Annex 3). Countries rcpresented (number 
of persons in parenthesis) were Belgium (1), Canada (2), Denmark (l), Estonia (1), Finland (1), Germany (l), France 
(l), lceland (2), Ireland (3), Norway (3), Poland (l), Portugal (l), Sweden (l), UK (2), USA (1). As in the five previous 
years, the representation on the quantitative genetics was lower than on the qualitative genetics side. 

The Icelandic Marine Rescarch Insitute (Director JOhann Sigurj6nsson), offcred excellent rooms and facilities for the 
WGAGFM meeting in Skulagata 4, and all arrangements in connection with the mceting were extremely well organised 
by aur hostess Anna Kristin Danielsdottir. WGAGFM is very pleased with all the efforts by her, MR!, and the Ministry 
of Fisheries to make our meeting effective and enjoyable. 

1.2 Working Format 

Prior to the mccting, spccific mcmbcrs agrced to prepare position papers related to specific issues in the Tenns of 
Reference, and to chair the respective sessions. During the mccting, these position papers were first presented and 
discussed in plenary. Thereafter, each topic was discussed in ad hoc sub~groups which prepared an updated text for a 
final plenary consensus discussion and editing for the WGAGFM report. 

J. Mork and T. Cross chaired business and open scientific sessions (ToR (a)) 

E. Verspoor chaired 'Molecular markers in breeding' (ToR (b)) 

• B. Chatain chaired 'Triploidy in aquaculture species '(ToR (c)) 

E. Kenchington chaired 'Protecting marine biodiversity (ToR (d)) 

• A. Ferguson chaired 'Genetic tags in study & management of wild stocks' (ToR (c)) 

B. Chatain chaired 'The gender of fish' (ToR (l)) 

W. Davidson chaired 'Patenting of technology' (ToR (g)) 

W. Davidson chaired 'Genetic tissue authentication in forensics' (ToR (h)) 

A. Danielsdottir collected and compilcd the National Activity Reports (ToR U)) 

• M.-L. Koljonen chaired 'The HELCOM request' (ToR (k)) 

• A. Danielsdottir chaired 'Sebastes mente/la genetics and management' (ToR (l)) 

ToR (i) 'Experimental design and statistical frames' was not addressed (see Section 2.i.). 

The session Chairs were responsible for leading the respective colloquia, the subsequent plenary sessions, and for 
preparing the final report text from their sessions. All membcrs were asked beforehand to collect national activity 
reports from their respective countries and bring with them (on diskette) to Reykjavik for inclusion in the Report. The 
Working Gro up decided that, as in the four previous years, the preparation of the WG Report should mainly be done by 
the members present at the meeting. A preliminary version of the Report were made available on the (external) 
WGAGFM homepage for final comments by members befare finalisation and submission to the ICES Secretariat. 
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2 TERMS OF REFERENCE FOR 1999 

2.a. General population genetic topics related to fisheries and mariculture 

This session was scattered throughout the meeting, and served mainly to identify topics for the Terms of Reference for 
the year 2000. 

2.b. Molecular markers in breeding 

Based on a position paper by Eric Verspoor, 'The Potential for using Molecular Markcrs in the selective Breeding of 
Fish Species in Mariculture'; adopted by WGAGFM in Reykjavik 1999. 

Introduction 

At present less than l %of world-wide aquaculture production is based on genetically improved strains (Gjdrem, 1997). 
In contrast, the use of improved breeds, at least for cattle, poultry, sheep, turkeys and pigs, has become·a competitive 
necessity in the modem market place and provides the most cost-effective basis for food production. 

Production potential is determincd by the genetic character of a cultivated stock. To neglect genetic ·improvement is to 
ignore one half of the production equation and precludes realization of the full potential of aquaculture species. In light 
of the importancc of genotype-environment interactions, genetic and non-genetic componcnts of the equation need to be 
optimized in concert. 

The biological potential for the gene tie improvement of fish and shell fish stocks is considerable. Most,. if not all, fish 
species contain heritable variation for traits important to production such as growth rate, disease rcsistence, etc. (e.g., 
Tave, 1993). Furthermore, thcy can be cultivated in large numbers at high densities and have a high fecundity providing 
the basis for higher sclcction intensities and more rapid genetic improvement of production traits than is possible for 
many terrestrial spccics. 

Obstacles to Genetic Improvement 

A number of factors Iie bchind the current low level of utilization of genetically improved fish stocks in aquaculture. 
Most obvious is the fact that most farmed fish species have only come to be extensively cultivated relatively recently. 
However, even then in man y cases selective developmcnt is seldom included as part of stock management in a rigorous 
manner. This is probably due, in part at least, to a generallack of formal training in genetics among most fish culturists 
(Tave, 1993) and has led to a focus in aquaculture operations on the more immediate and obvious production gains to be 
made from improving diets, health management, and other rearing conditions such as water quality (Tave, 1993). 

Genetic improvemcnt has been undertaken for a fcw spccies such as the common carp, rainbow trout, Atlantic sal mon, 
and somc spccics of tropical fish (Tave, 1993). However, even for these cxccptions, the genetic irnprovcmcnt 
programmes are still in their infancy. The fact that reared stocks are generally just a few generations removcd from the 
wild is a major reason for this but it also arises because, even though the importance of genctic management is 
recognized in these species, major technical obstacles to the dcvclopment of effective selective breeding programmes· 
still remain. 

Traditional approaches to selection cxploit sophisticated statistical procedures to partition performance variation into 
genetic and environmental components based on observed patterns of inheritance of variation among relatives. By sa 
doing, individuals which are most likely to be genetically superior with regard to the trait of interest can be identified. 
However. the traditional approach is often difficult to implement for fish species due to problems in tracking pedigrees 
and the relatedness of individuals. 

External fertilization allows matings to be controlled but newborn offspring of aquatic fish species are generally 
indistinguishable, and too small and numerous for physical lagging to be a viable option. At the same time, for many 
species, the alternative of isolating individuals in tagged enclosures is· also not an option for logistic or biological 
reasons. Even where individuals can be isolated, as for example may be the case for shellfish or farnily groups of 
finfish, ha ving to the costs of individual enclosures may limit the numbers which can be sa reared. This can severely 
limit selection intensitics and rates of genetic improvement. 

Even where isolated rearing of individuals or families is possible, it poscS another problem. Specialized facilities are _ 
needed where the environment can be controlled to ensure uniform rearing conditioris to facilitate the disentariglement 
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of the genetic and environmental components of performance variation and the selection of genetically superior 
individuals or family groups. However, construction of such facilities is aften beyond the reach of many aquaculture 
operations. 

A further problem in applying traditional selection approaches arises in species such as salmen as a consequence of 
their semelparity, i.e., most fish spawn once befare dying. This precludes retrospective selection of brecdcrs based on 
offspring performance. This approach has very successfully been applicd in selection programmes for terrestrial species 
such as cattle and poultry. 

A general problem posed in all traditional selection programmcs, be they for terrestrial or aquatic species! is ha ving to 
selection for supcrior gcnotypes on the basis of phenotype. Phenotypically superior individuals or families are not 
necessarily genetically supcrior for the performance traits of interest. As the environmental component in the variation 
in performance among individuals increases, there is an increased probability that the- phenotypic performance of 
individuals or families will deviate from that defined by their genotype. The consequence is that there will be an 
increasing prbportion of selected individuals which will only be phenotypically and not genetically superior, reducing 
the effective selection intensity and the realized rate of genetic improvement. This drawback is compounded by 
problems in statistically portioning phenotypic variation into environmental and genetic components (Falconer and 
Mackay, 1996; Lynch and Walsh. 1998). 

Applying Mo/ecu/ar Markers 

In the ideal population for selcctive hreeding, each individual would be bom with a unique, heritable and visible mark 
that could be instantly deciphered, and linked each individual unambiguously to both its parents. Furthermore, variants 
posscssed by for the genes affecting performance would be similarly visibly decipherable to allow direct selection of 
genetic types disposed to the desired leve l of pcrformance. With molecular markers it is possible, in principal at least, to 
approach this ideal. The extent to which it can be approached is considered hcrc. 

Most fish species are likely to have in the order of 50.000 to 100,000 genes. Even if less than l %of these are variable, 
and thcsc have only two alleles, each individual can be expected to be genetically unique. As this uniqueness rcsults 
from a combination of genetic variation inhcrited equally from both parents, this uniqucncss will unambiguously link 
offspring to thcir parents. This molecular variation thus serves as a marker of an individuals pedigree. 

Molccular variation at the level of the DNA is also ultimately responsiblc for heritable performance variation. Thus by 
resolving molecular variation at loci responsible for quantitative trait variation (i.e., quantitative trait loci or QTLs), or 
loci physically linked to them, selection can be directed on the genes themselves. Jf so, by using such molecular 
performance markers, all selected individuals would be certain to be genetically. and not just phenotypically, superior. 

Molecular Pedigree Analysis 

Molecular pedigreeing is concerned with establishing the relationship between parents and offspring, from which all 
othcr rclationships can be determined. The more parent/offspring combinations distinguishable, the hetter, given that the 
objective of most selective breeding programmes is to maximize selective intcnsity (i.e., minimize the % of families 
selected) while minimizing inbreeding (maximizing the absolute numbers of family groups used to produce the next 
generation). 

In practice, to be useful, a molecular system of pcdigreeing should be able to discriminate a minimum of several 
hundred families. Furthermore, in an ideal world it would also allow discrimination of individuals within families. The 
latter is important if both among- and within-family selection are to be carried out, as it allows individual performance 
to be tracked and their performance over time to be evaluated. 

Assignment power, i.e., the ability to discriminate individuals and families, and establish relatcdness, increases with the 
number of variable loci used and with the number of alleles at each locus. This has been discussed previously by 
Ferguson et al. (1995). Verspoor (1995) and others. Simulations (Villaneauva. unpublished) show that five loci with 10 
alleles at each locus would be sufficient to discriminate 400 different family groups. The requirements for individual 
discrimination within families will depend on the numbers of sibs to be discriminatcd but is hkely to require an order of 
magnitude more loci. 

Development of molecular pedigreeing methods in most species has over the last decade focused on satellite DNA loci, 
a class of nuclear genes first identified in humans, but now known to be common in most species. These loci, of which 
there are two basic types-minisatellites and microsatellites-generally display high levels of allelic diversity, 

1999 WGAGFM Report 3 



frequently having 10 or more allelic variants. Estimates place the numbcr of potential microsatellite loci present in the 
fish gcnomc at in the order of 100,000, and for minisatellite loci atlO,OOO (Park and Moran, 1994). 

Initial work focused on minisatellites loci, stretches of nDNA cornposcd of variable numbers of tandemly repeated 
scqucnccs 9 to l 00 bases long. In fis hes, this c lass of loci was first identified in relation to Atlantic salmon (Taggart and 
Ferguson, 1990a,b) and brown trout (Prodohl et al., 1994), though the methodology could be applied to a wide range of 
species (Prodohl et al., 1995). Ferguson et al. (1995) have used minisatellite-bascd pedigree analysis to analyse 
performance variation in growth and seaward migration of different families of wild, farm and farm/wild hybrid 
Atlantic salrnon families plantcd out in an Irish stream. However, thcir use has now been largely eclipsed by 
microsatellites, composed of tandemly repeated units made up of 2-6 bases. 

Microsatcllite; loci, and particularly those loci involving 3 and 4 base repeat motifs for which allelic variatHm is more 
casily resolvcd, offer a number of advantages over minisatellites as molecular markers (O'Connell and Wright, 1997). 
Being able to be resolved by polymerase chain reaction (PCR) technology means !hat only crude DNA extracts from 
small non:-destructively sampled quantities of tissue such as fish scales, mucus and fin clips are required for typing, and 
semi-automated DNA screening systems can be used. Furthermore, in contrast to minisatellite loci, microsatellite loci 
can be selected which have unambiguously resolved discrete non-overlapping allelic classes, minimizing the amount of 
typing required to resolve relationships. With minlsatellites, two peoplc took one year to screcn 2000 fish for 6 Joci, 
which gave a corrcct assignment of - 90% of fish to family in a group of 100 families. Now with microsatellite 
technology, 2000 fish can be screened for 10 loci in less than a month allowing assignment to family > 99 % of fish 
from mix.tures of 500+ families. Overall, the estimatcd saving in time and costs is cstimated to be approx.imately lO
fold, with the cost of typing an individual now in the order of the !::5 mark per 7 loci. 

Microsatellite loci have already bcen used by Herbinger et al. (1995) to assess paternal and malcrnal effects on juvenile 
growth and survival in a farm population of rainbow trout. (Doyle et al., 1995) have used them to discriminate family 
groups of cod (Gadus morhua) to assess the intensity of interfamily selection in thelaboratory in the early post-hatch 
period. In these cases, offspring assignment was to known parental types. However, with sufficient levels of variability, 
family discrimination may also be achievable in the abscnce of parental information (Blouin et al., 1996), in relation to 
family discrimination in wild mice populations. A number of research programmes are already under way to develop 
microsatelhte ·markers for a· range of other fish species including Atlantic salmon, rainbow traut, brown trout, Atlantic 
cod (Gadus morhua), Pacific herring (Clupea harengus pallasi), sea bass (Dicentrarchuslabrax), tilapia (Oreochromis 
spp.) and brook char (Salvelinus fontinalis) (O'Connell and Wright, 1997) as well as man y other species of interest in 
aquaculture. 

The full potential of microsatellitc-based pedigree analysis has yet to be exploited in selective breeding programmes, 
largely due to east. Cost is dctcrmincd by both the unit cost of typing, which in turn is determined by the resolution 
required (a greater num ber of loci need· to be screened to resolvc individuals as opposed to families) and to the num ber 
of times typing must be carried out (number of individuals and the number of times cach individual is typcd). As 
molecular pedigree information is detached from the individual, use of molecular approaches alone requircs that a fish 
be retyped each time its performance is evaluatcd or individuals are selected. As a fish may need to be evaluated man y 
times during its development and sclcction carried out at a number of stages, a solely molecular approach would involvc 
a large amount of typing which would still likely become uncconomic with current technology. This problem may be 
resolved in the future using microchip-based genotyping. This not only ha·s the potcntial to bring down costs but also 
makes it conceivable that genotyping may be ablc to be carried out on site within minutes, based simply on the analysis 
of DNA from mue us or scales taken from the sur face of a fish. 

Unlil typing costs are brought down such that individual resolution becornes possible, ex.ploitation of microsatellite
based pcdigrceing technology will require innovatively designed selection programmcs such as the walk-back selection 
model proposed by Doyle and Herbinger (1994). In general, .these will involve the physica1 lagging and biopsy of 
individuals when they are large enough to be marked, with microsatellite analysis based on the biopsy used to assign 
individuals to family. Exactly how the combined physical lagging and molecular pcdigreeing are combined is likely to 
depend on the particular biology of a species,.the available resources, and the particular selective objectives set out for a 
given programme. This will in turn dictate the selective gain that can be achieved and will need to be carefully 
evaluat.ed in each individual case. 

Molecular Markers for QTLs 

The detection of QTL markers in fish and their use in selective breeding programmes has recenlly been reviewed by 
Poompuang and Hallerman (1997). For the detection of markers for major QTLs affecting performance, it is necessary 
to have a large nurnber of molecular markers which are distributed across the majority of a species' genome~ The more 
markers utilized and the more polymorphic the marker loci, the g"reater the likelihood of detecting an association with a 
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QTL. Poompuang and Hallerman ( 1997) suggest that based on the size of the zebrafish gcnome, and considerations that 
marker loci selected are random1y rather than even1y spaced through out the genome, 150 markers wou1d be needed to 
ensure that 90 % of the genome was within 20 centimorgans of a marker. This is the distance at which a segregating 
QTL can be expected to be re1iab1y mapped to a marker 1ocus (Sollcr et al., 1976). This number can be reduced where 
markers have been mapped and ones that are more evenly spaced across the genome can he selected. Alternatively, 
numbers of markers can be reduced by focusing on on1y one part of the genome, though this risks not detecting same or 
all of the main QTLs which might exist. 

To be useful in QTL detection, marker loci must be variable in at l east o ne parent. The probability that this will occur in 
a given mating being analysed increases as the allelic divcrsity and heterozygosity at a locus increases. A numbcr of 
different techno1ogies are avai1ab1e (Park and Moran, 199) and could be applied (Poompuang and Hallerman, 1997) but 
the most promising source of mo1ecu1ar markers is like! y to be hypervariable microsatellite loci. These appear to be 
numerous in most fish species and to be widely dispersed in fish genomes bao;;ed on available mapping studies. 
However, any polymorphic locus can be used including those for allozymes, and in some spccics recent efforts have 
been directed at the dcvelopment of expressed sequence tags (ESTs), e.g., LahbibMansais et al. (1999), which can be 
used to resolve variable loci for regions of the DNA whose sequences are transcribed (i.e.! from which mRNA 
transcripts are produced). The use of !hese regions in the search for QTLs and QTL markers may be particularly 
productive given that, unlike microsatellites, they represent transcribed loci likely to be functionally important in 
cellular processes important to organismal performance. 

The dctcction of markers for QTLs, and the identification of QTLs themselves, is facilitated by the development of a 
genetic map which identifies the physical linkage relationships among the markers used. Thcse can be established by 
segregation analysis of informative crosses where marker loci are polymorphic in at least one parent. Development of a 
basic genetic map for a species can be facilitated by carrying out segregation analysis for all markers on a common set 
of crosses. This avoids the need for duplicating crosses and costly repetition of linkage assessments and available 
resources can be focused on extending the numbers of mapped markers. Additionally, it ensures that all research groups 
are working from the same baseline. Once a map is dcvelopcd, it can be used to identify sets of markers best suited for 
general surveys of QTL linkage and, once these have been found, to idcntify local groups of markers among which that 
showing the strongcstlinkage can be selected. By allowing pre-selection of optimal marker comhinations, a marker map 
provides the information needed to design the most cost-effective and sensitive experimental design for detecting the 
optimal marker from those available. Maps are essential where a researcher wishes to ascertain the chromosomal 
position of a QTL. 

The analysis of marker linkage with performance variation can be carried out within crosses made either bctween 
spccics, inbred lines (lines where individuals differ with regard to a particular performance trait and can be expected to 
be fixed for alternative variants), or between different individuals within an outcrossing population. In general, the most 
informative crosses can be expected to be those where the parental types used show the greatest divergcnce both with 
regard to performance and allelic variation at marker loci. In any case, only those loci which are polymorphic within the 
cross and for which parents possessed different allelic variants will be informative. Each mating design has different 
merits depending on the available biological material and should be carefully considercd. Their relative merits are 
discussed in detail by Poompuang and Hallerman ( 1997) as well as Lynch and Walsh (1998) and Falconer and Mackay 
( 1996). Depending on the approach taken, a variety of statistical procedures can be used to test for linkage between 
performance and marker variation and establish whether a QTL marker is present or not. Discussion of ·the se mcthods 
can be found in the same references. 

The methodo1ogy for the detection of QTLs, or of variation at physically linked genes, which are associated with and 
mark QTL variation is currently still being deve1oped (Falconer and Mackay, 1996; Poompuang and Hallerman, 1997; 
Lynch and Walsh, 1998) and its application to se1ective breeding programmes to date is 1imited. On! y onc case of the 
identification of molecular markers for QTLs in fish has been reported in the literature; Jackson et al. (1998) who 
reported finding microsatellite variation marking two independent QTLs for upper temperature tolerance in rainbow 
trout (Onchorynchus mykiss). However, many QTLs have been identified in plants and marnmalian species, and a 
number of research programmes aimed at identifying molecular markers for QTLs, or the QTLs themselves, in fish are 
currently under way (sec Activities Reports). 

In addition to the major challenge of detecting even the major QTLs (those genes which account for 5+% of observed 
genetically based performance variation), considerab1e development work needs to be done on integrating QTL-based 
selection procedures into traditional selection programmes. Given the need for addressing multiple traits simultaneously 
in breeding programmes using selection indices, optimal approaches to integrating molecular marker based genetic 
information will need to be developed and tested. However, pro gress in the field is like! y to be rapid, large! y as a result 
of work on mammalian species, and the coming years are likely to see an increasing number of markers for QTLs 
identified in fishes and their exp1oitation in se1ective breeding programmes for fish stock improvement. 
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Conclusions 

Molecular markcrs offer considerable potential for aiding in the gcnctic improvement of cultivated fish stocks. Using 
microsatellite-based technology, resolving power can now easily be developed and applied cost-effectively for the 
simultaneous discrimination of several hundred families in mixed family groups. In contrast, whi-le individual resolution 
is possible to develop, the costs of screening the numbers of microsatellites required is unlikely to be cost-effective. 

The use of QTL markers in programmes ai med at the selective improvement of tish stocks is at present precluded. Only 
a few QTL markers are like! y to have been identified in a limited number of species and approaches for, their effective 
use in selection programmes need to be worked out. 

At present, the use of molecular markers is far from a panacea for the genetic improvement of ftsh stocks. However, at 
least with regard to obtaining pedigree information, molecular markers are likely to be able to be used to increasc 
selection intcnsities and thus rates of genetic improvement in a cost-effective manner. With the methodologies and 
technologies ad vane ing rapidly, this is likely to becomc increasingly true. 

RECOMMENDATIONS 

Support research and development work to identify suitcs of microsatellite loe i in mariculture spee i es: 

to facilitate pedigreeing within selective breeding programmes, particularly for new/y cultivated species where 
spe.cializ.ed rearing facilities requiredfor traditional approaches are not cost-effective or feasible; · 

to monitor levels of genetic diversity among aquatic organisms used to found mariculture stocks, and during the 
course of breeding programmes as a re sult of selection and inbreeding; 

to prov ide molecular markers for quantitative trait loci ( QTLs ). 

Support the development of new technology that makes microsatellite-based pedigree analysis more rapid and cost 
effectivc such that greater sclection intensities can be economically applied and rates of realizable genetit improvement 
increased. 

Support research to develop analytical frameworks for the most cost-effective utilization of molecular pedigrccing 
within traditional phcnotype-based selective breeding programmcs. 

Support research programmes to develop.molecular marker hascd genome maps to facilitate the identification-of QTLs 
and QTL markers. 

Support research to identify QTLs for. important mariculture traits, such as growth and disease resistance, and 
to identify molecular markers for tracking QTLs and allowing their direct selection in genetic st.ock 
improvement programmes. 

Support research to develop generalized frameworks for the optimal utilization of QTL markers within traditional 
phenotype-based selection procedures in selective breeding programmes for cultivated aquatic organisms. 

Support research to develop genetic improvement programmes based on.marker-assisted selection (MAS) techniques. 
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Based on a position paper, 'Tripoidy in Mariculture: Status and Perspectives', by Pierre Boudry and Beatrice Chatain; 
adopted by WGAGFM in Reykjavik 1999. 
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lntroduction 

The inductiorl of triploidy has been reported in many aquaculture species (fish: salmonids, seabass, scabream, turbot, 
etc., shellfish: musse!, oyster, scallop, clam, abalone, etc.). In fish, triploidy is generally induced by pressure or thermal 
shocks, while in shellfish it is induced by a chemical treatment, leading to the suppression of polar body formation in 
fertilised eggs. An alternative method is based on the mating of tetraploids and diploids to obtain all-triploid stocks. 
Tetraploids have been obtained in several spccics (rainbow traut, carp, oyster and mussel). 

As triploidy induces sterility (or strongly reduccs gametogenesis), betler performance of triploids over diploids can be 
explained by two main factors: 

l) The energy normally allocated to reproduction in diploids can he reallocated to growth in triploids. Consequently, 
triploidy will be of high interest in species with high allocation to reproduction. Additionally, triploidy potentially 
induces higher mcan heterozygosity, which has been shown to be positively corrclated with growth in many 
shellfish specics. 

2) As sexually matured animals can be of lower quality for consurnption than non-matured ones (e.g., in salmon and 
oyster), sterility (or reduced gametogenesis) improves the marketing value of the products. 

Additionally, the recent need of sterility to ensure genetic confinement of dornesticatcd species or transgcnic organisms 
· has led to new interest in triploidy. 

The present papcr aims to rcview the present status of triploidy in mariculture in order to establish specific 
recommendations. 

Methodology 

Fish 

The natura) occurrence of triploids among vertebrates is rare (Bogart, 1980; Shultz, 1980; Cormier and Neiheisel, 
1993). Spontaneous triploid individuals in normally diploid species have been reported among amphibians, rcptiles, and 
birds (Ohno et al., 1963; Witten, 1978; Tiersch and Figiel, 1991). Among fish, spontaneous triploidy has been reportcd 
in both wild and hatchery populations ofrainbow trout (Cuellar and Uyeno, 1972; Gold and A vise, I976; Gold, 1986). 
Dawley et a/.(1985) reported triploids resulting from hybridization in natura] populations of the sunfish genus Lepomis. 
Flajshans et al. (1993) also reportcd spontaneous triploidy in tench (Tinca tinca L.). A more detailed review may be 
find in Benfey (1989). 

The artificial induction of triploidy has been rcportcd in man y aquaculture spccics. In fish, triploiJy is general! y induced 
by the retention of the second polar body by pressure or thermal shocks. An alternative is hascd on mating of tctraplo'ids 
and diploids to obtain all-triploid stocks. In fish numerous reports have described the tcchniques to induce polyploidy 
(triploidy and tctraploidy), as reviewed by Thorgaard and Allen (1987), Ihssen et al. (1990) and Purdom (1993). 
Artificial triploidy, in particular, has been induced with variable success in scveral freshwatcr species for which 
artificial fertilization techniques have been dcvcloped. To date, more than a hundred different species have been 
investigated for triploidy or tetraploidy (see -Table 1). However, if wc cxclude the pioneering work on flatfishes by 
Purdom (1972), results on chromosome set manipulations in marine fish remain confincd to the last dccade only. In 
Europe, most of the work was done on the sea bass, Dicentrarchus labrax L. and on the sea bream Sparus auratus, 
which are highly valued marine teleosts of major cconomic importance in the Mediterranean and European Atlantic 
areas. In sea bass, for example, different reports have been published concerning the induction of triploidy (Carrillo et 
al., 1993; Zanuy et al., 1994; Colombo et al., 1995; Gorshkova et al., 1995; Curatolo et al., 1996; Felip et al., 1997), 
and tetraploidy (Curatolo et al., 1996). All these authors report more or less comparable methods for chromosome set 
manipulation in this spccies using either thermal or hydrostatic shocks. 

As a general rule, the range of triploidy yielded varied considerably for different induction protocols applied to a wide 
variety of fish species. Nevertheless, as techniques are refined, very high percentages of triploid induction are aften 
achieved, specially with high pressure treatment. This technique sccms to be the most rcliable, allowing 80% to 100 % 
triploidy (Benfey and Sutterlin, 1984; Chourrout, 1984, Lou and Purdom, 1984; Peruzzi and Chatain, in press). Still, the 
survival resulting from such a treatment is highly variable and dependent on a strong maternal effect (Moffett and 
Crozier, 1995; Peruzzi et al., in press) .. 
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Shellfish 

In shellfish, ploidy manipulation has been reviewed by Baumont and Fairbrother (1991). The induction of triploidy has 
been reported in many species, such as mussels Mytilus galloprovincialis (Kiyomoto et al., 1996), M. edulis 
(Yamamoto and Sugawara, 1988), M. chilensis (Toro and Sastre, 1995), oysters Ostrea edulis (Gendreau and Grizel, 
1990; Hawkins et al., 1994), Saccostrea commercialis (Nell et al., 1994). Crassostrea gigas (Allen et al., 1986; 
Desrosiers et al .. 1993), C. virginica (Allen and Bushek, 1992; Barber et al .. 1992), pearl oysters Pinctada sp. (Durand 
et al., 1990; Jiang et al., 1993), scallops Pecten maximus (Beaumont, 1986) clams Tapes dorsatus (Nell et al., 1995), 
Tapes philippinarum (Utting and Child, 1994), Mercenaria mercenaria (Buzzi and Manzi, 1988) and abalone. 

Triploidy is induced in fertilised eggs at mciosis I or meiosis Il by the suppression of polar body I or polar body Il 
formation. In con trast with fish ploidy manipulation, the most frequently used method is based on treatment of fertilised 
eggs using cytochalasin B. Other protocols are based on pressure shock, heat shock, and chemical treatment using 6-
dimethylaminopurine (6-DMAP) (Desrosiers et al., 1993). 

An alternative method is based on the mating of tetraploids and diploids to oblain all-lriploid slacks (Guo et al., 1996). 
The production of tetraploids by chemical treatment of gamctes of diploid individuals has been attempted in several 
species: C. gigas: (Cooper and Guo, 1989, Guo et al., 1994); O. edulis (Gendreau and Grizel, 1990), M. 
galloprovincialis (Komaru et al., 1995; Scarpa et al., 1993). In most cases, tetraploid embryos were obtained but they 
showed very low or no survival. More recently, tetraploids have been obtained in C. gigas by inhibiting polar body I in 
eggs from triploids (Guo and Allen, 1994b). These tetraploids are fully fertile and can be easily crossed with diploids to 
produce all-triploid progenies (Guo eta/., 1996). 

Growth 

The main rationales for the use of the triploidy techniques in fish and shellfish culture are the production of sterile 
populations. Indeed, triploidy generally induces sterility (or strongly reduces gametogenesis). From a general point of 
view, hetter performance of triploids over diploids is expected, primarily for growth. In the earl y years, it was expected 
that in vertebrates, triploids may develop larger bodies because they have more chromosomes per cell than observed in 
plants. In plants, cell size is correlated with ploidy lcvel and the body sizc ilsclf is corrclatcd with the ccll size. 
However, studies of polyploid amphibians showed that although polyploids do have larger cells, their ultimate body 
size is not significantly larger than that of diploids (Fischberg, 1944; Fankhauser, 1945). In fish as well, it has been 
demonstrated that triploids have larger cells (Purdom, 1972; Thorgaard and Gall, 1979; Benfey et al .. 1984) but they do 
not necessarily reach larger ultimate size than diploids, nor do they generally grow faster, at !east up to sexual maturity. 
The increase in cell size is compensated for by a decrease in the number ofcells tBeatty and Fisher, 1951). In shellfish 
however, Guo and Allen (1994a, 1994b) have re-introduced the idea that triploids are bigger due to larger cells. 

Triploids do not have normal gonadal development, they have much lower somatic indices, and are aften functionally 
sterile because they produce aneuploid gametes (Allen et al., 1986; Benfey et al., 1986; Wang et al., 1999). Hence, they 
might grow faster as the energy normally allocated to rcproduction in diploids can be reallocated to growth in triploids. 
Consequently, triploidy should be of grcatcr intcrcst in species with high allocation to reproduction. In fish, rcsults are 
equivocal and somc studics report a slight growth advantage of triploids, whereas others found sirnilar (case of sea 
brcam, Sugama et al., 1992; sea bass whcn triploids are reared scparately from diploids, Zanuy, pers. comm.) or cvcn 
reduced growth of triploids compared to diploids (case of sea bass when triploids are reared together with diploids, 
Chatain, unpublished data). Nevertheless, it can be said as a general rule that during the immature stage, performance 
differences between diploid and triploid fish appear to be species specific (see Krasznai and Marai, 1966; Taniguchi et 
al., 1986; Thorgaard, 1986 for reviews) and that triploids have a betler growth in later stages after maturation (case of 
the rainbow traut, Ihssen et al., 1991; red sea bream, Sugama et al., 1992; Atlantic salmen, Boeuf et al., 1994). 
Triploids issued from the crossing of tetraploid and diploid fish show a similar pattern (Blanc et al., 1987). 

In shcllfish, the higher performance of triploids over diploids is more frequently observed. The energy normally 
allocated to reproduction can then be reallocated to growth. Consequently, reserves are accumulated as glycogen and 
are not transformed into unpalatable lipids (e.g., in Saccostrea commercialis: Cox: et al., 1996, in Mytilus 
galloprovincialis: Kiyomoto et al., 1996, in Mercenaria mercenaria: Eversole et al., 1996, in Crassostrea gigas: 
Goulletquer et al., 1996). In C. gigas, a multi-sile comparative study of the pcrformance of triploids and diploids was 
performed in France by IFREMER (Boudry et al., 1998). The mean individual total weight was significantly higher in 
triploids compared with diploids in 4 different sites. There was a clear north-to-south cline for the difference in total 
weight. This result could be due to a positive correlation between summer temperature and reproductive effort in this 
species. Recently, Wang et al. (1999) showed that triploids issued from crosses between tetraploids and diploids were 
significantly bigger than triploids issued from cytochalasin treatments. 
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_. Survival 

·In addition to effec(s on growth, triploid fish have somewhat lower early survival than their diploid controls, while 
. survival of yearlings to the age of sexual maturity seems not significantly different between triploid and diploid (case of 

rainbow traut, Quillet et al., 1988; Atlantic salmon, Boeuf et al., 1994; Pacific salmon, Pifferer et al., 1994; red sea 
brearn, Su gama et al., 1992; sea bass, Chatain unpublished data; Pacific o yster, Gerard unpublished data). Sugama et al. 
(1992) noticed differences among families and emphasized an important quantitative genetic aspect of triploids
unequal inheritance. Guo et al. (1990) also reported that the growth of rainbow trout triploids was significantly affected 
by maternal strain effects, suggesting that identification and usc of spccitic strains and crosses within that species might 
lead to improved growth of triploid off spring. 

A similar considcration with respect to parental species contributions arises when triploid hybrids are produccd. As a 
result of often lack:luster results from simple hybridization, triploidy and hybridization have often been studied 
simultaneously and performances (mostly survival) of triploid groups were aften found to exceed that of their diploid 
counterparts (Chcvassus et al., 1989; Oshiro et al., 1991; Goryczko et al., 1992; Gallbreath and Thorgaard, 1992; Blanc 
et al., 1992; McKay et al., 1992; Gra y et al., 1993). Particular interest Iies in hybrids with specific resistance to disease 
in thcir triploid form (Dorson and Chevassus, 1985; Parson et al., 1986) .. 

Heterosis 

Better performances of triploids are also expected because triploidy potcntially induces higher mean heterozygosity. In 
tlsh, this has been clearly demonstrated by Allendorf and Leary, 1984. In sea bass, such correlations with survival in 
rearing conditions were also demonstrated (Bierne, unpublished data). In many shellfish species, high heterozygosity 
has been shown to be positively corrclatcd with growth (for a review, see Zouros, 1987, but also Britten, 1996). Indeed, 
in Ostrea edulis, Hawkins et al. (1994) report faster growth in meiosis I triploids than in meiosis Il triploids or in their 
diploid siblings. Relative heterozygosity of meiosis I triploids and mciosis Il triploids depends on recombination 
(Beaumont and Fairbrother, 1991). Heterozygosity <it a given locus dcpcnds not only on which meiotic division is 
suppressed, but also on recombination between the locus and the centromere. More knowlcdgc about rccombination and 
establishment of linkage maps would be of great interest on this question. 

Quality 

Sterility (or rcduccd gametogenesis) may improve the marketing value of the products as sexually matured animals can 
be of a lower quality for consumption than non-matured. Indeed, sterility in some species (e.g., salmonids, oysters) 
suppresses some of the undesirable phenomena associated with rcproduction such as the deterioration in flesh quality, 
reduced appetite, reduced feed conversion efficiency, and post-spawning mortality. For example, in male triploid trout, 
the fat content in viscera and in muscle is particularly low and similar to that of mature diploids while the contrary is 
obscrvcd in triploid females (Chevassus et al., 1988). High water content in muscle was also noticed as a typical sign of 
a maturation stage, it particularly decreases tlesh quality, and that is absent in triploid females. This offers to producers 
the possibilily of standardizing their products and just for this reason, in france, triploid traut are used for fish devoted 
to processing, the triploidy being obtaincd by thcrmal or pressure shocks. In oysters, The limited gametogenesis in 
triploids versus diploids leads to a higher glycogcn content and lower lipid content during the s.urnmer period 
(Goulletquer et al., 1996; Boudry et al .. 1998). These charactcristics givc triploid oystcrs a much hetter quality of 
flavour in summer(Allen and Downing, 1991). 

Environment 

The sterility of triploids can also be of intercst itsclf, quite apart from other physiological or morphological 
considerations. Indeed, triploidy is often consider as a possiblc tool for the protection of genetic rcssources against 
aquaculture escapees or to ensure genetic confinement of transgcnic organisms. Neverthcless, as was shown previously, 
if the triploidization methods are not lacking, unfortunately their reproducibility still has to be improved be fore triploidy 
could be practically used. In species where all-triploid stocks can be obtained by mating tetraploids and diploids, the 
management of tetraploids should be carefully considered. 

Moreover, even after overcoming such a techriical problem, other problems may still remain, for example, the fact that 
triploid males in some species- develop secondary sexual characteristics and even testosterone le veis like those of 
diploid males as is the case with plaice (Lincoln, 1981). If their spawning behavior sufficiently mimics that of diploid 
males, they could mate with diploid females though such mating would produce no viable progeny because triploids 
either produce no sperm or aneuploid sperm. Consequently, if large numbers of triploids were introduced into a wild 
population, thcy could supprcss the natural reproduction of the wild stock if the triploid males competed successfully 
with the diploid males for females. Cases where males were able to produce sperm are not rare as shown in rainbow 
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traut (Thorgaard and Gall, 1979). In contras!, no external sexual differentiation was observed in triploid brook traut, and 
gonado-somatic indiccs for males were even lower than those for triploid male rainbow traut (Ihssen et al., 1990). In 
sea bass, males were not fluent but testis size was about half the size of diploid anes and sperm was non-functional 
(Colombo et al., 1995; Peruzzi et al., in press). In shellfish, triploids are often not fully sterile as shown in oysters, 
where gametes from triploids have been used to producc tetraploids (Guo and Allen, 1994b). More information on the 
relative fecundity of triploids compared to diploids and tctraploids is needed. 

Considering more confined environments, triploids may also be used for population control. For example, uncontrolled 
reproduction is undesirable in tilapia culture (Penman et al., 1987) because it can lead to overcrowded, stunted, poor
quality fish. Sterile fish permit more precise control of the numbcr of tish per tank or pond until harves! and hence 
hetter rearing conditions. Exotic species that possess desirable charactcristics not found in native fish may be also useful 
in fisheries if concerns about their uncontrolled reproduction could be overcome. For example, grass carp are desirable 
for the control of aquatic vegetation, but the introduction has been prohibited in many waters because they might 
rcproduce and in vade habitats used by native fish. Triploid grass carp, howevcr, are sterile (All en et al., 1986) yet retain 
the feeding habits of diploids; thesc fish are permitted for vegetation control and now availablc commercially (Wiley 
and Wike, 1986). 

Apart from thcsc typical aquacultural considerations, triploidy sometimes finds other applications such as in the case 
when it is used to reduce the aggressive behavior of aquarium species such as the fighting fish, Berta splendens 
(Kavumpurath and Pandian, 1992). The aggressive behavior of the fish was related to its repraductive hehavior. 

RECOMMENDATIONS 

l) Triploidy should be considcrcd as one of the most effective and quick ways to improve productivity in 
aquaculture, mostly in species showing high allocation to reproduction, associated with dccrea"ied quality of 
matured animals. In that perspective, rcsearch on triploidy should be supported. 

2) Triploidy should be especially favourcd when the gene fiow between aquaculture slacks and wild populations is to 
be reduced to preserve wild genetic resourccs, or to ensure the protection of selective breeding progress. 

3) Total sterility of male and female triploids should be carefully examined befare any further use is made of this 
technique for genctic confincmcnt. 

4) In the case of tetraploid production, its use to produce all-triploid progcnies (by the way of mating them with 
diploids) should be considered. In that case, the management of these tctraploids should be carefully examined. 
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Table l. Examples of triploidy induction by retention of the second polar globule in fish species. 

Genius and specles n TAF TT TD SP FT åT Energy Efficiemy Sunival References 
(min) (min) ("C/atm) eq (t..T.OT) (%) (%) 

Anabantldae 

Berra sp/endens J 2.5 h J 42 100 67 %at Varadaraj 
feediog Pandian 1990 

Bagridae 

lctularus 2 5.0 '" 60 5 Woltersetaf. 1981 

Centrarchidae 

Micmpteru.s 3 5.0 p l 500 22 100 60% before Garret et al. 1992 
salmoides batching 

Pomoxis 2 50 h 1-5 36-40 ,,. 16' 48' Baldwin et al. 1990 

PomoxiJ 2 5.0 00 45--60 5 22"' -17* -892* Baldwin et al. 1990 

Pomo.tis 3 5.0 h l-5 )6-40 21-23 13-19 48 lO 60 Baldwin er al. 1990 
annularis 

Pomoxis 3 5.0 co 45 5 21-23 -16-18 -765 24 40 Baldwin et al. 1990 
annulari.l" 

Pomo:r.i.1· J 5.0 00 60 5 21-23 -16-18 -1020 92 JO Baldwin 1990 
annularis 

Cic.hlidae 

Oreochromis 2 15 co 60 4-Ll 25• -17.5'" -1050* Valenti 197.5 

Oreochromis 2 2.5 h 3 42 25* 17' 51* Varadaraj 1990 

Oreochromis 2-3 5.0 h 3.5 40.K-41.) 25• 16' 56 Pcnman et al. 1987 
aure us 

Orem:hmmi.f 2-3 5.0 h 3.5 40.8-41.3 25* 16"' 56' Penman el al. 1987 
nwssamhicu.1· 

Oreochromis 2-J 2.5 h J 42 25• 17' 51' Vamdaraj 
mos.wmbicus Pandian 1988 

Oreochromi.f J 2.5 h 3 42 25• 17' 51' 100 67% at Varadaraj 
mossambicus feeding Pandian 1990 

Oreochromi.l 2-3 2.5 h 3 42 25' 17' 51" Varadaraj 
niloticus Pandian 1990 

Oreochromis 2-3 4.0 h 2-7 40.5-41 25* 15.75* 71" Cbourrou 
niloticu.s ltsbovich 1984 

Cyprinidae 

Bmchydanio 2 ].0 p 5 542 25* Streisingeretal. 1981 

Brachydania 3 2.5 h 4 41 25 16 64 100 6') %of Kawumpurath 
rerio control Pandian 

Brachydanto rerio 3 5-16 p 6-7 629-677 ". Onazanto 1981 

Catla car/a 4 19-22 cc' 2 40 65 Reddy eta/. 1990 

Carassius 2 2.0 00 w 3 Jiang 1982 

Ctenopha.rynR11drm 2 l. O h 5-15 2 Stanley Soced 1974 
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Table l. Continucd. 

Genius and species 

Ctenophal)•ngodon 
idel/a 

C)prinu.l curpio 

C)prinus carpio 

C)prinu.l carpio 

C)prinus carpio 

Cyprinu.1 carpio 

Cyprinus carpio 

Cvprinus carpio 

Cyprinus carpio 

Cyprinus carpio 

C1prinus carpio 

Cyprinus cu.rpio 

L)prinu.~ cu.rpio 

C)prinus carpio 

Cyprinu.1 carpio 

C)prinus carpio 

(.)prinus curpiu 

C)prinu.\ cu.rpio 

C1prinus carpw 

Hypophtalmichrys 
nobi/is 

HypophtalmichlJ".I' 
nohili.1· 

Labeo mhita 

Llheo mhitu. 

Labeo rohita 

Misgurnus 

Misgurnus 

Rhodeus ocellatus 
ocellatu:r 

n TAF TT 

(min) 

3 fast p 

2 5-15 

3 1-9 00 

3 5.0 

3-2 3-5 

3 

3 

2' 

2' 

2 

2 

4 

2 

4 

4 

4 

LI 

15 

3-5 b 

l-2 or ~o 

1-9 

40 

JO 

1-2 

h 

h 

co 

1.5-2.5 w 

28-30 h 

1.0 ~o 

27-
29.2 

6.0 

4.0 

h 

h 

h 

p 

p 

h 

19-22 h 

19-22 

2 5.0 

2 5.0 p 

2-3 5.0 
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TD 
(min) 

60 

45 

30 

JO 

60 

2 

45 

2 

2 

SP FT 

250-562 

4 20 

o 20 

o 23 

21• 

o 23 

0-4 22• 

39 20 

o 24 

40 22 

40 24 

45--60 0--2 20 

45-60 0-2 22• 

2 

45 

2-2.5 

2-2.5 

l.S 

l.S 

1.5 

1-2 

2 

10 

JO 

6-X 

6{) 

40 24 

o 24 

39 at 39.5 20 ar 
25 

395at40 20at 
25 

41 20 

500 26 

5110 26 

42 29 

10-15 29 

-2 

0.2 

oT 

(~T.DT) 

-16 -960 

-20 -900 

-3 --090 

-23* --090• 

-23 -13RO 

-20* 

19 38 

-24 -IORO 

18 36 

16 32 

-18-20 -990 

21• 

16 

-2-$ 

14 at 
19.5 

14.5 
ar 20 

21 

Il 

JO 

1092* 

32 

-1080 

37.7 

38.8 

31.5 

19.5 

20 

-1-1--19 -165 

Efficiency 

(%) 

100 

100 

100 

100 

50 

100 

100 

100 

100 

100 ?O at 
20 h 

" 
70 

55 

Survival 

(%) 

56 %of 
incubated eggs 

50 %of 
incubated eggs 

JO 

36% of 
iocubated eggs 

5 

2.86 

50 

54 

10.5 

18 

31 % 1-2d 
after hat~hing 

85 

15%at96h 

50% vmbles 

50% at 24h 

70%of 
control 

References 

Cassani Cares 1986 

Nagy et al. l 978 

GC!'o'ais er al. 1980 

Ueno 1984 

Wu et u.l. 19!16 

Muiswinkel 
et al. 1986 

Linhart et ul. 1986 

Hollcbecq et u./. 1986 

Komen eta!. 

Nagy 19K6 

Komcn eta/. 

Cberfas et al. 1990 

Cllerfas et al. 1990 

Komen el al. 1990 

Komen e1 al. 1987 

Cherfas 
Hulata 1992 

Cherfas 
Hulata 1992 

Rorbbard 1991 

Rewuhrastky 
eta!. 1992 

Aldridge et al. 1990 

Aldridge et al. 1990 

Redd y el al l 990 

Reddy et al. 1990 

Reddy et al. 1990 

Oshiro 19X7 

Vasetskii et al l9X4 

U neo Arimoto 1982 
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Table l. Continucd. 

Genius and species n TAF TT TD SP FT <IT Encrgy Efficiency Survlval Refei'ences 
(min) (min) CC/atm) ('C) (dT.DT) (%) (%) 

Cyprlnodontldae 

Orysias 2 3.0 h 2 41 Naruse et al. 1985 

Percidae 

Perca flavescens 3 5.0 h 25 28-30 Il " 450 50 Malison et al. 1992 

Percaj1avescens 3 5.0 p l2 560 11 60 Malison et al. 1992 

Perca.jlave.\"Cens 4 192 p 24 560 Il Maliso11 et al. 1992 

Osmeridae 

P/ecog/ossus 2 6.0 co 60 o Taniguchi et al. 1987 

P/ecoglo.~.ms 2 6.0 p 6 580 Taniguchi er al. 1988 

Pk!uroiH'ctidae 

Pseudopleuronectes 2 co 180 o 5 -5 -900 100 18days Hombeck Burk.e 
americanus 

Pseudupleumnecte.\" 3 co 190 o 5 -5 -950 34days Hornbeck Burk.c 
americanus 

Pleuronectes 2 5-25 co 120- o 7' -7' 1260'" Purdom 1969 
240 

Pleuronecte.r 2-3 LS co 60 -1-0 7" -6.5* -390 Lincoln 1980 
p!ate.1·.w.x 

Platichtys flessus 

Pleuroner:res 2 20 co 240 -0.:5 7 -7.5 -1800 97 :56.7% Purdom Li11coln 
platessa at 20d 

Pleurrmectes 2 20 co 240 -0.5 7 -7.5 -1800 ')] 5 64.4% Purdom Lincoln 
platex.m at 20d 

Salmonidae 

Truites 2-.l 25 h 20 26.5 LO )6 5 330 " 75-80% at Chevassus Quillet 
LIJOd Chourrout 

Oncorhynchus keta 2-.l JO b JO 29 Seeb et al. 19RR 

Oncorhynclms 2-J 20 b JO 27 Parsons 1986 
ldsutch 

O.kr:mu:h 2-J lO b 10 " Seeb et al. 1988 

Oncurhyru:lrus 2 10-50 b lO 28 Chnurroul 1980 

Oncorhynchus 2 10---50 p lO 560 Chourrout 1980 

O. mykiss 2 5.0 p 6 670 Onozato 

O. nrykiss 2-3 40 b 10-15 27-28 JO• 17.5* 218* Lincnln Scott 1983 

O. myki.u 2-J 20 h' JO 27 lO' 17' 170'" Parsons et al. l 9::-;6 

O. mykis:r 2-3 LO b lO 28-29 lO' 18.5'" 185* Thorgard l 983 

o myki.1·.~ 2-3 JO b LO 28 lO' L 8' 180* Schet:rer Thorgard 1983 

O. mykiss 2-3 40 h lO 28 10• 18' 1110"' Thompson Scott 1984 

o. mykis.~ 25 b 20 26 LO' 16' 320* (juyomard 1984 

o. mykiss 2-3 20-45 h JO 27-30 lO' 18.5~ 185* Chourrout l YRO 

o. myki.u 2-3 25 b w 26 JO• J6' 160' Chourrout 1980 

O. my kiss 2-3 10 h w 27 JO• 17' 340* Parsons et al. 1986 
O. ki.mtch 

o. mykiJS 3 20---25 b 20 26.5 10' 16.5"' 330* Vaucbez 1991 

o. mykiss 3 25 h w 26 10' 16' 320'" Chourrout QuiHer. 1982 

O. mykis.~ 3 0-45 h 10---15 27-28 lO' 17.5* 218'" linco1n Scolt. 19113 

O. myki.u 3 lO cc' LO 27 lO J7 170 RO 68 %at Anders 19RO 
hatching 
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Table l. Continued. 

Crl!nius and s~ies n TAF TT TD(mln) SP FT aT Energy Emclency Survival Rderences 
(min) eaatm) ("C) (<iT.DT) (%) (%) 

O. mykis.l 3 JO h 17 27 8.7 18.3 311 93 %at35d Guo et al. 1990 
.· 

86% at 160j 

O. mykiss 3 10 oh pH= lO, 100 ml water, 750 mg NaCl, 33 6.3 Ueda er al. 1988 
28 mg KCI, 1.11 mg CaCh 

O. myki.Y.I" 3 lO ,. 20 pH= lO. IDO ml water, 7RO mg NaCL 80 14.7 Uedaetal. 1988 
28 mg KCl, 1.11 mg CaCI! 

O. m_l'kiss ,. 210 h 5 31.5 10 21.5 107 16% larva! 
stage 

O. mykiss ,. 20 at h 5 26.5 10• 16.5"' 82• 63% 
25 feeding 

O. mykiss 2 220 b 5 31.5 10' 21.5"' 107"' 100 50% of 
control at 
eyed stage 

O. myki.u 2 5-15 p 6--7 630-726 100 Yamazaki 1983 

o rslwwyrscha 2 8, 16 h 20 25 lO 15 300 100 50 %of Levandusky et al. 19'10 

or2.j.d control at 
55d 

Brown traut 2 25-45 h 20 26 JO 16 200 100 29% at 90d Quillet et al. 1990 

Salmonid6 3 20 h 26 lO 16 416 75 'k of Quillct Chevas ... us 
control at Cbourrout 19117 
95-105d 

Salmonidi!.1· 2-3 h JO 28 Scheerer 
hy!Jride.\ Thorgaard 1983 

Salmonidh 2-3 25 h 20 26 JO> 16' 416"' Chc~·assus Guyomard 
hyhrides Chourrout 19R3 

Sahelinus J 15 h JO 28 10 " 504 62% of Dube et al. 1990 
fonrinaliJ comrol at 

7-8 momh 

Salmo 2 JO h " Johnstone 1985 

Salmo .1a/ar 2-3 20 h 12 30 to• 20• 240* Johnstone 1985 

Sa/mo sa/ar 2 1-5 h 20 26 JO l6 320 lO 70%of Quillet 
contro! at Gaignon 1990 
fecding 

Sa/mo .w/ar 3 l, 5, h !O or 26-29 JO !6---19 175,350 89 'iY; of Quillet 
or JO 20 contml at Gaignon 1990 

feeding 

Salmo trurta 2-3 25 h 20 26 to• 16• 320* Guyomard 19X6 

Sa/mo trulla 2-3 5-<5 b JO 29 JO> , .. 190' Ara!Wilkins 1987 

Salmotrufta 3 .05 h !0-15 2R lO 18 225 100 Quil!et et al. 1990 

Sa/mo trutta 2-3 JO h JO '" Scbeerer Thorgaard 
j(mtinali-1' 1983 

Sa/mo lrutta 2-3 lO b JO 28 Scheerer Thorgaard 
Jah'elinus 1983 

Sparldae 

Acanthopagrus 3 1.5 co 5-25 90 Arakawa er al. 1987 
sch/egeli 
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Table l. Continued. 

lr.eniw: and s~ies n TAF TT TD SP FT AT Energy 
(min) (min) ("C/atm) CCJ (t.T.DT) 

Pugrus major 3 3.0 '" 5-15 21-23 

Pagrus mujor 2 3.0 h 2.5 18 17 42.5 

Puf(rus major 3.0 12 o 18 -18 -216 

Sparus aura/a h lO 18 lO 100 

n: degree of ploidy (2: gynogenesis, 3: uiploidy, 4 terraploidy) 

T AF: Timing After Fertilisation for the shock application 

TI: Type of Trcatment (h: hot shock, co: cold shock, p: prcssurc shock, ch: chemical) 

TO: Treatment Duration 

SP: shock power in Cdcius degrees or in atmospheres 

Ff: fertilisation temperature; 

Efficiency 
(%) 

100 

100 

100 

Survival 
(%) 

70% at 
bate bing 
40% at 
swimming 
stage 

References 

Arakawa et al. 1987 

74% 3d after Sugama er al. 1990 
batcbing 

64 %c of 
contml at 
feeding 

Sugama er al. 1990 

35 % 5d after Glamuzina 
fertili-sation J11g-Dujakovicf 

IlT: differcncc bctwccn TF and D: diffcrcncc betwcen the shock temperature and the fertilisation temperature 

TE: Thermal Treatment Energy expressed by the product of .1. T and DT 

a: cold shock is ineffi.cient; 

b: endomitotjc individual; 

c: autumn and spring lines have different treatment optimum~ 

d: similar survival for 3 T AF; 

e: no difference in survival at 10 months between 2n and Jn; 

f: freshwater fish have different optima compared to marine fish; 

*:data issucd from anothcr publication. 

The efficiency is the maximal percentage of success in the ploidy modification. The survival, evaluated at different times according to the 
experimems, is also the maximal percentages cited by authors. The calculation of the intensity (tiT. DT) allows the comparison between thermal 
shocks done at different temperatures and takes into account the trcatmcnt duration. 
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2.d. Measures for protecting marine genetic diversity 

Based on a position paper by Ellen Kenchington, 'Protecting Marine Genetic Diversity'; adopted by WGAGFM in 
Reykjavik 1999. 

lntroduction 

The prescrvation of marine genetic resources is now viewed as onc of the major aims of conservation. Today, the 
integrity of entire coastal ecosystems is threatened as a result of human activities (cf., Beatley, 1991), and public 
concern has promptcd governments to adopt new policies to protect natural rcsources for humanity. In January 1992, at 
the Earth Summit in Rio de Janeiro, over 145 countries signed the legally binding agreement referred to as the 
Convention on Biological Diversity (CBD). Those Signing Parties agrecd on a programme for imp1ementing the CBD 
wlth respect to marine and coastal biodiversity at their second Confcrencc of Parties (COP) held in Jakarta, Indonesia in 
1995. De Fountaubert et al. (1996) provide an overview of the CBD and related international agreements in Biodiversity 
in the Seas and present an analysis intended to help the Parties implement the Jakarta Mandate. 

The CBD defines diversity as 'the variability among li ving organisms from all sources, including, inter alia, terrcstrial, 
marine and other aquatic ccosystems and the ecological complexes of which thcy are part: this includes diversity within 
spee i es, between species and of ecosystems.' The gene ti c value of resources was onc of the man y components 
acknowledged, both for its role in maintaining traditional fishery and mariculture practices, and for the potential 
bcnefits of new products derived from those resources. 

The economic value of genetic rcsourccs has reccntly been focused on the tremendous potential associated with new 
products for medical, pharmaceutical and biotechnological applications. Bioprospecting, that is, actively collecting 
marine organisms and researching potential applications for marine resources, is currently an active pursuit in many 
countries. The cconomic success associated with relatively reccnt discoveries such as Taq polymerase, an enzyme 
discovered from hypcrthcrmophilic bacteria !iving in deep-sea vents (cstimated annua! sales of US$100 million), and 
new cancer-fighting drugs derivcd from molluscs and bryozoans that are currcntly in pre-clinical and clinical trials, 
have been invaluable in directing public attention to the importance of protecting marine divcrsity for the future (de 
Fontaubcrt et al., 1996). Recognizing the potential for the more developed nations to exploit the natura! resources of 
those less technically advanced, the CBD established a new international regime for the transfer of 'genetic rcsources' 
(defined as 'genetic material of actual or potential value'). The CBD affirms each Party's sovereign right to control 
access to its genetic resources, while requiring that the Party make cfforts to facilitate access for other Partics. It also 
requires the users of gcnctic resources to take rneasures to promotc equitable sharing of the benefits, including 
technologies, with the providers of those resources (de Fontaubert et al., 1996). 

Five priorities toward implementation of the CBD were identificd in the Jakarta Mandate, and eight action items were 
recommended to support thosc priorities. Those action items are: 

l) institute intcgrated coastal area management (!CAM), including community-based coastal rcsource management, 
and prevention and rcduction of pollution from land-based sources; 

2) cstablish and maintain marine protected areas for conservation and sustainable use; 

3) use fisheries and other marine li ving resources sustainably; 

4) ensure that mariculture operations are sustainablc; 

5) prevent introduction of and con tro l or eradicate, hannful alicn species; 

6) identify priority components of biodivcrsity and monitor their status and thrcats to them; 

7) build capacity to u se and share the benefits from marine genetic resources; and 

8) take rcsponsibility for transboundary harm and global threats to marine biodiversity. 

Many ICES Member Countries have moved toward implementation of these actions, however, the process has been 
. slow as it requires major changes in policies and programmes. 
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This paper will deal with Itcm 2, the establishment of protectcd areas, specifically with respect to protccting marine 
ge:netic diversity. Marine protected areas (MPAs) are coastal or oceanic management areas dcsigned to conserve 
biodiversity which includes diversity within species, between species and of ecosystcms; there are currently over 1,000 
MPAs ranging in size from 3 km2 to 40,0000 km2 (de Fontalibert et al., 1996). Included in the objectives of man y MPAs 
are the protection of endangered species and the maintenance or restoration of viable populations of nati ve species and 
of genetic diversity. Extinction, extirpation, hybridization and loss of genetic variation within populations represent the 
major catcgories of threat to genetic diversity within species (cf., Ryman et al., 1995). The genetic resource 
management plan for a MPA will therefore depend upon the nature of the threat to gcnctic diversity. When endangered 
species are implicated, the immediate concern will be to avoid extinction, requiring the maintenance of viable 
populations in the short-term (cf., Polunin, 1983; Meffe, 1986). This short-term preservation of endangered species 
presents a special challenge as the ~xtant representatives are in most cases the remnants of a formally larger and more 
diverse gene pool. Langer-term goals require the maintenance of genetic divcrsity in the species to allo\V for adaptation 
to cnvironmental change and for continued speciation in order to maintajn evolutionary flexibility for the future (e.g., 
Fisher, 1930; Soule, 1980; Polunin, 1983). 

Total genetic variation within a species can be partitioned into vartatwn within and among populations. Natura} 
selection acts within populations, white the gene tie potential of the species to adapt to environmental changes depends 
on the total genetic diversity represented among populations. In most marine spccics, where the parents produce large 
numbers of offspring, there is large scope for local selection. It is ncccssary to maximize both types of variation to 
maintain full potential for evolutionary change within a species. 

The ahovc considerations apply equally to marine plant and animal specics·, although there is a tendency for marine 
algae to be ovcrlooked in discussions of marine hiodivcrsity (Van Oppen et al., 1996). 

Within-Population Variance 

Population size is the single most important factor in sustaining a high lcvel ofgenetic v.ariation within a population of a 
species. Poptilation size hcrc rcfcrs to the genetically effectivc population size (Ne), and not the number of individuals 
in a population (N). Population geneticists define Ne as 'the size of an ide:ilizcd population that would have the same 
amount of inbreedihg or of "random gene frequency drift as the population under consideration (Kirriura and Crow, 
1963)'. Ne is considered to be the most appropriate variable for asscssing population viability (Barton and Whitlock, 
1997).-·Maintaining large Ne increascs the likelihood that favourablc mutations will become widespread and deleterious 
ones will be eliminated. Ne is nearly always less than · N because generally not all individuals in a population are 
reproductivc at spawning time. Estimatcs of Ne are under the influence of sex ratio, variation in the number of offspring 
per family, and fluctuating population numbers. The influence of these variables on Ne is presentcd by Meffe (1986) 
and summarized here. 

Sex ratio is an important determinant of genetic variation. If the sex ratio of breeders departs from ·1: l, Ne and genetic 
variation will be reduced. The effectivc population size with respect to sex ratio is deterrnined as: 

Ne= 4(Nm x Nj)/(Nm + Nj), 

where Nm and Nfare the numbers of male and !emalc breeders, respectively (Frankcl and Soule, 1981). It can be seen 
that an effective population of 50 males and 50 fcmalcs is nearly 2.8 times larger, gcnctically, than one of 10 males and 
90 females. 

Variation in the number of offspring per family is expected to follow a Poisson distribution (whcre variance = mean). If 
certain matings produce disproportionately more offspring, biasing the representation of contributed gametes in the next 
generation, Ne will be lower. A biascd pro gen y distribution will affcct Ne approximately by: · 

4N/(2 + <h 

wherc cr'- is variance in progeny distribution (Franklin, 1980). The effcctive population size can be drastically reduced 
by disproportionate offspring production. For example, consider two theoretical populations in a l: l sex ratio, o ne with 
1000 females reproducing following a Poisson distribution with a mean of 2 offspring and a a 2 of 2, and the other 
consisting of l female producing 1001 offspring and the rcmaining 999 females producing l each (mean of 2 offspring, 
a cr'- of 31.6). In the first instancc, Ne will be 1000 white in the second, Ne is reduced lo 119. 

Whcnever a population declines, the genetic variance for allfuture generations is contained in_ t-he_ few survivcirs. Since -
those individuals represent only a sample of genetic variallce contained in the original population,- Ne. is reduced by 
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fluctuations to low levels. This effect is known as FPS, fluctuation in population size. Ne is affected by the harmonic 
mean of population sizes in each generation, or: 

liNe= lit (liN1 + liN2 + ... + liN,), 

where t =time in generations (Franklin, 1980). Population fluctuations can be seen to be very important to Ne by 
applying this equation to two theoretical populations, one of 100 fish for each of 5 consecutive generations for an 
arithmetic mean of 100, and one with a similar mean but with a population fluctuating each generation as 100, 10, 300, 
10, and 80. In the first scenario, Ne= l 00 white in the second, Ne= 22, a 78 % rcduction effected through population 
crashcs. Estimates of FPS are dependent on time-scale. As more census records are incorporated, estimates of FPS tend 
to incrcase (Vucetich and Waite, 1998). Estimates of Ne based on only a few annua) counts (i.e., JO) are slatistically 
quite unreliable and long-term population monitoring is necessary to providc a framework for interpreting Ne cstimates 
calculated from census data (Vucetich and Waite, 1998). 

The above aspects are all highly relevant to three closely related problems associated with small populations: genetic 
bottlenecks, genetic drift and inbreeding. Genetic bottlenecks arise as a result of a sudden and dramatic dccline in 
numbcrs rcsulting in a remnant population with less overall variation than the original population. The degree of change 
in genetic diversity will depend upon the range present in the original population, the relative magnitude of the declinc 
in numbers and the degree of randomness applied to the selection of survivors. Genetic bottlcnecks generally result in 
both the reduction in variance of quantitative traits and in the loss of rare genetic variants. Because a small number of 
individuals contain most of the genetic variation in the original population, a bottleneck must be very severe and 
prolonged in order to drastically reduce the amount of quantitativc variation. However, the loss of rare genetic variants 
(e.g., alleles occurring at frequencies of 5 %or less) may be important in the long-term ability of the species to adapt to 
changing environmental conditions. 

Genetic drift, the random change in gene frequencies, can ultimatcly produce fixed loci (no genetic variance) through a 
repcatcd loss of variance in a small population. In the short-term, drift can significantly reduce the proportion of 
polymorphic loci, the averagc numbcr of alleles per locus, and average heterozygosity per individual. Genetic drift can 
be an important factor in both hatchery brccding programmes and natura) stocks. 

Inbreeding dcprcssion results from the mating of individuals which are related by common ancestry. Closely rclated 
individuals will have more genes in common due to descent compared to individuals randomly selected from the 
population. The result of inbreeding is an increase in homozygosity which differenlially affects different fitness and 
other characters of low heritability (Falconer, 198 l). While inbreeding occurs in nature, it poses a special problem to the 
mariculture of aquatic organisms which have practical constraints on Ne. In such situations, the cffects of inbreeding 
can be mitigated through selective mating. 

There is no absolute measure of inbreeding, as the dcgree to which it occurs is measured against the base population. 
The increase in inbreeding per generation is the usual means of cvaluating this occurrence and is related to the effective 
population size: 

11F = li(2Ne). 

Such traits as fecundity, fertility, age-at-maturity, clutch size, growth, and survivorship can he greatly depressed by 
inbreeding. Franke! and Soule (1981) document that a 11F of JO% may resull in a 25% decrease in population 
reproductive performance and suggest that cven a 11F of l % (Ne = 50) is only tolerable in the short term. Recent 
theoretical work suggests that population sizes of 1000 to 5000 are required for long-term viability of the population, to 
avoid reduction in fitness traits (Lynch, 1996). Previous valucs of 500 or more brood stock (Franke! and Soule, 1981) 
appear to have been underestimated. 

Among-Population Variance 

While many species have free-drifting larvae, gametes or spores (approximately 70% of marine invcrtebrates species 
have pelagic larvae; Mileikovsky, 1971) and are ultimately distributed over a wide area, local populations can often be 
discerned. Popu1ations which are reproductively isolated, with little or no gene flow between them, will tend to 
gcnetically di verge either through different selective forces or through genetic drift. Ultimately this leads to speciation. 
Salmonids rcpresent a group with high levels of among-population variance resulting from their homing bchaviour at 
spawning time (e.g., Gharrett and Smoker, l 993). In such species, it is important that variance among naturally isolated 
populations be preserved and that their relative isolation be maintained wherever possible. The diversity contained 
among-populations may be important in the long-term ability of the species to adapt to environmcntal change. 
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Managers may also exploit this variability in matching gene pools to environmental conditions in re~stocking new or 
cnvironmentally altered sites. Conversely, when fonnerly widespread populations with large Ne are artificially 
separated by human or other means (e.g., causeways blocking migration routes), supplcmcntal gene flow through 
human intervention rna y be necessary to pre vent the genetic problems faced by srna11 populations detailed a bo ve. 

Whcn populations are isolated for long periods of time, closely-linked genes rna y become co-adaptcd, that is, they have 
evolved to work well with one another. Subsequcnt hybridization of such populations may result in co-adapted gene 
complcxes breaking down, resulting in a loss of fitness over subsequent generations (Hindar et al., 1991). This 
phenomenon is known as out-breeding depression and has been documented in Atlantic salmen (Stahl, 1981; Emlen, 
1991 ). 

Protection of Marine Genetic Diversity 

In contrast to same ecological indices of community health, the effective population, Ne, is the significant unit in the 
management of genetic diversity. However, the point between individuals wherc the transfer of genetic material no 
langer occurs (generally at the species level) represents a unique evolutionary lineage that cannot-be replaced once lost. 
The management of populations serves only to protect and preserve the variati_on represented at the species 1evel. 
Unfortunately, for most marine species, data on population structure and the range and geographic partitioning of 
genetic and morphological variation are lacking (although many spccics have been studied). The deve1opmcnt of 
management plans to protcct marine genetic diversity may have to procced without the full complement of genetic 
information needed to devclop an optimal design for a given species. 

These uncertainties and popular misconceptions have often become the· focus of dcbate, diverting attention from the 
need to estab1ish important safeguards for the protection of genetic diversity (cf., Currens and Busack, 1995). A 
pervasive popular misconception, that because sea water is a continuous medium there is a great deal of genetic 
intcrchange arnong populations of marine specics, and therefore little need to protect populations but rather only 
representative individuals (cf., Thorne-Miller and Catena, 1991), is in direct opposition to the requirements for 
management of genetic diversity dctailed above. This misconception is furthcr endorsed by the fact that genetic 
divergence of populations or ev en species is not necessarily rctlcctcd in detectable rnorphological differencc, incorrectly 
inferring genetic hornogeneity to the layperson. In fact, thcrc is considerable discussion as to whcthcr oceanic species 
can becomc endangered (cf., Beverton, 1990; Culotta, 1994; Hunstman, 1994; Malakoff, 1997). 

The concept of genetic risk assessment for fishery scientists and managers is still relatively new (e.g., Currens and 
Busack, 1995; Allendorf et al., 1997) but may provide a framework for decision making in light of uncertainty. Genetic 
risk assessment is ecological risk assessment (Lackey, 1994) that cmphasizes the systematic identification and 
characterization of vulnerability to losses of genetic divcrsity categorized as extinction, loss of within-population 
genctic variability, loss of among-population variability and domestication or loss of fitness in a wild population held in 
captivity. Loss( es) is evaluated at biological endpoints (e.g., individuals, populations, species, or communities) and the 
vulnerability of the system is assessed through evaluiltion of propo.scd safeguards and their associated risks (Currcns 
and Busack, 1995; Allendorf et al., 1997). The incorporation of genetic risk assessment into the planning of MPAs is 
like! y to increase given the knowledge gaps discussed above. Allendorf et al. (1997) have provided aset of criteria for 
assigning priorities to salmonid stocks where the large number of threatened breeding populations (300+ in the Pacific 
Northwest USA) poses problems for implementing protection. In this approach, multispecies considerations can he 
evaluated as co-ocurring species with similar profiles can be groupcd togcther to secondarily rank the benefit of 
proposed conservation measurcs. Allendorf et al.'s (1997) method has been advocated for the conservation of brown 
trout genetic diversity in Britain and lreland (http://www.qub.ac.uk/bb/prodohlffroutConcertffroutConcert.htm). While 
there are inhcrcnt problems with this approach (Given and Norton, 1993; Allendorf et al., 1997), including the 
acceptance of possible loss of genetic diversity and breeding populations, it may be useful in situations where a large 
number of stocks warrant protection. 

With the difficulties associated in cstablishing MPAs, it is likely that in cascs where the immediate objective is 
genetically based, it will be to preserve endangered species. Few attempts have thus far been made to involve local 
populations in -the collection of threatened biological resources or in the management of protected areas (but see NINA, 
1990; Allendorf et al., 1997). The preservation of endangered specics may involve enhancement of the surviving 
population(s) through captivc breeding (FJerning, 1994). Hatcheries producing seed for enhancement purposes willhave 
different strategies from thosc producing mariculture stock (Smith, 1998). In the former, the !argest feasible Ne 
representative of the base stock should be initiated and maintained, and selective mating should be performed to 
minimize inbreeding effects (Meffe, 1986). Ne can be further maximized by maintaining equal sex ratios of breeding 
adults, insuring even progeny distribution by selective mating and culling of exccss offspring, and avoiding population 
crashes. Periodic introductiqn of wild individuals from the same locality as the originalbrood stock into the captive 
popu1ation, or release of on"f~ -sex for interbreeding with the resident population, will mitigate against the further erosion 
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of quantitative genetic variation. Maintenance of captive stocks for enhancement purposcs should be of short duration to 
avoid extensive artificial selection for hatchery conditions (Meffe, 1986) and only used when other means of re
establishing the threatened populations (e.g., habitat restoration) have been exhausted (Tringali and Ben, 1998). 

The Nature of Marine Protected Areas 

Marine protected areas are physical units and sa physical boundaries must be defined such that thcy meet the objectives 
of genctic conservation. The size and location of these boundaries will vary according to man y factors, but will re late to 
the area occupied by the effective population in both time and space. In species that are territorial, sessile or rclatively 
small it may be possible to protect entire breeding populations in relatively small gcographic units. For highly motile 
organisrns (e.g., pelagic fish), it may only be possiblc to preserve spawning aggregations unless expansive areas (or 
chains of contiguous smaller areas) are preserved throughout the distribution of the species. Whcre the proportion of 
gcnetic variation among-populations is high, MPAs should be established which will protcct cach threatened 
population. Selection of MPAs on the basis of rare or pristine habitats or landscapes (Urban et al., 1987) may indirectly 
protect associated endemic spccies in advance of discovery (e.g., sea-mounts, Koslow and Exon, 1995; deep-sea vents, 
Grassle, 1991). 

In addition to determining physical boundaries surrounding MPA.s., decisions must be made on what activities are 
permitted within those boundaries; marine protected areas are not necessarily no-fish zones. At this point, the 
establishment of MPAs may conflict with historical commercial and recreational use of the area. In determining what 
activities are permissible, managers must also consider enforcement issues. Currently, there is strong evidence that 
selection generated by ftshing is directly affecting fitness traits such as size-at-age and age-at-rnaturation without 
necessarily reducing the populations to near extinction levels (see reviews by Smith, 1994; Law, 1999). In some cases, 
there has been a loss of genetic diversity associated with overfishing (e.g., Smith et al., 1991; Merkouris et al., 1998). In 
addition, there rna y be indirect genetic effects caused by the stress-disturbance of fishing gear. From the perspective of 
preserving genetic diversity and also establishing base populations against which unprotected populations can be 
compared, fishing should be completely banned in MPAs established for the conservation of genctic resources. 

RECOMMENDATIONS 

l. Genetic re source management plans for MPAs should consider both the shon-term preservation of endangered 
species as well as langer-term goals for the maintenance of genetic diversity within species in order to allow fOr 
adaptation to environmental change and for continued speciation that are needed to maintain evolutionary 
flexibility for the future. 

2. Genetic risk assessment for fishery scientists and managers should be incorporated into MPA decision-making 
processes in light of uncertainty. 

3. Captive rearing to speed the process of recolonization should only be ltsed as a last resort }Vhen other means of 
rehahilitation (such as habitat restoration,fishery protection, elimination ofpollution) have been exhausted.lfthis 
option is used widely, published genetic principles should be utiliz.ed. 

4. Where genetic diversity anwng populations is high, MPAs should be established to protect as much of this 
diversity as possible. 

5. When the objective of an MPA is to protect genetic diversity. the protected boundaries should encompass all or 
part of the breeding distribution of prioritiz.ed species or populations, as well as taking o titer considerations info 
account. This information should then be incorporated into modeling approaches based upon numbers that are 
routinely used to establish MPAs. 

6. Rare or pristine habitats or landscapes, such as sea-mounts or deep-sea vents which support previously 
undescribed species, should be considered for MPA designation as an indirect approach to protecting genetic 
diversity. 

7. Fishing and other human activities should be restricted in MPAs established for the conservation of genetic 
resources in a way that is consistent with the genetic objective. In most cases this is like/y to mean no fishing. In 
this way base populations will be established against which unprotected populations can be compared. 

8. Genetic expertise should be included in the planning groups to estab/ish MPAs. 
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2.e. Genetic lags in management of wild stocks 

Based on a position paper by Andy Ferguson, 'VNTR Genetic Tags in the Study and Management of Wild Stocks'; 
adopted by WGAGFM in Reykjavik 1999. 

Background 

The outline brief in this ToR was to consider new areas of investigation resulting from the development of YNTR 
markers over the past five years. So the basic question that I want to con.sider is, what advances are possible through the 
use of VNTRs as markers for the study and management of wild stocks of exploited marine organisms? VNTRs 
(Variable Number Tandem Repeats) are geilerally separated, on the basis of the lcngth of the repeat unit, into 
microsatellites (repeat unit of 1-6 bp) and minisatellites (repeat unit 9-64 bp). As only a few groups are :;til! working 
with minisatellites, I will concentrate on microsatellites although many conclusions in respcct of onc type are applicablc 
to the other. However, mutation processes, and thus assumptions in data analyses, may be different for the two types. 

Since 1993 the application of microsatellite tags to the study of fisheries stocks has increased exponentially and 
although only a limited number of studies ha' been published to date, many studies are in pro gress. The relative ease 
with which a large number of high ly variable markcrs can be obtained for most species has encouraged ·man y workers 
to adopt microsatellites as their m<irker of choicc. While earl y studics wcrc frustrated somewhat by problems in the use 
of dinucleotide repeats, recent mcthods (e.g., Kijas et al., 1994) for selectively enriching librarics for tri- and tetra
nucleotide repeats has overcome these problems to a great degree. Using these methods, and with automated 
sequencing, it is now possible for an experienced worker to obtain 50 microsatellite primer sets, primarily tri- and tetra
repeats, for a specics in about three months. Automated multiplexed screening now makes it possible for large numbers 
of individuals/loci to be processed relativcly rapidly, although considerable effort may be required to optimise 
conditions in the first place. There is also considcrable capital cost for the automated equipment required. Certainly 
screening of several hundred individuals for 8 loci in a day by one workcr is now a realistic proposition. The potential 
number of microsatellites available is cnormous, possibly in excess of 100,000 for many spccies. Allclic variability is 
high, with 5-50 alleles heing commonly found at many loci in most species. Thus the potential markers available far 
exceed aur technical capacity to deal with them at present. Future adVances involving nanotechnology (e.g., 'DNA 
chips~) seems likely to overcome this within the next decade. 

Properties of microsatellites 

Application of any type of molecular variant as a genetic tag requircs knowlcdgc of the mcchanisms by which the 
variant is generated and influenced by various evolutionary processes. Thus, estimation of various population 
parameters of interest in a tisherics context is dependent on the mutation model, and to same extent the rate of mutation, 
assumed for microsatellites. At !east four different mutation models have been suggested to apply to .microsatellites 
(Estoup and Angers, 1998). It would a1so appear that mutation processes vary greatly among loci, and possibly among 
alleles at a single locus, and this makes the construction of gcncralized rnodels very difficult, if not impossible. 
Selection of a suite of loci with similar and easily asscssed mutation parameters may be crueial for accuratc estimates of 
population parameters (Estoup and Angers, 1998). There would appear to be a se1ective constraint on the upper size 
limit of microsatellite alleles. For cxample, Dermitzakis et al., (1998) found that for two ciosely linked microsatellite 
loci in the fish Sparus aurata, there was a negative covarianee in repeat.number between the two loci. This suggests a 
mechanism that rnaintains the combined length of alleles at the two loci below a constrained size. Selection appcars. also 
to occur on the difference between alleles at a single locus, i.e., thcrc are sizc constraints on bow different two alleles 
can be. Given the importanee of spatial organisation in gene regulation such size constraints are not unexpected. From 
the point of view of their use as markers, purifying seleetion for microsatellites is, however, no different than purifying 
selection that aets against particular alleles in coding regions. More important is selection on linked allcles. As 
microsatellites sometimcs occur in intron regions, it is to be expected that they are almost certainly infl1,1enced by such 
'hitchhiking' selection although the extent of this will depend on the microsatellite mutation rate (Wiehc, 1998). The 
idea of microsatellites as truly neutral markers is almost certainly invalid in spite of the man y statements to the contrary 
in the literature. As with any other class of marker, basic information on the inheritance, sex linkage and co-linkage is 
required. 

Data analysis 

Basically three types of data are available from nuclear molecular markers: individual genotype data at one or more 
loci, deri ved allele frcquencies, and evolutionary relationships among alleles. The different evolution of microsatellites 
from other markers and their higher allelic variability has necessitated the development of new methods of data 
analysis, even for conventional analyses. Until recently, most analyses were based on allele frequencies in a sample of 
50- 100 i~dividuals assumed to represent the population from which they werc drawn; ·althmigh this assumption haS 
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only rarely been tested. More rccently, methods of analysing individual gcnotype data and also of making use of 
phylogenetic information among alleles have been developed. 

The power and conceptual simplicity of individual-based gcnotypc analyses, as opposed to population-based anes, 
become possible because of the cnormous amount of information present in large numbers of highly variable loci. The 
large number of alleles detectable at most microsatellite loci means that when only a moderate number (5+) of loci are 
used, most individuals will have unique multi-locus genotypes. With individual-based analyses it is generally hetter to 
examine more loci than to have larger sample sizes. This is an important consideration given the large sample sizes 
necessary to estimate accurately population-based statistics (e.g., O'Connell and Wright, 1997; Ruzzante, 1998). 

One of the potential advantages of microsatellites over other makers such as allozymes is that the evolutionary 
relationships of the alleles are potentially available. However, obtaining phylogenetic information for microsatellite 
allclcs is very dependent on the mutation process involved. Thus, if a stepwise mutation model (SMM) holds, then the 
fewer the num ber of repeat differences, the el oser the alle les are in a genealogical sense. A major problem in the ose of 
microsatellites is homoplasy. While this is likely to be increasingly a problem the more distantly related the populations, 
it may also be problematic for closely related anes. Tbus, alleles with the same number of repeats may not be 
homologous and may be different in terms of sequence. Ideally all microsatellite allelcs and flanking regions should be 
sequenced to reduce this problem. Howevcr, as with any markers, congruence among many unlinked markcrs will 
increase confidence in the conclusion. 

Population structure and gene flow 

Determination of the genetic population structure and the extent of inter-population gene flow for exploited species has 
been a major goal of fisheries geneticists for many decades. This involves both testing for significant sample 
differentiation and quantifying differentiation among samples. One of the simplest ways of identifying population 
admixture is as a result of deficit of heterozygotes in a mixed sample-the Wahlund effect (Wahlund, 1928). Wright 
(1931, 1943) introduced his F-statistics as a means of using allele frequency data to quantify population subdivision and 
estimate gene flow. These statistics have formed the backbone of much of the analysis of molecular data over the past 
35 years. Thus these analyses have generally involved heterogeneity testing of genotype or allele frequencies together 
with F statistics and genetic distance measures. The higher mutation rate and thus the higher level of allelic variability 
of microsatellites potentially incrcase the power of tests for population differentiation. As expected, studics with 
microsatellites on marine fishe.s have, in some cases, shown much higher levels of genetic differentiation than found 
with previous genetic markers. They have also identified population structure within geographical areas previously 
thought to be genetically homogenous (e.g., Rico et al., 1997; Ruzzante et al., 1997; O'Connell et al., 1998; Shaw et al., 
1999). 

Howcver, even highly variable microsatellites will not necessarily detect differences among significantly differentiated 
populations. For population-based analyses, a low leve! of gene flow between populations will result in genetic 
uniformity. From a management point of view, however, stocks with lO% exchange per generation are largely self
recruiting stocks and still need to be treated as separate management units. Such levels of gene flow will result in 
genetic uniformity as far as conventional population-based statistics are concerned. Theoretically, even with a lO% 
level-of migration individuals within a stock should still on average be more closely related than individuals belonging 
to different stocks. Determining relatedness beyond the first order would however require a very large numbcr of loci. 
Use of 40 loci, with a mean heterozygosity of 0.75, would result in a misclassification of 8 % of individuals when 
comparing unrelated to half sibs (Blouin et al., 1996). A phylogenetic tree, based on allele sharing at a large number of 
loci, should be largely monophyletic with respect to each sarnple if population structure exists. One of the challenges 
for fisheries population geneticists is to come up with ernpirically validated rnethods for exarnining genetic structure in 
species with moderate Jevels of gene tlow. 

Man y studies have attempted to estimate gene flow by converting Fst, or an analogous mcasurc (Gst, Rst, pst, Øst, 8, 
etc.), into N,m, generally with little or no consideration of the basic assumptions involved (Ferguson, 1994). This 
approach requires that populations are at equilibrium with respect to mutation, migration and genetic drift, an 
assumption unlikely to hold for most fisheries stocks. It also ass urnes similarity of population sizes, migration rates and 
symmetrical migration, again almost certainly untenable for most fisheries organisms. Also the results for Nem can be 
very different for the different 'Fst' measures (Charlesworth, 1998). For example, Allen et al., (1995) reported an 
almost 8-fold discrepancy between the migration values obtaincd between two colonies of grey seals estimated using 
Fst, Rst and Slatkin's private allele methods. Newer methods based on coalescence thcory avoid the need to assume 
symmetry of migration rates or equal population sizes (Beerli, 1998) and in general !hese approaches appear to be 
superior to allele frequency based methods. Coalesence is based on allele genealogies, i.e., allele diversity is traced back 
lhrough mutations to ancestral alleles with two genealogies coalescing when they have a common ancestor. Individual 
based analyses potentially allow the analysis of contemporary levels of gene flow as opposed to historical gene flow 
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estimates deri ved from Fst and other indirect approaches (Estoup and Angers, 1998). Another approach making use of 
. genealogical information is Templeton's (1998) nested clade analyses of haplotype trees which allows an evolutionary 

nested analysi·s of the spatial distribution of genetic variation in a much more precise way than traditional F statistics. 
This approach also allows a separation of population structure from population his tory. Other potential methods of gene 
flow estimation will be dealt with below. 

Tempora/ genetic changes 

Fragmentary DNA can be successfully isolated !rom scales. There is general! y sufficient fragments of scvera1 hundred 
base pairs to allow successfu1 amplification of microsatellites (Nielsen et al., 1997). As scale collections exist for man y 
exploited fish species since the end of last century, lhcre is the potential to 1ook al genetic changes over the past 100 
years or more. This apens up a number of exciting prospects and various studies are under way. 

Estimation ofeffective population size and demographicfluctuations 

A number of lnethods haVe been suggested for estimating both current and long-term effective population sizes from 
genetic data. These include use of temPora] variation in alle le frequencies that can be obtained, for example! from scale 
collcctions. As cffcctivc population size is a key element in fisherics management, it is perhaps rather surprlsing that 
more effort has not been p ut in to the dcvclopment and validation of methods in this respect. 

Stock of origin/mixed stock fisheries 

A key ques.tion for managing fisheries according to quotas is to know the stock of origin of a particular catch or the 
proportion attributable to each stock for a mixed stock fishery. The Genetic Stock Identification (OSI) approach uses a 
maximum likelihood approach to estimate the combination of potential source populations that best explain the 
genotype frequencies observed in the catch'. It cannot be used to assign individual fish to a particular source but 
estimates the most :likely fraction of cach source to yield the allelc frcquencies observed in a catch. Although 
microsatcllite data can be used to enhance standard GSI estimations, new possibilities are opened up using such data. 
One alternative is to produce a phylogeny of individuals based on sharing of alle les across microsatelhte loci, the large 
number of alletes at these loci making this a feasible proposition. Another is the use of assignment tests. Assignment 
tests are h;ised on rilultilocus gcnctic data and make u·se of both individual genotypes and overall population allele 
frequencies. This test calculates the likelihood of a single multilocus geriotype coming from several populations based 
on the alle le frcqucncies at cach loe us in each population. The higher the allelic variability, and the more loci used, the 
grcater the power of this method. Assignment tests also provide a mcans of identifying migrants and thus of directly 
cstimating current lcvcls ofmigration. Other possible approaches includc 'artificial intelligence' neural networks. 

Breeding behaviour and fitness 

Possibly the major ·advance made possible by the use of microsatellites is in the idcntification of parent-offspring 
combinations. This can be carried out readiJy for a closed population Where all potcntial parents are available but is 
more problematic in an open population. Various programs have been _produced which perform maximum likelihood 
estimations of parent.age. The approach haS been widely used to work out mating strategies in fish and organisms, e.g., 
Atlantic sal mon (Thompson et al., 1998). The ability to identify parentage means that individual reproductive success, 
i.e., fitness, can be dircctly estimated in field situations. 

Genetic lagging in ranchinglsupplementation 

Microsatellite genetic tagging opens up many new possibilitics especially as it allows tagging of earl y life history stages 
such as eggs ·and larvae. Often attempts at ranching or supplementation of natural stocks have been not adequately 
monitored due to the east of tagg ing individuals and of rcaring them to a sufficient sizc for physica1 lagging. Thus if the 
parentage of the individuals being used for ranching/supplementation is known then these individua1s can be identified 
at harvest and thus differentiated from native individuals. 

Gcnetic tags have bccn used to trace movements of individuals in species with relative! y Iow numbers e.g., turtles 
(Bowen, 1995) and humpback whales (Pa1sboll et al., 1997). In the latter case, the same individua1s were identified in 
samples taken in the summer and winter feeding grounds in the North Atlantic, allowing details of migrations to be 
determined in the same manner as for physical tags. Analysis was carried out using six microsatellite loci in DNA 
obtained from skin biopsy or sloughed skin. The abi1ity to identify individuals also enabled estimation of numbers 
based on the .mark-recapture teehnique. This study demonstrates that gcnetic tagging can be effective even in l~ge 
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populations of wide-ranging and inaccessible mammals such as cetaceans. The advantages and disadvantages of genetic 
lagging relative to physical lagging is a point for discussion. 

Experimenrol studies on fitnesslimpact of deliberate and inadverlent re leases 

One of the main problems in carrying out field-scale experiments on aquatic organisms is that such experiments need to 
be started at the egg stage and this precludes the use of traditional physical lagging. The use of microsatellite profiling 
overcomes this problem as has been demonstrated in an experiment looking at the relative performance of native, 
farmed and hybrid salmon under natural river conditions (McGinnity et al., 1997). Similar experiments could be carried 
out in the marine environment using natura! or artificially enclosed bays. 

Conclusions 

There is considerable potential in the use of microsatellite markers for the study and management of wild stocks. 
However, the technical ability to acquire data has now outstrippcd our understanding of the basic molecular processes 
underlying microsatellite variation and also the ability to analyse the data in a statistically rigorous manner. Good 
empirical test situations are required to validate the various possibilities outlined above. As with all gcnetic markers, the 
maxirnum value is obtained when the genetic information is integrated with detailed demographic and ecological data. 

RECOMMENDA TI ONS 

l. Microsatellites should be more fully exploited as markers for the study and management of fisheries populations. 

2. Microsatellites should be used alongside other marker types and genetic information integrated with detailed 
demographic and ecological data. Novel insights are often possible as a result of non-congruence of different 
marker t}pes and/or gene tie and other data. 

3. Frtrther research is urgently required, involving both geneticists and modellers, to test empirically the newer 
methods of analyses which have be en proposed and to develop and test further methods. Attention should be ~:i ven 
to methods for: determining population structure and estimating gene flow; estimation of effective population size; 
population(s) of orig in of a catch; determining relatedness in apen populations. Of particular importance is the 
ne ed to develop new methods which allow examination of population structure where the re is moderate gene flow 
but where the populations are still/arge/y self-sustaining. 

4. The use of microsatellites should be subject to the following recommendations if optimum and valid results are to 
be obtained: 

a) information, where possible, should be obtained on inheritance, sex linkage and co-linkage befare 
microsate/Jites are us ed as tags for an y species; 

b) where methods of analysis are used that in volve the use of genealogical relationships among alle/es, the 
mutation mechanism assumed should be validated for the loci us ed; 

c) where Hardy- Weinberg deficits are found in a sample, additimzal primer sets should be design ed as ane 
possible way of correcting for non-amplification due to mutation in the primer region ( 'm~ll alle/es'.); where 
deficits still persist with new primers, caution should be exercised in the interpretation of the data; 

d) information on tempora/ variability of genotype frequencies should be available and laken into 
consideration.; 

e) adequate sampling strategies should be used as appropriate to the species under study. (See WGAGFM 1998 
Report for further details.) This should also involve proper a priori planning of sampling and ongoing 
refinement of sampling based on initial results; 

f) for population-based analyses, replicate sampling should be carried out to check that samples rejlect the 
population from which they were deri ved; 

g) individual-based analyses, which are potentially much more poweiful, should be used alongside 'traditional' 
sample·based statistics; 
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h) in all statistical analyses, consideration should be given to the assumptions involyed in underlying models as 
the se assumptions are aften clearly violated. 

5. Workers involved with a particular species should: 

a) use a consensus sel ofmicrosatellites, at /east as part of a suite of loci, to allow inter-calibration of studies; 

bl establish a database of primer sequences and PCR conditions for the species, preferably on the WWW; 

c) establish specific study groups to deal with the above recommendations. 
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2.f. The gender of fish 

Based on a position paper by Filip Volckaert, 'On the Gender of Marine Teleosts'; adopted by WGAGFM in Reykjavik 
1999. 

Abstract 

Gender in tish shows a high dcgrcc of plasticity under the intluence of genetic and environmental factors. Sex-ratio 
selection is the driving force in its evolution. As most commercially important marine fish have incompletely dcscribed 
sex-determining systems, an integrated approach involving ficld ohservations, breeding, genome mapping and 
molecular studies is necessary for sex-specific life history traits to bccome belter understood. 

lntroduction 

Sex-ratio selection is the driving force responsible for the evolution of sex-determining mechanisms (Bull, 1983). Each 
time at reproduction the reshuftling and combination of male and fe male genetic factors shapcs a new set of genotypes 
with their accompanying phenotypes. During the life cycle, selection will act on these traits. Thus sexual selection will 
determine the chances sperm and eggs will carry genetic information to the next generation. 

The evolution of sex-determining systems is influenced by parental sex ratio genes, parental-effect sex determincrs and 
zygotic sex deterrniners (Werren and Beukenboom, 1998). It is not on1y the factors in the embryo (sex determination 
sensu stricto) which play a role, but also factors issuing from the parcnts. Parental sex ratio genes are known to 
intluence the sex ratio in a large number of taxa, including fishes. The parental choice of the spawning environment in 
the case of environmental sex determination (ESD) may be a crucial factor inllucncing sex. Several fish species are 
known to be influenced by temperature (Oreochromis mossambicus, Menidia menidia, and Pomatoschistus minutus) 
(Baroiller et al., 1995; Conover and Heins, 1987; Kvarnemo, 1995). 

Parental-effect sex determiners act within the dcveloping zygote and may be induced by either the maternal or paternal 
parent. Messenger RNA (mRNA) or proteins (including gametic imprinting) are the common agents. lmprinting affects 
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mammals and invertebrates suchas Drosophiln through diffcrcntial methylation of CpG residues in the m~le and fe male 
genome (John et al., 1996) and hasbeen reported in the zebrafish Danio rerio (McGowan and Martin, 1997). 

Finally zygotic sex determiners group those factors which initiate from the zygote itself and act on its sex. Nuclear sex
dctermining genes are the most comffionly reported factors in fish, but rilso mitochondria and heritable microbes inay 
play a rolc. 

Various reviews have been publishcd on sex determination in fish and lowcr vcrtcbratcs (Bull, 1981, 1983; Chourrout, 
1988; Crews, 1993; Kallman, 1984; Kirpichnikov, 1987; Mittwoch, 1996; Morcscalchi, 1992; Price, 1984; Striissmann 
and Patina, 1995) and cvcn more cover sex differentiation (Francis, 1992; Schrcibman et al., 1994; Shapiro, 1989; 
Blazquez et al., 1998). The subject draws a lot interest, largely fucllcd by progrcss in mammalian and invertebrate 
(Caenorhabditis and Drosophila) systems (see Science, 1998,281: 1979~2010). 

Evolution of sex chromosomes 

Sex-determining systems are amazingly diverse; hermaphrodites, gonochorists, paternal genome loss, paternal 
heterogamety, matcrnal heterogamety, dilocus or polygenic sex determination, and environmental sex determination are 
some of the systems cncountered in fish. Charlesworth ( 1991) idcntified four characteristics of sex chromosomes, 
rcgardlcss of the taxon in vol ved: (l) the failure of the X and Y chromosome to recombine over most of thcir lcngth; 
(2) the genetic inertness of much of the Y chromosomc; (3) dosage compensation of the activity of the X chromosomal 
loci; and (4) the accumulation of repeated DNA scquences on the Y chromosome. Also, mutations should occur more 
commonly in males because of the Jarger numbcr of cell divisions in spermatogenesis comparcd to oogenesis (Haldane, 
1947). Conceptually close to these thoughts, Kirpichnikov (1987) presented a modcl of cytogenetic evolution where sex 
chromosome patterns in teleosts evolved to (l) clearly differentiated sex chromosomes (gonosomes) with male or 
female heterogametes or multiple sex chromosomcs, from (2) the absence of karyological sex-related differences but 
the presence of sex-specific genomic DNA scquences as detected by genetic analysis, and from (3) the absence of DNA 
specific sequences and gonosomcs but the presence of a conspicuous sexual dimorphism, although possibly in variable 
ratios. 

Heterogamety, that is, males or females with heteromorphic sex chromosomes (heterosomes), has bcen observed in only 
an estimated lO% of all fish species studied (Morescalchi, 1992). Single chromosomc systems have been identified 
amongst others in Bathylagus, Lampanyctus and Gobiodon (Chourrout, 1988). Examplcs of XY sex determination 
(male heterogamety) are found in the family of the Salmonidae (Thorgaard, 1977; Prod6hl et al., 1994; Devlin et al., 
1991), channel catfish lctalurus punctatus (Liu et al., 1996), common carp Cyprinus carpio which has an XY major 
system with in selected inbred populations autosomally linked minor gcncs (Komen et al., 1996), guppy Paecilia 
reticulata (Nanda et al., 1992), medaka Oryzias latipes (Aida, 1936) and African catfish Clarias gariepinus (Galbusera 
et al., 1999; Liu et al., 1995). The Z'ZJ'ZW system (femalc hcterogamety) is less common but has been documented 
amongst others in Gambusia, plaice, Dover sole and Leporinus. A well-studied triallelic system is found in natura} 
populations of Xiphophorus maculatus. Three types of chromosomal constitution are known in females, WY, WX, XX, 
and two types in males, XY and YY (Kallman, 1984). However, the gcnctic sex of nl.lmerous species has been identified 
solely from karyotypes assuming that heteromorphic chromosomcs represent sex chromosomes. This assumption has 
proven to be dubious. 

The mo/ecu/ar basis of sex determination 

If the cytogcnetic range of sex determination is diverse and known in only a small group of fish species, its molecular 
basis remains unknown. Molecules interact within a cell and -among cells in. response to various stimuli. Sex 
detennination could be viewed just as a signal which initiates a cascade of reactions rcsponsible for the phenotypic sex. 
The most likely moment such gene cascade is initiated, is during developmcnt when initially a single cell and later on a 
growing number of cells diffcrentiate. Two phases, namely·the initiation of cell fate, i.e., the single trigger which starts 
the process, and its consecutivc stabilisation, i.e., the process during which the phenotypic sex is more or less 
irreversibly established, may be identified (Piace, 1997). Otherwise formulated, what makes the initially female 
'Anlage' to remain female or to be shifted towards a male phenotype in carly development, knowing that the 
mammalian genetic sex and possibly the genetic sex of fishes (Beullens et al., 1997) is initially female. In mammals this 
involves the regulation of the gene cascade by the regulatory elements such as Sry, Sox9 and Daxl (Marin and Baker, 
1998). In teleosts, the Sry gene is not conserved (Tiersch et al., 1992), bul the mammalian genes Sox9 and DMTRJ have 
potential for evolutionary conservation in lower vertebrates. Both have been observed in birds arid DMTRJ has 
homologues in Drosaphila and Caenorhabditis (Raymond et al., 1998). 

If the molecular basis of the ~ex-determining system in fish is thus poorly known, there is general agreement On the 
pivotal ro le of the enzymes aromatase and .reductasc in steroidogenesis. Unlike mammals whe~e ovarian development is 

34 /999 WGAGFM Report 



independent of estrogens, in lower vertebrates estrogens play a crucial ro le in the development of the ovary. In all 
vertebrates, the formation of estrogens from androgens is catalysed by aromatase (Piferrer et al., 1994). Progesterone is 
transformed in androstenedion which is either transformed directly to testosterone, or through estrone to estradiol, or 
through Il keto-androstenodion to Il keto-testosteron. Temperature dependence of sex ratios may be linked to 
temperature dependence of aromatase, sa y even of modification of the intracellular pH (Jeyasuria and Place, 1997). The 
question remains whether either the balance between estrogens and androgens, or the regulation of aromatase is the 
driving force of gonadal development. 

Anyway, the hypothalolo-pituitary-gonadal axis in lower vertcbratcs is the principal determinant of sex, where sensory 
perception of the external environment may determinc the functionally active phenotypic sex (Merchant-Larios, 1997). 
The ro le of the brain as initial si te of phcnotypic sex determination differentiates fish from mammals, where the gonad 
seems to be the driving force in sex determination (Francis, 1992; Crews, 1993). This explains why Environmental Sex 
Determination (ESD) is so common in lower vertebrates. ESD does not necessarily exclude the possibility of a heritable 
gcnctic system. It is perfectly possible to have initially a genetically determined system which is rathcr unstable and 
which switches under specific conditions (population density and physical environmental factors) to an ESD system. 

The list of fish with ESD is rather extensive, which indicates that the phenomenon is evolutionarily significant. 
Temperature affects species such as Atlantic silverside Menidia menidia (Conover and Heins, 1987; Lagomarsino and 
Conover, 1993), Nile tilapia Oreochromis niloticus (Baroillcr et al., 1995), Oreochromis aureus (Desprez et al., 1997), 
sand goby Pomatoschistus minutus (Kvarnemo, 1995) and sockeye salmon Oncorhynchus nerka (Craig et al., 1995). 
Among-family variation for temperature-dependent sex determination in reptiles has been observed by Rhen and Lang 
(1998). Social faclors affect the sex ratio amongst others in saddleback wrasse Thalassoma duperrey (Larson, 1997) and 
the Midas cichlid Cichlasoma citrinellum (Francis and Barlow, 1993). Brecding experiments indicate that there is some 
genetic basis since it is possible to select for sex ratio in Atlantic silverside (Conover et al., 1992) and hirarne 
(Yamamoto, 1999). 

Tools to elucidate the genetic sex 

Given the poor understanding of sex determination in fish, various approaches can be envisaged to clarify the role of 
sexual selection and the functioning of sex determination. Four principle fields of action (with some level of overlap) 
may contribute: fteld observations, controlled breeding, genome mapping and molecular characterlsation. In progressing 
from the field to molecular experiments, increasing leve Is of understanding will be achieved. 

Field observations 

Natural populations have reached an equilibrium in their genetic and phenotypic sex ratio in response to local selective 
pressures. Within-population density may modulate the operational sex ratio (Bull, 1983), but high quality information 
on the proportion of genetic and phenotypic sex ratios as well as operational sex ratios is missing. The former is 
observed on the basis of sex-specific genetic markers (genetic sex) and of the proportion of fcmales, males and 
intersexes (phenotypic sex), the latter on the proportion of males and females effectively participating in spawning (a 
value which may be several times smaller than the obscrvcd phenotypic sex ratio). Generally marine fish are batch 
spawners wherc the gcnetic contribution of the parents at the moment of spawning itself and in the survival rate of the 
larvac may diffcr considerably. For example, the sex ratio of European eel is suspected to be different in northern and 
southern populations. Also, the proportion of male and female sea bass on the spawning grounds is thought to be 
variable although not quantified in great detail. In both cases, ESD is suspected to modify the sex ratio. 

Standard fisheries data give limited attention to phenotypic sex ratios, although the consequences are major a-. this may 
represent sex-specific growth and thus production. No attention is paid to the genetic sex or the operationa1 sex ratios. 
Judging from Table 2, which compilcs gcnder information relevant to fish either captured or cultured in the North 
Atlantic Ocean, the poor quality of aur knowledge is obvious. This is a cause for concern, since the fishery is size
selective and thus sex-specific to a ccrtain degree, while aquaculture struggles with biased sex ratios, often skewed 
towards the slower growing sex (Beullens et al., 1997). 

Controlled breeding 

The most obvious experimental method to test for the hcritability of gcndcr is the observation of the sex ratio by 
controlled breeding. If the sex ratio o( the progeny is under a variety of experimental conditions systematically 
proportional to l: l, a diallelic single-locus system is operational. If a further test on the basis of ploidy manipulated 
parents (gynogenesis or androgenesis) or of sex-reversed parents (neo-males or neo-females) gives unisexual females or 
males, a heterogametic male (XX/XY) (Liu et al., 1995; Galbusera et al., 1999) or heterogametic female ('ZNV/ZZ) 
system may be envisaged (Howell et al., 1995). However, if the sex ratio is under a variety of environmental conditions 
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systematically skewed and different from l: l, a multiallelic (as in Xiphophorus rrwculatus) (Schartl, 1988) or multilocus 
system may be functional. The action of minor and major genes may further complicate genetic sex determiriation 
(Komen et al., 1992). · · 

Jf the sexratio·of controlled crosses under a number·of different environmcntal conditions seems extremely variable, 
environmental sex determination may be part of the sex-determining system (Yamamoto, 1999). In such cases, more 
ex.periments under controlled conditions (average and range of temperature, salinity, feeding regime and population 
density) should be made (Conover et al., 1992). 

Genome mapping 

An alternative to locate the sex-determining system is the use of sex-linked markers based on its· detecticn in a second 
gencration (F2) backcross. In this case a phenotypic, protein or DNA sequence (either coding or non-coding) is tracked 
closely linked to the sex-dctennining system. Due to the limited ·cross-over between marker and sex-determining region, 
it represcnts a faithful indicator of the genetic sex. Several sex-linked colour markers have been identified in the 
medaka (Aida, 1936), swordtail (Schartl, 1988) and guppy. 

The methodology to isolate molecular markers can be divided-in coding or non-coding sex-linked markers. Non-coding 
sequences are either'unique ·or repetitive (microsatellitc and minisatellite DNA) and located close to the sex-determining 
system; they show thus limited levels of rccombination (genetic hitchhiking). Chromosome-specific non-coding DNA 
sequences have becn idcntified by subtractive hybridisation in species with heterologous sex chromosomes (e.g., 
Oncorhynchus tshawytscha (Devlin et al., 1991) and Leporinus (Nakayama et al., 1994)) but failed in rainbow traut 
(Nakayama et al., 1994) and several other unreported cases. Since most gDNA of the sex chromosome is highly 
repetitive, such strategy results most like ly in probes of non-coding gDNA. Restriction fragment length polymorphisms 
(RFLP) linked to the sex chromosome have been identified in Xiphophorus (Schartl, 1988). Fingerprinting with certain 
motifs of simple tandem repeated DNA sequences are scx-spccific in1 for example, the guppy Poecilia reticulata 
(Nanda et al., 1992). 

A promising approach to isolate sex-specific sequenccs in a spccics with heterosomes is represented by·the Randomly 
Amplified Polymorphic DNA (RAPD) or a modificd form Amplified Fragment Length Polymorphisms (AFLP) (V os et 
al., 1995). This technique, in which a single random primer is used to amplify fragments of genomic DNA by PCR, has 
already been used successfully to isolate .sex-specific probes in birds (Griffiths and Tiwari, 1993). Heterologous 
sequenccs such as Bkm, ZFY and Sry isolated in other vertebrates do not hyhridise scx-specifically in rainbow trout 
(Lloyd et al., 1989; Ferreiro et al., 1989), the coral reef fish Anthias squamipinnis (Watchel et al., 1991), or.channel 
catfish (Tiersch et al., 1992). In general, the above-mentioned probes usually seem to be specific to the species they 
were developed for; cross-hybridisation with othcr teleosts is restricted. 

Coding sex-linked markers, i.e., genes or their products, are less cornrnon hut surne have been studied in greater detail. 
Allozyme markers have been identified, e.g., in brown trout (Prodiihl et al., 1994) and American catfish (Li u et al., 
1996). Because there is a product involved, detection at the protein leve! eithcr by clcctrophorcsis or blotting is easy. 

The Smcy gene coding for the HYK' epitope (Scott et al., 1995; Wang et al., 1995) has been identified in many 
organisms and is scx-linked, although not involved in the regulation of genetic sex as initially thought. The H-Y 
antibody has been attributed to the heterogarnetic sex in many vertebrates and invertebrates (reviewed by Kallman, 
1984). The heterogarnetic genetic sex of fish has been identified in this way in amongst others Xiphophorus maculatus, 
medaka (Oryzias latipes) and Haplochromis burtoni (Pechan et al., 1979), the coral reef fish Anthias squamipennis 
(Pechan et al., 1986), guppy Lebistes reticulatus (Shalev and Huebncr, 1980), rainbow wrasse Coris julis (Reinboth et 
al., 1987) and rudd Scardinius erythrophthalmus (Kobler et al., 1995). Cyprinidae (Rutilus rutilus, Carassius auratus 
and Barbus tetrazona) and primitive fish such as Salmonidae (Oncorhynchus mykiss and Salvelim.s alpinus) show equal 
absorption of H-Y in males and females (Muller and Wolf, 1979). Although no sex difference at the leve! of H-Y was 
found in Salvelinus, Sa/mo, Ruti/us, Carassius and Barbus (Miiller and Wolf, 1979) and although it has been hard to 
obtain reproducible results (most likely linked to the quality of the antigen), there is consensus that the H-Y antibody 
binds to the somatic tissues of the heterogametic sex. 

After the recombination rates of a large number of phenotypic and gene tie markers have been identified on a panel of F2 

backcrosses and organiscd on a linear map, syntenic groups of markers become apparent. In case ofa high density map, 
the number of linkage _groups should correspond to· the number of chromosomes. Such full scalc gcnomic maps are 
available for a growing num ber of fishes such as tilapia Oreochromis niloticus (Kocher et al., 1998), salmonids (Lund in 
et al., 1998), swordtail Xiphophorus rrwculatus (Morizot et al., 1998) and American catfish (Li u et al., 1999). The most 
dense map (705 markers for 25 chromosomes) is available on the zebrafish Danio rerio (Knapik et al., 1998), an 
established made! in developmental biology with unfortunately an unidentificd sex detcrmining system. 
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Finally, large sex-specific probes are hybridised with fluorescence in situ hybridisation (FISH) to the karyotype such 
that physical positioning of the linkage groups is achieved (Nanda et al., 1999). 

Mo/ecuklr charucterisation 

A reductionist approach to the identification of the genetic sex involves the identification of the gene ca"cade. It is 
assumed that by detailing the interactions between genes and thcir rcsponse to extcrnal stimuli, the observcd sex ratios 
can be explained. This approach is paying off in mammals, the fruit fly and the nematode worm Caenorhabditis. In this 
perspective, the functional comparison of the SOX9 and DMRTJ across taxa looks promising (sec abovc). 

Sex differentiation 

Processes which relate to the phcnotypic cxpression of gender in males and females are known as sex diffcrcntiation 
(Blazqucz et al., 1998). Sex in fish has typically a higher leve! of plasticity than in higher vertebratcs. All types of 
sexuality such as gonochorists, unisexuals, sequential and consecutive hermaphrodites are found across taxa. Temperate 
water fishes of the Nonh Atlantic are no exception (Table 2). Those species which have been studied show sex ratios 
varying between rather stable l: l ratios to high ly variable ratios aften implying environmental plasticity (e.g., European 
ecl). Gonadal diffcrcntiation takes place after hatching at a moment when environmental factors may act on the 
undiffcrcntiated gonad (the so-called critical period) or after the gonad has fully developed. In the former case, 
tcmpcraturc and pH play a role in the sex differentiation of Atlantic silverside (Conover et al., 1992) and Xiphophorus 
(Rubin, 1985)~ respectively. In reptiles temperature regulates the production of aromatase/reductase and 
estrogen/androgen receptors in females and males, respectively (Crews, 1996). In the latter case, social factors 
(including hierarchical social structure or density regulation) influence sex differentiation (Shapiro, 1992). Under 
laboratory conditions only low doses of exogenous sex steroids are required to switch gender (Buellens et al., 1997a, 
1997b; Blazquez et al., 1998). These experiments showed that the earliest stages in the development of the 
undiffcrcntiatcd gonad are critical since thcy are the most sensitive. Gcncralisations rcmain spcculativc as the wide 
cvolutionary divcrgence in fishes may be the cause for interspecific differcnccs_ 

RECOMMENDA TI ONS 

Some general suggestions may be made on the gender of fish as related to fisheries and aquaculture: 

l) The gene tie sex of fish merits more research, given the important phenotypic implications of gender in fisheries 
and aquaculture. 

2) Field data on the genetic, phenotypic and operational sex ratio should be collected systematically across the 
natura/ range. 

Rationale: A wide diversity of sex-determining systems rnay be expected because of the broad evolutionary 
divcrgcncc within the phylum. Thcreforc, a common patlern explaining all aspects of gender in fish may not 
ncccssarily cxist. 

3) Research into sex determination mechanisms is required, especially the aromatase/reductase systems that may be 
evolutionarily conserved. 

4) Sex determination should be studied in selected model and commercial species such as a salmoniform, a perciform 
and a gadiform. 

Rationale: Concenlrating efforts on a few marine species with a well-controlled reproductive cycle and an 
excellent breeding potential has the highest chances of success. 

5) A multidisciplinary study of sex determinism, including breeding, ploidy manipulation, genome mapping, gene 
regulation, developmental biology and careful field work, is recommended. 
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Ta ble 2 Sex dctcrmination gender and sex ratio of selected North Atlantic fis hes "" 

Family Species Genetic sex ESD sex ratio (MIF) Refe;rence 
. 

Anguillidae An;:uilla anguilla, ? y es 0.9:0.1 to 0.4:0.6 Degani and Kushnirov 
European eel 1992 

Anguilla rostrata, ? y es 
American eel 

Atherinidae Menidia menidia, y es gonuchorist Conover and Heins 
Atlantic silverside 1987 

Clupeidae Clupea harengus, ? 
Atlantic herring . 

Gadidac Gadus nwrlma, ., 
Atlantic cod 

Ga...;;terostcidae Gastenuteus aculeatus, ' y es gonochorist; l: l Undsey 1962 
three-spinc sticklcback 

Gobiidae Pmnatoschistus minutus, ' y es gonochorist; l: l to 1:3 Kvacnemo 1995 
sand goby 

Labridae Symphodus (Crenilabnu) melopJ, ., protogynous hermaphrodite 
corkwing + sex reversal 

Coris julis, H-Y positive diandric protogynous Reinboth et al. 1987 
rainbow wrasse 

Moronidae Dicentrarchus labrax, rnulti-allelic or y es 111 to 1/2 Blazquez et al. 1998 
sea bass multi-locus 

Mornne saxatilis, ? 
stripeJ bass 

Pleuronectidae Pleuronecte.~ plate.ua, UJZW 
. 

Purdom and Lincolil 
plaicc t973 

Pseudopleumnectes americanus, ? 
winter tlounder . 

Salmonidae Salmo sakJr XY/XX go~ochorist; 1/1 
Atlantic salmon 

Salmo /rutta, XY/XX gonochorist; 1/1 ProdOhl et al. 1994 
brown trout 

Scombridae Scomher scomhru, ? 
Atlantic mackerel 

Soleidae Solea .wlea, 'UJZW? gonochorist; l/l Howell et al. 1995 
Dover sule 

Scophthalmidae Scophthalmus maxi mus, ., 
turbot 

. 

Hippoglo.uus hippoglo.uus, ? 
halibut . 

Sparidae Spa rus aurata, Prutandruus herrnaphrodite 
sea hream 

Thurinidae Kat.Hrn-·onus pelamis, ' 
Sk.ipjack tuna 

2.g. Patenting of technology; a potential problem for research 

Based on a position paper by Willic Davidson, adopted by WGAGFM in Reykjavik 1999. 

Biotechnology patent law operates under the same general legal principles as other areas of patent law. However, the 
nature of biotcchnology raises many unique patent law issues. Biotechnology law is becoming more complex in all 
industrialised nations and what can and cannot be patented is aften determined by the jurisdiction rather than by a set of 
commonly agrecd arguments. 
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In general, there are two items that can be afforded protection of intellectual property by a patent: 

l) materials, and 

2) processes. 

For a patent to be granted, the invention must satisfy three critcria: 

l) the invention must have the potential to be useful, 

2) it must not be immcdiatcly obvious.to a practitioner in the field, and 

3) the invention's commercial use must not be contrary to public policy. 

Examples of inventions related to biotechnology that rna y be patented include: 

A. Products 

l) gencs, including modified genes, expression vectors, and probes, 

2) proteins, including modified proteins, monoclonal antibodies, and receptors, 

3) other chemical compounds such as small organic molecules, 

4) cells including unicellular organisms (bacteria and fungi), animal cells, and plant cells. 

B. Methods 

l) a new and non-obvious procedure such as micro-injection of DNA in to a pro-nucleus, 

2) the isolation of a recombinant protein produced by a transgenic organism such as a fusion oleosin-fish growth 
honnone from the oil body of rapeseed. 

Note that methods of medical treatment are not directly patentable in Canada but can be in the United States. 

The most contentious issue is the patentability of complex life forms. Biotechnology is now providing the capability to 
produce novel genetically modificd organisms that are commercially valuable and industrially useful. Patent protection 
has already been sought in many countrics. 

The United States courts have ruled that higher life forms are patentable subject matter and the United States Patent 
Office routinely grants claims. The unly prohibition in the United States is against patenting of humans. Japan grants 
claims to plants and animals. 

Genetically engineered plants and animals are not patentahle in Canada. In Canada, plant varieties produced through 
traditional cross-breeding techniques may be protected under the Plant Breeders Rights Act and this was amended as 
recently as 1998 to allow plant variety protection to be obtaincd for all spee i es of plants. However, Canadian authorities 
have laken a different approach to patenting life forms from that of the United States and Japan. Although Canadian and 
United States courts use virtually the same definition of 'invcntion', the conclusions reached differ substantially. The 
test case is the 'Harvard mouse'. The inventors claimed a technique for inserting a gene which increases sensitivity to 
cancer (an oncogene) into the DNA of animal cells and this enabled them to clone lab test animals (generally mice bul 
the claim was for any non-human mammal) which are useful for testing and identifying any potential cancer-causing 
compounds. In 1998 the Federal Court upheld a refusal by the Canadian Patent Office to allow claims to the 'Harvard 
mouse'. In its decision the court recalled a decision made by the Federal Court of Appeal in the 'Pioneer' case which 
involvcd an application to patent a new soy plant made through traditional cross-breeding (something the United States 
Patent Office will allow). Both the 'Harvard mouse' and the 'Pioneer' cases raise the issue of whether there is 
patentable subject matter in a li ving product that results when natura) proccs.scs are allowed to run their course. The 
Commissioner of Patents allowed claims to a plasmid and to a process of injection of the plasmid into a fertilised egg as 
these are produced under the full control of the inventar and are reproducible. They thus fall under the definition of a 
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'manufacture' or 'composition of matter' under Section 2 of the Patent Act. The Commissioner would not allow the 
inclusion of a non-human mammal on the grounds that the inventors did not have full control over all the characteristics 
of the resulting mammal. The reservations wcre bascd on the fact that after the engineered oocyte was created, it was 
nature that determined the growth and differentiation of the micc and the subsequent breeding of a stable populati01i. In 
'Pioneer', the Court of Appeal decided that in spite of human cfforts involved in breeding the new soy plant, the plant 
and its seed were not patentablc because the y wcre grown by mcans of a natural biological process. 

The situation in Europe is similar to that of Canada. Provisions of the UK and European patent laws prohibit a valid 
patent claim based on an essentially biologi c al process. It is not pos.siblc to have a valid patent claim that is ·so narrow in 
scope as to cover only a group of organisms comprising a Avariety@. Patents are also not grantcd for inventions that 
are judged morally offensive. However, there is no legal definition of Amoral offensiveness@ and the decision rests 
with the Patent Offices and Courts in each country and ultimately with public opinion. 

In Europe two laws could potentially bar the patentability of transgenics. The first is the provision of the European 
Patent Convention (EPC), a treaty that predates the EU and was signed by the nations that are now members of the EU. 
Under this convention, a single European Patent Office (EPO) was established as a central location for exarnining all 
European patent applications. Under EPC Article 53( a) inventions whose commercial use would be contrary to public 
policy are not patenlahle. Under EPC Article 53(b) the law excludes 'plant and animal varieties' from patentability. The 
problem with the EPC is that interpretations of its provisions vary from country to country and, as a result, the EPO and 
EU member states have selectivcly dccided to issue or reject transgenic patents. Twu contradictory cases illustrate this 
confusion. 

The first is the 'Harvard mouse'. In the first round of patent examinations, the EPO rejected Harvard's application, 
excluding it under Article 53(b) as a 'variety'. It could not come to a conclusion if the 'Harvard mouse' violated public 
policy under Article 53( a). The EPO's Board of Appeals sent the case back stating that the claims embraced 'animals' 
not just a 'variety' and this laid the groundwork for circumvcnting cxclusion under Article 53(b). The issue of morality 
(public policy) was handled by weighing the cnvirunmental risks and the potcntial for cruelty to animals against 
potential"benefits to mankind. The Appeals Baard found no danger to the environment because the mouse would on! y 
be handled in controlled circumstances and no release into the wild was intended. They also concluded that animal 
suffering would also decrease in the long term as fewer animals would be required for ex.perimentation. It was made 
very clear that this decision was strictly for the 'Harvard mouse' case alone. The EPO therefore, granted the patent to 
the 'Harvard mouse'. 

The second case involved Plant Genetic Systems (PGS), a company based in Belgium, which sought a patent for a 
transgenic plant. The EPO granted the patent and this was challenged by Greenpeace. In this instance, the Appeals 
Board re·examined and revoked the patent. In reaehing its decision, the EPO found nothing immoral in the patenting- of 
the plant under Articlc 53( a), but rejccted the application under Article 53(b) because it interpreted the PGS plant as an 
unpatcntablc 'plant variety'. Despite this rejection, the Baard went on to grant a patent on the transgenic plant cells and 
seeds under a section of Article 53(b) that allows the patenting of the product of a microbiological process. The Board's 
explanation for this ruling was that plant cells and seeds are classified as 'microorganisms'. Under the EPO's definition, 
a single cell capable of reproduction falls into this category no matter what the biology of the parent organism. So, 
clairns to genetically modified plant cells and to a process producing genetically modified plants were held to be 
patentable whereas claims to the plants thernselves were held unpatentable. 

Applicants for European patents for transgenics are confronted with a dilemma. The EPO has granted a patent for a 
transgenic in the case of the 'Harvard mouse' but rejeeted a patent for a transgenic in the case of the PGS plant. What is 
and is not patentable when it cornes to fish has still to be detennincd. Howevc;r, the following givcs somc illustrations of 
what can be a:nticipated: 

l) Patents have been granted for fish express ion vectors including growth hormone genes in all of these countries. 

2) Patents have been issued that cover the process of producing transgenic salmen. 

3) Patents have been granted for probes able to detect the sex of a spccific spccies of sal mon. 

4) A patent has been issued by the EPO for a transgenic Ba ei/lus species that can produce fish antifreeze proteins 
(note that this comes under the microorganism category). 
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RECOMMENDATION 

It is recommended that the WGAGFM monitor patent decisions that have implications for fisheries and mariculture and 
report them annually. 

2.h. Genetic tissue authentication in forensics 

Based on a position paper by Willie Davidson and Geir Dahle, adopted by WGAGFM in Reykjavik 1999. 

lntroduction 

Authentication of fish and seafood products is becoming more necessary because of increased international trade and 
the introduction of laws requiring that products are labelled with official names. Enforcement officers must be able to 
identify the flesh of samples to determine if an animal has been hunted illegally (i.e., without a permit, or out of season) 
and to ensure accurate labelling to prevent the substitution of cheaper species. Customs officers and conservation 
groups require methods for identifying restricted and endangered species or products that are derived from them. In 
addition, with the introduction of new strains or breeds of animals through genetic engineering (i.e., transgenic animals) 
producers want a technique that can verify their own particular variety. There is therefore, a need for rapid, accurate and 
reliable methods for determining the species origin of a biological sample. 

This working paper will review some of the procedures currently available to authenticatc the spccies origin of raw and 
processed seafood products and then describe in depth recently developed procedures that take advantage of the 
resiliency of DNA, the genetic material, in the sample. Recent reviews, one specifically on fish and seafood (Bossier, 
1999) and others of a more general nature (Davidson, 1998; Ashurst and Dennis, 1998), are recommendcd reading. 

Protein-Based Methods 

Elcctrophorctic tcchniqucs are probably the most commonly used methods for analysing the protein components of 
meat and meat products (AOAC, 1984). They are particularly useful for frcsh or freshly frozen meat. Water-soluble 
proteins are extracted and separated according to their charge, size or isoelectric point on gels made from 
polyacrylamide, starch or agarose or on cellulose acetate strips. The proteins are visualised using a non-specific protein 
stain such as Coomassie blue or a more sensitive silver staining procedure. Isoelectric fm:using (IEF) gels of 
sarcoplasrnic proteins from fish muscle revealed that this is a reliable method for species identification although some 
intra-spccific variation was noted (Lundstrom, 1981)_ The Institut Franc;ais de la Recherche pour I'Exploitation de la 
Mer (IFREMER) has produced a catalogue of 34 fish families that contains the scientitic names of the fish and 
drawings and photographs of water-soluble proteins separated by IEF (Durand et al., 1985). Despitc the widespread use 
of !EF of muscle proteins for fish species identification (Rehbein et al., 1995a), it should be notcd that this procedure 
was unable to distinguish between the closely related bluefin tuna (a regulated species with tight quota rcstrictions) and 
yellowfin tuna (an unregulated species with no quota restrictions) (Bartlett and Davidson, 1991). 

Proteins are denatured by heating during the cooking or processing of meat. For most practical purposes, this limits 
protein electrophoresis for species identification to fresh or freshly frozen meat samples although hcat-stahle proteins 
(e.g., parvalbumins) can be extracted and analysed by IEF in the prcscnce of a denaturant such as urea (Hsieh et aL, 
1997). The major drawback to protein electrophoresis is the need for standards with which to compare the unknown. A 
comparison with diagrams of standard electropherograms (see http://vm.cfsan.fda.gov//frflrfe2fgs.html) can provide an 
initial indication of what species might be candidates as the species of origin, but confirmation of the identity of the 
actual species by electrophoretic analysis requires reference samples to be run beside the unknown on the same gel. 

Need for Alternative Approach 

The disadvantages of the methods outhned above are a consequerice of their dependence on the ability to characterise 
proteins. Many proteins are heat-labile, lose their biological activity soon after death, are subject to modification in 
different cell types, and their presence in a sample is a function of the cell type being examined. Moreover, 
electrophoretic, immunological and chromatographic methods do not detect all the differences that may occur between 
two proteins. For example, electrophorcsis will only detect changes in the net charge of two proteins, and 
immunological techniques require different antigenic determinants to be present on the proteins under investigation_ 

-The difference in the structure of a homologous protein from one species to another resides in the organism's gene tie 
material, namely its DNA. It is therefore preferable to examine the DNA in a biological sample if one wishes to know 
its species origin. 
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Advantages of DNA 

DNA is the same in every cell type of an individual. Thus, it docs nut matter if one isolates DNA from a blood stain, a 
inuscle extract or a liver sample. The information content is also greater in DNA than in proteins. DNA can be isolated 
from seafood products that have undergone the most intense processing (e.g., extensive cooking and then autoclaving 
after canning in the case of tuna). Heat is the. scourgc of the protein-based procedures because it denatures the molecule 
under invcstigation. In con trast, the heat denaturation of DNA into its two constituent strands is a prerequisite step in all 
proccsses that involve DNA analysis. 

The question thcn becomes what segment of the genome (DNA) will best serve this purpose. Genomes have regions 
that rcflcct thcir cvolutionary history in that they are common to a broad range of related spccics. Other regions are 
more variable and laken together combine to gi ve an individual-specific 'genetic fingerprint' (Jeffreys et al., 1985). The 
trick is to select a segment that is sufficiently variable that it differs from specics to _species but not so variable that 
every individual is different at this genetic locus. The segment of choice should also be present in multiple copies in the 
cell so that small quantities of extractable DNA are more likely to contain it. To date, the majority of work that has used 
DNA to identify the species origin of food or other biological specimens has employed rcpctitive genomic DNA (e.g., 
ri boso mal DNA) or clse a region of the mitochondrial genome-that is present in several thousand copies per cell. 

Polymerase Cha in Reaction ( PCR) 

Methods of analysis that use DNA are primarily based on the polymerase chain reaction (PCR). The fundamental part 
of PCR relies on the specific hybridization of oligonuclcotides of defined sequence to denatured, single-stranded 
temp late or target DNA. In order to carry out PCR o ne has to have same a priori knowledge of the nuclcotidc sequence 
of the DNA that is to be amplified. In particular, the sequences flanking the !arget mus! be known. This allows two 
oligonucleotidc primers, approximately 20 to 30 nucleotides in length, that are complementary to the flanking regions 
of the !arget DNA to be chemically synthesised. After the DNA sample has been isolated, it is heated to approximately 
95 °C to denamre it and make it single-stranded. It is then allowed to cool to 45 °C-60 °C in the presence of exces·s 
primers and these oligonucleotides hybridise to their complementary scqucnccs such that they face each other on the 
two opposing strands. The reaction mixture also contains all four of the deoxyribonucleotide triphosphates, which are 
the building blocks of DNA, and a heat-stable DNA polymerase that catalyses the synthesis of new DNA by cxtending 
the primer and incorporating the appropriate base under the direction of the DNA templatc. The temperature of the 
reaction is raised to approximately 70 °C, which is the optimum temperaturc of the heat-stable polymerase, and the 
elongation slep takes place. This process effectively doubles the segment of DNA that is targeted by the primers. At this 
point the cycle is repeated and the newly formed DNA, as well as the original sample, act as targets for the primers and 
temp1ates for.the synthesis of more DNA. As cach cycle effectively doubles the amount of DNA specifically between 
the primers, ten cycles produce 210 or a 1000-fold increase in the !arget DNA and twenty cycles will yield 106 copies. 

Forensical/y Informative Nucleotide Sequencing (FINS) 

A comparison of known scqucnces of mitochondrial DNA from a variety of different animals rcvcalcd several highly 
conservcd regions. This information enabled the construction of primers that could be uscd pairwise in combination 
with PCR to amplify homologous regions of the mitochondrial gcnomc from representatives of all vertebrate classes 
(Kocher et al., 1989). This combination of PC:Ridircct scqucnce analysis permitted an examination of the dynamics of 
mitochondrial DNA evolution in animals and paved the way for the development of FINS (Forensically Informative 
Nucleotide Sequcncing), a procedure for the identification of the species origin of hiological samples (Bartlett and 
Davidson, 1992a, 1992b ): 

The initial drivingforce behind the development of the FINS technique was the difficulty of enforcing the quotas and 
regulations governing the blucfin tuna fishery off the east coast of Canada (Bartlett and Davidson, 1991). Bartlett and 
Davidson (1991), therefore, turned to PCR/direct sequencing analysis of a segment of the mitochondrially encoded 
cytochrome b gene as a means of distinguishing these tuna species in the genus Thunnus. Although variation was 
observed within each of the four tuna species, distinct differences which characterise each of the species wcre found. 
These species-specific markers in the nucleotide sequence of the cytochrome b gene make it possible to use this 
procedure and a phylogenetic analysis to determine unambiguously the species identity of muscle, or other tissuc, from 
an individual tuna. This method was adopted by Canada's Department of Fisheries and Oceans and, after a few test 
cases, fishermen were made aware of the procedure and the illegal fishing of bluefin tuna essentially stopped. 

FINS is composed of four steps. First, DNA is extracted from the sample. Second, a specific segment of the isolated 
DNA is amplified using PCR and the universal cytochrome b primers of Kocher et al. (1989) or another pair designed 
specifically for the species of interest. The third slep is the dctermination of the nucleotide sequence of the amplified 
DNA, and the fourth is a comParison of this sequence with standard sequences in a database. The process has been uSed 
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successfully to identify the species origin of a wide variety of seafoods including smoked salmen and mackerel, pickled 
herring, salted cod, partially cooked battered cod, canned salmon, and canncd tuna (Bartlctt and Davidson, 1992a). 

Several factors have to be considered be fore a specific segment of DNA is selected for its ability to be used to identify 
the species origin of a sample. As described above, this region of the gcnome has to accept mutations quick! y enough so 
that closely rclated organisms have different sequences but not so rapidly that the amount of variation within a species 
is substantial. The length of sequence must be long enough to permit the detection of sequence differences between 
congeneric species, but bearing in mind that the DNA in the sample will be degraded. A protein coding region of a gene 
is a good choice as amplification or sequencing errors are more likely to be detected by translaling the nucleolide 
sequence and comparing the inferred amino acid sequence with known amino acid scquenccs of the gene. Highly 
conserved, invariant amino acids should be maintained. The creation of a database of sequences is a lcngthy process for 
one lab and, therefore, it is desirable to take advantage of a gene whose sequence has been dctermincd in man y diverse 
organisms by many groups. The mitochondrially encoded cytochrome b salisfies these crileria admirably. A 307 base 
pair segment of the cytochrome b gene corresponding to amino acids 33 to 134 can be amplified in all vertebrates tested 
to date using the primers described by Kocher et al. ( 1989). This latter point is very important as it allows one to 
amplify the DNA wilhout any prior knowledge of what the biological origin of the sample might be. Part of the 
nucleotide sequence of this gene has been determined for hundreds of vertebrates. (These sequences can be found by 
searching GenBank at http://www.ncbi.nlm.nih.gov). The cytochrome b gene is very popular with population 
geneticists and molecular systematists and for this reason the amount of sequence information on this gene continues to 
expand. 

FINS is a rapid, accurate and reproducible procedure that is based on estabHshed techniques. It is not subject to operator 
bias and can be performed independently in any lab equipped to carry out simple standard molecular biology. This 
means that there is no need for standards to be run along side the sample. The method has been accepted by the court 
system in Canada and is the method of choice for Canada's Department of Fisheries and Occans and the Canadian 
Wildlife Service if there is an y question conceming the species identification of a biological sample. 

The FINS process has also been used to determine the molecular genetic idcntification of whale meat and delphin 
products from commercial markets in Korea and Japan (Baker and Palumbi, 1994; Baker et al., 1996). !nstead of the 
cytochrome b gene, these researchers decided to use a 550 base pair fragment of the mitochondrial DNA con tro l region. 
This is the most variable segment of the mitochondrial genome and the rationale for choosing this region ratber than the 
cytochrome b gene was that it could potentially reveal the populations from which the samples were derived in addition 
to the species. This proved to be the case in same instances. A total of 34 sequences were obtained from 31 products 
and at l east eight species were represented. Some of the species identified in the products from the Japancsc and Korean 
commercial markets were not consistent with recent catch records made available to the International Whaling 
Commission. The results of this survey raised questions concerning the 1egality of some of the products tested and point 
to the need for a standardized form of commercial labelling of whale products. It also suggested that the international 
and domestic management of whale products was not being practised as it should be. The FINS process is regarded as 
an important tool for monitoring the regulations covering the international trade in whale products and the domestic sale 
from unregulated local whaling or fisheries by-catch. As with the bluefin tuna problem that existed in Canada, the 
realisation that there is now a reliable method for detecting cheating in the whaling industry might prove uscfu] in 
conserving these mighty mammals of the sea. 

The identification of the species in canned tuna presents a special problem. Unlike canned salmon which is usually 
smokcd and thcn canned without much in the way of heat trcatment, tuna is first cookcd thoroughly and then autoclaved 
in the can. This leads to extensive degradation of the DNA in the sample and DNA isolated from commercial cans of 
tuna has an average size of 100 base pairs (Unseld et al., 1995). This precludes the use of the cytochrome b primers that 
fl ank the 307 base pair region of the cytochrome b gene for use in the FINS process with these samples. A comparison 
of cytochrome b sequences from a wide variety of tuna and tuna-like species (Block et al., 1993) provided the 
information for the design of primers that amplified a 59 base pair fragment (123 base pairs including the primers) 
(Unseld et al., 1995). This allowed the FINS procedure to be carried out on 30 commercially distributed cans of tuna 
and it was possible to determine a reliable sequence in each case. However, although this region of the cytochrome b 
gene provides unambiguous molecular markers for the identification of ninc of the eleven tuna species commonly used 
by the canning industry, it was not able to distinguish belween Thunnus thynnus (bluefin) and Thunnus albacares 
(yellowfin) tuna. 

These modifications of the original FINS process illustrate the widespread utility of this procedure. However, ha ving to 
sequence the amplified product as part of the FINS process to identify the species from which a samplc is deri ved is 
both time-consuming and expensive. It is, however, necessary if one wishes to obtain an unambiguous identification. In 
other cases it is desirable to have methods that can be used as a rapid screen for detecting possible violations of 

. regulations. The followirig sections illustrate techniques that have been developed to satisfy these demands. 
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Species-specific primers 

As has been demonstrated in the FINS process, the specificity affordcd by the hybridization of two oligonucleotide 
primers .to total extractable DNA allows PCR to amplify a particular region of a genome. By a judicious choice of 
primers, it should therefore be possible to design primers that are specific for one species and only that species. This 
approach has been taken to determine the species designations of commercially available lots of caviar (DeSalle and 
Birstein, 1996). The increasing demand for caviar has had a serious impact on the population sizcs of commercial 
sturgeon species. The traditional method for identifying the species of a particular shipment of caviar has rclied upon 
such factors as egg size, appearance, smell, texture, and colour. De Salle and Birstcin (1996) compared thesequences of 
portions of the cytochrome b genes and 12S and 16S ribosomal RNA genes from all extant sturgeons and paddlefishes 
and designed pairs of primers specific for diagnostic nucleotide substitutions for each of the three main commercial 
Russian sturgeon species: beluga sturgeon (Huso huso); Russian sturgeon (AcijJenser guelenstaedt); and sevruga 
(Acipenser stellatus). They then surveyed 23 commercially available lots of caviar purchased in New York and found 
that five of them were misrepresentations. Three of these Samples camc from spccies that are threatened with extinction. 
The developmcnt of this proccdure provides wholesalers with an alternative to the crude identification methods 
presently in use and should assist international conservation efforts to preserve what is left of commercial sturgeon 
populations. In addition, it should help protect the other species that are likely to be substituted as the commercial 
species disappear. 

Amplification of Restriction Site Polymorphisms (Amp-FLP) 

The cost of sequencing amplified fragments of DNA or designing species-specific primers has led several investigators 
to investigate the possibility of using the patterns generated when amplified DNA is subjected to restriction enzymes to 
distinguish the species origin of fish and seafood products. This method has bccn used successfully to differentiate 
between canned tuna and bonito (Ram et al., 1996) and to identify tlatfish species (Cespedes et al., 1998). The Amp
FLP technique has a far lower resolving power in relation to sequence analysis, but it may .prove useful for constructing 
databases for local applications. 

PCR-Single Strand Conformational Polymorphisms (PCR-SSCP) 

PCR-single strand conformational polymorphism (PCR-SSCP) is a var1at10n on the theme of !EF that uses PCR 
products instead of proteins for rapid.species identification. It is based on the observation of Orita et al. (1989) that 
single-stranded DNAs that differ by one or more nucleotide substitutions have different mobilities when. separated by 
neutral polyacrylamide gel electrophoresis. Hara et al. (1994) devcloped this assay for many species of fish. In their 
protocol, DNA is cxtractcd from the sample and a fragment of approximately 110 base pairs is amplified using a pair -of 
primers that corrcspond to highly conscrved regions of the 28S ribosomal RNA gene. The region between the primers 
was known to be highly variable between species, both in sequence and in length (Naito et al., 1992), and this provides 
the resolving power of the system to discriminate between species. The amplified fragment is denatured by heating in a 
formamide solution or using strong base and then applied to a 12 % nativc polyacrylamide gel. After electrophoresis, 
the gel is silvcr-stained and the resulting banding patlcrns are diagnostic of different species. Twelve taxa of fish were 
examined by this tcchniquc. and the indications wcre that this method could be used for species typing using small 
samples such as eggs or larvac. 

PCR-SSCP has also been used for fish species identification of canned tuna~ (Rehbein et al., 1995b) . .Two different 
regions of the cytochrome b gene werc sclectcd for amplification, the 123 base pair region described by Unscld et al. 
(1995) and another region that gave a product of 148 base pairs. Separation of the denatured 123 base pair fragment on 
7.5% or 10% pol_yacrylamide gels revealed species-specific patterns for six different tunas and bonitos which were 
different from the pattern for bluefin and yellowfin tuna which, as expected, werc identical. The universal application of 
PCR-SSCP to species identification of fishery products has been described by Rchbein et al. (1997) and demonstrated 
by Pharmacia Biotech (Application Note 18-1108-90). In this latter report it was shown that the 307 base pair segment 
of the cytochrome b gene can be used to resolve fish species. PCR-SSCP provides a rapid screening method for the 
analysis of the species origin of a biological sample. The main disadvantage of this technique is that, like !EF, it is 
necessary to run reference standards and samplcs side by side on the same gel. The information content of a PCR-SSCP 
result is obviously less than that of the FINS procedure. However, it is possible to cut out bands from the PCR-SSCP 
gel and determine the nuclcotide sequence of them after reamplification. By this means the two methods complcment 
One another. PCR-SSCP can also indicate that a sample contains mixtures from different organisms. Here again, species 
identification would be possible by examining the DNA sequences of the multiple bands. 
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Arbitrary primers (AP-PCR, RAPD) 

In 1990 two groups independent! y discovered that PCR would work if only o ne primer were added to the amplification 
reaction. The rationale for this result is that the single primer is binding to identical sequences that happen to be facing 
one another on opposite strands of the DNA. The primers uscd in this procedure tcnd to be smaller (often only ten 
nucleotides) than those usually used in primer pair PCR reactions. This procedure was termed arbitrarily primed PCR 
(AP-PCR) by Welsh and McClelland (1990) and randomly amplified polymorphic DNA (RAPD) by Williams et al. 
(1990). It is the latter terminology that has generally been adopted and 'RAPDs' are now accepted as genetic markers. 
RAPD anal y sis requires no a priori knowledge of the sequence of DNA that is amplified. In fact, it is by chance alone 
that a segment of DNA is amplifiable in a RAPD reaction. This means that man y primers can be synthesized and tested 
to see if they produce any products. This provides a very quick and inexpensive means of screening organisms for 
genetic variation. The technique is cxpected to sample evenly throughout the genome and variant alleles are identitied 
by the presence or absence of a PCR product, or a change in its size, as determined by agarose gel electrophoresis 
followed by staining the gcl with ethidium bromide. The absence of a band on a gel where one is expected is explained 
by a change in the sequence of one of the priming sites such that the primer no langer binds to it. Allelic bands of 
different size retlect insertions or deletions between the priming sites. RAPD markers are dominant and this leads to one 
of the drawbacks of this tcchnique. The presence of a band on a gel is observed in samples from either a homozygote 
(present/present) or a hetcrozygote (presentfabsent) individual in diploid organisms. Therefore, this procedure is 
particularly uscful for distinguishing species and strains of haploid microorganisms or for discrirninating between 
highly inbred varieties of plants. The combination of arbitrary primers and PCR has become one of the most common 
approaches for searching for novel genetic markers but its application to species identification in fish has bccn limited. 
RAPD analysis has been used to differentiate between penaeid prawns (Meruane et al., 1997), distinguish Atlantic 
salmon and brown troul (Elo et al., 1997), and to analyse the amount of genetic variation among species of tilapia 
(Dinesh et al., 1996). 

Microsatelliles 

No description of PCR methods and applications, especially their use for authentication purposes, would be complete 
without mention of microsatcllitcs. Microsatellites are tandemly repeated, short (two to five base pairs) simple 
sequences that are widcly dispersed throughout the genomes of all eukaryotes (Weber and May, 1989). As gcnetic 
markers, microsatellitcs are both efficient and informative. Mutations in repeat number can be detected as size 
differences in the PCR products of loci which are amplified using oligonucleotide primers specific to the non-repetitive 
flanking regions of the microsatellite. Microsatellites have also become the markers of choice for forensic work for 
individual identification of humans (Fregeau and Fourney, 1993). As the PCR products of microsatellites are not large, 
DNA that has been degraded by exposure to the elements can be examined by microsatellitc analysis whcreas 'DNA 
fingerprinting' using minisatellite markers requires high molecular weight DNA and many orders of magnitudc more 
material (Jeffreys et al., 1985). The resolving power of microsatellites for forensic work is not restricted to humans. 
Poaching cases often revolve around the ability to match samples taken from a suspect with those from a 'kili site' in 
the field. Microsatellites are avaHable for a growing number of marine organisrns and databases are being developed in 
many labs. Microsatellites are particularly useful in this respect as the DNA isolated from tissue at a 'kill site' is aften 
degraded and samples from a suspect may con sist of a few flakes of blood on the blade of a knife or fish scales. 

Summary 

It is evident that there is a wide variety of techniques available for carrying out fish and seafood authentication. These 
range from quick screening methods to distinguish between two species through more sophisticated methods that can be 
used to identify the biological source of samples when there is no immediate indication of the species of origin. 
Choosing the most appropriate method comes down to cost and the state of the product being analysed. There are 
several companics (including Bio-ID Corporation Ltd., in St. John's, Canada and Atlangene, in Nantes, France) and 
government labs that routinely offer the services necessary for seafood authentication. 

RECOMMENDATIONS 

Enforcement agencies should be made aware of the techniques currently available for species identification and other 
forcnsic applications and should be encouraged to use them whenever appropriate. 

It might scem desirable to produce databases for diagnostic DNA sequences similar to those available for musclc 
protein electropherograms. However, these databases are currently available on a commercial basis in North America 
and Europe from the companies listed above. Thcre is little incentive, thcrefore, for independent groups to replicate 
-what these commercial enterprises have already done. 
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2.i. Experimental design and statistical framework 

This ToR could not be handled because the Workshop from which the disucssion was supposed to have its input had to 
be cancelled due to Jack of funding. 

2.j. National Acitivity Reports 

The National Activity Reports are compiled in Annex 4. 

2.k. HELCOM request concerning genetic effects of released cultured fiSh 

Bascd on a position paper by Marja-Liisa Koljonen, adopted by WGAGFM in Reykjavik 1999. 

Conclusions 

Enough evidence exists to conclude that somc changcs have occurred in both the diversity levels of the marker 
genes and the inherited life-history traits. 

Same changes are inevitable in future, toa, because artificial reproduction cannot be complctcly similar to natural 
reproduction. 

There is no return to the original state of the Baltic sal mon populations. 

RECOMMENDA TI ONS 

If HELCOM wants the information necessary to manage genetic change and Baltic stock charactcristics in the futurc 
then it is recommended that: 

l. Present existing data from Finland about genetic composition of populations befare human impact, e.'ltimated by 
means of DNA-analyses from old sea les and cross ing experiments, should be us ed. 

2. Additional data from the other Baltic Sea countries should be collected on diversity /e"vels in historical populations 
and compared to that of present poprtlations. 

3. Changes in Life-history traits should be assessed from historical information of age and size structure of the 
spawning stocks. However, to which extent these changes are genetic cannot be exactly assessed, because they 
mainly re sult from selective fis he ry and possibly als o from changes in sea environment. 

4. Future monitoring of genetic c hang es (at /east of diversity levels of the marker genes) is recommended. 

5. Studies of the c hang es in the viability (fitness) of the reared populations in the wild are recommended. 
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2.1. Sebaste.• mente/la in the lrminger Sea 

Based on two documcnts presented by Anna Danielsdottir, 'Studies of the genetic relationships betweendeep-seas and 
oceanic Sebastes mentella in the Irrningcr Sea' by T. Johansen, A.K. Daniclsdotlir, K. Meland & G. Nævdal, and 
'Genetic Differentiation of Decp-Sea and Oceanic Sebastes mentella in the Irminger Sea based on microsatellite 
Markers' by A;K. Danielsdottir & S.L. Jonsdottir. Below are the cunclusions and recommendations on this matter made 
by the WGAGFM after its discussions in Reykjavik 1999. 

Summary 

Significant differences in allelc frcquencies based on preliminary studics on three polymorphic isozyme loci (IDHP, 
MEP & PGM) and three polymorphic microsatcllitc loci (SEB45, SEB25 and SEB31) of the deep-sea and oceanic types 
S. mente l/a in the Irmingcr Sea indicate that the two types represent separate gcnctic stocks. 

Differcnces between Icelandic and Irminger Sea deep-sea S. mentella are smaller but significant, indicating also 
probably distinct genetic Stocks. 

Heterogeneity among samples of deep-sea and oceanic types S. mentella in the Irminger Sea, rcspcctivcly, could 
indicatc substructuring within each group and awaits further study. Thes.e are preliminary rcsults from a bigger study of 
30 isozyme loci and eight microsatellite loci and sample size of 2000 individuals. Results and discussion on the annual 
and seasonal heterogeneity within the dccp-sca and occanic S. mentella. types will wait until the sample analysis is 
completed. 

RECOMMENDATIONS 

Based on the preliminary genetic studies to date, the Jeep-sea ·and oceanic types S. mente/la in the lrminger Sea are 
unlikely to belong to the same breeding stock and should be managed as separate stock units. 

Further research is needed to verify the preliminal)' genetic results on the two types and to determine if there is 
additional substructuring within each type. 

3 WORKING GROUP BUSINESS 

3.1 Comments on Work.ing Group Function 

The establishment of pre-prepared position papcrs and specific responsibilities for chairing sessions and thcmatic 
colloquia have enhanced the efficicncy of the annual meetings substatntially. Likewise, the possibility to communicate 
by e-mail with most members, and the establishment of an Internet Homepage have greatly simplified the 
administration of WGAGFM. 

It is noted with satisfaction that the U.S. as well as Estonia in 1999 joined .the group of active members in the Working 
Group. Scientifically, the representation of scientists with a quantitative genetics background is too low, and ways to 
rcmedy this situation should be explored. · · 

The attendance at the WGAGFM meetings. however, has been steadily increasing each year since 1994. Currently, 48 
persons are appointed as members and two as observers of WGAGFM. At this year's meeting in Reykjavik. 22 
members from 16 different ICES Member Countries attended. 

3.2 Suggestions for WG ToRs and Meeting Place in 2000 

During discussions on meeting place in the year 2000, the WG responded positively to a generous invitation from Dr 
Filip Volckaert, the Catholic University in Leuven, Belgium, to host the WGAGFM meeting in week 14 (3-6April) in 
2000. Concerning Terms of Reference and venuc, WGAGFM agreed in plenary to recommend that: 

The Working Group on the Application of Genetics in Fisheries and Mariculture [WGAGFM] (New Chair: Dr Michael 
Møller Hansen. Denmark) will meet in Leuven, Belgium, 3-6 April 2000, to: 

a) continuc the review of general popu1ation genetic . topics in fisherics and mariculture, with emphasis on . the 
utilisation of possibilities lying in the combination of qualitative and quantitative genetics; 
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b) review principles for prioritasion of marine finfish and shellfish populations for conservation; 

c) review the status of Artificial Intelligence and Neural Networks as tools in population studies based on input 
rcqucstcd from the SIMWG; 

d) compile an updated list of patents in molecular biology which potentially may interfere with population gcnetic 
research; 

e) review potential genetic implications of recent research on endocrine disruptors; 

f) revicw the possibility and feasibility of developing coordinated genetic databases for enhancing understanding of 
genetic diversity in fish species; 

g) review genetic implications of commercial fisheries on deep-water fish stocks; 

h) explore the question of trade-offs between genetic gain and loss of gcnctic variability in brecding programmes 
(how to minimize inbreeding in intense breeding); 

i) pre pare updated protocols of fishery and mariculture genetic research in ICES Member Countries, and identify the 
scope for enhanced international cooperation. 

3.3 Justifications for Proposed 2000 ToRs 

a) WGAGFM is a relatively informal forum where members should feet free to discuss and updatc cach other on 
practical and theoretical problems related to gene ties of marine spee i es. Experience has shown that there is a nccd 
for an apen scientific session at the annual mectings, where topics that are not necessarily listed in the Terms of 
Reference can be enlightened by the compctencc and cxperience existing in the WG. Not least have those topics 
which need competent input from both qualitativc and quantitative genetics benefi.tted from these discussions. 

b) With limited resources available for conservation of marine finfish and shellfish populations, it is important to 
pro vide biologically based prioritisation guide lines for managers in order to save maximum biodiversity. This has 
been done for many other species (see Given and Norton, 1993), including freshwater fish (Pacific salmon, brown 
trout). The general principles of the procedure are to rank populations within a species according to: l) current 
viability status, and 2) biological consequences of ex.tinction (genctic, evolutionary, and ecological). Together, 
these rankings can serve as a tool for prioritisation of possible action. So far, a formalised list of critcria for 
prioritisation of marine finfish and shellfish populations has not been produced. Since the marine ecological 
paradigm is so different from that of freshwater (or terrestrial), the criteria applied there may not all be valid for 
marine populations or can be made more specific. 

c) WGAGFM has earlier communicated with the Stock Identification Methods Working Group (S1MWG) 
concerning methodology, and wants through a request to SlMWG to be updated about the current status of the use 
of Artificial Intelligcnce and Neural Networks in stock identification so that WGAGFM can have an updated 
discussion on these methodologies at its next meeting in Leuven, Belgium in April 2000. 

d) Further to the discussion on ToR (g) Patenting of gene technology at its 1999 meeting, WGAGFM feels a nccd for 
an updated list of relevant patents. 

e) Endocrine disruptors are chemical substances interacting with hormone regulatory systems or acting as hormones 
themselves. An enormous amount of chemicals are produced and widely used for a broad range of human 
purposes. Most of these substances are released to the environment and a growing number is suspected to act as 
endocrine disruptors. There is already evidence from laboratory experiments that some endocrine disruptors lead 
to a shift in sex ratio to one or the other sex in fish and there is also reason to believe that some may as weU cause 
sterility. A disproportion in sexes or sterility may lead to genetic effects such as reduction of effective population 
sizes and thereby loss of genetic diversity. WGAGFM wants to summarise the scientific literature and formulate 
recommendations for additional research required to estimate the effects of endocrine disruptors on the genetics of 
fishlshellfish and recommendations on how to protect genetic diversity. 

f) Molecular technology is being increasingly used by various laboratories in different countries to charactcrise 
genetic diversity in fish species. including the accumulation of DNA sequence data, to understand population 
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structuring and local adaptation. To full y assess broadcr gcographical patterns and structuring across regions, and 
gain the maximum insight, the results of different research programmes nccd to be coordinated to allow integrated 
analysis of combined data sets. The best way for this to be pursued needs to be considered, including the 
establishment of common 'core' loci for screening and interlaboratory calibration Of genotype assignment. 

g) Landings of deep-water fish specics from trawl fishcrics on the continental slope have increased and fishing 
prcssure on deep-water fish specics is likcly to continuc to incrca.'\c. The Jack of rcliablc Catch and effort data and 
of biological information on the stocks of deep-water species makes it difficult to establiSh the stocks 
sustainability. There is evidence that deep-water species tend to be slow growers, to mature late and to be long
lived. Such life-history traits make these stocks particularly vulnerable to exploitation. Moreover, the geographical 
distribution of deep-water species may extend into international waters and the implications of uncontrolled 
fisheries in these areas must be considered. WGAGFM: feels it is appropriate to review this topic with a vicw to 
presentlng recommendations for research and management, if possible. 

h) Increased rates of inbrccding as the result of selection decisions will have a negative effect on future genetic 
response through reduction in genctic variancc and a negative impact on futurc pcrformance if inbreeding affects 
the selected trait. This can be particularly important in small highly sclcctcd nucleus populations and when 
sclection is bascd on breeding values based on best linear unbiased prediction (BLUP) which is likely to result in 
higher levels of inbreeding than when mass selection is practiced. A number of methods have been proposed to 
attain high rates of genetic response with moderate to low inbreeding. These methods vary from very simplistic 
approachcs such as minimum coancestry matings to methods that require quite sophisticated programming 
techniques. The best method to be used will depend on the population structure, selection intensity and the 
heritability of the traits under selection. WGAGFM proposes a review of the best mcthods to rcstrict inbreeding as 
they apply to an aquaculture population under selection. 

i) The national activity reports which are compilcd and updatcd cach year by WGAGFM serve as a useful 
information base for gcneticists in ICES Mcmber Countries who are seeking cooperation or information on 
spccific .spccics or spccific methodologies. This information base also makes it -possible to monitor potential 
changes in rescarch focus within finfish and shellfi'sh genetics throughout the Member Countries. 
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ANNEX 1: TERMS OF REFERENCE 

ICES C.Res.l998/2:41 

The Working group on the Application of Genetics in Fisheries and Mariculture [WGAGFM] (Chair: Prof. J. Mork, 
Norway) will meet in Reykjavik, Iceland, from 12-15 Aprill999, to: 

a) continue the review of general population genetic topics in fisheries and mariculture, with emphasis on the 
utilisation of possibilities lying in the cornbination of qualitative and quantitative genetics; 

b) review the potential of molecular markers as tools in breeding programmes; 

c) review and discuss the status and future development of triploidy in aquaculture species; 

d) review and evaluate measurcs used for protccting marine genctic divcrsity; 

e) review the use of genetic tags in the study and management of wild stocks; 

f) review problems and potcntial rcmcdies concerning determining the gcnder of fish; 

g) review patenting of technology as a potent i al problem in genetic research on marine species; 

h) review genetic tissue authentication for forensic purposes; 

i) review basic experimental design and statistical framework when using highly variable genetic markers in various 
species; 

j) prepare updatcd protocols of fishery and mariculture genetic rescarch in ICES Member Countrics, and identify 
scopes for cnhanced international cooperation; 

k) define the information required to be able to evaluate the genetic effects of releases of cultured fish for use by 
WGBAST, and prepare for how the resulting material can be handled in early 2000 as a contribution to a chapter 
on "Baltic fish stocks, discascs and ecosystcm cffccts' for the HELCOM Fourth Periodic Assessment of the State 
of the Marine Environment of the Baltic Sea, 1994-1998 [HELCOM 1999/3]; 

l) rcview all available genetic results to make conclusions about how Sebastes mentella in the Irminger Sea and 
adjacent waters should be structured into stocks or populations in order to obtain an optimal biological 
management; 

Some of the above Terms of Reference are set up to providc ACME with the information required to respond to 
requests for ad vice/information from the Helsinki Commission 

WGAGFM will report to ACME before its May/June 1999 meeting, and to the Mariculture Committee at the 1999 
Annual Science Conference. 

Justitications for the1999 ToRs 

a) WGAGFM currently acts as a relatively informal forum whcrc mcmbers can fecl free to discuss and update each 
othcr on practical and theoretical problems related to gcnetics of marine spccics. Expcrience has shown that there 
is a need for an open scientific session at the annua! mcetings, where topics that are not necessarily listed in the 
Terms of Reference can be enlightened by the competence and experience existing in the WG. Not )east have 
those topics which need competent input from both qualitative and quantitative genetics bencfittcd from these 
discussions. 

b) In terrcstrial farming, the production in man y scctors, e.g., poultry, dairy cattle, is based largely on selectively bred 
individuals as selection programmes have been demonstratcd to cost-cffcctivcly increase production. Indeed they 
are now a competitive necessity. In contras!, less than l % of aquaculture production is based on genetically 
improved strains. In spite of the obvious benefits of selective breeding, efforts in the aquaculture industry have 
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largely becn restricted to the improvement of rearing conditions. This is unfortunate as the high fecundity of fish 
and most other aquatic animals provides tremendous scope for rapid genetic improvement of production traits and 
a concomitantly high return on investment in a selectivc brccding programme. Various factors lie behind the 
limited exploitation of selective breeding to incrcasc production but ane of the biggcst obstacles is the cost and 
difficulty of monitoring fish pedigrees and of evaluating the breeding valuc of individuals. At present selective 
breeding of fish species requires specialized facilities to rear families in isolation until they can be physically 
tagged and es ti mates of brccding values are estimated statistically us ing phenotypic assessments of performance 
trails based on family variation. Recent advances in molecular biology offer the possibility of developing and 
applying molecular markers which can, at !east in part, overcome these obstacles and, thereby, facilitate a more 
widespread implementation of selective breeding programmes in the aquaculture industry. The extent to which 
molecular markers can be used to facilitate the selective breeding of aquaculture species is uncertain and needs to 
be considered. 

The induction of triploidy has been reported in many aquaculture species (fish: salmonids, seabass, seabream, 
turbo!, etc. shellfish: mussels, oysters, scallops, clams, etc.). In fish, triploidy is general! y induced by pressure or 
thermal shocks, while in shellfish it is induced by the suppression of polar body formation in fertilised eggs. An 
alternative method is based on the mating of tetraploids and diploids to obtain all-triploid stocks. Tctraploids have 
been obtained in several species (rainbow trouts, carps, oysters, mussels). As triploidy induces stcrility (or strongly 
reduces gametogenesis), hetter performance of triploids over diploids can he cx:plaincd by two main factors: l) the 
energy normally allocated to reproduction in diploids can be rcallocatcd to growth in triploids, consequently, 
triploidy will be of greater intcrest in species with high allocation to reproduction. Additionally, triploidy 
potentially induces higher mcan heterozygosity, which has been shown to be positively correlated with growth in 
man y shcllfish spccics. 2) As sex:ually matured animal can be of lower quality- for consumption than non-matured 
(e.g., oysters), sterility (or reduced gametogenesis) improves the marketing value of the products. Additionally, the 
recent need of steril y to ensure a genetic confinement of transgcnic organisms led to new interest in triploidy. The 
present status of triploidy and its potential for future development in aquaculture species will be reviewed by the 
WGAGFM to establish specific recommendations. 

The decline and extinction of many populations of wild fish and shcllfish, the eme.-rgence of enhancement 
programmes using cultured stock, and the establishment of closed [to fishing] areas by many countries will have 
impacts on marine genetic diversity. The Working Group proposes to review and evaluate measures used to 
protect marine genetic diversity towards the establishment of guidelines that are suitable for protecting genetic 
diversity in different types of species. 

The development of minisatellite and microsatellite DNA profiling over the past five years has made it possible to 
identify individuals, families and parentage of tish. This is opening up many new areas of investigation both in 
respect of natura} populations and cxpcrimcntal studies Under realistic field conditions. Important afeas of study in 
this respect include: detailed study of breeding behaviour; individual relatedncss within shoals/geographical 
areas/spawning aggregations; identification of the origin of capturcd fish; genetic stock identification in mixed 
stock fisheries; monitoring success of supplemcntal stocking; experiments on the impact of deliberate and 
inadvertent introductions of non-native fish. It is now tirncly to review this area and examine further ways in 
which genetic lagging can be applied to the study and management of fish stocks. 

Unlike mammals, the genotypic and phenotypic sex of bony fish varies among spccies_ Halibut, seabass, European 
eel and turbot among others shoW variable sex ratios in natura] and culturcd populations, presumably in response 
to environmental and population dynamical factors. So far, no common sex determining system has been observed 
but the aromatase gene seems to play a pi vota] rolc in sex. differentiation. Only lO% of all fish species have been 
reported to carry sex chromosomcs, but few have been verified by breeding. The few sex probcs dcveloped 
(Rainbow traut, Chinook salmon, guppy and medaka amongst others) have been provcn to be species-specific. 
Consequcntly the determination of the genetic sex remains problematic and causes major economic losses in 
aquaculture. WGAGFM wants to review current knowledge and discuss futurc ways to goto salve these problems, 
with a view to gi ve recommendations to ICES as to the kind of fundamental and applied research (e.g., genetics, 
molccular biology, and endocrinology) needed. 

On the basis of known cases where current patenting practices in different countries have created real and/or 
potential problems for carrying out research, or to implcment research results in aquacultu~al production, 
WGAGFM wants to review this field in order to idcntify to what degree this can be a problem for ICES Mcmber 
Countries. 

Several of the _laboratorie~ represented in the Working GrouP have been engaged in work with the_ identification of 
animal tissues for forensic putposes, and there is a growing rieed to· coordinatc rcscarch and methodology in this 
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field. WGAGFM feels it is time to establish a status of this field, and to look into the possibilities for a betler 
international network/coordination. 

i) The issues of required sample sizes in relation to number of alleles, the power of statistical tcsts, and which 
statistical framework should be applied to highly variable genctic markers in marine fishes are so important and 
basic that members of the Working Group will try to organize an EU-funded workshop in connection with the next 
WGAGFM meeting. The workshop should involve experts in the statistical treatment of population genetic data 
along with fish population genetics. The output from the workshop should form a basis for a general discussion in 
a specific session at the next WGAGFM meeting, built around case studies of species from different ends of the 
spcctrc of genetic differentiation (e.g., tuna, herring, cod, squid, mussel and brown trout). 

j) The national activity reports which are compiled and updated each year by WGAGFM serve as a useful 
information base for gcneticisLs in ICES Member Countries who are seeking cooperation or information on 
specific species or specific methodologies. This information base also makes it possible to monitor potential 
changes in research focus within finfish and shellfish genetics throughout the Member Countries. 

k) This work is required in relation to a request from the Helsinki Commission (HELCOM). 

l) The North-Western Working Group (NWWG) recommends that all available genetic results related to the stock 
structure of S. mente l/a in the Irmingcr Sea be evaluated to permit hetter biological management of the stock. 
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ANNEX 3: LIST OF WGAGFM MEMBERS 

[As of 24 February 24 1999. E-mail address given if available.] 
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Dr M.M. Hansen 
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DK-8600 Silkeborg 
Denmark 
mmh@dfu.min.dk 
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Salmon Research Institute 
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Canada 
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ANNEX 4: 1999 NATIONAL ACTIVITY REPORTS 

BELGIUM 

Study l 
LABORA TORYIRESEARCHER: Royal Belgian Institute of Natura! Sciences (RBINSc), Brussels l T. Backeljau, B. 
Winnepenninckx and H. De Wolf. Joint program with University of the Azores, Portugal l A.M. Frias Martins, C. Brito 
and R. Medeiros. The Natura! History Museum London l D. Reid. University of Leeds, U.K. l J. Grahame and P.J. Mill. 
Regional Technical College, Galway, lrcland lE. Gosling. 
SPECIES: Littorinidae (periwinkles), particularly Littorina striata (Mollusca, Gastropoda and Prosobranchia). 
PROJECT FUNDING: EU MAST-Ill program; PRAXIS (Portugal); graduate student grant by the IWT (Belgium); 
Joint Basic Research Project grant by the Fund for Scientific Research (Fianders). 
OBJECTIVE: Integrating population genetic and morphological variation for evolutionary research. Phylogeny of 
Littorinidae. 
METHODOLOGY: Electrophoresis of allozymes and radular myoglobins; random amplified polymorphic DNA; 
development of microsatellite DNA markers and Single Strand Conformation Polymorphisms (SSCP); DNA 
sequencing; morphometrics of shell features. 
STATUS: Undergraduate theses; ongoing program within MAST-IlL 

Study 2 
LABORATORYIRESEARCHER: Royal Belgian Institute of Natura! Sciences, Brussels l T. Backeljau. In 
collaboration with the University of Vigo, ES l T. Willems, J. Troncoso and A. Sanjuan. University of the Azores, P l 
A.M. Frias Martins and C. Brito. 
SPECIES: Anemia salina, Rotifera. 
PROJECT FUNDING: Own funding. 
OBJECTIVE: Gene tie characterisation of strains of Artemia salina and Rotifera. 
METHODOLOGY: DNA fingerprinting (RAPD and AFLP). 
STATUS: Under development. 
COMMENTS: Funding requested. 

Study 3 
LABORA TORY IRESEARCHER: Katholieke Universiteit Leuven, Zoologi ca! Institute, Leuven l F. Volckaert. 
SPECIES: European eel (Anguilla anguilla). 
PROJECT FUNDING: Own funding. 
OBJECTIVE: Population structure, including gene flow and selection. 
METHODOLOGY: DNA microsatellites and mitochondrial DNA sequence variation, allozymes. 
STATUS: several publications in progress. DNA microsatellite primers published in Animal Genetics (1997). 

Study 4 
LABORATORYIRESEARCHER: Katholieke Universiteit Leuven, Zoological Institute, Leuvcn l F. Volckaert andE. 
Gysels. 
SPECIES: Gobies (Pomatoschistus minutus, P. microps and P. lozanoi). 
PROJECT FUNDING: IWT (Fiemish research fund for applied research) and Belgian Ministry of Science Affairs 
(project "Sustainable development of the North Sea"). 
OBJECTIVE: Characterisation of the population structure of three sympatric populations of gobies along the European 
continental shelf, including gene flow and selection. 
METHODOLOGY: Allozyme electrophoresis and mitochondrial DNA sequence variation and polymorphisms. 
STATUS: Ph.D. project and graduate thesis in progress; project is open-ended; we welcome collaboration. 
COMMENTS: collaboration welcome 

Stody 5 
LABORATORYIRESEARCH: Katholieke Universiteit Leuven, Zoological Institute, Leuven l F. Volckaert and T. 
Huyse. 
SPECIES: Monogenea: Gyrodactylus sp. and their goby (Pomatoschistus) and stickleback (Gasterosteus) hosts. 
PROJECT FUNDING: IWT (Flemish research fund for applied research) and Belgian Ministry of Scientific Affairs 
(project "Sustainable development of the North Sea"). 
OBJECTIVE: Co-evolution between parasites of genus Gyrodacty/us and Pomatoschistus hosts. 
METHODOLOGY: Phylogenetic characterisation of ITS nuclear region and phylogeographic charactcrisation with 
sequence variation at CO! mitochondriallocus. 
STATUS: Ph.D. project in progress; project is open-ended; we wclcomc collaboration. 
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Study 6 
LABORATORYIRESEARCH: Katholieke Universiteit Leuvcn, Zoological Institute, Leuven l F. Volckaert and Il 
other teams (Coordinator: B. Chatain, IFREMER, Palavas-les-Flots, Franco). 
SPECIES: Sea bass (Dicentrarchus labrax). 
PROJECT FUNDING: EU -Concerted Action (DGXIV). 
OBJECTIVE: To establish a concerted programme for strain testing of sea bass. 
METHODOLOGY: Informal and formal meetings, rcports. 
STATUS: In progrcss sincc 01.01.98. 

Study 7 
LABORATORYIRESEARCH: Katholieke Universiteit Leuven, Zoological Institute, Leuven l F. Volckaert. 
SPECIES: Dover Sole (Solea solea). 
PROJECT FUND ING: Bel gi an Mini stry of Scientific Affairs (project "Sustainable development of the North Sea). 
OBJECTIVE: To detail gene flow throughout the natura! range. 
METHODOLOGY: Charactcrisation of the mitochondrial DNA genome by means of RFLP analysis and sequencing. 
STATUS: In pro gress. 
COMMENTS: Biopsics of 30 mature fish from spawning grounds are welcome. 

Study 8 
LABORATORYIRESEARCH: Agricultural Rescarch Centre-Ghcnt, Department of Sea Fisheries, Oostende. 
SPECIES: Flatfishes initial! y, later on all seafood or seafood products. 
PROJECT FUNDING: Own funding. 
OBJECTIVE: To develop DNA -based methods for authentication of commercially important spccies (unprocessed 
and processed). 
METHODOLOGY: RAPD, SSCP and AFLP. 
STATUS: Project started in September 1997. 
COMMENTS: The project ai ms at the development of reliable, reproducible, cheap and easy DNA techniques suitable 
to construct a database. 

Study 9 
LABORATORYIRESEARCH: Department Sea Fisheries, Oostcndc l D. Dclbare and R. De Clerck. Joint project 
with: CEFAS Fishcrics Laboratory, Lowestoft, United Kingdom l R. Millncr, and the Danish Institute for Pisheries 
Research (DIFMAR), Charlottenlund, Denmark l M. Winter. 
SPECIES: Scophtha/mus rhombus (brill) (Pisces, Pleuronectiformes). 
OBJECTIVE: To describe the stock structure of the brill in relation to fisheries, by comparison of biological 
parameters (growth,·sex. ratio, age ofmaturity, stage ofmaturity, and gonadosomatic index:) and genetic variation. 
METHODLOGY: Mitochondrial DNA sequencing of the control region. 
ST A TUS: Project in pro gress. 

Study lO 
LABORATORYIRESEARCH: RIVO-DLO, !Jmuiden, The Nclhcrlands l H. Heesen. Department of Sea Fishcries, 
Oostende lE. Ongenae, D. Delbarc and R. De Clcrck. 
SPECIES: Psetta maxima (turbot) and Scophthalmus rhombus (brill) (Pisces, Pleuronectiformes). 
PROJECT FUND ING: European Commission, Directorate General XIV Fisheries. 
OBJECTIVE: Preliminary assessments of two important by-catch species to provide data on mortality and recruitment 
combined with the precise identification of u ni ty stocks. 
METHODOLOGY: Milochondrial DNA sequencing of the control region, SSCP and AFLP. 
STATUS: Project started on 01.01.98. 
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CANADA 

·Study l 
LABORATORYIRESEARCHER: NRC Institute for Marine Biosciences, Halifax l S. Douglas, project lcadcr. Marine 
Gene Probe Laboratory, Dalhousie University l D. Cook. 
SPECIES: Pleuronectes americanus, winter flounder. 
PROJECT FUND ING: NRC core budget. 
OBJECTIVE: Microsatellite DNA markers are being obtained to assist in estimating genetic divergence of wild stocks 
and to aid in future broodstock selection in aquaculture. 
DESIGN: Fish were sampled from various fishing areas around Nova Scotia, Canada. 
METHODOLOGY: Microsatellites are being cloned and sequenced from genomic DNA and primcrs are designed to 
amplify spccific microsatellites by PCR. The products are resolved on an automated DNA sequencer. 
STATUS: Research largely complcted. Data being prepared for publication. 

Study 2 
LABORATORYIRESEARCHER: NRC Institute for Marine Biosciences, Halifax l S. Douglas and M. Reith, projcct 
leaders. 
SPECIES: Pleuronectes americanus, winter flounder. 
PROJECT FUND ING: NRC core budget. 
OBJECTIVE: Establishment of an EST database from winter flo under. 
DESIGN: DNA libraries established from a number of tissues of a winter floum.lcr. 
METHODOLOGY: Random cDNA cloncs from several winter flounder libraries (pyloric caeca, intestine and spleen) 
are bcing scqucnccd and idcntified by comparing against the genetic databases. This identifies clones containing 
sequences of highly expressed genes and gives valuable information regarding codon usage (necessary for design of 
PCR primers). The EST data provides a staning point for isolating genes and for genome mapping in this organism. 
STATUS: Currently approximately 1200 ESTs in the database from the following libraries: stomach, pyloric caeca, 
spleen, intestine and pancreas. Project is suspended at this point due to Jack of funding to proceed further. 

Study 3 
LABORATORYIRESEARCHER: NRC Institute for Marine Biosciences, Halifax l S. Douglas projcct lcader. 
SPECIES: Pleuronectes americanus, winter flounder. 
PROJECT FUNDING: NRC core budget. 
OBJECTIVE: Ontogeny of digestive enzyme activity in teleost fish. 
DESIGN: c DNA clones are isolated from gut tissues of winter flounder and u sed to pro be express ion patterns. 
METHODOLOGY: Portions of genes are amplified by PCR using primers based on conserved motifs. Genes are 
sequenced and used to develop assays for gene expression (molecular and microscopic). 
STATUS: Probes for several genes related to the digestion process have been prepared and conditions for probing 
tissue slices and examining these by microscopy have been established. The work is ongoing. 

Study 4 
LABORATORYIRESEARCHER: NRC Institute for Marine Biosciences, Halifax l S_ Douglas projcct leader. 
SPECIES: Pleuronectes americanus, winter flounder. 
PROJECT FUND ING: NRC core budget. 
OBJECTIVE: lnvestigation of malpigmentation in tlatfish using molecular biological techniques. 
DESIGN: The gene for a critical enzyme in the biochemical pathway leading to melanin is being cloned. 
METHODOLOGY: Portions of the gene are being amplified by PCR using primers based on conserved motifs. The 
gene will be sequenced and used to assay expression at the molecular leve!. 
STATUS: In progress. Little progress was made on this project during the past year, partly due to lack of time. It is 
being continued in the current year, pending review of IMB research priori ties. 

Study S 
LABORATORYIRESEARCHER: NRC Institute for Marine Biosciences, Halifax (NRC). Depanment of Fisheries 
and Oceans (DFO). C.J. Bird (NRC) andE. Kenchington (DFO) project leaders. 
SPECIES: Placopecten =gellanicus (sea scallop), other scallops (Chlamys, Pecten, Argopecten, Crassodot1Ul), 
oysters (Ostrea edulis (European oyster), Crassostrea (mussels Mytilus sp.), clams (Mactromeris). 
PROJECT FUND ING: NRC and DFO core budget. 
OBJECTIVE: Genetic discriminants and markers for bivalves. 
DESIGN: DNA samples are being examined for animals from a number of locations. 
METHODOLOGY: Microsatellites and nucleotide sequences of ribosomal RNA genes (including their internal 
transcribed spacers) are being evaluated as discriminants of taxa and populations. Microsatellites in particular are 
valuable for labelling pedigreed broodstock and checking the provenance of aquacultured stocks. DNA nucleotide 
sequence is less sensitive intraspecifically but provides a measure of species relatedness. 
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STATUS: Rcsearch ended. Papers are being drafted .. 

Study 6 
LABORATORYIRESEARCHER: NRC Institute for Marine Biosciences, Halifax l M. Ragan, project leader. Atlantic 
Veterinary College, Charlottetown l R. Cawthorn). St Mary's University, Halifax l T. Rand. DFO Nanaimo l M. Kent. 
SPECIES: Various protists parasitic in salmon and other marine fish, and in lobsters. 
PROJECT FUND ING: NRC core budgct for the most part, grant funding is received by collaborators. 
OBJECTIVE: Characterisation of protistan parasites of fish and shellfish using sequence data from nuclear ssu-rRNA 
genes; consideration is being given to genomic sequencing of a selected parasite if funding can be obtained. 
DESIGN: DNA samples are being obtained for a variety of protist parasites 
METHODOLOGY: Characterisation of protistan parasites of fish and shelltish using sequence data from nuclear ssu
rRNA genes. Design and application of oligonuclcotide probcs for detection of protistan parasites. Molecular (DNA
and protein-level) characterisation of protistan parasites of economic importance in aquaculture. 
STATUS: Most of this work has bccn publishcd and new targets have been identified for further work. 

Study 7 
LABORA TORYIRESEARCHER: NRC Institute for Marine Biosciences, Halifax l M. Reith, project leader. 
SPECIES: Pleuronectes americanus, winter floundcr, othcr marine fish species. 
PROJECT FUND ING: NRC core budget. 
OBJECTIVE: To undertake a search for sex-linked DNA markers in flatfish. 
DESIGN: Various cDNA markers isolated from reproductive and other tissues of male and female flounder are being 
isolatcd and compared for expression and for segregation iri male and female fish. 
METHODOLOGY: Molecular biology tools are heing used to obtain probes !hat reveal polymorphic loci and to 
examine segregation of thcsc all eies in male and female fish (test for linkage with sex~determining locus). 
STATUS: This project has been set aside for the time heing. Scvcral approaches aimed at identifying sex-specific 
markers were tried but none-successfully. · 

Study 8 
LABORATORYIRESEARCHER: NRC Institute for Marine Bioscienccs, Halifax l M. Ragan, project Ieader. DFO 
Nanaimo l M. Kent. 
SPECIES: Selected microsporidian protists parasitic in salmon and other marine fish. 
PROJECT FUND ING: NRC and DFO core budgets. 
OBJECTIVE: Charactcrisation of protistan parasites of fish and shellfish using sequence data from random genomic 
fragments; fund ing for more extcnsivc gcnomic sequenciTig of a selected parasite is being sought. 
DESIGN: DNA samples are being obtained for targct parasites. 
METHODOLOGY: Partial characterisation of protistan parasitcs of fish using DNA sequence data. Design and 
application ·of oligonucleotide probes for detection of protistan parasites and search for potential targets for 
therapeutants. 
STATUS: All attempts to get clean parasite DNA were unsuccessful. All salmon tested were multiply infected with 
more than onc of the targct parasitc spccics. This study will he revisited once a method for getting "dean" .parasite 
material has bcen obtained. 

Study 9 
LABORATORY/RESEARCHER: NRC Institute for Marine Bioscicnccs, Halifax l M. Ragan, project leader. Natura! 
History Museum, London, UK l M. Embley. 
SPECIES: Selected microsporidian protist parasitic in marine fish. 
PROJECT FUND ING: NRC core budgets and European grant money (for Embley). 
OBJECTIVE: Characterisation of the parasite using sequence data from ESTs; funding for more extensive genomic 
sequencing of a selected parasite is being sought. 
DESIGN: cDNA samples are being sent to Halifax for sequencing. 
METHODOLOGY: Partial characterisation of protistan parasites of fish using DNA sequence data. Design and 
application of o1igonucleotide probes for· detection of protistan parasites and search for potential targets for 
therapeutants. 
STATUS: Moving ahead very well. Scveral hundred EST's were obtained and the project is moving tOwards random 
sequencing of some genomic clones as the cDNA library is now yie1ding mostly repeats of previously obtained ESTs. 

Study 10 
LABORA TORY /RESEARCHER: NRC Institute for Marine Biosciences, Halifax l M. Reith project leader. 
University of New Brunswick l C. McGowan and T. Benfy. 
SPECIES: Atlantic halibut. 
PROJECT FUNDING: NRC core budgetand strategic NSERC grant. 
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OBJECTIVE: Microsatellite DNA markers are being obtained to assist in estimating genetic divergence of wild stocks 
and to aid in future broodstock sclection in aquaculture. 
DESIGN: Initial fish were taken from broodstock at DFO St. Andrews; others to be added. 
METHODOLOGY: Microsatellites are being cloned and sequenced from genomic DNA and primers are designed to 
amplify specific microsatellites by PCR. The products are resolved on an automated DNA sequencer. 
STATUS: Several useful markers have been characterised and used to make an initial assessment of an Fl population 
deri ved from matings of the broodstock. An initial manuscript describing this work has been submitted for publication. 

Study 11 
LABORATORY/RESEARCHER: NRC Institute for Marine Bioscicnces, Halifax l S. Johnson (project leader), V. 
Ewart and N. Ross. 
SPECIES: Lepeophtheirus salmonis (sea louse on salmon host). 
PROJECT FUNDING: NRC core budget and NRC- NSERC grant. 
OBJECTIVE: ldentification of proteins that are potential therapeutic targets or vaccine autogen candidates. 
METHODOLOGY: Random cDNA cloncs from a sea louse library are being sequenced and identified by comparing 
against the genetic databases. This identifies clones containing sequences of highly expressed genes. The library is also 
being probed for spccific target genes such as proteases that might play a role in sea lice moditication of salmon 
mucous. 
STATUS: Scvcral interesting EST's have been identified for further study. 

Study 12 
LABORATORYIRESEARCHER: NRC Institute for Marine Biosciences, Halifax l L. Brown (project leader) and C. 
Sen sen. 
SPECIES: ISA V (ISA virus on salmon host). 
PROJECT FUND ING: NRC core budget. 
OBJECTIVE: Genomic sequencing of a local strain of this virus with a view to identifying targets for lhcrapcutants or 
vaccines. 
METHODOLOGY: The virus genome will be sequenced using standard genome sequencing techniques. 
STATUS: In progrcss. 

Study 13 
LABORATORY/RESEARCHER: NRC Institute for Marine Biosciences, Halifax l M. Ragan, projcct leader. DFO, 
Moncton l S. McGladdery. 
SPECIES: QPX. 
PROJECT FUND ING: NRC and DFO core budgets. 
OBJECTIVE: ldentification of the QPX organism and development of a diagnostic probe for the prescncc of the 
organism. 
METHODOLOGY: Comparison of protistan parasites of fish and shellfish using sequence data from nuclear ssu
rRNA gcnes. Design and application of oligonucleotide probes for detection of the Quahog parasite. 
STATUS: Beginning. 

Study 14 
LABORATORY/RESEARCHER: Marine Gene Probe Lab., Dalhousie University, Halifax l C. Taggart, D. Ruzzante, 
D. Cook and S. Lang. 
SPECIES: Gadus morhua (Atlantic cod). 
PROJECT FUND ING: Canadian Dept. of Fisheries and Oceans. 
OBJECTIVE: To define discrete stocks in the Gulf of St. Lawrence and approaches, and to determine relative 
contributions of the individual stocks to the mixed populations on feeding grounds 
DESIGN: Samples collected from areas suspected to be discrete stocks throughout Gulf of St. Lawrence and 
approaches during spawning aggregation and samples collected from several areas on feeding grounds. 
METHODOLOGY: Blood samples collected from fish and preserved in alcohol, all information regarding collection 
area and individual fish collected. DNA extracted from preserved blood and assayed for six microsatellite loci as 
described: CJFAS 51: 1959-1966, 1994. Analysis of results of microsatellite assays for spawning aggregations similar to 
methods described: CJFAS 53:634-645, and samples from feeding grounds assayed at the same loci. Based on results 
from these assays attempts will be made to assign specific components of the mixed stock to previously characterized 
spawning groups. 
STATUS: First phase of project complete, all samples have been collected and lab work completed. At this stage 
several stocks have been defined. Further collections of spawning stocks and mixed stock have been made and 
laboratory work on new samples is complete, analysis of results for temporal stability and also for mixed stock anal y sis 
is now underway. 
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Study 15 
LABORATORYIRESEARCHER: Marine Gene Probe Lab., Dalhousie University, Halifax l D. Cook, D. Ruzzante, 
S. Lang and C. Taggart. 
SPECIES: Gadus morhua (Atlantic cod); Gadus ogac (Greenland cod): Boreogadus saida (Arctic cod). 
PROJECT FUND ING: Canadian Dept. Fisheries and Oceans. 
OBJECTIVE: To determine the utility of microsatellites to identify listed species larvae in areas, which may be mixed 
spawning grounds. 
DESIGN: Identified adults of listed specics assayed on 14 candidate microsatellites to determine allelic distributions 
and accuracy of identification of various spccics based on alle le size. 
METHODOLOGY: Blood of fin clip samples as available collected from three species, DNA extracted and run on all 
microsatellites available. 
STATUS: Data has been collected from approximately 5,000 adult Atlantic end (for other purposes) data collection 
complete for Arctic cod and is presently being collccted for Grcenland end. To date results have shown identification of 
Arctic cod wilt be 100 % accurate, results for Greenland cod show that approximatcly 30 % of known Greenland cod 
cannot be distinguished beyond a 80 % probable le vel, differences do exist but there is low probability. of northem eod 
showing these profiles so identity is not unique. 

Study 16 
LABORATORYIRESEARCHER: Marine Gene Probe Lab., Dalhousic University, Halifax l D. Ruzzante, D. Cook 
and C. T aggart. 
SPECIES: Gadus morhua (Atlantic cod). 
PROJECT FUND ING: Canadian Dept. Fisheries and Oceans. 
OBJECTIVE: To determine whether or not there is evidence of genetic differentiation between Spring and Fall 
spawning cod populations on the Scotian Shelf. 
STATUS: In pro gress. 

Study 17 
LABORATORYIRESEARCHER: Marine Gene Probe Lab., Dalhousie University, Halifax l D. Ruziante, D. Cook 
and C. Taggart. 
SPECIES: Gadus morhua (Atlantic cod). 
PROJECT FUND ING: Canadian Dept. Fisheries and Oceans. 
OBJECTIVE: Larva! cod aggregations on the Scotian Shelf and off Newfoundland: source-sink populations. 
STATUS: In progress. 

Study 18 
LABORATORYIRESEARCHER: Marine Gene Probe Lab., Dalhousie University, Halifax l D. Ruzzantc, D. Cook 
and C. Taggart. US l D. Townsend and l. Kornfield. 
SPECIES: Gadus morhua (Atlantic cod). 
PROJECT FUNDING: NSF. 
METHODOLOGY: Comparative analysis of larvae known to originate on Browns or Georges Bank, and of larvae 
which may have been carried from Browns to Georges with microsatellites and anonymous nuclcar markcrs. 
OBJECTIVE: Larva) exchange between Georges Bank and Browns Bank. 
STATUS: Samples of spawning adults from Georges and Browns Banks have been collected to confirm tempora! 
stability of observed differences. Larvae and juveniles have been obtained from Browns Bank to establish identity of 
potential donor stock during the last episodic flux. 

Study 19 
LABORATORYIRESEARCHER: Marine Gene Probe Lab., Dalhousic University, Halifax l D. Ruzzante, D. Cook 
and C. Taggart. 
SPECIES: Gadus morhua (Atlantic cod). 
PROJECT FUNDING: Canadian Dept. Fisheries and Oceans. 
OBJECTIVE: Assessment of histotical DNA from cod populations in the NW Atlantic. 
METHODOLOGY: DNA is extracted from archived otolith collections. 
STATUS: Laboratory work complete analysis in progress. 

Study 20 
LABORATORYIRESEARCHER: Marine Gene Probe Lab., Dalhousie University, Halifax l D. Cook, A. 
Macpherson and C. Taggart. 
SPECIES: Capclin. 
PROJECT FUND ING: Canadian Dept. Fishcrics and Oceans. 
OBJECTIVE: Development of dinucleotide and tetranucleotide pro bes for capclin. 
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STATUS: New project. 

Study 21 
LABORATORY!RESEARCHER: Marine Gene Probe Lab., Dalhousie University, Halifax l D. Cook and C. Taggart. 
SPECIES: Shark species. 
PROJECT FUNDING: FAO. 
OBJECTIVE: Development of species identification markers for shark specics. 
STATUS: Anonymous markers have been developed which can distinguish all species of sharks testcd to date, now 
awaiting the collection of more species to expand the range. Methods have been developed to extract DNA from dried 
shark fins and speciation has been confirmed on these samples. 

Study 22 
LABORATORYIRESEARCHER: Marine Gene Probe Lab., Dalhousie University, Halifax l D. Ruzzante, D. Cook 
and C. Taggart. Memorial University of Newfoundland l S. Goddard. 
SPECIES: Gadus morhua (Atlantic cod). 
PROJECT FUND ING: Canadian Dept. Fisheries and Oceans. 
OBJECTIVE: Gene tie differences between inshore and offshore Atlantic cod (Gadus morhua) off Newfoundland. 
METHODOLOGY: Microsatellite markers, blood antifreeze level (to assign overwintering location as inshore or 
offshore). 
STATUS: There are two papers published on this subjcct: The first describes evidence of gcnctic structure between 
inshore and offshore cod off Newfoundland (Ruzzante et al. 1996 CJFAS 53:634-645). The second provides evidence 
of tempora! stability of the genetic structure at the scale of 2 to 4 years (Ruzzante et al. 1997 CJFAS 54:2700-2708). 

Study 23 
LABORATORYIRESEARCHER: Marine Gene Probe Lab., Dalhousie University, Halifax l D. Ruzzante, D. Cook 
and C. Taggart. 
SPECIES: Gm/us morhua (Atlantic cod). 
PROJECT FUND ING: Canadian Dept. Fishcrics and Oceans. 
OBJECTIVE: The genetics of a larva) cod aggregation and genetic identification of a larval cohort in relation to same 
oceanographic featurcs (Gyre-like eddies) are determined. 
METHODOLOGY: Six microsatellite DNA loci were assessed for polymorphism. 
DESIGN: Cod larvae were sampled repeatedly over a 3-week period from an aggregation on Western Bank. 
STATUS: There is one paper published on this subject: Ruzzante et al. 1996 CJFAS 53:2695-2705. 

Study 24 
LABORATORYIRESEARCHER: Marine Gene Probe Lab., Dalhousie University, Halifax l D. Ruzzante, D. Cook 
and C. Taggart. 
SPECIES: Gadus morhua (Atlantic cod). 
PROJECT FUND ING: Canadian Dept. Fisheries and Oceans. 
OBJECTIVE: To describe broad and tine-scale genetic structure among cod populations in the NW Atlantic. 
METHODOLOGY: Microsatellite markers. 
STATUS: There are two papers on this topic: the first (Bentzen et al. 1996 CJFAS 53:2706-2721) describes evidence 
of genetic structure at ocean basin and continental shelf scales. Anothcr manuscript has been provisionally accepted in 
Molecular Ecology (Ruzzante et al.) describing emcrging cvidcncc of gene tie structure among cod populations from 
throughout the species range in the NW Atlantic in relation to oceanographic features (gyre-like circulations or eddies 
that might act as retention mechanisms for eggs and/or larvae) and spatio-temporal differences in peak spawning time. 

Study 25 
LABORATORY/RESEARCHER: Marine Gene Probe Lab., Dalhousie University, Halifax l D. Ruzzante. 
SPECIES: Gadus morhua (Atlantic cod). 
PROJECT FUND ING: Canadian Dept. Fisheries and Oceans. 
OBJECTIVE: A comparison of scveral measures of gene tie distance and population structure with microsatellites. 
METHODOLOGY: Microsatellite markers. 
STATUS: This work is now published D. Ruzzante (1998, CJFAS 55(1)). 

Study 26 
LABORATORYIRESEARCHER: Marine Gene Probe Lab., Dalhousie University, Halifax l D. Ruzzante, D. Cook, 
T. McParland, and C. Taggart. 
SPECIES: Gadus morhua (Atlantic cod). 
PROJECT FUND ING: Canadian Dept. Fisheries and Oceans. 
OBJECTIVE: Gene tie identification of inshore/offshore cod stock components in the Newfoundland region. 
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METHODOLOGY: Microsatellite markers. 
STATUS: Samples have been collected from Bay populations and from offshore populations in the same areas, 
laboratory processing of samples is complete and analysis is underway. 

Study 27 
LABORATORYIRESEARCHER: Marine Gene Probe Lab., Dalhousie University, Halifax l D. Cook, A. 
Macphersonand C. Taggart. 
SPECIES: Clupea harengus harengus (Atlantic herring). 
PROJECT FUND ING: Pelagic Research Council. 
OBJECTIVE: To dcfine the population, genetic, structurc of the Atlantic herring in the Scotia Fund y region, and to 
re late the structure or Jack there of to the knoWn oceanographic patterns in the area. 

Study 28 
LABORATORYIRESEARCHER: Marine Gene Probe Lab., Dalhousie University, Halifax l D. Cook, S. Lang and C. 
Herbinger. NRC Institute for Marine Biosciences, Halifax l S. Douglas, project Jeadcr. 
SPECIES: Pleuronectes americanus, winter flounder. 
PROJECT FUNDING: MGPL core budget. 

OBJECTIVE: Microsatellite DNA markers are be ing obtaincd- to assist in es ti mating genetic divergence of wild stocks 
and to aid in· fu ture broodstock selcction in aquaculturc. 
DESIGN: Samples have heen collccted from along the Scotian Shelf, Saint Mary's Bay and Georges Bank 
METHODOLOGY: Dinuclcotidc microsatellites have been cloned and sequenced from genomic DNA and primers 
designed to amplify specific microsatellites by PCR. The products are resolved on an automated DNA sequencer. 
STATUS: Microsatellites have been developed and laboratory work is complete, analysis is undcrway. 

Study 29 
LABORATORYIRESEARCHER: Institut Maurice-Lamontagne, Ministere des Pcches et des Oceans, Mont-Joli l J.
M. Sevigny and B. Sainte-Marle. 
SPECIES: Snow crah (Chionoecetes opilio). 
PROJECT FUND ING: Dcpartment of Fisheries and Oceans. 
OBJECTIVE: (l) Description of the population structure in the Northwest Atlantic; (2) Description of inter-cohort 
genetic variability. 
DESIGN: (l) Mature males of different size classes were sampled at several siles in the Gulf of St. Lawrence and the 
Atlantic. (2) Several cohorts eollected at the same sampling site are being analysed. 
METHODOLOGY: Morphometry, allozyme, mtDNA, microsatellite DNA_ 
STATUS: Description of the population structure and inter-cohort variability is ongoing. 

Study 30 
LABORATORYIRESEARCHER: Institut Maurice-Lamontagne, Ministere des Pcchcs et des Oceans, Mont-Joli lB. 
Sainte-Marie, A. Rondeau and J.-M. Sevigny. Departement des Scicnccs Animales, Universite McGill, Sainte-Anne-de
Bellevue l N. Urbani and U. Kuhnlein. Departement de pathologie et biologie cellulaire, Universite de Montreal l G. 
Sainte-Marie. 
SPECIES: Snow crab (Chionoecetes opilio). 
PROJECT FUND ING: Department of Fisheries and Oceans. 
OBJECTIVE: Study of the snow crab mating system. 
DESIGN: Mating system is being studied under laboratory and field conditi"ons. Experiments describing the behaviour 
of males matcd noncompetitively and compctitivcly are carried out. Paternity is also determined under laboratory and 
field eondition. 
METHODOLOGY: Microsatellite DNA, histology. 
STATUS: Both wild and laboratory primiparous females commonly mated with several males whose ejaculates are 
stored and stratified in the spermathecae. Genetic typing of the offspring revealed single paternity and indicated that the 
last mate to inseminate the female befare oviposition gained paternity of the clutch. The ficld study and laboratory 
experiments on mating behaviour are ongoing. 

Study 31 
LABORATORYIRESEARCHER: Institut Maurice-Lamontagne, Ministere des Peches et des Oceans, Mont-Joli. J.
M. Scvigny, M. Black and A. Valentin. Departement de Biologie, Universitc Lava!, Quebec l L. Bernatchez and S. 
Roques. 
SPECIES: Sebastes sp. 
PROJECT FUNDING: Department ofFisheries and Oceans. 
OBJECTIVE: Species and stock discrimination in the North west Atlantic. 
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DESIGN: Redfish samples are being collected at several sites from the Gulf of Mai ne to Labrador Sea. Molecular 
markers are being developed for species and stock discrimination. Morphomctric analyses is also used for species 
identification in the Gulf of St. Lawrence. The project is carried out in collaboration with Dr. G. Naevdal and T. 
Johansen of Bergen University. 
METHODOLOGY: Allozyme, mtDNA, rDNA and microsatellite DNA. 
STATUS: Ongoing. 

Study 32 
LAB ORA TORYIRESEARCHER: Ministere l' Agric ul ture, des Pecheries et de l' Alimentation du Quebec l B. 
Myrand. Departement de Biologie, Universite Lava!, Quebec l R. Tremblay. Institut Maurice Lamontagne, Ministere 
des Peches et des Oceans, Mont-Joli l 1.-M. Sevigny. 
SPECIES: Blue musse! (Mytilus edulis). 
PROJECT FUND ING: Ministere l' Agriculture, des Pecheries et de l' Alimentation du Quebec. 
OBJECTIVE: Assess the impacts of musse l farrning practices on wild musse l populations in Magda! en Island lagoons. 
DESIGN: Gene tie variation of wild stocks of different lagunes of the Magda! en Islands is described and compared with 
the variability detected in mussel cultivated under various regimes of density. Bioenergctic and gcnctic parameters are 
also examined in relation to susceptibihty of blue mussels to summer mortality. 
METHODOLOGY: Allozyme, metabolic parameters. 
STATUS: Allozyme analyses have shown important diffcrcnce in hcterozygosities among the stocks of the Magdalen 
Islands. The stock showing the highest degree of multiple-locus heterozygosity is also the most resistant to summer 
mass mortality. The results support the hypothesis that high levels of heterozygosity are related with lower cost of 
maintenance. Ongoing. 

Study 33 
LABORATORYIRESEARCHER: Dept. Fisheries and Oceans, Canada, Northwest Atlantic Fisheries Centre, St. 
John's, Newfoundland l R. Penney (project leader). 
SPECIES: Blue musse! (Mytilus edulis), M. trossu/us. 
PROJECT FUND ING: DFO core funding. 
OBJECTIVE: l) Delineate existing edulis - trossulus proportions at conunercial musse) farms; Survey wild and 
cultured populations of edulis & trossulus for muhilocus allelic variation; explore relationships among multilocus 
genotype and phenotypic expression of commercially important characters. 
DESIGN: Multilocus genotype and shell morphometry data from twenty-five wild and fifteen culturcd populations 
have been sampled since 1994. A rearing experiment is ongoing at 3 farms. 
METHODOLOGY: Laboratory analysis using electrophoretic techniques is underway. Five isozymes are being used, 
MPI, GPI, PGM, ODH, and LAP. Samples are being classified to species using the MPI. 
STATUS: The initial survey is now complete. Results indicate trossulus mussels are widespread in occurrence 
throughout Newfoundland. Typically, most sites are a mix of edulis and trossulus types. Proportionally, edulis usually 
is the dominant species at most sites. There does not appear to be an y geographic separation of species nor are an y other 
distribution patterns apparent. Sites in close (< 5 km.) proximity have similar scales of genetic variation as was found 
over the entire study area, a coastlinc of over 9600 km. Culture sites generally have proportionally more M. trossulus 
comparcd to wild sites. Significant inter- and intraspecific relationships have been found among multilocus genotype, 
shcll shape, and shell weight. The rearing experiment got underway in August, 1998. Its purpose is to determine 
whcther significant inter- and intraspecific relationships exist among multilocus genotype, growth, and survival. 

Study 34 
LABORATORYIRESEARCHER: Dept. Fisheries and Oceans, Canada, Northwest Atlantic Fisheries Ccntrc, St. 
John's, Newfoundland l R. Penney (project leader). 
SPECIES: Modiolus modio/us. 
PROJECT FUND ING: DFO core funding. 
OBJECTIVE: To determine the allozyme pallems of the horse musse! for comparison with Mytilus edulis and M. 
tross ul us. 
DESIGN: In 1997-98, 4 siles were sampled where M. modiolus grows either mixed with Mytilus species or 
immediately adjacent to Mytilus beds. 
METHODOLOGY: Allelic variation was studied at 7 loci: MPI, GPI, PGM, LAP, EST, AAP and AP. Electromorphs 
in M. modiolus were compared to known electromorphs of Mytilus spp. 
STATUS: This study was completed in 1998. We were unable to adequately resolve MPI for M. modiolus. 
Electromorph patterns at the GPI locus are virtually 100% diagnostic for discriminating M. modiolus from Mytilus spp. 
Other loci were partially diagnostic. This technique has potential applicability as a screening tool to identify M. 
modiolus individuals among mixed species spat cohorts. 
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Study 35 
LABORATORY/RESEARCHER: Dept. Fisheries and Oceans, Canada, Northwest Atlantic Fisheries Centre, St. 
John's, Newfoundland l R. Penney (project leader), F. Corbett. Thimble Bay Farms Ltd. l T. Mills. 
SPECIES: Placopecten magellanicus. 
PROJECT FUNDING: DFO core funding. 
OBJECTIVE: Bio-economic modelling of scallop famling. 
DESIGN: A pilot scale scallop production system was run during 1989-91 to determine appropriate input parameters to 
a bio-economic model. 
METHODOLOGY: The cffects of stocking density, intermediate.culling, nct mesh size, and spat grading on growth 
and survival were studied in structured cxpcriments at a comrnercial scallop farm. All labour, capita} costs, and 
operating costs were recorded. These data are extrapolated to simulate the startup and operation of a commcrcial scale 
farm. Economic viability of farming scallops is forccastcd using standard financial evaluation techniques of NPV and 
IRR. 
STATUS: Analysis of the growth and survival data from the pilot scale trials has been completed. Results from these 
analyses are now being used as input into the simulation modelling exercise. 

Study 36 
LABORATORYIRESEARCHER: Science Branch, Department of Fisheries & Oceans, PO Box 5667 St. John's, NF l 
V. Pepper (projectleader) and T. Nicholls. 
SPECIES: Atlantic salmon (Sa/mo salar). 
PROJECT FUNDING: Project implemented in 1989. Present funding: SCB Fisheries Limited. 1995: Department of 
Fisheries and Oceans, 1994: Atlantic Fisheries Adjustment Program, 1989: Newfoundland Inshore Fisheries 
Development Agreement. 
OBJECTIVE: To develop a native Newfoundland salmon stock for application to salmon farming under local industry 
conditions and evaluate the performance of this stock relative to the industry standard strain (Saint John River) of 
Atlantic salmon. 
DESIGN: P aralie! grow-out (OCR vs. SJR). Monthly sampling to document: growth (O); mortality (Z); biomass 
elaboration (0-Z); and Food Conversion Ratio. 
METHODOLOGY: Repeated measurement of performance and subsequent pedigree analysis of spawning history of 
each of the tWo salmpn stralns to establlsh brceding strategy for both strains. 
STATUS: - Grand Codroy performance was inferior for first gcncration aquaculture salmon. - Grand Codroy strain 
outperformed industry standard strain during second generation on growing. Industry interest in the GCR strain 
culminatcd in incubation of 1.6 million eggs in 1997 and further propagation of the line in the fall of 1998. Pedigree 
analysis of the OCR brood stock now has illuminated potential founder effects for which genetic strategy is being 
develuped. 

Study 37 
LABORA TORY IRESEARCHER: Science Branch, Department of Fisheries & Oceans, PO Box 5667 St. John 's, NF l 
V. Pepper (project leader), T. Nicholls. 
SPECIES: Atlantic sal mon (Salmo sa/ar). 
PROJECT FUND ING: Projcct implemented in 199 L Program complete 1998. Funding: SCB Fisheries Limited, 
1995. Atlantic Fisheries Adjustmcnt Program, 1994. Department of Fisheries & Oceans, 1991. Atlantic Fisheries 
Adjustment Program. 
OBJECTIVE: To transfer, adapt and demonstratc proccdurcs for development of non-maturing Atlantic salmon for use 
hy the Newfoundland salmon farming industry and to quantify the relative merits of non-maturing salmon relative to the 
industry standard strain (Saint John River) of Atlantic salmon. 
DESIGN: Parallel grow-out (all-female, triploid salmon vs. mixed-sex, diploid SJR). Monthly sampling to document: 
growth (0), mortality (Z). biomass elaboration (G-Z) and Food Conversion Ratio. 
METHODOLOGY: Pressure shock, blood sampling, flow cytometry. 
STATUS: Through the first cycle of estuarine performance cvaluation, all-female triploid salmon out performed all 
other salmon in the industry nct-pens. At the time of grading for marked, HOO weight for the triploid salmon was 28 % 
larger than for the control group of diploids. There were very few jaw- dcformities in this year-class. However, the 
second year-class of triploid salmon performed very poorly in the estuarine cagcs and suffered a high incidence of jaw 
deformities (53 % ), poor survival (37 % 3n vs. 68 % 2n) and inferior growth (i.e., final mean weight 90 % of the con tro! 
group mean). Industry has reacted to this Jack of cause-and,effect in.husbandry.practices by destroying the third cycle 
of triploid salmon during the hatchery phase of the life cycle. However, industry is continuing with an alternate strain of 
triploid salmon (Oaspe) from a commercial supplier to evaluate its performance in the Bay d'Espoir cstuarine fjord 
environment. 
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Study 38 
LABORA TORYIRESEARCHER: Dept. Fisheries and Oceans, Bedford Institute of Oceanography, Dartmouth, N.S.I 
E. Kenchington (contact) in collaboration with K. Freeman and A. Glass. St. Andrew's Biological Station, St. 
Andrew's, N.B.I S. Robinson. . 
SPECIES: Blue musse! (Mytilus edulis), M. trossulus. 
PROJECT FUNDING: DFO core funding; Biology Department, Dalhousie University, Halifax, Nova Scotia, Canada. 
OBJECTIVE: To determine whether musse! growers can optimise the proportion of M. edulis: M. trossulus spat on 
their collectors through seasonal and/or depth adjustments to their collection strategy. 
DESIGN: Spat were collected on replicate collector ropes put out and removed at spaced intervals over the spawning 
season. Another similar set of replicate lines were deployed at the beginning of the spawning season and removed at the 
end. Co11ectors were placcd at two sites in Nova Scotia, and one site in New Brunswick, where both musse! species 
werc idcntificd using molecular techniques. Individual spat were removed from the lines and spccics idcntifications 
(including hybrids) were made from three depth classes (l, 3, 5 m below surface). 
METHODOLOGY: An internally transcribed spacer (ITS) region of the nuclear rRNA gene array is amplilied and 
digested with Hha I to reveal diagnostic banding patterns with agarose gel electrophoresis. 
STA TVS: Sam p les from ane location have been full y identified and preliminary observations of the data suggest a 
strong depth preference bias in the field between these two species. A difference in the proportions of spat of the two 
species over time was also noted. The identification of spat from the second location is underway and we plan to repeat 
the field collection at one si te again in 1999 in order to evaluate the consistency of these results. 

Study 39 
LABORA TORYIRESEARCHER: Biology Dept., Dalhousie University, Halifax, Nova Scotia and Dept. Fisheries 
and Oceans, Bedford Institute of Oceanography, Dartmouth, N.S. l E. Kenchington (project leader) in collaboration 
with E. Zouros, L. Cao, Y. Shi, A. Glass and M. Cox. 
SPECIES: Blue musse! (Mytilus edulis), M. trossulus. 
PROJECT FUND ING: Natura) Sciences and Engineering Research Council of Canada. 
OBJECTIVE: To determine the rolc of mtDNA and its unique inheritance pattern (Dill) in sex determination and sex 
ratio. 
METHODOLOGY: The fate of sperm mitochondria in developing embryos of known pedigree (wrt sex ratio) is 
tracked using fluoresccnt markcrs and confocal microscopy. Various hypotheses concerning the replication advantages 
of different mitotypes present in these species are being addressed using immunological and molecular techniques. 
ST A TUS: Ongoing. 

Study 40 
LABORATORYIRESEARCHER: Institute of Marine Biology of Crete, Crete, Greece lE. Zouros. Dept. Fishcries & 
Oceans, Dartmouth, N.S./ E. Kenchington. NRC Institute for Marine Bioscienccs, Halifax l C. Bird. 
SPECIES: Placopecten magellanicus (sea scallop). 
PROJECT FUND ING: Natura! Sciences and Engineering Research Council (NSERC) of Canada; DFO core funds, 
NRC core funds. 
OBJECTIVE: Use of nuclear (microsatellite, cDNA) and mitochondrial DNA markers to measure genetic 
differentiation among commercial scallop beds and to producc supcrior strains for aquaculture or sea-ranching. 
Microsatellites in particular are valuable for labclling pedigreed broodstock and checking the provenance of 
aquacultured stocks. 
METHODOLOGY: Scallops have been collected from all of the commercial scallop beds on the Scotian Shelf, from 
St. Pierre Bank, NOd, the Gulf of St. Lawrence and the Virginia Capes (US). Separate year classes have been analysed 
from one bed to determine cohort effect. 
STATUS: A publication on the microsatellite markers appeared in the Journal of Shcllfish Research (December 1997). 
Final year. 

Study 41 
LABORATORYIRESEARCHER: Dept. Biology, Dalhousie University, Halifax lE. Zouros (project leader), L. Cao, 
Y. Shi. DFO, Dartmouth, N.S.I E. Kenchington. 
SPECIES: Blue musse) (Mytilus edulis), Mytilus rrossulus (Piacopecten magellanicus). 
PROJECT FUND ING: Natura) Sciences and Engineering Research Council (NS ER C) of Canada; DFO core funding. 
OBJECTIVE: Genetics of natura) and contained populations (stock discrimination, population structure, hybridisation 
and dispersal-genetic improvcment of stocks used in aquaculture ). 
METHODOLOGY: Molecular markers of nuclear and mitochondrial DNA, induction of triploidy, sex manipulation. 
STATUS: Ongoing. A large number of publications in primary research journals detailing mtDNA inheritance and sex 
determination in mussels, molecular genetics of natural populations of scallops and significance of enzyme variation for 
growth and viability in oysters and scallops. 
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Study 42 
LABORATORYIRESEARCHER: Dept. of Biochemistry, Memorial University, St. John's, Newfoundland l C 
M"Gowan and W. Davidson. 
SPECIES: Brown traut and Atlantic salmon. 
PROJECT FUNDING: NSERC 
OBJECTIVE: Genome mapping of Salmo species. 
DESIGN: Hybrid families have been produccd and segregation of alleles.at different loci is being examined. 
METHODOLOGY: Gene tie markers being examined include: RAPD, microsatellites and expressed scquence tags 
(cDNA's). 
STATUS: Six linkage groups have been identified to date for brown trout and five for Atlantic salmon This is an 
ongoing project. 

Study 43 
LABORATORYIRESEARCHER: Dept. ofBiology, Memorial University l S. Carr. Dept. of Biochemistry, Memorial 
University l W. Davidson. Dcpartmcnt of Fisheries and Oceans, St. John 's, Newfoundland l R. Bowering. 
SPECIES: Greenland halibut (turbot). 
PROJECT FUND ING: CCFL 
OBJECTIVE: Population structure of Greenland halibut in the North Atlantic. 
DESIGN: 40 turbot from 7 sampling sites across the North Atlantic were examined for genctic variation within and 
between samples. 
METHODOLOGY: Sequence analysis of a 400 bp region of the cytochrome b mitochondrial DNA was examined. 
STATUS: Complctcd. No evidcnce for genetic substructuring of turbot in the North Atlantic from as far apart as 
Norway and the Gulf of St. Lawrcnce. (Published in CJFAS Vis et al. 1997). 

Study 44 
LABORATORYIRESEARCHER: Dept. of Biology; Memorial University, St. John's, Newfoundland l S. Carr. 
SPECIES: Atlantic cod. 
PROJECT FUNDING: NSERC 
OBJECTIVE: Population structure of Atlantic cod. 
DESIGN: Many samples of cod from all over the North Atlantic have been examined for evidence of population 
structuring. 
METHODOLOGY: Mitochondrial DNA and microsatellites. 
STATUS: Ongoing project. 

Study 45 
LABORATORYIRESEARCHER: Stocks Assessment and Genetics Unit, Ontario Ministry of Natura! Rcsources, 
Maple l P.E. Ihssen and G.Wm. Martin. 
SPECIES: Atlantic salmon, aurora traut, brook trout, brown trout, Chinook salmon, traut, lake whitefish, coho salmon 
and rainbow trout. 
PROJECT FUND ING: Ontario Ministry of Natura! Rcsources (OMNR).. 
OBJECTIVE: Monitoring ofOMNR hatchcry stocks for maintenance ofgenetic variability. 
DESIGN: SuCcessiVe year cla.sses of hatchcry~rcared fish of the above species are monitored for approximately 50 
allozymc loci. In cascs wherc the phenotypes of the original parents wcrc determined, comparison is made with 
succeeding year classes to determine if the re has been a loss of gene tie variability. In the case of Atlantic s'almon, 
Chinook salmon and lake whitefish, garneres are colleded fiom wild fish. For all other specics, gametes are collected 
from hatchery brood stock. 
METHODOLOGY: Starch gel and cellulose acetate electrophoresis of cathodal and general muscle protein and 23 
allozyme systems. 
STATUS: Ongoing. 

Study 46 
LABORATORYIRESEARCHER: Dept. of Biochemistry, Memorial University, St. John's, Newfoundland l J. 
Johansen and W.S. Davidson. 
SPECIES: Arctic charr. 
PROJECT FUND ING: NSERC. 
OBJECTIVE: Marker assisted selection of broodstock. 
DESIGN: Fainilies have been produccd and association genetics is being carried out to relate microsatellite alleles with 
growth. 
METHODOLOGY: Genctic markers being examined are microsatellites. 
STATUS: In progress. 
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Study 47 
LABORATORYIRESEARCHER: Biology Department and Ocean Science Centre, Memorial University of 
Newfoundland, St. John's, Nfld.l D. Innes (project leader), Raymond, J. Thompson and J.E. Toro (Ph.D. student). 
SPECIES: Mytilus edulis, M. trossulus (mussels). 
OBJECTIVE: Physiology, ecology and genetics of the hybridising marine bivalve molluscs Mytilus trossulus and 
Mytilus edulis in Eastern Newfoundland. 
DESIGN: Dynamic and static cohort analysis will be carricd out. Rcproductive cycles and physiological variables 
determined in both species and their hybrids. 
METHODOLOGY: Mussels are collected subtidaly by SCUBA at four locations, located in Trinity Bay, eastern coast 
of Newfoundland, from November 1995 (after the spawning season). At each location, two sites will be sampled, one 
expo.sed to wavc action and another protected and sheltered. Species marker: A PCR-based nuclear species marker 
dcveloped by Heath et al. (1995), based on the internat transcribed spacer (ITS) regions bctwccn the ISS and 28S 
nuclear rDNA coding regions is applied in the present study. 
STATUS: In progress 

Study 48 
LABORATORYIRESEARCHER: Memorial University of Newfoundland l C. McGowan and W.S. Davidson. 
SPECIES: Atlantic salmon and brown traut. 
PROJECT FUND ING: Natura! Sciences and Engineering Research Council of Canada. 
OBJECTIVE: To develop a method to distinguish normal XY males from sex-reversed XX males. 
DESIGN: Screening a library of primers for an y that show differences in DNA fragment sizes after PCR amplification. 
METHODOLOGY: RAPD technique - randomly amplified polymorphic DNA based on screening a library of 
oligonucleotide primers (each l O base pair long) on DNA purified from male and fe male Atlantic salmon and brown 
tro ut. 
STATUS: Ongoing. 
COMMENTS: The RAPD technique has been used succcssfully to determine the sex of birds and plants. 300 to 400 
markers were tested on Arctic charr and brook trout but no sex specitic Marker was found. 

Study 49 
LABORATORYIRESEARCHER: Dept. Fisheries and Oceans, Aquaculture Division, Gulf Fishcrics Ccntre, 
Moncton l T. Landry (project leader) and T.W. Sephton. 
SPECIES: Mercenaria mercenaria (Bay quahaug), local wild species and aquaculture "notata" variety. 
PROJECT FUND ING: Can/NB/PEl Cooperation Agreement for Alternative Spccies Rcsearch. 
OBJECTIVE: Evaluate the growth, survival and production of seedstock from two sources of broodstock: l) F three 
broodstock from PEl, and 2) "notata" variety broodstock. 
DESIGN: Two source of seed are being compared in side by side replicated field trials at three locations in the southern 
Gulf of St. Lawrence for a two year growth experiment. 
STATUS: Second and final year. 

Study 50 
LABORATORYIRESEARCHER: Department of Anatomy and Cell Biology, University of Saskatchewan, Health 
Sciences Building, Saskatoon l P. Krone. 
SPECIES: Zebrafish (Danin rerio). 
PROJECT FUND ING: NSERC. 
OBJECTIVE: Regulation and rote of heat shock proteins (hsps) during normal embryonic development. Regulation 
and ro le of heat shock proteins in following exposure to environmental stress. 
DESIGN: Embryos at different stages of embryonic development are treated with the cnvironmcntal stressors (heat 
shock, etc.) and the corresponding morphological and molecular changes are assessed. Overexpression of hsps and 
dominant negative forms hsps and examination of subsequent effects on development as above. Pharmacological 
inhibition of hsp function and examination of subsequent effects on development as above. 
METHODOLOGY: Recombinant DNA techniques (cDNA doning, etc; whole mount in situ hybridisation for the 
examination of tissue specific patterns of gene expression; Northern and Southern blot analysis; microscopy (stereo, 
compound and compound wl DI C). 
ST A TUS: Projcct ongoing. 

Study 51 
LABORATORYIRESEARCHER: Department of Analomy and Cell Biology, University of Saskatchewan, Health 
Sciences Building, Saskatoon, Saskatchewan l P. Krone. 
SPECIES: Zebrafish (Danio rerio ). 
PROJECT FUND ING: Canadian Network of Toxicology Centres. 
OBJECTIVE: Assessment of molecular and cellular effects of endocrine-disrupting compounds on embryonic 
development. 
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DESIGN: Treatment of embryos with putative endocrine disrupting compounds and examination of subsequent 
. (morphological and molecular) impact on development. 
METHODOLOGY: Recombinant DNA techniques (cDNA cloning, etc; whole mount in situ hybridisation for the 
cxamination of tissue specific patterns of gene expression; Northcrn and Southern blot analysis; microscopy (stereo, 
compound and compound wl DIC). 
STATUS: Project ongoing. 

Study 52 
LABORATORYIRESEARCHER: Simon Fraser University, Dept. of Biological Scienccs, Burnaby lB. McKcown 
and S. Tang. 
SPECIES: Rainbow trout. 
PROJECT FUNDING: NSERC funded. 
OBJECTIVE: To characterise the SPARC (secreted protein acidic and rich in cystinc) and PLP (protcolipid protein) 
genes. 
DESIGN: Gene cloning and controls of expression. 
METHODOLOGY: Gene doning. 
STATUS: Project ongoing. 
COMMENTS: These genes have becn identified and sequenced. Expressions in various tissues and conditions have 
been found. 

Study 53 
LABORATORY/RESEARCHER: Simon Fraser University, Dept. of Biological Sciences, Burnaby l B. McKeown 
and K. Poon. 
SPECIES: Rainbow traut. 
PROJECT FUNDING: NSERC funded. 
OBJECTIVE: To characterise the ras oncogene. 
DESIGN: Gene cloning and controls of expression. 
METHODOLOGY: Gene doning. 
STATUS: Project ongoing. 
COMMENTS: This gene has bccn isolated and sequenced. Work is now continuing on controls of expression. 

Study 54 
LABORATORY/RESEARCHER: Simon Fraser University, Dept. of Biological Sciences, Burnaby lB. McKeown 
and K. Poon. 
SPECIES: Rainbow trout. 
PROJECT FUND ING: NSERC funded. 
OBJECTIVE: To identify the growth hormone receptor gene. 
METHODOLOGY: Gene cloning. 
STATUS: Project ongoing. 
COMMENTS: We are prcscntly in the process of trying to clone this gene. 

Study 55 
LABORATORYIRESEARCHER: Zoology Dept., University of Guelph, Guelph, Ontario l J.S. Balbntyne (project 
leader) with P.D.N. Hebert, E. Boulding and P. Wright 
SPECIES: Arctic charr. 
PROJECT FUNDING: NSERC Strategic Grant. 
OBJECTIVE: Enhancemcnl of Arctic charr aquaculture in Canada. 
STATUS: Project ongoing. 

Study 56 
LABORATORYIRESEARCHER: Sciences and Technology Dept., Lava! University, Quebec l J. de la Noue (projcct 
leader) with S.L. Scott. 
PROJECT FUND ING: NSERC Strategic Grant. 
OBJECTIVE: Enhanced oral delivery of microbial phytase. 
METHODOLOGY: Using novel pH-sensitive polymers to improve fish growth perfonnance and reduce phosphorus 
discharge from aquacu]ture production. 
STATUS: Projcct ongoing. 

Study 57 
LABORATORYIRESEARCHER: Oceanography Dept., University of Quebec, Rimouski l H.l. Browman (pr~ject 
leader). . . ' 
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PROJECT FUNDING: NSERC Research Grant. 
SPECIES: Cod (Gadus morhua). 
OBJECTIVE: Effects of solar ultraviolet radiation, maternal condition, quality and temperaturc on survivorship, 
growth and feeding performance of cod larvae. 
STATUS: Project ongoing. 

Study 58 
LA BORA TORY/RESEARCHER: Biology Dept., University of Ottawa, Ottawa, Ontario l F. Chapleau (project 
leader). 
PROJECT FUNDING: NSERC Research Grant. 
SPECIES: Flatfish. 
OBJECTIVE: Phylogeny and the evolution of li fe history traits in flatfishes. 
STATUS: Project ongoing. 

Study 59 
LABORATORY!RESEARCHER: Zoology Dept., University of Guelph, Guelph, Ontario l R.G. Danzmann (project 
leader). 
PROJECT FUNDING: NSERC Research Grant. 
SPECIES: Salmonids. 
OBJECTIVE: Gcnctics of dcvelopment, fitness and life-history variability in salmonid fishes. 
STATUS: Project ongoing. 

Study 60 
LABORATORYIRESEARCHER: Zoology Dept., University of Toronto, Toronto, Ontario l H.H. Harvey (project 
leader). 
PROJECT FUND ING: NSERC Research Grant. 
SPECIES: White sucker (Catostomus commersoni). 
OBJECTIVE: Phcnotypic plasticity and gcnctic polymorphism in the white sucker. 
STATUS: Projcct ongoing. 

Study 61 
LABORATORYIRESEARCHER: Zoology Dept., University of British Columbia, Vancouver, B.C. l J.D. McPhail 
(project leader). 
PROJECT FUND ING: NSERC Rcscarch Grant. 
SPECIES: Sticklebacks and charr. 
OBJECTIVE: Hybridisation, natura) selection and genetic divergence in sticklebacks and charr. 
STATUS: Project ongoing. 

Study 62 
LABORATORY/RESEARCHER: Faculty of Medicine, University of Ottawa, Ottawa, Ontario l M. Ekkcr (project 
leader). 
PROJECT FUND ING: NSERC Rescarch Grant. 
SPECIES: Zebrafish (Danio rerio). 
OBJECTIVE: Functional analysis of dlx homeoproteins in transgcnic zcbrafish cmbryos. 
STATUS: Project ongoing. 

Study 63 
LABORATORY!RESEARCHER: Department of Biological Sciences, University of Calgary, Calgary, Alberta l L. 
Gedamu (project leader). 
PROJECT FUNDING: NSERC Research Grant. 
SPECIES: Rainbow traut. 
OBJECTIVE: Rainbow traut metallothionein gene regulation. 
STATUS: Project ongoing. 

Study 64 
LABORATORY!RESEARCHER: Zoology Department, University of Manitoba, Winnipeg, Manitoba l R.A. 
McGowan (project leader). 
PROJECT FUND ING: NSERC Research Grant. 
SPECIES: Zebrafish (Danio rerio). 
OBJECTIVE: Dominance modification and genome imprinting in zebrafish; to investigate the role of methylation and 
the DNA methyltrasferase gene in zebrafish developmerit. 
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DESIGN: Brccding of transgcnctic zcbrafish to non-transgenetic mates and track the methylation and expression status 
of a variety of loci during early developmental stages of the zebratish in order to produce a developmental profile of 
methylation changes. Isolation of homologue of the DNA methyllransferase gene from zebrafish in order lo investigate 

· its role in earl y developmental decision making processes. 
METHODOLOGY: Variety of molecular techniques. Methylation is assaycd wilh the use of mclhylation-sensitive 
restriction enzymes and Southern blotting techniques. the isolation of genes is accomplished by using already cloned 
sequences from other species to identify homologous sequences in zebrafish cDNA libraries. 
STATUS: Project ongoing. 
COMMENTS: Wc have bccn able to cstablish that a parent-of-origin effect is evident in these fish at the level of a 
transgene locus. We are now attempting to evaluate endogenous loci. The mcthylation analyses are fairly preliminary 
but results are very promising. 

Study 65 
LABORATORY/RESEARCHER: Dcparlmcnl of Biology, University of New Brunswick l T. J. Benfey (project 
leader). 
PROJECT FUNDING: NSERC Strategic Grant, Department of Fisheries & Oceans, NRC Institute of Marine 
Biosciences, Marine Mariculturc Inc., R&R Finfish Dcvclopments Ltd., Stolt SeaFarm Inc. 
SPECIES: Halibul. 
OBJECTIVE: Dcvclopment of all-female halibut stocks for aquaculturc. 
METHODOLOGY: Genetic and hormonal manipulations used successfully to develop all-female stocks of salmon 
and trout for aquaculture will be tested for halibut. 
STATUS: Project ongoing. 

Study 66 
LABORATORYIRESEARCHER: Dept. Fisheries and Oceans, Aquaculture Division, Gulf Fisheries Centre, 
Moncton, N.B l Mr. T. Landry (project leader), R. Tremhlay and B. Gil lis. 
SPECIES: Mytilus edu/is (Musse!), PEl wild and cultured stocks. 
PROJECT FUNDING: DFO and PEl AFRI. 
OBJECTIVE: Evaluatc the qualitative contribution of the wild stock versus the cultured stocks and the interaction of 
mussel mariculture and wild musse) fisheries. 
DESIGN: Four bays in PEl (sites) are being investigated. Enzyme polymorphisms are analysed with electrophoretic 
techniques to describe the genetic variability of wild and cultured musse Is. 
STATUS: Ongoing. 

Study 67 
LABORATORYIRESEARCHER: University of Guelph, Ontario Agricultural College, Guelph, Ontario l l. McMillan 
(projcct lcadcr). 
SPECIES: Salmonids. 
OBJECTIVE: Gcnctic improvcmcnt of commercial stocks of salmonids in the province. Development of a spring
spawning commercial rainbow trout strain for industry. (l) Comparison of growth, mortality, maturation rates and 
reproductive traits among four strains of spring-spawned rainbow traut and two management groups (1991 year dass). 
(2) Comparison of earl y growth, maturation and mortality in crosses of three of four strains from (l) ( 1994 year class). 
(3) lnitiation of additional crosses of three of the four strains in (l) (95196 year class). (4) Dcvelopment of computer 
models to cornpare inbreeding and rates of genetic progrcss under different gcnctic improvernent strategies. 
DESIGN: Charactcrisation offour pure strains and crosses between 95/96 year classes. 
METHODOLOGY: Measurements of growth, mortality, maturation r.ates and reproductive traits. Development of 
computer models. 
STATUS: On going. 

Study 68 
LABORATORYIRESEARCHER: Dcpartment of Fisheries and Oceans, Canada, Vancouver l T. Beacham, K. Miller, 
R. Withler (projcct contact). 
SPECIES: Pacific Salmonids. 
OBJECTIVE: To isolate MHC gcnes in Pacific salmonid species and determine levels of genetic variation at these loci 
within and among specics. To detcrmine if specific MHC genotypes are resistant to BKD (bacterial kidney disease). 
STATUS: Onc Class Il and two Class I gcncs have been isolated from seven Pacific salmonids. PCR assays have 
revealed high levels of genetic variation both among and within species. Analysis of coho salmon families resistant and 
susceptible to BKD is underway to examine possible correlation with MHC genotype. A BKD challenge of Chinook 
salmon is underway. 
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Study 69 
LABORATORYIRESEARCHER: Dept. of Fisheries & Oceans, West Vancouver, B.C l R. Devlin. 
SPECIES: Salmen. 
OBJECTIVE: Production of transgenic salmen with enhanced growth and altered reproductivc capability using "all
salmon" gene constructs. 
STATUS: Ongoing. 

Study 70 
LABORATORYIRESEARCHER: Dept. ofFisheries & Oceans, West Vancouver, B.C l R. Devlin_ 
SPECIES: Salmen. 
OBJECTIVE: Characterisation of Y-chromosomal DNA pro bes from sal mon for use in monoscx all-female culture. 
STATUS: Ongoing. 

Study 71 
LABORATORYIRESEARCHER: Dept. of Fisheries & Oceans, West Vancouver, B.C l R. Devlin. 
SPECIES: Salmon. 
OBJECTIVE: Development of DNA based diagnostics for scveral Microsporean and Myxosporean parasites to assist 
with management of infection in sea-farm facilities. 
STATUS: Ongoing. 

Study 72 
LABORATORYIRESEARCHER: Dept. of Fishcries & Occans, West Vancouver, B.C l R. Devlin. 
SPECIES: Salmon. 
OBJECTIVE: Examination of the potential for hybridisation between Atlantic and Pacific salmon with regard to the 
possible reproductive interaction between escaped farmed Atlantic salmen and wild Pacific salmen stocks. 
STATUS: Ongoing. 

Study 73 
LAB ORA TORY IRESEARCHER: Dept. of Fisheries & Oceans, West Vancouver, B.C l R. Devlin. 
SPECIES: Chinook Salmon_ 
OBJECTIVE: Development of a RAPD linkage map for Chinook salmon. 
STATUS: Ongoing. 

Study 74 
LABORA TORYIRESEARCHER: Dept. of Fishcries & Oceans, West Vancouver, B.C l R. Devlin. 
SPECIES: Salmon. 
OBJECTIVE: Development of a sensitive PCR-based assay for CYPIA l gene exprcssion to evaluate the biological 
effccts of xcnobiotic exposure. 
STATUS: Ongoing. 

Study 75 
LABORATORYIRESEARCHER: Applied Breeding Technology, St. Andrew's, New Brunswick l Dr. J. Bailey 
(projcct leader). 
SPECIES: Atlantic sal mon (Sa/mo sa/ar). 
FUND ING: Atlantic Canada Opportunities Agency, Canadian Institute of Biotechnology, Department of Fisheries and 
Oceans, National Research Council, New Brunswick Department of Fisheries and Aquaculture, New Brunswick 
Sal mon Growers Association. 
OBJECTIVE: To establish four Atlantic salmon strains for aquaculture. 
DESIGN: Growth and developmental traits are monitored in both fresh and sea water for each year class of each strain. 
Selection is carried out when the fish have spent 18 months in sea water and the broodstock population is reduced from 
approximately 5000 to 800. Spawning takes place the following year with a population of approximately 400 fish. 
METHODOLOGY: Selection is based on an index to increase percent l+ smolts, percent non-grilse, M.et length and 
resistance to bacterial kidney disease. In one of the strains, selection was based on truncated mass selection for market 
length. 
STATUS: Ongoing. 
COMMENTS: Substantial genetic gains of significant economic value to salmon farmers have been made. 

Study 76 
LABORA TORY IRESEARCHER: Sal mon Genetics Research Program, Atlantic Sal mon Federation, St. Andrews, 
New Brunswick l G. Friars, J. Bailey and F. O'Flynn_ University of New Brunswick l T. Benfey and A. McGeachy. 

_ SPECIES: Atlantic salmon (Sa/mo sa/ar). 
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PROJECT FUNDING: Atlantic Canada Opportunities Agency, Canadian Institute of Biotechnology, Dcpartment of 
Fisheries and Oceans, National Research Council, New Brunswick Department of Fisheries and Aquaculture, New 
Brunswick Salmen Growers Association. 
OBJECTIVE: To compare the aquacultural performance of diploid and triploid Atlantic sal mon. 
DESIGN: Mixed-sex triploid groups of Atlantic salmon wcre made in alt SGRP aquaculture strains. All-female triploid 
groups were made in two SGRP strains and have all-female diploid contemporarics. Growth and survival is being 
monitored in both fresh and sea water. 
METHODOLOGY: A 2.7 titre pressure vessel was used to produce triploid salmon. Fertilisation with mono-milt 
produced all-fcmale groups. At the parr stage blood samples were taken to test the ploidy levet of the fish by flow 
cytomctry. 
STATUS: Completed. 

Study 77 
LABORATORY/RESEARCHER: Salmon Genetics Research Program, Atlantic Salmon Federation, St. Andrews, 
New Brunswick l G. Friars, J. Bailey and F. OFtynn. Research and Productivity Council/ S. Griffiths. 
SPECIES: Atlantic salmon (Sa/mo salar). 
PROJECT FUND ING: Atlantic Canada Opportunities Agency, Canadian Institute of Biotechnology, Departmcnt of 
Fisheries and Oceans, National Research Council~ New Brunswick Department of Fisheries and Aquaculturc, New 
Brunswick Salmon Growers Association. 
OBJECTIVE: To investigate genetic variation in resistance to Bacterial Kidney Disease (BKD). 
DESIGN: Samples of parr and smolt from three SGRP strains wcre chaltenged with Renibacterium salmonimum. 
METHODOLOGY: Heritability values were estimated, based on fult-sib families, for survival and time to death. 
STATUS: Project Completed. 
COl\lMENTS: The information obtained from this study was used to includercsistance to BKD as an index trait in the 
selection of broodstock. 

Study 78 
LABORATORY/RESEARCHER: Institute of Molecular Biology and Biochcrnistry, Simon Fraser University, 
Burnaby lB. P. Brandhorst, G. Corley-Smith and J. Chinten Lim. 
SPECIES: Danio rerio (zebrafish). 
PROJECT FUNDING: NSERC. 
OBJECTIVE: The production of diploid androgenetic fish and their use as a genetic tool. 
DESIGN: The female genome is climinated by X-ray irradiation, and the first cleavage is inhibitcd by heat shock. 
Polymorphic DNA markcrs are used to assess transmission from the female and male parents. 
METHODOLOGY: DNA rnarkers. 
STATUS: Numerous diploid androgcnotes have been produccd with a success rate of 1-2%. These have a normal 
appearance and have been hred. A manuscript has been submittcd. Haploid androgenotes have been produced with an 
efficiency of up 30~50 %. This should allow their use in haploid genetic mutational scrccns, and production of a male 
meiotic cross-over map in collaboration with J. Postlcthwait (U. Oregon) is near complction. Currently, the focus is on 
improving the efficicncy of production of androgenotes and assessing the sex of androgenotes and their progcny, which 
may be informative about sex determination, another interest of the laboratory. 
COMMENTS: The extensive DNA Marker data provides compelling cvidcncc for the production of androgcnotes with 
little or no leakage ofmaternal genes. The methods may be adaptablc to other fish. A paper on this work was published 
in Genetics 142 (1996):1265-1276. 

Study 79 
LABORATORY/RESEARCHER: Institute of Molecular Biology and Biochemistry, Simon Fraser University, 
Burnaby lB. P. Brandhorst, G. Corlcy-Smith and J. Chinten Lim. 
SPECIES: Oncorhynchus nerka (sockeye salmon). 
PROJECT FUNDING: None at present. 
OBJECTIVE: Devclopment of a method for the rapid identification of stock specific DNA markers. 
DESIGN: Random amplified polymorphic DNA (RAPD) analysis using fluoresccnt primers is being applied to bulked 
DNA samples of spawning sockeye salmon from adjacent and distant geographic regions, in an effort to establish the 
efficacy of a mcthod for quickly identifying stock specific markers. Sequence analysis of distinctive amplification 
products, if any, should result in the produclion of highly specific PCR primers allowing for rapid DNA typing on small 
amounts of material. 
METHODOLOGY: RAPD analysis using ftuorescent primers and an ABI automated DNA sequencer, running 
GeneScan software. 
STATUS: The sensitivity and reliability of RAPD analysis is considerably improved with the use of ftuorescent 
primers and high resolution polyacrylamide gel electrophoresis. Application to identification of stock specific DNA 
markers is just beginning. 
COMMENTS: This is a proof of concept project, not part of a planncd long term program. 
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Study 80 
LABORATORY/RESEARCHER: Departments of Clinical Biochemistry and Biochemistry, University of Toronto l 
C.L. Hew. 
SPECIES: Winter flounder (Pleuronectes americanus), ocean poul (Macrowarces americanus). 
PROJECT FUND ING: Medical Research Council of Canada. 
OBJECTIVE: To investigate the molccular mechanisms controlling the seasonal and hormonal regulated synthesis of 
fish antifreeze proteins, and to explore the use of antifreeze protein genes in conferring freeze resistance to other fish 
spectes. 
DESIGN: These include gene doning, promoter analysis in tissue culture cells, characterisation of transcription factors, 
and the development of transgenic fish. 
METHODOLOGY: Gene doning, transcripted factors and transgenics. 
STATUS: We have demonstrated that the winter floundcr contains both extracellular and intracellular AFPs. These 
have raised further questions on the structure and function, regulation and evolution of AFPs (Gong et al., 1996. Skin 
antifreeze protein genes of the winter flounder, Pleuronectes americanus, encode distinct and active polypeptides 
without the secretory signal sequences. J. Biol. Chem. In Press). 

Study 81 
LABORATORYIRESEARCHER: Departments of Clinical Biochemistry and Biochemistry, University of Toronto l 
C.L. Hew. 
SPECIES: Chinook salmon (Oncorhynchus tschawytscha), rainbow traut (Oncorhynchus mykiss). 
FUND ING: Medical Research Council of Canada. 
OBJECTIVE: Using salmon as a model, we are studying the molecular events controlling fish reproduction. The 
gcnctic mcchanism(s) for gonadotropin gene expression is examined. 
DESIGN: The cis-acting and transcription factors important in gonadotropin gene expression are characterised by a 
wide variety of biochemical and molccular biological techniques. 
METHODOLOGY: Gene cloning, promoter analysis, characterisation of transcription factors, etc. 
STATUS: We have demonstrated for the first time in the gonadotropin gene that both steroidogenic factor and estrogen 
receptor act in synergism for the gonadotrope-specific expression of the salmon gonadotropin IIB subunit gene (Le 
Drean et al., 1996, Steroidogenic factor l and cstradiol rcccptor act in synergism to regulate the expression of the 
salmon gonadotropin IIB subunit gene. Mol. Endocrinol. In press). 

Study 82 
LABORA TORY/RESEARCHER: Departments of Clinical Biochemistry and Biochemistry, University of Toronto l 
C.L. Hew. 
SPECIES: Atlantic sal mon (Sa/mo sa/ar). 
PROJECT FUND ING: Natura! Sciences and Engineering Research Council of Canada. 
OBJECTIVE: The objective is the development of transgenic salmon beneficia! to aquaculture. these include: (i) the 
transfer of antifreeze protein gene (AFP) for freeze resistance; (i i) the transfer of growth hormone gene (GH) for growth 
enhancement; and (iii) the transfer of lysozyme gene (L YZ) for disease resistance. 
DESIGN: These genes (AFP, GH, LYZ) wcrc injcctcd scparalcly into salmon eggs by gene transfer. The inheritance 
and cxprcssion of the transgene is being studied. 
METHODOLOGY: Transgenetics. 
STATUS: Positive transgenic fish have been accornplished for AFP and GH gene transfer. GH transgenic fish grow 5 
to lO times faster than the control and the inheritance of transgenes to F2 generation is estahlished (Sec Gong and Hcw 
1995), Transgenic fish in aquaculture and devclopmcntal biology. Current Topics in Developmental Biology 30:177-
214. 

Study 83 
LAB ORA TORY/RESEARCHER: Dcpartmenls of Clinical Biochcmistry and Biochemistry, University of Toronto l 
C.L. Hew. 
SPECIES: Chinook salmon (Oncorhynchus tschawytscha) and zebrafish (Danio rerio). 
PROJECT FUND ING: Natura! Sciences and Engineering Research Council of Canada 
OBJECTIVE: To investigate the structure, function and regulation of !sl-l and related gene family in the 
neuroendocrinc ccll and motor neuron development. 
DESIGNS: Isl-1, Isl-2 and Isl-3 are LIM domain homeodomain transcription factors. They are detected in brain, 
pituitary and other organs. However, the role of these proteins is unclear. Biochemical, molecular biological and cell 
biology techniques are used to examine the ro le of these proteins. 
METHODOLOGY: In situ hybridisation, DNA binding assay and others. 
STATUS: The genes are cloned and their ontogeny estahlished. In situ hybridisation indicates that the transcripts of all 
three genes are localised in subscts of ncurons in the brain and spinal cord (Gong et al., 1995. Presence of isl-1-related 
LIM domain homeobox genes in teleost and their similar pattems of expression in brain and spinal cord. J. BioL Chem. 
270:3335-3345. 
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Study 84 
LABORATORYIRESEARCHER: Stocks Assessment and Genetics Unit, Ontario Ministry of Natura! Resources, 
Maplc l P.E. Ihssen and G.Wm. Martin. 
SPECIES: Atlantic salmon, aurora trout, brook trout, brown trout, Chinook salmon, trout, lake whitefish, coho salmon 
and rainbow trout. 
PROJECT FUNDING: Ontario Ministry of Natura! Rcsources (OMNR). 
OBJECTIVE: Monitoring of OMNR hatchery stocks for maintenance of gene tie variahility. 
DESIGN: Successive year classes of hatchery-reared fish of the abovc species are monitored for approximately 50 
allozyme locL In cases where the phenotypes· of the original parents wcrc dctcrmincd, comparison is made with 
succeeding year classes to dctcnnine if there has been a loss of gene tie variability. In the case of Atlantic salmon, 
Chinook salmon and lake whitefish, gametes are collected from wild fish. For all other species, gametes are collected 
from hatchery brood stock. 
METHODOLOGY: Starch gel and cellulose acetate electrophoresis of cathodal and general muscle protein and 23 
allozyme systems. 
STATUS: Ongoing. 

DENMARK. 

Study l 
LABORATORYIRESEARCHER: Danish Institute of Agricultural Sciences l L.-E. Holm. Collaborators: B. 
Høyheim, Norway (Coordinator); J. Taggart, Scotland; R. Powell, Ireland; R. Guyomard, France; R. Danzmann, 
Canada. 
SPECIES: Rainbow trout. 
PROJECT FUNDING: In house l EU (SALMAP). 
OBJECTIVE: Construction of genetic maps in rainbow traut, brown trout and Atlantic salmon. Gcneration of 
comparative genctic mapS. Maps will be primarily based on microsatcllitcs. 
DESIGN: Resourcc families shared between laboratories. Generation of genctic rnarkcrs, primarily microsatellites, and 
typing of these in the families. 
METHODOLOGY: Microsatcllitcs. 
STATUS: Ongoing ( 1997-1999). 

Study 2 
LABORATORYIRESEARCHER: Danish Institute of Agricultural Scicnccs l C. Bendixen and L.-E. Holm 
Collaborators: R. Powell, lrcland (Coordinator); J. Taggart, Scotland; B. Høyheim, Norway. 
SPECIES: Atlantic salmon. 
PROJECT FUND ING: In house l EU (SALGENE). 
OBJECTIVE: Gencration of expressed sequence tags (ESTs) from Atlantic salmon. Analysis of tissue specific 
expression of selected gencs. 
DESIGN: Sequencing ofcloncs from tissue specific cDNA libraries. 
METHODOLOGY: Construction ofcDNA libraries from different tissues from Atlantic salmon. Sequencing of these 
and comparison with known sequences. 
STATUS: Ongoing (1999-2001). 

Study 3 
LABORATORYIRESEARCHER: Danish Institute for Fisheries Research, Dept. of Inland Fisheries, Silkeborg l E.E. 
Nielsen. 
SPECIES: Atlantic salmon. 
PROJECT FUND ING: In house. 
OBJECTIVE: Studies of long-term tempora! changes in allele frequencies at loci that are possibly affected by 
selection. 
DESIGN: Geographically distinct populations are analysed. Variation is analysed on a tempora! scale by amplifying 
DNA from old scale samples. 
METHODOLOGY: ScnDNA. 
STATUS: Ongoing. Started 1998, due to end by 2000. 

Study4 
LABORATORYIRESEARCHER: Danish Institute for Fisherics Rcsearch, Dept. of Inland Fisheries, Si)keborg ./ 
M.M. Hansen .. University of Aarhus l S. Østergaard and V. Loeschcke. 
SPECIES: Brown trout. 
PROJECT FUND ING: In house. 
OBJECTIVE: Estimation of genetic variability and differentiation in and among Danish brown trout populations and· 
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hatchery strains. Anal y sis of metapopulation dynamics (extinction-recolonisation). 
DESIGN: Sampling of trout from various locatities. 
METHODOLOGY: Microsatellites (from tissue and old scale samples), mtDNA. 
STATUS: Ongoing. 

Study 5 
LA BORA TORYIRESEARCHER: Danish Institute for Fisheries Research, Dept. of In land Fisheries, Silke borg l 
M.M. Hansen, D.E. Ruzzante and E.E. Nielsen. 
SPECIES: Brown trout. 
PROJECT FUNDING: In house. 
OBJECTIVE: Estimation of the impact of stocking activity (using non-native hatchery trout) on natura! brown trout 
populations. 
DESIGN: Hatchery trout are stocked into wild populations. Reproductive performance and interbreeding between 
stockcd and wild trout is monitored, using genetic markers. The devclopmcnt in the stocked populations will be 
followed through more generations. 
METHODOLOGY: Microsatellites and mtDNA. 
STATUS: Ongoing. 

Study6 
LAB ORA TORYIRESEARCHER: Danish Institute for Fisheries Research, Dept. of In land Fisheries, Silke borg l 
M.M. Hansen. Pike microsatellites developed by J. Taggart, University of Stirling, U.K. 
SPECIES: Coregonus lavaretus, C. "oxyrhynchus", Esox lucius. 
PROJECT FUNDING: In house. 
OBJECTIVE: Estimation of phylogeographic patterns and genetic differentiation. 
DESIGN: Screening of samples from geographically distinct and morphologically divergent populations. 
METHODOLOGY: Microsatellites and mtDNA. New tetranucleotide microsatellites have been developed for pike. 
STATUS: Ongoing. 

Study7 
LABORATORYIRESEARCHER: Danish Institute for Fishcries Research, Dept. oflnland Fisheries, Silkeborg l E.E. 
Nielsen and M.M. Hansen. Several collaborators from the Danish Institute for Fisheries Rcsearch, Dept. of Marine 
Fisheries, Copenhagen. University of Aarhus l P. Grønkjær and V. Loeschcke. 
SPECIES: Cod. 
PROJECT FUND ING: The Danish Ministry of Agriculture and Fisheries. 
OBJECTIVE: Studies of the genetic population structure of cod in the South-eastern part of Kattegat, the Danish Belt 
Sea and in the Baltic Sea area. Estimation of the possible drift of juvenile cod in to the Bal tie Sea and the contribution of 
Belt Sea cod to the fishery in the Baltic Sea area. 
DESIGN: Sampling of cod larvae and adult spawncrs from various 1ocalities. 
METHODOLOGY: Microsatettites and other molecular markcrs. 
STATUS: Started 1998, due to end by 2000. 

Study 8 
LABORATORYIRESEARCHER: Danish Institute for Fisheries Rcscarch, Dept. of lnland Fisheries, Silkeborg l 
M.M. Hansen (coordinator) + 22 other participants from laboratories in Europc and Canada. 
SPECIES: Brown trout. 
PROJECT FUNDING: EU FAIR. 
OBJECTIVE: Concerted Action on brown trout population genetics (TROUTCONCERT). The objectives are to 
promote collaboration among laboratories that are active in rcscarch on population genetics of brown trout, to 
harmonise the use of genetic markers, to give recommendations for a European strategy for management and 
conservation of the species, and to establish databases on relevant Jiterature, available genetic markers and data from 
published and unpublished studies. The databases are made pubticly acccssiblc on the World Wide Web 
(www.qub.ac.uklbblprodohl/TroutConcert/TroutConcert.htm). 
DESIGN: Concerted action, i.e. network among laboratories. 
METHODOLOGY: Workshops, exchange visits among laboratories, common databases and WWW facilitics. 
ST A TUS: Two-year project ( 1998-1999). 

Study9 
LABORATORYIRESEARCHER: Danish Institute for Fisheries Research, Dept. of Inland Fisheries, Silkcborg l D. 
Ruzzantc, 
SPECIES: Brown trout. 
PROJECT FUND ING: The Danish Ministry of Agriculture and Fisheries. 
OBJECTIVE: Mixed-Stock analysis of anadromous brown trout in the Limfjord, Denmark. 
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DESIGN: Collection of reference samplesfrom tributaries and from mixed aggregations in the Limfjord. 
METHODOLOGY: Microsatellites 
STATUS: Started 1998, due to end by 2000. 
Recent Danish puhlications: 
Hansen, M.M. & Mensberg, K.-L.D. (1998). Genetic differentiation and relationship between genetic and geographical 
distance in Danish sea traut (Sa/mo trutta L.) populations. Heredity, 81,493-504. 
Hansen, M.M., Mensberg, K.-L.D. & Berg, S. (1999). Postglacial recolonisation patterns and genetic relationships 
among whitefish (Coregonus sp.) populations in Denmark, inferred from mitochondrial. DNA and microsatellite 
markers. Mo/ecu/ar Ecology, 8, 239-252. · 
Holm, L-E (1998). Omy0002DIAS: A highly polymorphic dinucleotide microsatellite in rainbow trout (Oncorhynchus 
my kiss). Anirnal Genetics, 29, 465. 
Holm, L-E & Brusgaard, K (1999). Two polymorphic dinucleotide repeats in rainbow trout (Oncorhynchus mykiss). 
Animal Genetics, 30, in press. 
Nielsen, E.E., Hansen, M.M. & Mensberg, K.-L.D. (1998). Improved primer sequenees for the mitochondrial ND!, 
ND3/4 and ND5/6 segments in salmonid fishes. Application to RFLP analysis of Atlantic salmon. Journal of Fish 
Biology, 53,216-220. 
Nielsen, E.E., Hansen, M.M. & Loeschcke, V. (1999). Genetie variation in time and spaee: Microsatellite analysis of 
extinct and extant populations of Atlantic ~almon. Evolution, 53, 261-268. 
Nielsen, E.E., Hansen, M.M. & Loeschcke, V. (1999). Analysis of DNA from old scale samples. Technical aspects, 
applications and perspectives for conservation. Hereditas in press. 

ESTONIA 

Study l 
LABORATORY/RESEARCHERS: Dept. of Fish Farming, Institute of Animal Science, Estonian Agricultural 
University, Tartu l R. Gross, T. Paaver and A. Vasemtigi. 
SPECIES: Atlantic (Baltic) sa! mon and sea trout. 
PROJECT FUND ING: Estonian Science Foundation, Estonian Fisheries Foundation. 
OBJECTIVE: To rcvcal genetic differentiation and structure of natural and hatchery salmon and trout populations, 
estimate the intluencc of population size and stocking of hatchery fish on gene pools of natura! populations, reveal 
frequency of salmon x trout hybrids in salmon ri vers. 
DESIGN: Samples are taken from parr, caught by electrofishing in Eastern Baltic salmon ri vers or from juveniles, 
reared in hatcherics of Estonia, Latvia and Rus sia. 
METHODOLOGY: PCR-amplified DNA markers (microsatellitcs, growth hormone genes, mtDNA genes), 
allozymes. 
STATUS: Ongoing (1997-1999). 
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FINLAND 

Study l 
LABORATORYIRESEARCHER: Finnish Game and Fisheries Research Institute, Helsinki./ M.-L. Koljonen, 
University of Helsinki. Department of Animal Science l J. Tiihtinen and M. Siiiså. 
SPECIES: Atlantic salmen, brown trout. 
PROJECT FUNDING: In house, Academy of Finland. 
OBJECTIVE: Phylogeography of Atlantic salmon in the Baltic Sea. Estimate stock composition of salmon catches and 
proportion of wild stocks in the catches. 
METHODOLOGY: Genetic stock identification (GSI), allozymes, microsatellites. 
STATUS: Ongoing. 

Study 2 
LABORATORYIRESEARCHER: Agricultural Research Centre, Departmcnt of Animal Breeding, Jokioinen l L. 
Siitonen. 
SPECIES: Rainbow traut. 
PROJECT FUND ING: In house. 
OBJECTIVE: Develop rainbow trout stocks with betler growth rate. 
METHODOLOGY: Selectivc breeding. 
STATUS: Ongoing. 

Study 3 
LABORATORYIRESEARCHER: University of Joensuu, Department of Biology l J. Vuorinen. 
SPECIES: Coregonids. 
PROJECT FUNDING: In house. 
OBJECTIVE: Evolution and taxonomy of Holarctic Coregonids. 
DESIGN: Mapping of gene frequencies. 
METHODOLOGY: Enzyme elcctrophorcsis, mtDNA, sequencing (collaboration), SINEs (collaboration). 
STATUS: Ongoing. 

Study 4 
LABORATORYIRESEARCHER: Department of Ecology and Systematics, University of Helsinki l C.R. Primmer 
and T. Aho. Finnish Game and Fisherics Rcscarch Institute l J. Piironen. 
SPECIES: Arctic charr. 
PROJECT FUND ING: In house, Academy of Finland, Helsinki University, FGFRI. 
OBJECTIVE: Analysis of genetic variability in Finnish hatchery stocks. Comparison with wild caught fish. Stock 
identification. Phylogeography of Nord i c populations. 
METHODOLOGY: Microsatellites. 
STATUS: Complete (1998-1999). There is an article in press in Hereditas on these topics. 

Study 5 
LABORATORYIRESEARCHER: Department of Ecology and Systematics, University of Helsinki l T. Aho, C.R. 
Primmer. Finnish Game and Fisheries Research Institute l I. Piironen. 
SPECIES: Land-locked salmon_ 
PROJECT FUND ING: In house, Academy of Finland, Helsinki University, FGFRI. 
OBJECTIVE: Analysis of genetic variability in Finnish hatchery stocks. Comparison with wild caught fish. Aoalysis 
of the effects of broodstock composition on genetic variability. 
METHODOLOGY: Microsatellites. 
STATUS: In pro gress ( 1998-1999). 

Study 6 
LABORA TORYIRESEARCHER: Department of Ecology and Systematics, University of Helsinki l T. Aha, C.R. 
Primmer and K. Lahti. Finnish Game and Fisheries Research Institute l J. Piironen. 
SPECIES: Brown traut. 
PROJECT FUNDING: In house, Academy of Finland, Helsinki University, FGFRI. 
OBJECTIVE: Analysis of genetic variability in Finnish hatchery slacks. Phylogeography of Nordic populations. 
Comparison of genetic: variation in lake, river and sea forms. 
METHODOLOGY: Microsatcllites. 
STATUS: In progress (1999-2000). 
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Study 7 
LABORATORY/RESEARCHER: Department of Ecology and Systematics, University of Helsinki /C.R. Primmer 
and T. Aho. Finnish Game and Fisheries Rescarch Institute l J. Piironen. 
SPECIES: European grayling. 
PROJECT FUND ING: In house, Academy of Finland, Helsinki University, FGFRI. 
OBJECTIVE: Analysis of genetic variability in Finnish hatchery stocks. Phylogeography of Nordic populations. 
METHODOLOGY: Microsatellites, mtDNA. 
STATUS: In progress (1999-ZOOO). 

Study 8 
LABORATORY/RESEARCHER: University ofOulu, Department ofBiology l J. Lomme. 
SPECIES: Atlantic salmon, Gyrodactylus salaris, thymalli, lavareti etc. 
PROJECT FUNDING: Academy of Finland. 
OBJECTIVE: Postglacial history of Atlantic & Baltic salmon and their parasites. 
METHODOLOGY: Mitochondrial DNA, PCR, RFLP, sequcncing. 
STATUS: Ongoing. 

Study 9 
LABORATORY/RESEARCHER: University of Kuopio, Dcpartment of Applied Zoology and Veterinary Medicinc l 
H. Mi:ilsa, T. Pitkiinen, M. Reinisalo and A. Krasnov. 
SPECIES: Rainbow trout. 
PROJECT FUND ING: Ministry of Agriculture and Forestry, Ministry of lntcrior Affairs, Academy of Finland, In 
house. 
OBJECTIVE: Enhanced growth and metabolism of rainbow traut via gene transfer technology. 
DESIGN: Microinjections and integration assays, gene expression. 
METHODOLOGY: Microinjections, mRNA, RT-PCR. 
STATUS: Ongoing. 

Study lO 
LABORATORY/RESEARCHER: University of Jocnsuu, Department ofBiology l L. Kuusipalo. 
SPECIES: Sa/mo !rutta, Ciclids, clupeids and Nile perch in !akes Malawi and Tanganyika. 
PROJECT FUND ING: FAO, Culture Fund of Finland, Women's Science Foundation, The Foundation of Research of 
Natura) Resources in Finland. 
OBJECTIVE: Speciation, stock idcntification. 
METHODOLOGY: Allozymes and RAPD, microsatellites. 
ST A TUS: Ongoing. 

FRANCE 

Study l 
LABORATORY/RESEARCHERS: Institut Franc;ais de Recherche pour l'Exploitation de la Mer (IFREMER) Palavas 
les Flots, France l E. Saillant, B. Chatain and B. Men u. Syndicat des SClectionncurs A vi co les et Aquacoles Fran9ais 
(SYSAAF), Rennes l P. Haffray. Laboratoire de Physiologie des Poissons (INRA) Rennes l A. Fostier. Laboratoire de 
Biologie Animale de I'Universite de Montpellier Il, Montpellier l R. Coones. Cl•n<S URA 1493, Laboratoire genome et 
populations, Montpellier l F. Bonhomme. CNRS GOR l 005, Laboratoire d'Ichtyologie, Paris l C. Ozouf-Costas. 
SPECIES: Dicentrarchus labrax. 
PROJECT FUNDING: EC FAIR.CT97.3886. 
OBJECTIVE: To produce monosex female populations. 
METHODOLOGY: To study environmental factors influence. 
STATUS: Three year project started in 1998. 

Study 2 
LAB ORA TORY/RESEARCHERS: Institut Fran~ais de Recherche pour l'Exploitation de la Mer (IFREMER) Palavas 
les Flots l B. Chatain, H. Chavanne. Institut Franr;ais de Recherche pour l'Exploitation de la Mer (IFREMER) La 
Tremblade, France l P. Boudry. Centre National pour le Recherche Scientifique (CNRS), UPR 6090, Lab. G6nome et 
Populations, Montpcllier l F. Bonhomme and C. Lemaire. Institut National de Recherche en Agriculture (INRA), Jouy 
en Josas, France l M. Vandeputte, M. Dupont-Nivet and R. Guyomard. University of Leuven, Leuven, Belgique l F. 
Volckaert. Institute of Marine Biology of Crete (IMBC), HerakJio, Grccc l G. Kotoulas, C. Bartagias and P. Divanach. 
University of Padova, Padova, Italie l L. Colombo, A. Libertini and T .. Paternello. Institute of Oceanography and 
Limnology (IOLR), Eilat, Israel/ W. Knibb, G. Gorshkova and S. Gorshkov. Universidade de Algarve, Faro, Portugal/ 
R. Castilho and M.-Th. Dinis. Institute of Murcia (IEO), Murcia, Espagne l A. Garcia-Alcazar. University of Malaga, 
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Mal aga, Espagnc l M.-C. Alvarez. Institute de Aquacultura de Torre de la Sal (CSIC), Torre de la Sal, Espagne l S. 
Zanuy, M. Carillo, G. Martinez and A. Gomez. University of Stirling, Stirling, United Kingdom l Brendan Mac Andrew 
and D. Penman. 
SPECIES: Dicentrarchus labrax. 
PROJECT FUNDING: EC FAIR.CT97.3886. 
OBJECTIVE: To gather the main European laboratories involved in aquaculture in a network in order to harmonise 
genetic strategies and research procedures to be able to propose to the E.U., after two years, a common efficient 
international programme devoted to comparative strain testing of a commercially important fish, the seabass, 
Dicentrarchus labrax. 
METHODOLOGY: Concerted Action. 
STATUS: Thrcc year project started in 1998. 

Study 3 
LABORATORYIRESEARCHERS: Institut Franc;ais de Recherche pour l'Exploitation de la Mer (IFREMER) Palavas 
les Fiats l C. Fauvel. Laboratoirc de Physiologie des Poissons (INRA) Rennes l A. Fostier. Laboratoire de Biologie de 
la reproduction des Poissons, Universite de Bordeaux l F. Lemaine. 
SPECIES: Dicentrarchus labrax. 
PROJECT FUNDING: IFREMER. 
OBJECTIVE: Mastering of controlled reproduction. 
METHODOLOGY: Fine morpho-functional description of gametes and application to gamete management (hormonal 
stimulation, sperm preservation). 
STATUS: 4 year project started in 1995. 

Study 4 
LABORATORYIRESEARCHERS: Institut Franc;ais de Recherche pour l'Exploitation de la Mer (!FREMER) Palavas 
les Flots l J.C. Falguiere, B. Chatain and S. Peruzzi. 
SPECIES: Dicentrarchus labrax. 
PROJECT FUNDING: IFREMER. 
OBJECTIVE: To produce sterile fish and to evaluate their rearing performances. 
METHODOLOGY: Triploidy. 
STATUS: Project started in 1995. 

Study 5 
LABORATORYIRESEARCHERS: Institut Fran<;ais de Recherche pour l'Exploitation de la Mer (IFREMER) Palavas 
les Flots lB. Menu. Institut de Genetique Humaine (IGH), Montpellier l P. Berta. 
SPECIES: Dicentrarchus /abrax. 
PROJECT FUND ING: IFREMER. 
OBJECTIVE: Research of the Sox 9 gene. 
METHODOLOGY: Triploidy. 
STATUS: Project started in 1998. 

Study 6 
LABORATORYIRESEARCHERS: Centre Oceanographique du Pacifique- IFREMER-Tahiti, Laboratoire 
d'Aquaculture Tropicale, Tahiti lE. Goyard and AQUACOP. 
SPECIES: Penaeus stylirostris. 
TITLE: Importation of genetic variability among inbred domesticated strains of P. stylirostris through refrigeratcd 
spermatophores of wild males. 
PROJECT FUND ING: IFREMER. 
OBJECTIVE: To increase genetic variability available for developing new genetic improvement programs. 
METHODOLOGY: Refrigeration of sperrnatophores of wild males, rearing in quarantine, physical and molecular 
tagging 
STATUS: Two years project started 1998. 

Study 7 
LABORATORYIRESEARCHERS: Centre Oceanographique du Pacifique- IFREMER-Tabiti, Laboratoire 
d'Aquaculture Tropicale, Tahiti lE. Goyard and AQUACOP. 
SPECIES: Penaeus sty/irostris. 
TITLE: Comparison between 2 genetic improvement strategies: exploitation of heterosis between in bred lines versus 
population improvement and con tro l of inbreeding. 
PROJECT FUNDING: IFREMER. 
OBJECTIVE: To compare the efficiency of improvement schemes. 
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METHODOLOGY: Production of inbred lines, hybrids and selection among a population with a large genetic basis. 
Testing in farming conditions; control of homozygocity through microsatellite markers. 
STATUS: 4 years project starting 2000. 

Study 8 
LABORATORYIRESEARCHERS: Centre Oceanographique du Pacifique- IFREMER-Tahiti, Laboratoire 
d'Aquaculture Tropicale, Tahiti lE. Goyard and AQUACOP. 
SPECIES: Penaeus stylirostris. 
TITLE: Optimisation of mass selection for better growth. 
PROJECT FUNDING: IFREMER. 
OBJECTIVE: To produce improved lines with the best selection strategy. 
METHODOLOGY: Assessment of early selection criteria, production of a controlline and of a improved line. 
STATUS: Project srarted 1994 (5th generation produced), transfer of genetic improvement to the producers starting 
1999. 

Study 9 
LABORATORYIRESEARCHERS: Ccntre Oceanographique du Pacifique- IFREMER-Tahiti, Laboratoire 
d'Aquaculture Tropicale, Tahiti lE. Goyard and AQUACOP. 
SPECIES: Penaeus stylirostris. 
TITLE: Selection of a" 100 %green tail" line. 
PROJECT FUNDING: IFREMER. 
OBJECTIVE: To produce a line genetically marked to provide a inter-tank control. 
METHODOLOGY: Family selection. 
STATUS: Project started 1996. 

Study 10 
LABORATORY/RESEARCHERS: CNRS URA 1493, IRD, Laboratoirc Gcnomc et Populations, Sete France l C. 
Daguin, F. Bonhomme, S.R. Caetano, M. Ohresser, V. Rolland, E. Desmarais and Ph. Borsa. 
SPECIES: Mytilus edulis, Mytilus galloprovoncialis. 
PROJECT FUNDING: URM 16 IFREMER l LGP. 
OBJECTIVE: To study Mytilus phylogeography, lo study the M. cdulis l M. galloprovincialis hybrid zone along the 
French coast. 
METHODOLOGY: Nuclear DNA markers, DNA sequencing. 
STATUS: Started in 1997. 

Study 11 
LAB ORA TORY/RESEARCHERS: CNRS URA 1493, IRD, Laboratoire Gcnome et Populations, Sete France l G. 
Hoarau, R. Grandperrin and Ph. Borsa. 
SPECIES: Beryx sp/endens. 
PROJECT FUNDING: LGP, 1RD. 
OBJECTIVE: To study population genetics of Beryx sp/endens in the south-western Pacitic Ocean. 
METHODOLOGY: Nuclear DNA markers, DALP, PCR-SSCP. 
STATUS: Started in 1988. 

Study 12 
LABORATORYIRESEARCHERS: CNRS URA 1493, IRD, Laboratoire Genome et Populations, Sete France l Ph. 
Borsa and F. Bonhomme. 
SPECIES: Multi-species project. 
PROJECT FUNDING: LGP, IRD, PNDBE. 
OBJECTIVE: To study intra-specific zoogeography of the Mediterranean sea and the near Atlantic Ocean. 
METHODOLOGY: Allozymes, ADNmt. 
STATUS: Srarted in 1996. 

Study 13 
LABORATORY/RESEARCHERS: CNRS URA 1493, IRD, Laboratoire Genome et Populations, Sete France l F. 
Bonhomme, M. Potier, C. Perrin, S. Arnaud, V. Castric, C. Poux and Ph. Borsa 
SPECIES: Decapterus russel/i, D. macrosoma. 
PROJECT FUNDING: LGP, IRD, IFREMER, PNDBE. 
OBJECTIVE: To study population genetics of fished stocks of Decapterus rus se/li in the lndo-Pacific region. 
METHODOLOGY: Mitochondrial DNA markers (D-loop, cytochrome b) PCR-SSCP, DNA sequencing. 
STATUS: Srarted in 1997. 
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Study 14 
LABORATORY/RESEARCHERS: CNRS URA 1493, Laboratoire Genome et Populations, Sete France l F. 
Bonhomme and C. Lemaire. 
SPECIES: Dicentrarchus labrax. 
PROJECT FUNDING: LGP, IFREMER. 
OBJECTIVE: To study population genetics of seabass, to study genetic differentiation between open sea and costa! 
populations.' 
METHODOLOGY: Microsatellite markers, DNA sequencing, gene markers. 

Study 15 
LABORATORY/RESEARCHERS: Institut Fran~ais de Recherche pour I'Exploitation de la Mer (IFREMER) La 
Tremblade, France l A. Gerard, P. Boudry, S. Lapegue, S. Heurtebise; J.P. Baud, J.L. Martin, M. Heral, S. Bougrier, P. 
Garen, F. Cornette, D. Buestel, J.F. Sammain and J. Moal. Natura! Environment Research Council (NERC) Plymouth 
Marine Laboratory l A.J.S. Hawkins and A.J. Day. Centre National de la Recherche Scientifique (CNRS) Observatoire 
Oceanologique de Villefranche sur Mer l C. Thiriot and A. Leitao. University College Galway (UCG) Department of 
Zoology l N.P. Wilkins, R. Powell, J.A. Houghton, S. Hubert, G. Rafferty; 5-Institute of Marine Biology of Crete 
(IMBC) Genetics department l G. Kotoulas, A. Magoulas, A. Ekonomaki, S. Darivianakis and E. Zouros. Centrc 
National de la Recherche Scientifique (CNRS) Laboraoire Genome et Populations l F. Bonhomme, J.J. Versini, F. 
Cornctte and V. Hervouet. 
SPECIES: Crassostrea gigas. 
PROJECT FUND ING: EC FAIR PL-95-421. 
OBJECTIVE: To study rclationships between genctics, physiology and growth in the PacifiC oyster C. gigas. 
METHODOLOGY: Genetic markers (allozymes, microsatellites), physiology (oxygen consumption, feeding 
processes, protein turn-over, proteolitic activities), cytogenetics (aneuploidy, FISH). 
STATUS: 5 year project started in 1996. 

Study 16 
LAB ORA TORY IRESEARCHERS: Institut Frano;ais de Recherche pour I'Exploitation de la Mer (IFREMER) La 
Tremblade France lE. Bedier, A. Gerard, P. Boudry, S. Lapegue, F. Blouin and N. Cochennec. 
SPECIES: Ostrea edulis. 
PROJECT FUNDING: IFREMER. 
OBJECTIVE: Selective breeding for resistance to bonamiosis. 
METHODOLOGY: Selective breeding, pair mating, microsatellites. 
STATUS: Project started in 1985. 

Study 17 
LABORATORYIRESEARCHERS: lnstitut Frano;ais de Recherche pour I'Exploitation de la Mer (IFREMER) La 
Tremblade France l A. Gerard, P. Boudry and S. Lapegue. Centre National de la Recherchc Scicntitique (CNRS) 
Observatoire Oceanologique de Villefranche sur Mer l C. Thiriot and A. Leitao. 
SPECIES: Crassostrea gigas. 
PROJECT FUND ING: Region Poitou-Charentes. 
OBJECTIVE: To evaluate aneuploidy in C. gigas populations in France, to study the causes of aneuploidy. 
METHODOLOGY: Cytogenetics. 
STATUS: Project started in 1999. 

GERMANY 

Study l 
LABORATORYIRESEARCHER: Institute of Animal Husbandry and Genetics (lAG), University of Giittingen, 
Giittingcn l G. Horstgen-Schwark and A. Miillcr-Belecke. 
SPECIES: Oreochromis niloticus. 
PROJECT FUNDING: Deutsche Forschungsgemeinschaft (DFG). 
OBJECTIVE: Development and performance testing of homozygous tilapia lines and their crosses. 
DESIGN: Mitotic and meiotic gynogenesis, test cross dia1lels including separate and communal testing of genetic 
groups. 
METHOLOGY: UV treatment of sperm, heat treatment of aetivated tilapia eggs. 
STATUS: Ongoing project. 

Study 2 
LABORA TORY/RESEARCHER: Institute of Animal Husbandry and Genetics (lAG), University of Gottingen, 
Gottingen l G. Horstgen-Schwark and S. Huang. 
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SPECIES: Brachydanio rerio. 
PROJECT FUND ING: JAG and Friedrich Naumann Stiftung. 
OBJECTIVE: Development of test fish populations of defined genetic variability for ecotoxicological studies. 
DESIGN: Mitotic and meiotic gynogenesis, test cross diallels between homozygous lines, performancc testing under 
unpolluted water conditions and reference tests according to the German Chemical Control Act. 
METHOLOGY: UV treatment of sperm, heat-, cold- and pressure treatments of activated zebra fish eggs for 
supprcssion of first mitosis. 
STATUS: Ongoing projcct. 

Study 3 
LABORATORY/RESEARCHER: Institute of Animal Husbandry and Genetics (JAG), University of Giittingen, 
Gottingen l G. Horstgcn-Schwark, 1.-N. Meyer. Institute of In land Fisheries (inc.) (JIF), GroB Glienicke l H. Wedekind. 
Research Center for Animal Production and Technology of the Faculty of Agriculture (RCAPT), University of 
Gottingen l H.-J. Langholz and K. Eder. 
SPECIES: Oncurhynchus mykiss. 
PROJECT FUNDING: JAG, IFF, RCAPT. 
OBJECTIVE: Comparison of growth, carcass- and meal quality of hcat-shockcd and lctraploid-dcrivcd lriploid and 
diploid rainbow trout. 
DESIGN: Paternal half sib families, consisting of heat-shocked and tetraploid derived triploid rainbow trout and 
diploid controls have been raised under the same environmental conditions til! fish were slaughtered at 2.5 years (at the 
beginning and the end of spawning season). 
METHOLOGY: Measurements and classifications of the outer product quality (growth, body proportions, carcass 
composition) and the inncr product quality (physical-techno]ogical-, chemical- and sensorial critCria). 
STATUS: Ongoing project. 

Study 4 
LABORATORY/RESEARCHER: Institute of Animal Husbandry and Genetics (JAG), University of Gottingen, 
Gottingen 11.-N. Meyer, G. Horstgen-Schwark, I. Jenneckens and A. Mliller-Belecke. Institute of In land Fisheries (inc.) 
(IIF), 14476 Grol.\ Glicnicke l H. Wedekind. 
SPECIES: Acipenser spp., Oreochromis spp. 
PROJECT FUNDING: DFG. 
OBJECTIVE: Jdentification of species, populations (lines) within species and hybrids between species by the use of 
gene markers. 
DESIGN: Collection of adequate samples from different origins 
METHOLOGY: Enzyme electrophoresis and DNA analyses (multilocus DNA fingcrprinting, RAPD, SSRa-PCR, 
AFLP). 
STATUS: Ongoing projccl. 

STUDY S 
LABORATORYIRESEARCHER: Institute of Fishbiology and Institute of animal breeding and gcnctics, Tcchnical 
University of Munich -Weihenstephan l M Baars and O. Rottmann. 
SPECIES: Thymallus thymallus. 
PROJECT FUND ING: Landcsfischcreiverb and Bayerne. V. 
OBJECTIVE: In an ecological work on grayling differences in growth rate and maximal growth were found in 
Bavarian grayling populations. These differences are to be correlated to DNA polymorphism. 
DESIGN: Populations from three Bavarian river-systems will be sample and analysed. 
METHODOLOGY: DNA analyses. 
STATUS: Ongoing project. 

Study 6 
LAB ORA TORYIRESEARCHER: Bundesforschungsanstalt fhr Fischerei, Institut for Fis heri es Ecology 11. Trautner. 
University of Hamburg, Institut for Hydrobiology and Fisheries Research l W. Nellen. 
SPECIES: Oncorhynchus mykiss, Zoarces viviparus and Limanda limanda. 
PROJECT FUNDING: Ministry of Agriculture. 
OBJECTIVE: Population structure of wild populations and hatchery strains of O. mykiss, wild populations of Z 
viviparus and Lirnanda limanda. Estimation of intraspecific biodiversity. 
DESIGN: O. mykiss spccics have been sampled from hatcheries and Canadian lakes and Ri vers and Z. viviparus and L 
limanda from the North and Baltic Sea. DNA analyses are performed. 
METHODOLOGY: RFLP-, RAPD- AFLP- and mtDNA -analyses. 
STATUS: Ongoing project. 
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Study 7 
LABORATORYIRESEARCHER: Northrhine-Westfalian Agency for Ecology, Land and Forcstry l Northrhine
Westfalian Office for Agriculture Development in Retklinghausen (LOBF NRW) l J. Lehmann and F.-J. Stiirenherg. 
SPECIES: Salmo salar and Salmo trutta trutta. 
PROJECT FUND ING: Land Northrhine-Westfalia/NRW. 
OJECTIVE: Genetic identification and characterisation of wild Atlantic salmon and Sa/mo trutta trutta in the 
Rhenanian drainage and Weser system of NRW. Eyed eggs and fingerlings from eight wild populations used for 
rcintroduction for the Rhine were reared up to analyses at L6BF. 
METHODOLOGY: Enzyme electrophoresis (allozyme genolyping) and flow-catofluorometic determination of 
relative DNA contents of cell nuclei (relative genomc sizes). 
STATUS: Ongoing project. 

Study 8 
LABORATORYIRESEARCHER: Institute of Freshwater Ecology and Inland Fisheries (!GB), Depart. of Fish 
Culture and Fish Pathology, Berlin l K. Kohlmann. University of South Bohemia, Research Institute of Fish C u l ture and 
Hydrobiology, Vodnany, Czech Republic l M. Flajshans. Academy of Sciences of Czech Republic, Institute of Animal 
Physiology and Genetics, Department of Genetics, Libechov, Czech Republic l V. Slechtova, V. Slechta. 
PROJECT FUND ING: !GB (German part) and Ministry of Agriculture (Czech part). 
SPECIES: Tinca tinca. 
OBJECTIVE: Gene tie characterisation of wild and cultured populations; gcnetic improvement of cultured strains. 
DESIGN: Tench from wild and cultured populations were collected in Germany and Czech Republic. The examination 
of growth rate, food conversion efficiency, survival and product quality in the different populations will he 
accompanied by investigations on their genetic structure. 
METHODOLOGY: Enzyme electrophoresis is performed, DNA analysis will be introduced. Performance tests are 
carried out under warm water conditions in a closed recirculating system. 
STATUS: Ongoing project. 

Study 9 
LABORATORYIRESEARCHER: Institute of Freshwater Ecology and Inland Fisheries (!GB), Depart. of Fish 
Culture and Fish Pathology, Berlin l K. Kohlmann. lnland Fisheries Institute Olsztyn, Department of Salmonid 
Research Rutki, Zukowo, Poland l S. Dobosz and K. Goryczko. 
PROJECT FUND ING: !GB (German part) and State Committee for Scientific Research Poland (Polish part). 
SPECIES: Oncorhynchus mykiss. 
OBJECTIVE: Genetic improvement of rainbow trout performance. 
DESIGN: Family selection based on mixed half and full sib families. Heritability estimates for body weight and length 
have becn calculatcd. Influence of parental body weight on progeny performance has been studied. Effectiveness of 
family selection will be evaluated by comparing the actual selected generation with the unselected control population. 
METHODOLOGY: Performance tests (separate incubation of eggs and rearing of fry untiltagging as one summer old 
finger1ings, communal rearing later on) with control measurements of growth (at half year intervals) and sexual 
maturati on. 
STATUS: Ongoing project. 

Study 10 
LABORATORYIRESEARCHER: Institute of Freshwater Ecology and lnland Fishcries (!GB), Depart. of Biology 
and Ecology of Fis hes, Berlin l A. Ludwig and C. Walter. 
SPECIES: Different species of Cyprinids. 
PROJECT FUND ING: Bundesministerium flir Forschung und Technologie. 
OBJECTIVE: Investigation of population as well as sub·population structure. Estimation of intraspecific and 
interspecific biodiversity. 
DESIGN: Development of marker systems for gene flow within different sampling points. 
METHODOLOGY: Sequcnce and microsatellites analyses. 
STATUS: Ongoing project. 

Study 11 
LAB ORA TORY l REASEARCHER: Institute of Freshwater Ecology and Inland Fisheries (!GB), Depart. of Biology 
and Ecology ofFishes, Berlin l A. Ludwig and F. Kirschbaum. 
SPECIES: Acipenser sturio. 
PROJECT FUNDING: Deutsche Forschungsgcmeinschaft, Kl 189/11-1. 
OBJECTIVE: Genctic characterisation of historical stocks of Acipenser sturio originated in German waterways. 
Comparison with samples from other sturgeon catches of European waters, especially the Gironde population with 
respect to the reestablishment of Acipenser sturio in German waterways. 
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DESIGN: Museum samplcs of Acipenser sturio were collected originating from different River systems and from the 
North Sea. DNA analyses are performed. 
METHODOLOGY: Sequencc analyses. 
STATUS: Ongoing projccl. 

Study 12 
LABORATORYIRESEARCHER: Zoologisches Institut, LMU of Munich l Tautz, U. Schliewen, K. Rassmann and 
C. Englbrechl. 
SPECIES: Salmo trutta and Salvelinus alpinus. 
PROJECT FUND ING: Federal Ministry of environment (UBA). 
OBJECTIVE: l) to study changes in genetic variability (connected with changcs in behaviour, morphology, etc.) of 
autochthonous species resulting from crossing with non-autochthonous spccics (e.g. stucking). 2) To cstablis}l a model 
to estimate the risk of releasing genetically manipulated organisms. 
DESIGN: Salmo trutta species have been sampled in many brooks within Bavaria. Salvelinus alpinus samples were 
obtained from major prealpine !akes and small alpine !akes of Germany. Morphological and genetic analyses are 
perforrned. 
METHODOLOGY: Sequencing of mtDNA, Microsatellite-analyscs. 
STATUS: Ongoing project. 

Study 13 
LAB ORA TORYIRESEARCHER: Zoological Institute I, University of Heidelberg, Heidelberg l A. Schreiber. 
SPECIES: Salmo trutta, Thymallus, Cottus, Gohio, Chondrostoma and Lampetra. 
PROJECT FUND ING: Fisheries authorities. 
OBJECTIVE: Genetic population structure as basis for conservation management. 
DESIGN: Population samples from wild stocks in different river basins are investigated. 
METHODOLOGY: Enzyme electrophoresis, RAPDs, morphometry. 
STATUS: Ongoing project. 

Study 14 
LABORATORYIRESEARCHER: UFZ-Centre for Environmental Research, Dept. Community Ecology l B. 
Lauchstaedt. 
SPECIES: Rutilus rutilus. 
PROJECT FUND ING: UFZ-Centre for Environmental Rescarch. 
OBJECTIVE: Habitat fragmentation in riverside forest waters of the "Biosphaerenreservat Mitdere Elbe". 
DESIGN: Sampling of 24 sites from the El be river and backwaters at different stage of isolation. 
METHODOLOGY: Allozyme analyses. 
STATUS: Ongoing project. 

Study 15 
LABORATORYIRESEARCHER: UFZ-Centre for Environmental Research, Dept. Community Ecology l B. 
Lauchstaedt and B. Haen!ling 
SPECIES: 24 Central European Cyprinid species. 
PROJECT FUND ING: UFZ-Centre for Environmental Research. 
OBJECTIVE: Phylogcnctic rclationship among and within cyprinid subfamilies. 
DESIGN: Sampling of 24 cyprinid species of German waters, including all genera occurring in Central Europe 
METHODOLOGY: Allozyme analyses. 
STATUS: Ongoing project. 

,ICELA!'IID.. ·.· 

Study l 
LABORATORYIRESEARCHER: Hol ar Agricultural College, Saudarkrokur lE. Svavarsson. 
SPECIES: Arctic charr. 
PROJECT FUND ING: The National Researeh Council and the Agricultural Productivity Fund in Iceland. 
OBJECTIVE: To dcterrnine genetic parameters, i.e. heritability and genetic correlation of economically important 
traits of Arctic c harr in Aquacultur~. The results will be utilised in a national hreeding program of Arctic c harr. 
DESIGN AND METHODOLOGY: Data are collected from charr in the first 2 or 3 year classes of the Arctic charr 
breeding program. Bach year class is made up of 100- 120 full sib families, with two or three families pr. sire. The 
families are reared for two and a half year from hatching. Data are collected on growth, sexual maturity at different li fe 
_stages, flesh coloration and possibly fat content of fish. Data are anal y sed after standard me~hods in anin;J._al breeding. 
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STA TVS: The project started in 1993 and is planned for four years. Preliminary results for the first year el ass have 
been published in Iceland. A revised project plan has been sent to the Research Council for the years 1996 - 1998. 
Continued work according to the revised plan will depend on fund ing. 
COMMENTS: The project is in co-operation between the Agricultural school at H61ar in North Iceland, that is in 
charge of the actual breeding program for Arctic charr, the Institute of Freshwater Fisheries and the Agricultural 
Research Institute. The breeding program is funded by the Agricultural Productivity Fund in Iceland. 

Study 2 
LABORATORYIRESEARCHER: Marine Research Institute (MR!), c/o Biotechnology House, Reykjavik l A.K. 
Danielsdottir, O.D.B Jonsdottir and O.Y. Atladottir. University of Trondheim, Norway l J. Mork; University College 
Cork, Ireland l T. Cross and P. Galvin; University of East Anglia, U.K. l G. M. Hewill and C. Rico; Directorate of 
Fisheries Research, MAFF, U.K. l R. S. Mi liner and M. Nicholson. 
SPECIES: Cod (Gadus Morhua), hake (Merluccius mer/uccius), blue whiting (Micromesistius poutassou) and poor cod 
(Trisopterus minututs). 
PROJECT FUNDING: MR! and EU FAIR. 
OBJECTIVE: Cod stock structure in Icelandic waters and calibration of different molecular Markers for use in 
discrimination and management of cod, blue whiting, hake and poor cod. 
METHODOLOGY: Haemoglobin's, allozymes and anonymous cDNA RFLP. 
STATUS: Four year project. C od sampling has started, analysis of samples started in October 1996. ( 1996-2000). 

Study 3 
LAB ORA TORYIRESEARCHER: Marine Research Institute (MR!), c/o Biotechnology House, Reykjavik l A.K. 
Danielsdottir (project lcader), L Hansen, H.B. Jonsdottir and S.L. Jonsdottir. 
SPECIES: Rcdfish (Sebastes mentella). 
PROJECT FUND ING: MR!, The National Research Council of lee land and various trawlers. 
OBJECTIVE: Study the genetic population structure of occanic and dcep-sea S. mente/la in Irminger sea and lcelandic 
waters. 
DESIGN: Redtish samplcs from different locations South west of lee land and the Irminger Sea. 
METHODOLOGY: Allozymes, haemoglobin's and anonymous cDNA RFLP. 
STATUS: Three to five year project. Redfish sampling and analyses started summer 1995. 
COMMENTS: The project is in collaboration with University of Bergen, Norway l T. Johansen and G. Naevdal. 
Departement de Biologie, Universite Laval. Quebec l L. Bernatchcz and S. Roques. 

Study 4 
LABORATORY/RESEARCHER: Institute of Freshwater Fisheries. c/o Biotechnology House, Reykjavik l A.K. 
Danielsdottir and S. Gudjonsson. Danish Institute for Fisheries Research, Dept. of Tnland Fisheries, Silkeborg l M.M. 
Hansen (coordinator) + 21 othcr participants from laboratories in Europe and Canada. 
SPECIES: Brown trout (Salmo trutta). 
PROJECT FUND ING: In house, the Icelandic Science fund and EU FAIR 
OBJECTIVE: Genetic variation in wild populations of landlocked and anandromous brown trout in Iceland. Concerted 
Action on brown trout population genetics (TROUTCONCERT). The objectives are to promote collaboration among 
laboratories that are active in research on population genetics of brown trout, to harmonise the use of genetic markers, 
to gi ve recommendations for a European strategy for management and conservation of the species, and to establish 
databases on relevant literature, available genetic markers and data from published and unpublished studies. The 
databases will be made publicly accessible on the World Wide Web (WWW). 
DESIGN: Mapping of gene frequencies. Concerted action, i.e. network among laboratories. 
METHODOLOGY: Allozymes. Workshops, exchange visits among laboratories, common databases and WWW 
facilities. 
STATUS: Samples from 13 locations have been analysed and the study is ongoing. Two-year project (1998-1999). 

Study 5 
LABORATORYIRESEARCHER: University oflceland, Department of Biology, Reykjavik lE. Arnason. 
SPECIES: Cod. salmon, brown trout and Arctic charr. 
PROJECT FUND ING: In house and the Icelandic Science fund. 
OBJECTIVE: Genetic population structure and species variation. 
DESIGN: Mapping of gene frequencies and sequence variation. 
METHODOLOGY: RFLP of mtDNA, mtDNA cytochrome b sequencing and microsatellite markers. 
STATUS: Ongoing. 

Study 6 
LABORA TORYIRESEARCHER: Stofnfiskur ltd., private fishfarmers l J. Jonasson. 
SPECIES: Atlantic salmon. 
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.PROJECT FUND ING: Icelandic Government, private. 
OBJECTIVE: U se selcctive breeding to improve economically important traits in rearing of salmon in landbased units 
and net pens. 
DESIGN: Produce 100-200 families a year for selection. 
STATUS: Startcd in 1991, ongoing. 

Study 7 
LABORATORYIRESEARCHER: Stofnfiskur Ltd., private fishfarmers l J. Jonasson. 
SPECIES: Atlantic salmon. 
PROJECT FUNDING: lcelandic Rescarch Council. 
OBJECTIVE: Establish rearing methods by using geothermal heat and light regimes to aecelerate growth and age at 
maturity to shorten the generation intcrval to increase response to selection. 
DESIGN: Produce 100-150 families a year. 
STATUS: Started in 1993-1997. 

Study 8 
LABORATORYIRESEARCHER: Stofnfiskur Ltd., private fishfarmersl J. Jonassen. 
SPECIES: Atlantic sal mon. 
PROJECT FUND ING: Icclandic Research Council. 
OBJECTIVE: Salmen quality. Estimate heritabilities for fat content and genctic corrclation bctwccn fat contcnt and 
other life history traits in salmon farming. 
METHODOLOGY: U se Tory-fish fat meter to mcasure fat content. 
DESIGN: Produce 100-150 families a year. 
STATUS: Started in 1995-1997. 

Study 9 
LABORATORYIRESEARCHER: Stofnfiskur Ltd. l J. Jonasson. Saebyli ltd. l S. E. Stefansson. Institute of 
Freshwater Fisheries l A. Gudnason. The Marine Research Institute" A. Steinarsson. 
SPECIES: Red Abalone. 
PROJECT FUND ING: lcclandic Research Council. 
OBJECTIVE: Estimate gcnetic parameters for body weight, survival and shell and meat proportion, in the attempt to 
plan a breeding program for red abalone culture in Icelarid to reduce ptodi..lction cost for coming years. 
METHODOLOGY: Classic selective breeding programs. 
DESIGN: Produce 100-150 full- and half-sib families a year. 
STATUS: Started in 1996-1999. 

Study lO 
LABORATORY!RESEARCHER: University of Iceland, Holar Agricultural College, Saudarkrokur l S. Skulason and 
D. Gislason. Joint population genetic laboratory of the Marine Rcscarch Institute and Institute of Freshwatcr Fishcrics, 
c/o Biotechnology House, Reykjavik l A.K. Danielsdottir. Also one partner in Ireland, one in Sweden and one in 
Scotland. In collaboration with the University of Guelph l M. Ferguson. 
SPECIES: Arctic charr, Salvelinus alpinus. 
PROJECT FUNDING: EU FAIR-CT-96-1981. 
OBJECTIVE: Development of sustainable aquaculturc of Arctic c harr. 
DESIGN: Multidisciplinary approach involving fish-farmers, ecologists, brood stock managers, fish husbandry experts 
and molecular biologists. Holistic ·approach encompassing a variety of techniques to pro vide a sound scientific basis for 
the dcvelopment of this species for aquaculture. 
METHODOLOGY: Genetic variation in wild populations and domesticated stains from lceland, Scotland Ireland and 
Sweden by the use of microsatellites. 
STATUS: Projcct started in September 1997, to continue for 2 years. 

Study l 
LABORATORY/RESEARCHER: Department of Zoology, University College Dublin l L. Sullivan, B. Danilowicz 
andE. Duke. 
SPECIES: Atlantic herring. 
FUNDING: Fisheries Research Centre, Enterprise Ireland, University College Dublin. 
OBJECTIVE: To cstahlish the extent of genetic (microsatellite) variation among Irish herring populations and 
detcrminc if there are distinct spawning populations on individual gra vel beds. 
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DESIGN: Collect egg stage herring on specific grave! beds; collect adult herring from each major spawning location 
around Ire land; perform genetic analyses on collections taken over two years. 
METHODOLOGY: Mkrosatellite analysis. 
STATUS: Three year project started November 1998. 

Study 2 
LABORATORYIRESEARCHER: National Diagnostics Centre, NUI, Galway l T. Smith, S. Martin, O. McMeel and 
M. Cairns and EU partner laboratories. 
SPECIES: Rainbow trout, tilapia (Galway). 
FUND ING: EU FAIR programme (CT 97-3796) (Coordinator -Jean-Francois Baroiller, Rennes). 
OBJECTIVE: Identification of genes involved in sex determination in salmonids. 
METHODOLOGY: PCR-based cloning of differentially expressed genes during sex deterrnination using SSH and DD 
RT-PCR. Molecular analysis of gencs isolated by differential doning. 
STATUS: 3 year project funded until December 2000. 

Study 3 
LABORATORY/RESEARCHERS: National Diagnostics Centre, NUI, Galway, T. Smith, O. McMccl, B. Clcary and 
M. Cairns and EU partner laboratories. 
SPECIES: Atlantic salmon, Rainbow traut, (Galway). 
FUND ING: EU Biotech pragramme (CT 97-0554) (Coordinator: Dr Terry Smith, Galway). 
OBJECTIVE: Assessrnent of biological containment and gene flow in transgenic sterile fish. 
METHODOLOGY: Inhibition of GnRH protein praduction in trout, tilapia and zebrafish by antisense mRNA 
expression. Molecular approaches to induce controllable and reversible sterility in fish. 
STATUS: 3 year praject fundcd until December 2000. 

Study 4 
LABORATORY/RESEARCHERS: National Diagnostics Centre, NU!, Galway l T. Smith, S. Martin and P. O'Dea 
and EU partner laboratorics. 
SPECIES: Rainbow traut (Galway). 
FUND ING: EU FAIR pragramme (CT 95-0666) (Coordinator: Daniel Chourrout, Bergen). 
OBJECTIVE: Molecular basis of fish immunity for disease resistance. 
METHODOLOGY: PCR-based library construction and doning of differentially expressed genes using SSH. 
Molecular analysis of genes isolated by diffcrential doning. 
STATUS: 3 year project funded until April 1999. 

Study 5 
LABORA TORYIRESEARCHERS: National Diagnostics Centre, NU!, Galway l T. Smith, S. Martin and A. 
Sangrador. 
SPECIES: Rainbow traut (Galway). 
FUNDING: EU FAIR programme TMR (GT 97-3020). 
OBJECTIVE: Identification of genes in vol ved in the non-specific immunc response of rainbow trout. 
METHODOLOGY: Immuno-stimulation of trout head-kidncy primary leukocyte cells. PCR-based library 
construction and cloning of differentially expresscd genes using SSH. Molecular analysis of genes activated by 
imrnuno-stimulation isolated hy diffcrcntial cloning. 
STATUS: 2 year TMR projcct funded until October 2001. 

Study 6 
LABORATORYIRESEARCHERS: National Diagnostics Centre, NUI, Galway l S. Martin, T. Smith, O. McMeel, A. 
O'Keefe and M. Cairns. 
SPECIES: Atlantic salmon. 
FUND ING: Enterprise Ireland Basic Research Programme. 
OBJECTIVE: Identification of the ra le of thyroid stimulating horrnone in smoltification of Atlantic salmon. 
METHODOLOGY: Molecular analysis of thyroid stimulating hormone gene expression during development and 
smoltification. Isolation and characterisation of TSH subunits, Northem blot analysis and study of TSH expression in 
primary pituitary cells. 
STATUS: 3year project funded until October 2001. 

Study7 
LABORATORY/RESEARCHERS: Department of Micrabiology and National Diagnostics Centre, NUI, Galway l R. 
Powell, T. Smith, S. Martin and K. Glennon. 
SPECIES: Lepeophtheirus salmonis. 
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FUND ING: Marine Institute Operational Programme for Fisheries (1994-1999) 97.1R.MR.Oil. 
OBJECTIVE: Cloning and characterisation of Lepeophtheirus salmonis microsatellite genetic elements as useful tools 
for the study of sea lice ecology, · 
METHODOLOGY: Construction and characterisation of short-insert genomic plasmid libraries of .Lsalmonis. 
Screening of libraries and isolation of microsatellite sequenccs. Characterisation of microsatellites for 'polymorphism 
information content and evaluation of distinct sea-lice populations for heterogeneity. 
STATUS: 2 year project funded until December 1999. 

Study 8 
LABORATORYIRESEARCHER: Salmon Research Agency of Ireland l P. McGinnity_ Queens University Belfast. 
National University of Ireland, Cork. Marine Institutes Fisheries Research Centre. 
SPECIES: Atlantic salmon. 
FUND ING: Salmon Research Agency of Ire land, Marine Institute. 
OBJECTIVE: Field and hatchery experiments, u tilising molecular markers, to determine the genetic effects of farmed 
escaped salmon on natura) populations; relative marine survival and comparative pcrformance of F2 hybrids and back 
crosscs in freshwater. 
DESIGN: Simulation of a farm escape to a natural stream contained by high spccification fine screened trap, individual 
fish identified to family using DNA microsatellites, release of hatchery rearcd control population smolLo;; to sea, capturc 
and DNA profiling of re turning adults. 
METHODOLOGY: Establishment of experimental population, hatchery control, !rap and field monitoring, 
microtagging, cold branding, sampling, microsatcllitc DNA analysis. 
STATUS: Project started 1998, ongoing. 

Study 9 
LABORATORYIRESEARCHER: Salmon Research Agency of Ireland l D. Cotter wilh one Irish, two Scottish and 
one Norwegian partners. 
SPECIES: Atlantic salmon. 
FUND ING: AIR Programme. 
OBJECTIVE: A comprehensive evaluation of the use of sterile triploid Atlantic salmon in reducing the intcraction 
between wild and farm stocks. 
DESIGN: Charactcrisation of the perfo~mance of triploidS in culture. 
METHODOLOGY: Setting up experimental population, con tro l population, ocean ranching, rearing experiments, 
tagging, and simulation of escapes from sea cages. 
STATUS: Main programme completed October 1998, ocean ranching aspects ofproject still ongoing. 

Study 10 
LABORATORYIRESEARCHER: Trinity College Dublin & Hydro l A. Norris. Seafood Fanad. 
SPECIES: Atlantic salmon. 
FUND ING: Hydro Seafood Fanad. 
OBJECTIVE: To implement new family sclcction program for a number of economically important traits. DNA 
markers will be used to estimatc rclatcdness and parentage and to monitor an y losses in genetic variation as the program 
advances. 
DESIGN: Establish new family population each year for four years. Parentage identifi.cation and selective breeding to 
begin in three years. 
METHODOLOGY: Quantitative genetics analysis and microsatellite analysis. 
STATUS: Ongoing. 

Stody 11 
LABORATORYIRESEARCHER: Biochcmistry Department, National University oflreland, Galway l L. Byrnes and 
K. Gately. 
SPECIES: Atlantic salmon, Sa/mo sa/ar. 
PROJECT FUNDING: BioResearch Ireland. 
OBJECTIVE: To examine the regulation of salmon transferrin gene expression, particularly during smoltification. 
DESIGN: Promoter of sal mon transferrin gene has been isolated. 
METHODOLOGY: DNA sequence analysis, electrophoretic mobility shift assays, DNase footprinting, functional 
assays of pro moter activity in celllines. 
STATUS: Final year of project. 

Study 12 
LABORATORYIRESEARCHER: Biochemistry Department, National University oflreland, Galway l L. Byrnes, J. 
Hill and A. Kelly. Also two partners in lceland, and one each in Sweden and Scotland. 
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SPECIES: Arctic charr, Salvelinus alpinus. 
PROJECT FUND ING: EU FAIR-CT-96-1981. 
OBJECTIVE: Development of sustainable aquaculture of Arctic c harr. 
DESIGN: Multi-disciplinary approach involving fish-farmers, ecologists, brood stock managers, fish husbandry experts 
and molecular biologists 
METHODOLOGY: Holistic approach encompassing a variety of techniques to pro vide a sound scientific basis for the 
development of this species for aquaculture. 
STATUS: Project started in December, 1996, to continue for three years. 

Study 13 
LABORATORY/RESEARCHER: Recombinant DNA Group, Department of Microbiology, National University of 
Ireland, Galway l R. Powell. 
SPECIES: Atlantic salmon (Sa/mo sa/ar), rainbow trout (Oncorhynchus mykiss), brown trout (Sa/mo trutta). 
FUNDING: EU FAIR Programme 1996-1999. 
OBJECTIVE: Generation of highly informative DNA markers and genetic marker maps of salmonid fishes 
(SALMAP). Research involvcs the doning, isolation and design of PCR assays targeting repetitive microsatellite DNA 
sequences in the genome of the selected salmonids. The objectives are to define low density genetic maps for the three 
selectcd salmonid species. 
STATUS: 3 year project due for completion in January 2000. 

Study 14 
LABORATORY/RESEARCHER: Department ofMicrobiology, National University oflreland, Galway lR. Powell. 
SPECIES: Pacific oyster (Crassostrea gigas). 
PROJECT FUND ING: EU FAIR Programmc 1995-1999. 
OBJECTIVE: Development of a molecular karyotype system for Pacific oyster. Research involves the construction of 
largc·insert gcnomic DNA libraries of Pacific cyster using E. co/i cosmid vectors. The aim is to define clones that mark 
spccific chromosome pairs and develop a chromosomal karyotype system based on such molecular markers. 
STATUS: 5 year projcct due for completion in November 2001. 

Study 15 
LABORA TORY/RESEARCHER: Department ofMicrobiology, National University of Ireland, Galway l R. Powell. 
SPECIES: Atlantic salmon (Sa/mo salar). 
PROJECT FUNDING: Enterprise Ireland Basic Science Programme 1997-2000 and EU FAIR Programme 1998-
2001. 
OBJECTIVE: Generation of a genetic body map for Atlantic salmon. Research involves the construction of cDNA 
librarics from four tissues of Atlantic salmon. Partial DNA sequencing will be used to generate ESTs and define the 
major abundant rnessenger RNA transcripts in the selected tissues. 
STATUS: 3 year projects due for completion in 2002. 

Study 16 
LABORATORYIRESEARCHER: Department ofMicrobiology, National University oflreland, Galway l R. Powell. 
SPECIES: Aeromonas salmonicida in salmonid and non-salmonid species. 
PROJECT FUND ING: No current dedicated funding. 
OBJECTIVE: Improved identification and taxonomy of atypical isolates of the fish pathogen Aeromonas salmonicida. 
Research is underway on a genetic, biochemical and immunological analysis of new isolates of 'atypical' Aeromonas 
salnwncida presently being isolated from a large range of diseased sea- and fresh-water fish species. The objectivcs are 
(i) to develop definitive diagnostic procedures for the identification of this bacterial group, and (ii) to quantify the 
detrimental effect of this group on native fish resources. 
STATUS: Ongoing project 

Study 17 
LABORATORYIRESEARCHERS: Aquaculture Development Centre, National University of Ireland, Cork l T. 
Cross, P. Galvin and J. Coughlan plus two UK, one Norwegian and one Icelandic partner. 
SPECIES: Cod, hake, blue whiting and poor cod. 
PROJECT FUND ING: EC FAIR CT95.0282. 
OBJECTIVE: To investigate population structure on a macro and micro-geographic scale. 
DESIGN: Three novel minisatellite loci have been developed for each species and are currently being screened. A 
242bp MHC fragment has been sequenced in disparate members of all species, directed RFLP des i gned and screening is 
in progrcss. 
METHODOLOGY: PCRable minisatellites, MHC genes. 
STATUS: Four year project from Aprill996. 
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Study 18 
LABORATORYIRESEARCHERS: Aquaculturc Development Centre, National University of Ireland, Cork l P, 
Gal vin, T. Cross and Y. Kelly. 
SPECIES: Atlantic salmon, Sa/mo sa/ar. 
PROJECT FUNDING: Irish Electricity Supply Baard. 
OBJECTIVE: To assist the breeding programme on the river Shannon by carrying out molecular studies. To study 
wild population structure using GSI. 
DESIGN: Many hatchery and wild samples are being screened. 
METHODOLOGY: Microsatellites. 
STATUS: One year project from January 1999. 

Study 19 
LABORATORYIRESEARCHERS: Aquaculture Development Centre, National University of Ireland, Cork l T. 
Cross, M. Cross and P. Galvin .. 
SPECIES: Atlantic salmen, Sa/mo salar. 
PROJECT FUND ING: EU Interreg~ 
OBJECTIVE: To study. genetic variability in the hatchery strain in the river Erne and wild populations from nearby 
ri vers and those throughout the country, to ad vise on ranching programme. 
DESIGN: In addition to the geographic element~ parr samples of two cohorts are being screened to test for temporal 
variability, as are archival scale collections. 
METHODOLOGY: Microsatcllites. 
STATUS: Four year project from November 1996. 

Study 20 
LABORA TORYIRESEARCHERS: Aquaculture Development Centre, National University of Ire land, Cork l T. 
Cross, P. Gal vin andE. Dillane, plus three UK and two Spanish, three French, one Portuguese and one Greek partner or 
associate. 
SPECIES: Ommastrcpid squid, l/lex coindetii and Todaropsis eblanae (Cork). 
PROJECT FUNDING: EC FAIR.CT96. 
OBJECTIVE: To search for population structure throughout the north east Atlantic and Mediterranean range, with 
later concentration on aspects of fishery interest. 
DESIGN: In addition to work at Cork, four other cephalopod species are being studied (Octopus vulgaris, Loligo 
vulgaris andforbesi, Sepia officinalis), and GIS, life history aspects and automated ageing are also being investigated. 
METHODOLOGY: Microsatellites. 
STATUS: Three year project which tinished in March 2000. 

Study 21 
LABORATORYIRESEARCHERS: Aquaculture Development Centre, National University of Ireland, Cork l T. 
Cross, R. FitzGerald, J. Coughlan, M. Stcfansson, P. Galvin, M. Mulcahy and R. Hoare, plus Norwegian and Dutch 
groups. 
SPECIES: Turbot, Scophtha/mus maximus, halibut Hippoglossus hippoglos.ws. 
PROJECT FUNDING: EU FAIR Programme. 
OBJECTIVE: To comparc gcnetic variability in experimental strains of turbot and halibut, and also to study wild 
population structure in these species. 
DESIGN: Three strains of each species are held at varying tcmperatures (and salinities in the case of turbot) at the 
Bergen Large. Scale Facility, and growth, immunology, stress physiology and gcnctics investigatcd. Six -or more wild 
samples are also takcn from throughout the ranges for· genetic characterisation. 
METHODOLOGY: Microsatellite loci. 
STATUS: Three year project tinishing in December 2001. 

Study 22 
LABORATORYIRESEARCHERS: Aquaculture Development Centre, National University of Ireland, Cork l T. 
Cross and D. O'Leary. Biochemistry Department, National University College, Cork l T. McCarthy. 
SPECIES: Cod, Gadus morhua. 
PROJECT FUNDING: Forbain (Irish Science Council). 
OBJECTIVE: To evaluate GMPD in fish. 
DESIGN: Glycosylasc mcdiated polymorphism detection (GMPD) detects some 90% of single base substitutions in 
humans. The method is being transferred to cod which will then be screened from throughout the range 
METHODOLOGY: GMPD for rapid partial sequencing. 
STATUS: Three year study from November 1998. 
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iLATVIA 

Study l 
LABORATORYIRESEARCHERS: Latvian Fisheries Research Institute l O.P. Vasin. 
SPECIES: Atlantic salmon. 
PROJECT FUND ING: In house. 
OBJECTIVE: Gene tie monitoring of main hatchery and wild populations. 
METHODOLOGY: Allozymes (in polyacrylamide). 
STATUS: Long term study started 1984. 

NORWAY 

Study l 
LABORATORYIRESEARCHER: Department of Fisheries and Marine Biology l University of Bergen (DFMB), T. 
Johansen and G. Nævdal. Institute of Marine Research (!MR) Bergen. Møreforskning, Ålesund. 
SPECIES: Redfish, Genus Sebastes. 
PROJECT FUNDING: !MR and the University of Bergen. 
OBJECTIVE: Study the genetic variation between morphologically similar species, and the population structure 
within the species. 
DESIGN: Extensive sampling has raken place throughout the distibution areas of the redfish species, with main 
emphasise on Icelandic and Greenland waters in collaboration with Institute of Marine Research, Reykjavik and 
Mørcforsking, Ålesund. Samplcs have also bccn exchanged with Canadian, Spanish and German rcsearchers. 
METHODOLOGY: Gel electrophoresis and isoelectric focusing (allozymes). RAPD in collaboration with !MR. 
STATUS: Studies on haemoglobins and allozymes by electrophoresis and isoelectric focusing have been going on since 
1987; the last years with main emphasise on Icelandic and Greenland waters. From 1995 DNA-analyses have been 
included with the main emphasise of studying the oceanic and deep sea S. mentella. Data are now being prepared for 
publication. 
COMMENTS: The project has revealed a relative simple species and population structure for redfish species in the 
eastern North Atlantic, while the picture seems very complicated in Grcenland waters. The Giant redfish at the 
Reykjanes Ridge deviate from the other redfish groups. Jf funding is possible the studies will be continued in the 
Iceland- Green land area through extensive international cooperation, with rnain emphasise on the deep sea and Oceanic 
S. mentella in the Irminger Sea. 

Study 2 
LABORATORYIRESEARCHER: Department of Fisheries and Marine Biology and University of Bergen (DFMB) l 
G. Nævdal. 
SPECIES: Mesopelagic fish species. 
PROJECT FUND ING: Own funding. 
OBJECTIVE: Identify morphologically similar species and study the slructure of the more common mesopelagic 
fishes (Maurolicus miilleri, Benthosema glaciale, Notolepis ri.ssoi kroyeri). 
DESIGN: Samples from Norwegian fjords and offshore waters are being analysed. 

Study 3 
LABORATORYIRESEARCHER: Institute of Marine Research l Ø. Skaala. University of Stirling, Scotland l J.B. 
Taggart, A. Teale and K. Glover. 
SPECIES: Seatrout Salmo trutta. 
PROJECT FUNDING: Electricity industry and Norwegian Research Council. 
OBJECTIVE: Compare performance of families and stocks of anadromous trout. 
DESIGN: Compare performance in natura! habitat and in hatchery. 
METHODOLOGY: ldentify families by microsatellites. 
STATUS: Families produced. 

Study 4 
LABORATORYIRESEARCHER: !MR, Norway/ Ø. Skaala 
SPECIES: Brown trout, Salmo trutta. 
PROJECT FUNDING: Statkraft. 
OBJECTIVE: Study genetic effects of stocking in Lake Halne fjord. 
DESIGN: Compare genetic composition in recipient and donor stocks. 
METHODOLOGY: Allozymes. 
STATUS: Genotyping completed. 
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Study 5 
.LABORATORYIRESEARCHER: Department of Aquaculture, Institute of Marine Research (!MR), Bergen l G. 
Dahle. 
SPECIES: Different marine species. 
PROJECT FUNDING: Norwegian Research Council. 
OBJECTIVE: Investigate possible genetic markers for identification of marine species in seafood- authentication. 
DESIGN: Analyse several amplified mtDNA fragments, and produce a RAPD library from many different species, 
both economically important and others. , 
METHODOLOGY: PCR amplification of different mtDNA fragments, RFLP, and RAPD. 
STATUS: Project to be tinished in 1999. 

Study 6 (1998) 
LAB ORA TORYIRESEARCHER: Institute of Marine Research (!MR), Bergen l K.E. Jørstad. 
SPECIES: European lobster (Hommarus gammarus). 
PROJECT FUND ING: !MR, Norwegian Research Council. 
OBJECTIVE: Genetic comparison of cultured and wild lobsters. 
DESIGN: Sampling of wild and recaptured cultured lobsters. Comparison with samples of wild stock at Kvitsøy and 
nearby regions. 
METHODOLOGY: Starch gel electrophoresis, polymorphic enzymes. 
STATUS: Preliminary report 1997. 
COMMENTS: The work is part of a 1arge-scale lobs.ter enhancement project. 

Study 7 (1998) 
LABORATORYIRESEARCHER: Institute of Marine Research (IMR),·Bergen l K.E. Jørstad. 
SPECIES: Mainly herting (Clupea harengus). 
PROJECT FUNDING: !MR, Ministry ofForeign Affairs, Norway. 
OBJECTIVE: Year class study of herring tjord stocks; iJcntification mcthods of different hcrring stucks in Barcnts 
Sea and Russian coa:stal areas. 
DESIGN: Sampling by research vesse1 surveys; analyses carried out on board. 
METHODOLOGY: Starch ge1 electrophoresis/allozyme variation. 
STATUS: First report 1997. 
COMMENTS: Part of the study is a joint wurk with Russian institutions (Moscow State University; SevPINRO 
(Arkhangelsk) and PINRO (Murmansk). 

Study 8 (1998) 
LABORATORY/RESEARCHER: Institute of Marine Rescarch (!MR), Bergen l K.E. Jørstad. 
SPECIES: European lobster (Hommarus gammarus). 
PROJECT FUND ING: !MR, Norwegian Rcscarch Council. 
OBJECTIVE: Estimate genetic impact from Scottish lobster/import. 
DESIGN: Collection of lobster samplcs from Scotland and compare with samples from recipient areas in Norway. 
METHODOLOGY: Allozymc and microsatellite DNA analyses. 
STATUS: Initiated spring 1998. 
COMMENTS: Partly in co-operation with A. Ferguson, Belfast. 

Study 9 
LABORATORYIRESEARCHERS: The Norwegian College ofFishery Science, University of Tromsø l S.E.Fevolden 
with two Norwegian and several other European partners. 
SPECIES: Rainbow trout (Oncorhynchus mykiss). 
PROJECT FUND ING: EC FAIR-CT95-0152. 
OBJECTIVE: To establish a protoeol for the selective breeding of finfish for increased tolerance to stress and to assess 
whether stress tolerance is an advantage under aquaculture conditions in terms of growth, disease resistance and 
reproductive performance. 
METHODOLOGY: Selection based on post-stress plasma levels of cortisol and lysozyme. 
STATUS: Four year project started in 1996. 

Study 10 
LABORATORYIRESEARCHER: The Norwegian College of Fishery Science, University of Tromsø l S.E. Fevolden. 
SPECIES: Atlantic cod (Gadus morhua). 
PROJECT FUNDING: Norwegian Research Councill273571122. 
OBJECTIVE: To increase the knowledge and understanding of the macro- and microgeographic diversity at the 
synaptophysin locus of the species. Thefollowing subgoals are given: (i) to verify whether the typical coastal cod Syp I 

100 1999 WGAGFM Report 



alle le frequencies found in Troms and Finnmark are also typical of waters further east along the Kola Peninsula, and 
furthcr south along the Norwegian coast; (ii) to study the stability of microgeographic genetic diversity within specific 
fjords; and (iii) to investigate thermal preferential between the various Syp I genotypes found at different temperature 
regimes offshore and inshore, and at different depths within the same region. 
METHODOLOGY: The synaptophysin locus (Syp 1). 
STATUS: Three year project started in 1999. 

Study 11 
LABORATORYIRESEARCHERS: Norwegian College of Fishery Science, Norwegian College of Veterinary 
Medicine, Norwegian Institute of Fisheries and Aquaculture l S.E. Fevolden, K.H. Røed and J.S. Christiansen. 
SPECIES: Capelin (Mallotus villosus). 
PROJECT FUND ING: Norwegian Institute of Fisheries and Aquaculture. 
OBJECTIVE: To findldevelop microsatellite primers for capelin that could be used to study population variability in 
the North Atlantic. 
STATUS: Pilot project started in 1999. 

Study 12 (1998) 
LABORA TORYIRESEARCHER: Norwegian Institute for Nature Research (NINA) l K. Hindar. 
SPECIES: Atlantic salmon. 
PROJECT FUNDING: Directorate for Nature Management, Norway and NINA. 
OBJECTIVE: Establish baseline information about the population genetic structure of Atlantic salmon in Norway. 
DESIGN: Samples from all over Norway to analyse spatial and temporal variation in gene frequencies. 
METHODOLOGY: Allozymes. 
STATUS: Ten-year project to be completed 1998. 

Study 13 (1998) 
LABORATORYIRESEARCHER: Norwegian Inslilulc for Nature Research (NINA) l K. Hindar. In collaboralion 
with two UK and one Irish group. 
SPECIES: Atlantic salmon and brown trout. 
PROJECT FUNDING: EU AIR3 94 2484. 
OBJECTIVE: Quantify and understand hybridisation between Atlantic salmon and brown trout, especially in the light 
of an increasing tendency of cscaped farmed salmon to hybridise with traut. 
DESIGN: Index samples from Ireland, Scotland and Norway including undisturbed and "genetically polluted" rivors; 
bchavioural studies of spawning; estimates of fitness components in artificially produced hybrids. 
METHODOLOGY: Genetic markers (allozymes, nuclcar and mitochondrial DNA); feeding history markers (natura! 
and synthetic pigments); constructcd spawning arenas; rearing and release studies. 
STATUS: 27 month study completcd December 1996. 

Study 14 (1998) 
LABORATORYIRESEARCHER: Norwegian Institute for Nature Research (NINA) l l. FJerning, B. Jonsson and K. 
Hindar. 
SPECIES: Atlantic sal mon. 
PROJECT FUND ING: Research Council of Norway. 
OBJECTIVE: Quantify reproductive success of farmed and sea ranchcd fish relative to wild fish. 
DESIGN: Behavioural-ecological analysis of reproduction in artiftcial spawning arenas; release of genctically marked 
wild and farmed fish into a river. 
METHODOLOGY: Video recording and direct observation of spawning; ecological and genetic analysis of spawners 
and their offspring. 
STATUS: Ongoing project to be completed 1999. 

Study 15 (1998) 
LABORA TORY/RESEARCHER: Norwegian Institute for Nature Research (NINA) l K. Hindar and K. Kvaløy. 
SPECIES: Atlantic salmon. 
PROJECT FUND ING: Research Council of Norway. 
OBJECTIVE: Analyse genetic variation in extinct and re-established populations based on microsatellite DNA 
isolated from dried scales. 
DESIGN: Study of populations for which good scale samples exist. 
METHODOLOGY: PCRable microsatellite DNA. 
STATUS: Four-year project started in 1998. 
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Study 16 
LABORATORYIRESEARCHER: University of Trondheim, Biological Station l J. Mork. 
SPECIES: Indifferent. 
PROJECT FUNDING: Institutional. 
OBJECTIVE: Interactive MS-DOS simulation program (DGS-9D.EXE) for general simu1ation of evolution in 
multiple populations simultaneously. 
DESIGN: Simultaneous handling of combined genclic cffccts from random genetic drift, gene flow (modcl
independent), and selection (additive effects) at mu1liple loci in a gcnelically fred y prc-characlerized sel ofpopulations. 
An y number of gcncrations can be run. 
METHODOLOGY: Theorelical population genetics, mathematica1 modelling, computer, Mante Carlo simulations. 
STATUS: Functional vcrsion currcntly in use at several university sites. 

Study 17 
LAB ORA TORYIRESEARCHER: University of Trondheim, Biological Station l M. Gi æver. 
SPECIES: Blue whiting (Micromesistius poutassou). 
PROJECT FUND ING: The Norwegian Research Council, grant NF 113606/122. 
OBJECTIVE: To enlighten the genetic popu1ation structure in the blue whiting, with special emphasis on the north
eastern parts of its distribution range (the Norwegian Sea and the Barents Sea). 
DESIGN: Genotyping of a large number of individuals from a tight sampling nct in the relevant arcas! during and 
outside the spawning scason. 
METHODOLOGY: Allozymes and minisatellites. 
STATUS: Project end reported in 1998. Ph.D. dissertation in 1999. 
COMMENTS: Allozyme allele frequencies in a previous study indicatcd a separate stock in the north-east part of the 
blue whiting distribution area. This study has supported those results and enabled a more detailed delineation and 
genetic characterisation of this north-eastern bluc whiting. 

Study 18 
LABORATORYIRESEARCHER: University of Trondheim, Biological Station l J. Mork. 
SPECIES: Cod (Gadus morhua). 
PROJECT FUND ING: InstitutionaL 
OBJECTIVE: Study of the long term stability of haemoglobin, allozyme and DNA markers allele frequencies in a 
local population of cod, and test for correlation betwcen genotype and growthlsurvivaL 
DESIGN: Bi-annua] sampling (rcsearch vessel) of about 200 specimens from a local cod population with no 
conunercial exploitation. 
METHODOLOGY: Collection of biological data (lcngth, age, sex etc.), and genotyping for polymorphic 
haemoglohins and tissue enzymes. 
STATUS: Hacmoglobin analysis started in 1974 and is ongoing; allozym,es from 1980 and ongoing. 
COMMENTS: DNA mini- and microsatellites included from 1998 (back-tracking analyses possible as well). 

Study 19 
LABORATORYIRESEARCHER: Biological Station, University of Trondheim l J. Mork. Collaborations with 
University College, Cork, Ircland l T. Cross and P. Gal vin. University of Wales, Swansea, U.K. l G. Carvalho and C. 
Turan. Norwegian Institute of Fisheries and Aquaculture, Tromsø, Norway l J.B. Eliassen. 
SPECIES: Cod, haddock, whiting, saithe, blue whiting, Norway pout, capelin and herring. 
PROJECT FUNDING: The Norwegian Research Council and The Directorate for Nature Management. 
OBJECTIVE: Baseline studies of genetic population structurc~ in Norwegian coastal waters. 
DESIGN: Collection of -l 00 spccimcns from most Norwegian fjords from the Kola peninsula to Aalesund (totalling 
about 40 locations), storing tissue samples at -84 °C, and analysing them using allozymes and various otllers techniques 
when such become available. Sample collection during intensive research vessel cruises along the Norwegian coast 6-7 
weeks each year 1992-1998. 
METHODOLOGY: Allozymes, haemoglobins, DNA mini- and microsatellites. 
STATUS: Haddock, cod and blue whiting allozymes analysed (>3000 specimens each). Norway poul ca 1700 
specimens and herring ca 800 specimens analysed for isozymes. DNA mini- and microsatellite pilot studies commenced 
for most of the gadoid species. 
COMMENTS: The genetic studies are coordinated with biological studies on the same material by The Norwegian 
Institute of Fisheries and Aquaculture, Tromsø, in its Coastal Resource Program. All specimens are biologically 

· characterised (sex, length, age etc.). Tissue samples have been made available for colleagues with intcresling projects. 

Study 20 
LABORATORYIRESEARCHER: Biological Station, University of Trondheim l J. Mork. In collaboration with 

University College, Cork, Ireland l T. Cross, Marine Research Institute, lceland l A.K. Danielsdottir, University of East 
England l H. Godfrey (co-ordinator) and C. Rico and MAFF, Lowestoft, UK l R. Millner. 
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SPECIES: Cod, hake, blue whiting and poor cod. 
PROJECT FUND ING: EU FAIR CT95 0282 (4 years: 1996-2000). 
OBJECTIVE: To develop and calibrate a sel of molecular markers for use in detection and characterisation of stocks 
of commercially important marine fish species in the north Atlantic. 
DESIGN: Collection of -100 specimens from each node in a macro-geographic sampling net throughout the species' 
distribution ranges. Thereafter a micro-geographic sampling schedule in areas of special interest. U se of traditional as 
well as development of new genetic markers which are tested for usability. Exploring potential general patterns and 
correlation between genetic structures and species-specific traits in biology. 
METHODOLOGY: Allozymes, DNA mini- and microsatellites, cDNA, transcribed sequences, mtDNA. 
STATUS: Cod, hake, blue whiting and poor cod allozyme analyses completed. DNA mini- and microsatellite analyses 
are ongoing for blue whiting. 
COMMENTS: For all samples, individual biological records (sex, length, weight, maturity stage, age) as well as 
sampling information (vessel, date, gear, fishing depth) are collected. 

POLAND 

Study l 
LABORATORYIRESEARCHER: Sea Fisheries Institute, Gdynia lE. Wlodarczyk and R. Wenne. 
SPECIES: Sea trout (Sa/mo trutta). 
PROJECT FUNDING: Polish Committee for Scientific Research, 5P06 D00714. 
OBJECTIVE: To study population genetic structure of the sea trout in Pol and. 
METDOLOGY: RFLP analysis ofPCR amplified mtDNA scgments (ND-l and ND-516). 
STATUS: Completed. 

Study 2 
LAB ORA TORYIRESEARCHER: Sea Fisheries Institute, Gdynia l A. Was, R. Wenne 
SPECIES: Sea trout (Sa/mo l rutta). 
PROJECT FUNDING: Institutional. 
OBJECTIVE: To study population gene ti c structure of the sea traut in P o land. 
METHODOLOGY: Microsatellites, PCR, silver staining. 
STATUS: Ongoing. 

Study 3 
LABORATORYIRESEARCHER: Marine Biology Center, Polish Academy of Sciences, Gdynia l M. Pempera, A. 
Burzynski and R. Wenne. School of Biological Sciences, University of Wales, Swansea, UK l D.O.F. Skibinski. 
SPECIES: Musse!, Mytilus trossulus. 
PROJECT FUND ING: Polish Committee for Scientific Research: 6P04C 004 Il. 
OBJECTIVE: To characterize length heteroplasmy of mitochondrial DNA and population variation in Baltic. 
METHODOLOGY: PCR amplification and restriction analysis of two regions of mtDNA, sequencing of the major 
noncoding region. 
STATUS: Ongoing. 

Study 4 
LABORATORYIRESEARCHER: Marine Biology Center, Polish Academy of Sciences, Gdynia l B. Smietanka, R. 
Wenne, collaboration. Zoological Museum, Helsinki University, Finland l R. Vainola. 
SPECIES: Mussels Mytilus. 
PROJECT FUND ING: Inslitutional, Committee for Scientific Research: 6P04C 004 Il. 
OBJECTIVE: To compare European populations. 
METHODOLOGY: PCR amplification of mtDNA female and male genomes, restriction analysis. 
STATUS: Ongoing. 

Study 5 
LABORATORYIRESEARCHER: Inland Fisheries Institute, Salmonid Research Department, Rutki l K. Goryczko, S. 
Dobosz, collaboration with: Institute of Freshwater Ecology and lnland Fisheries, Berlin, Germany l K. Kohlmann, 
Warsaw University of Agriculture l A. Zynczynski. 
SPECIES: Rainbow trout. 
PROJECT FUNDING: Committee for Scientific Research and Institutional. 
OBJECTIVE: To improve the breeding value of rainbow trout. 
METHODOLOGY: Each family is reared separately until the end of the first season, then the fishes are tagged (PIT 
tags), number of families culled is 60, fishes are reared in ane pond until sexual maturity. 
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Study 6 
LABORATORYIRESEARCHER: Inland Fisheries Institute, Salmonid Rcsearch Department, Rutki l K. Goryczko, S. 
Dobosz, H. Kuzminski. 
SPECIES: Rainbow trout. 
PROJECT FUNDING: Institutional. 
OBJECTIVE: To protect genetic divcrsity' in a valuable strain maintained hy stocking (Vistula sea trout gene bank). 
METHODOLOGY: Samples of 50 g of fertilised eggs from each wild fcmalc spawned were taken, incubated and 
reared at SRL. Random samples of 1991 and 1993 year generations presmolts were PIT tagged (1200 and 600 fish 
respectively). Smoltification, growth and age at first, maturity are monitored. 

Study 7 
LABORATORYIRESEARCHER: Institute of Oceanography, University of Gdansk, Gdynia l K. Blicharska, M. 
Wolowicz, collaboration with: Observatoire Oceanologique, Universite Pierre et Marie Curie, CNRS-INSU, 
ViJlcfranche sur Mer, France l C. Thiriot-Quicvreux and Nethcrlands Inst Ecol., Center" for Estuarine and Coastal 
Ecology, Netherlands/H. Hummel. 
SPECIES: Bivalves: Mytilus trossulus, Maco11Ul balthica, Cerastoderma glaucum and Mya arenaria. 
PROJECT FUND ING: Institutional. 
OBJECTIVE: To study influence of pollution on populations at the genetic le vel. 
METHODOLOGY: Analysis of colhicin-treated mitotic chromosomes from somatic tissue, silver stainig, allozymes. 

Study 8 
LABORATORYIRESEARCHER: Chair of Genetics and Cytology, University of Gdansk, Gdansk l J. Laszczuk, J. 
Seil, T. Sywula. 
SPECIES: Isopod Saduria. 
PROJECT FUND ING: Institutional. 
OBJECTIVE: To charactcrize genetic polymorphism in recently established populations in Baltic. 
METHODOLOGY: Allozymes. 

Study 9 
LABORATORYIRESEARCHER: Biological Station, University of Gdansk. Gorki Wschodnie l E. Mulkiewicz, M. 
Zietara and E.F. Skorkowski. 
SPECIES: Saduria enthomon (Isopoda), Palaemoneles varians (Decapoda). 
PROJECT FUNDING: Institutional. 
OBJECTIVE: To characterize genetic polymorphism of LDH. 

Study 10 
LABORATORYIRESEARCHER: Institute of Maritime and Tropical Medicine, Gdynia lB. Szostakowska, P. Myjak. 
Gdansk Dept. of Microbiology, Technical University l J. Kur. 
SPECIES: Anisakis, Histerocelacium, Contracaecum. 
PROJECT FUND ING: Institutional. 
OBJECTIVE: To construct molecular diagnostic markers for species identification. 
METHODOLOGY: Allozymes, nuclear DNA, PCR, RFLP. 

Study 11 
LABORA TORYIRESEARCHER: Chair of Biochemistry, University of Gdansk, Gdansk l M. Zmijewski, G. Klein, 
B. Lipinska. 
SPECIES: Sea bacteria, Vibrio harveyi. 
PROJECT FUNDING: Institutional, Committee for Scientific Research. 
OBJECTIVE: To characterize gene coding heat shock protein HSP - DnaK and DnaJ and to study ro le of its products. 
METHODOLOGY: Molecular doning, Northern blotting, scquencing, transcription analysis. 

Study 12 
LABORA TORYIRESEARCHER: Department of Basic Fishery Sciences, Olsztyn University of Agriculture and 
Technology l M. Luczynski. Sea Fisheries Institute l M. Wyszynski. 
SPECIES: Herring (Clupea harrengus). 
PROJECT FUNDING: Institutional. 
OBJECTIVE: Baseline studies of genetic population structures in the Polish Baltic Sea coastal waters. 
METHODOLOGY: Allozymes. 
STATUS: Completed. 
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Study 13 
LABORA TORY/RESEARCHER: Department of Basic Fishery Sciences, Olsztyn University of Agriculture and 
Technology l M. Luczynski and collaborators. Sea Fisheries Institute, Gdynia l R. Bartel. Fish Farm "Aquamar" l 
Marczynski. 
SPECIES: Salmon (Sa/mo sa/ar). 
PROJECT FUNDING: Institutional, Polish Committee for Scientific Research. 
OBJECTIVE: To assess genetic polymorphism in hatchery population. 
METHODOLOGY: Allozymes. 
STATUS: Ongoing. 

_PoRTUGAL 

Study l 
LABORATORYIRESEARCHER: Laboratory of Molecular Population Genetics, Center for Marine Sciences. 
Universidade do Algarve l R. Castilho. Biology Department, University of Padova. Department of Gene ties, Institute of 
Marine Biology of Crete (coordinator). 
SPECIES: Anchovy (Engraulis encrasicolus). 
PROJECT FUNDING: DG XIV FAIR. 
OBJECTIVE: Study of the stock structure in the Mediterranean and adjacent seas. 
DESIGN: Adult and larva! samples from Black, Aegean, Adriatic, Tyrrhenian, Alboran Seas and from the Atlantic 
coast of Portugal will be analysed with the proposed methodology. Alllaboratories will standardise the procedure with 
a central depository of samples and data in Crete. 
METHODOLOGY: RFLPs, mtDNA and nticrosatellites. 
STATUS: Started December 1996. Three year project, end December 1999. 

Study 2 
LABORATORYIRESEARCHER: Laboratory of Molecular Population Genetics, Center for Marine Sciences l M.L. 
Cancela, R. Strei ff and M. Castro. University of Birmingham, UK l A. Birley. 
SPECIES: Nephmps norvegicus. 
PROJECT FUND ING: EU Cl/96.064. 
OBJECTIVE: Obtention and characterization of microsatellites from nephrops and usc of this markers to determine a 
new methodology to assess population size. 
METHODOLOGY: Development of genetic markers, microsatellite DNA loci. 
STATUS: Two year project started May 1998. 

Study 3 
LABORATORYIRESEARCHER: Laboratory of Molecular Population Genetics. Center for Marine Sciences. 
Universidade do Algarve l R. Castilho; 
SPECIES: Black-scabbard fish (Aphanopus carbo). 
PROJECT FUNDING: CCMAR. 
OBJECTIVE: Study of the genetic variability in the Atlantic. 
METHODOLOGY: RFLPs on mtDNA. 
STATUS: Ongoing. 

Study 4 
LA BORA TORY/RESEARCHER: Laboratory of Molecular Biology and Biotechnology, Center for Marine Scienccs l 
M.L. Cancela, T. Guillemaud and F. Almada. University of Acores-Azores Islands, CITMA-Madeira island ISPA
Lisbon. Marine Laboratory of Guia -Lisbon. 
SPECIES: Marine Fishes (Lipophrys pholis and Coris julis). 
PROJECT FUNDING: Praxis EMGI1957195. 
OBJECTIVE: Obtention and characterization of microsatellites from littoral flshes wilhin different geographical 
locations. Assessment oftheir genetic variability. 
METHODOLOGY: To develop nticrosatellite and mitochondrial DNA markers suitable to establish genetic variability 
and perform phylogenetic studies. 
STATUS: 3 year project, Started May 1997. 

Study 5 (1997) 
LABORATORYIRESEARCHER: Lab. de Citogenetica, ICBAS l I. Malheiro. University of Porto l C. Thiriot. 
Observatoire Oceanologique de Villefarnce-sur-Mer, University P. et M. Curie, CNRS-INSU. 
SPECIES: Ostrea edulis, Crassostrea angulata, C. gigas, C. virginica and C. sikama. 
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OBJECTIVE: Chromosome analysis to study the cytogenetic organisation of different species of oyster; detection of 
the response of aneuploidy and the possible transmission of this phenomenon to the next generation; relationships 
between the prcsence of aneuploidy and developmcnt. 
METHODOLOGY: Karyotyping from brachial tissue, morphometric analysis of the chromosome, C, G, and NOR 
chromosome banding. 
STATUS: Ph.D. thesis project in progress, in collaboration with France (thesis in co-tutela). 
COMMENTS: This project opens the door to a special cooperation between the two countries. The thesis that is 
involved in this project will be simultaneously recognised in Portugal and France without an extra evaluation. 

Study 6 (1997) 
LABORATORYIRESEARCHER: Dept. of Fisheries Technology, IPIMAR l A.M. Teia dos Santos. Instituto de 
Investigaciones Marinas (S - Head of project). Federal Research Centre of Fisheries (D). University de Santiago de 
Compostela (S). Rowctt Research Institute (UK). 
SPECIES: Sardinc and squid. 
PROJECT FUNDING: EU-FAIR (accepted). 
OBJECTIVE: To develop DNA-bascd diagnostic techniqucs adequate to identify species of aquatic organisms (fish, 
shellfish and molluscs) in products ofwhich other techniqucs, such as protein methods are inappropriate. 
METHODOLOGY: Various techniques to isolate and distinguish DNA sequences such as RFLP, SSCP, specific 
probes and sequencing. 
COMMENTS: This project has the aim to set up a DNA computer database for the identification of fishery products. 

Study 7 (1997) 
LABORATORYIRESEARCHER: Dept. of Fisheries technology, IPIMAR l A.M. Teia dos Santos. INETI 
(IBQTAIDBIBQII). 
SPECIES: Sardinc (Sardinia pilchardus). 
PROJECT FUNDING: PRAXIS XXI (submitted). 
OBJECTIVE: Intra- and inter-spccific genetic variabiliiy study of sardine from lhc Portuguese continental coast. 
METHODOLOGY: Various techniques to isolate and distinguish DNA sequences such as RFLP, RAPD, SSCP, 
microsatellite DNA fingcrprint and sequcncing. 
COMMENTS: This project has two principal aims: to know what kind of behaviour the spccics shows in this area in 
order to allow an ordered and ratio nal management of this resource, and the maintcnance of Portuguese sardine fisheries 
derived products quality in order to guarantee the competitiveness of these products in the internal and external1narkets. 

SPAIN 

Study l 
LABORATORYIRESEARCHERS: Laboratory of Genetics, Ichthyology, Universitat de Girona, Girona l J.L. Garcia
Marin, C. Pl a, M.l. Roldan, M.Sanz, M. Cortey and J. Vifias. 
SPECIES: Sa/mo trutta. 
PROJECT FUND ING: AGF98-0636 (Spain). 
OBJECTIVE: Use of the mitochondrial D-loop region as genetic marker on the study of the biogeography and 
management of Spanish populations. 
METHODOLOGY: Amplification ofD-loop by PCR and sequencing. 
STATUS: Two years projcct: 1998-2000. 

Study 2 
LAB ORA TORYIRESEARCHERS: Laboratory of Genetics, Ichthyology, Universitat de Girona, Girona l C. Pl a; J.M. 
Pujolar; J. Vifias and M.l. Roldan. 
SPECIES: Blucfin tuna. 
PROJECT FUNDING: Project 951010 (DG-XIV,CEE). 
OBJECTIVE: Gene tie anal y sis to study the stock structure of juvenile bluefin tuna in the Mediterranean. 
METHODOLOGY: Protein electrophoresis and DNA amplification and sequencing. 
STATUS: Two years project:l996-l998. 

Study 3 
LABORATORYIRESEARCHERS: Laboratory of Gene ties, Ichthyol~gy, Universitat de Girona, Girona l C. Pl a, J.M. 
Pujolar and J. Vifias. 
SPECIES: Coryphaena hippurus and C. equiselis. 
PROJECT FUNDING: Project 951073 (DG-XIV,CEE). 
OBJECTIVE: Genetic analysis to study the stock structure of dolphin fish in the Mediterranean and Central-East 
Atlantic. 
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METHODOLOGY: Protein electrophorcsis and, DNA amplification and sequencing. 
STATUS: Two years project: 1996-1998. 

Study 4 
LABORATORY/RESEARCHERS: Department of Ecology, Comunidad Aut6noma de Madrid, Madrid and 
Laboratory of Genetics, lchthyolgy, Universitat de Girona, Girona l A. Almodovar, A. Machordom, C. Pla, J.L. Garcia
Marin and N. Sanz. 
SPECIES: Salmo trutta. 
PROJECT FUNDING: Project SC95-005 (Spain). 
OBJECTIVE: Genetic and ecological analyses to study the stock structure of brown traut in the Central System in 
Spain. 
METHODOLOGY: Protein electrophoresis and DNA amplification and sequencing. 
STATUS: Three years project: 1995-1998. 

Study 5 
LABORATORY/RESEARCHERS: Grupo Genetica Molecular, Dpto. Genetica-Fac., Ciencias, Granada. 
SPECIES: Sparidae. 
PROJECT FUNDING: DIGICYT PB96-1402. 
OBJECTIVE: Analysis functional and evolution of satellite DNA in order to clarify the phylogeny of Sparidae. 
METHODOLOGY: Satellite DNA. 
STATUS: 1997-2000. 

Study 6 
LABORATORY/RESEARCHERS: Grupo Genetica Molecular, Univ. Granada and CICEM, Aguas del Pino.Huelva. 
SPECIES: Perkinsus atlanticus and clams. 
PROJECT FUNDING: JACUMAR. 
OBJECTIVE: Toget a molecular method for genetic diagnosis of Perkinsus at/anticus in clams. 
METHODOLOGY: Ribosomal DNA. 
STATUS: 1998-1999. 

Study 7 
LABORATORYIRESEARCHERS: Departamento de Biologia, Univcrsidad de Malaga, Celular y Gcnetica, Malaga l 
M. Carmen Alvarez. 
SPECIES: Sparus aurata and other sparids. 
PROJECT FUNDING: AIR 3-CT94-1926. 
OBJECTIVE: A comprehensive genetic study of cultured and wild slacks of gilthead sea bream (Sparus aurata) and 
gcnctic asscssmcnt of sevcral rclatcd specics as candidates for aquaculture. 
METHODOLOGY: Microsatellites, allozymes, mitochondrial DNA. 
STATUS: Three and a half year project, ended 1998. 

Study 8 
LABORATORYIRESEARCHERS: Dcpartamcnto de Biologia, Universidad de Malaga, Celular y Genetica, 
Malaga./Instituto Espanol de Oceanografia (Mazarron, Murcia) l M. Carmen Alvarez and A. Garcia. 
SPECIES: Dicentrarchus labrax. 
PROJECT FUND ING: CICYT MAR-1831-C02-0I. 
OBJECTIVE: To study the influence of genetic factors and the temperature on the growth of the sea bass. 
METHODOLOGY: Histology, fish rcaring, measuring growth parameters, microsatellites. 
STATUS: Three year project, ended 1998. 

Study 9 
LABORATORYIRESEARCHERS: Departamento de Biologia, Universidad de Malaga, Celular y Genetica, Malaga l 
M. Carmen Alvarez. 
SPECIES: Dicentrarchus labrax. 
PROJECT FUNDING: FAIR CT97 3886. 
OBJECTIVE: Assessmcnt of proccdures for the development of a European standardised multi-sile testing 
programme: Application to seabass. 
SPECIES: Dicentrarchus /abrax. 
STATUS: Two year project Concerted Action ending 1999. 
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Study 10 
LABORATORYIRESEARCHERS: Departamento de Biologia Funcional, Area de Gem\tica, Universidad de Oviedo. 
l J.A. Sanchez Prado, G. Blanca Lizana andE. Vazquez Menendez. 
SPECIES: Turbot. 
PROJECT FUNDING: DG!CYT PB9411348. 
OBJECTIVE: To develop microsatellite primers for this species and chromosomal manipulation. 
METHODOLOGY: Microsatellite DNA loci. Polyploidy. 
STATUS: Three year project started 1995. 

Study 11 
LABORATORYIRESEARCHERS: Departamento de Biologia Funcional, Area de Genetica, Universidad de Oviedo l 
G. Blanca Lizana, J.A Sånchez Prado andE. Vazqucz Mcncndez. 
SPECIES: Atlantic salmon. 
PROJECT FUNDING: EU-96-036. 
OBJECTIVE: To use microsatellite in this species to search for inter population variability throughout the range. 
METHODOLOGY: Microsatcllitc DNA loci. 
STATUS: Two year project started 1997. 

Study 12 
LABORATORYIRESEARCHERS: Departamento de Biologia Funcional, Area de Genetica, Universidad de Oviedo. 
l G. Blanca Lizana, J.A. Sanchcz Prado andE. Vazquez Mcnendez. 
SPECIES: Atlantic salmon. 
PROJECT FUND ING: DGE-UE-98-0017. 
OBJECTIVE: To use microsatellite in this species to search for inter. population variability in Spanish population. 
METHODOLOGY: Microsatellite DNA loci. 
STATUS: Two year project started 1997. 

Study 13 
LABORATORYIRESEARCHERS: Departamento de Biologia Funcional, Area de Genetica, Universidad de Oviedo. 
l J.A. Sinchez Prado, G. Blanco. Lizana andE. Vazquez Menendez. 
SPECIES: Sa/mo trutta. 
PROJECT FUNDING: DGE-PB-97-1299. 
OBJECTIVE: To use microsatellite variation as genctic marker on the study of the diversity and management of 
Spanish populations. 
METHODOLOGY: Microsatellite DNA loci. 
STATUS: Threc year projcct startcd 1998. 

Study 14 
LABORATORYIRESEARCHERS: Departamento de Biologia Funcional. Area de Gcnetica, Universidad de Ovicdo l 
J.A. Sanchez Prado, G. Blanca Lizana andE. Vazquez Menendez. 
SPECIES: Sa/mo trutta. 
PROJECT FUNDING: Project CN-94-131-Dl. 
OBJECTIVE: Genetic analyses to study the stock structure and stocking effects on brown trout populations of Navarra 
ri vers, Spain. 
METHODOLOGY: Protein electrophoresis and microsatellite variation. 
STATUS: Six. year projcct started 1994. 

Study 15 
LABORATORY/RESEARCHERS: Departamento de Biologia Funcional, Area de Genetica, Universidad de Oviedo l 
J.A. Sånchez Prado, G. Blanco Lizana andE. Vazquez Menendez. 
SPECIES: Salmo trutta. 
PROJECT FUND ING: Project CN-96-135-B l. 
OBJECTIVE: Genetic analyses to study the stock structure and stocking effects on brown traut populations of Le6n 
rivers, Spain. 
METHODOLOGY: Protein electrophoresis and microsatellite variation 
STATUS: Three year project started 1996. 

Study 16 
LABORATORY/RESEARCHERS: Departamento de Biologia Funciona1, Area de Genetica, Universidad de Oviedo l 
J.A. Sånchez Prado, G. Blanca Lizana andE. Vazquez Menendez. 
SPECIES: Sa/mo trutta. . . ·. 
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PROJECT FUND ING: Project CN-98-179-B l. 
OBJECTIVE: Gene tie analyses to study the stock structure and stocking effects on brown traut populations of Vizcaya 
ri vers, Spain. 
METHODOLOGY: Protein electrophorcsis and microsatellite variation. 
STATUS: Three-year project started 1998. 

SWEDEN. 

Study l 
LABORA TORYIRESEARCHER: Sal mon Research Institute l H. Jansson. 
SPECIES: Atlantic salmon. 
PROJECT FUNDING: National funds. 
OBJECTIVE: National survey of genetic variation in Atlantic salmon. 
DESIGN: Allele and haplotype frequencies are used to study spatia! and tempora[ genetic diversity among salmon 
popu1ations. 
METHODOLOGY: Allozymes and DNA 
STATUS: Ongoing, lang term study. 

Study 2 
LABORATORYIRESEARCHER: SLU- Dept of Aquacullure l J. Nilsson. 
SPECIES: Arctic charr. 
PROJECT FUND ING: EC, Swedish Council for Forestry and Agricultural Research. 
OBJECTIVE: Develop sustainable aquaculture of Arctic charr, develop breeding plan for Arctic char in European 
aquaculture. 
DESIGN: Genotype- environment interactions are studied using family structured breeding populations replicated and 
reared in different fish-farms. Importance of variation in gcncs with potential effects on economically important traits is 
studied in dornesticated strains as an attempt to obtain useful generic markcrs for breeding. 
METHODOLOGY: Quantitativc and molecular genetics. 
STATUS: Third year. 

Study 3 
LABORATORYIRESEARCHERS: Institute of Freshwater Rescarch, Fisheries Baard of Sweden l L. Edsman and B. 
Ekstrand. 
SPECIES: Noble crayfish (Astacus astacus), Signal crayfish (Pacifastacus leniusculus). 
PROJECT FUND ING: Carl Tryggers Foundation. 
OBJECTIVE: Mapping genetic variation in the native noble crayfish-genotypical diversity for biologically relevant 
crayfish management and policy. 
DESIGN: Samples of noble crayfish popolations from different geographical regions in Sweden are collcctcd and 
tested for genetic differences in the laboratory. 
METHODOLOGY: PCR, RFLP in mtDNA, microsatellites. 
STATUS: Just started, first report describing mcthodology for sampling and for getting a PCR product ready. 

Study 4 
LAB ORA TORYIRESEARCHERS: National Baard of Fisheries, Institute of Freshwater Rescarch, Laboratory of Fish 
Genetics l T. Jarvi, E. Petersson, J. Dannewitz and L Johansson. Division of Population Genetics, Stockholm 
University l N. Ryman. 
SPECIES: Atlantic salmon, brown traut. 
PROJECT FUND ING: N. Bd. Fish., Swedish Council for Forestry and Agricultural Research, EC-FAIR. 
OBJECTIVE: Reveal an y ecological effect ofreleasing domesticated salmon and trout on wild conspecifics. The study 
includes quantitative genetics and paternity studies based on nuclear microsatellites and ND l in mtDNA. 
DESIGN: Breeding prograins for experiments in aquariums and in nature. 
METHODOLOGY: RFLPimtDNA Microsatellites. 
STATUS: A breeding program started -98 and series of experiments have been effectuated to reveal genetic 
contribution to life-history traits. 

Study 5 
LABORA TORY/RESEARCHER: Sal mon Research Institute l H. Jansson. 
SPECIES: Atlantic salmon and brown trout. 
PROJECT FUNDING: National funds. 
OBJECTIVE: Genetic~monitoring of hatchery stocks. 
DESIGN: Hatchery stocks are monitored at regular intervals in order to prevent reduction of genetic variability. 
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METHODOLOGY: Allozymes and DNA. 
·STATUS: Ongoing, long term study. 

Study 6 
LABORATORYIRESEARCHERS: Salmon Research Institute l H. Jansson and T. Ost. Department of Genetics, 
Uppsala University l K. Fredga and H. Tegelstrom. 
SPECIES: Atlantic salmon X brown trout hybrids. 
PROJECT FUNDING: Swedish Council for Forestry and Agricultural Rcsearch. 
OBJECTIVE: To study: l) incidence and direction of hybridisation between Atlantic salmon and brown traut in 
Swedish rivers, 2) factors that promote hybridisation, and 3) genotypes, survival and fertility of progeny from hybrids 
backcrossed to the parental species. 
DESIGN: Hybrid frequencies are assessed annually in different habitats. The maternal species of the hybrids is 
determined. First generatlon hybrids and backcross individuals are used in crossing.experiments. Parts of, the project are 
perfotmed in cooperation with T. Jiirvi, E. Petersson ;1nd B. Ragnarsson l National Baard of Fisheries. 
METHODOLOGY: Allozymcs and mitochondrial DNA. 
STATUS: Three year study 1997·1999. Final report 200012001. 

Study 7 
LABORATORYIRESEARCHERS: Departmcnl of Zoology, Uppsala University l J. Danncwitz. Institute of 
Freshwater Research, National Baard of Fishcries lE. Petersson. 
SPECIES: Atlantic salmon (Sa/mo salar). 
PROJECT FUND ING: Institutional funding and private funding. 
OBJECTIVE: To investigale the influence of egg size on future growth, survival and life history adoption in Atlantic 
salmon. To test new rncthods for releasing hatchery produced Atlanlic salmon. 
DESIGN: The experirnents will be conducted in natural and semi-natural streams. 
METHODOLOGY: Microsatellites will be uscd as markers in the parentage-studies. 
STATUS: One fteld experiment has been initiated. The laboratory work will start in autumn 1998. 

Study 8 
LABORATORYIRESEARCHER: Division of Population Genetics, Stockholm University l N.Ryman. 
SPECIES: Brown trout (model organism). 
PROJECT FUND ING: Swedish Natura[ Science Research Council (NFR). 
OBJECTIVE: Long-term genctic/ccological study of natural brown traut populations in a protected area in northern 
Sweden. The aim is to illuminate bow natural populations function gcnetically. Several issues have been addressed 
using the data collcctcd so far, and the results wiU be of practical significance for fish conservation in general. For 
instancc, thcory developed at- the Division for estimating cffective population size when generations are overlapping has 
bcen applied to empirical data accumulated within the project. 
DESIGN: The same natura) and introduced populations are samplcd annually. Data on age, sex, length, weight are 
collected for every individual. Tissue samples (muscle, liver, eyc) is cullected for every individual. 
METHODOLOGY: Allozyme and, partly, mtDNA analyses. Theory development, statistical analyses; 
STATUS: Ongoing, lang term study. 

Study 9 
LABORATORYIRESEARCHERS: Division of Population Gene ties, Stockholm University l N.Ryman and L. Lai kre 
SPECIES: Brown trout (model organism). 
PROJECT FUND ING: Foundation for Stratcgic Environmental Research (MISTRA). 
OBJECTIVE: The release of hatchcry fish into the wild (stocking) is practised extcnsively within the field of fishery 
management. Stocking may rcsult in a series of genetic interactions betwccn the hatchery-bred fish and natural 
populations. The genetic integrity of wild populations is threatened nut only when releasing fish with an exotic genetic 
background - loss of gcnetic variation may occur also when the rclcased fish originate from, or belong to, the recipient 
population (so-callcd supportive breeding). Nevertheless, the gcnctic effects of breeding-release activities on the genetic 
composition of natural populations are poorly understood. The aim of the project is to produce information that makes it 
possiblc to reduce or eliminate the harmful effects on biodiversity on the gene leve! that are potentially inherent to 
stocking activities. Anadromous brown trout populations from the Baltic Sea (Gotland) will be used as a model system. 
DESIGN: Theory development and computer simulations. Biochemical analyses of brown trout tissues samples 
collected from populations at Gotland. 
METHODOLOGY: Theory development, primarily allozyme analysis. 
STATUS: Ongoing. 

Study 10 
LAB ORA TORY /RESEARCHER: Division of Population Genetics, Stockholm University l N .Ryman. 
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SPECIES: Brown trout (model organism). 
PROJECT FUND ING: Swedish Natura! Science Research Council (NFR). 
OBJECTIVE: Studies of molecular genetic markers have added relative! y little to the understanding of the genetic 
basis for variation in phenotypic traits. Here the existence of gcnctically determined phenotypic differences between 
populations of brown traut that are divergent at electrophoretically detectable protein loci is investigated. 
DESIGN: Genetically tagged individuals from two stocks exhibiting behavioural and ecological differences have been 
introduccd into a drainage system previously void of brown trout. In the common environment the presence of 
phenotypic differences among different groups of offspring is expected to reflect genetically determined dissimilarities 
betwecn the original stocks. 
METHODOLOGY: Allozyme analyses, statistical evaluation of genetic and morphologicallecological data. 
STATUS: Ongoing, long term study. 

Study 11 
LA BORA TORY!RESEARCHER: Division of Population Genetics, Stockholm University l N.Ryman. 
SPECIES: Brown trout (model organism). 
PROJECT FUND ING: Swedish Natura! Science Research Council (NFR). 
OBJECTIVE: Release of genetically modified organisms poscs a potential threat to wild populations. Important 
information on the spread of genes can be obtained through the study of gene introgression via organisms, which are not 
genetically altered. By not using "real" transgenic organisms risks are avoided and costs minimised. 
DESIGN: Two genetically different stocks of brown trout have been translocated into a natura! lake system. The 
introgression of gcncs from these stocks to naturally occurring brown traut populations is studied. 
METHODOLOGY: Allozyme analyses, computer simulations, statistical evaluations. 
STATUS: Ongoing, long term study. 

Study 12 
LABORATORYIRESEARCHER: Division ofPopulation Genetics, Stockholm University l L. Laikre. 
SPECIES: Brown traut (model organism). 
PROJECT FUNDING: County administrative hoard ofViirmland (Liinsstyrelsen, Viirmland). 
OBJECTIVE: To address the problems of monitoring biological diversity at the gene leve! using natura! brown trout 
populations in the Prov i nec of V3.rmland. 
DESIGN: Biochemical analyses of tissue samples collected from selected brown trout populations. 
METHODOLOGY: Primarily allozyme analysis, statistical evaluations, computer simulations. 
STATUS: Ongoing. 

Study 13 
LABORATORYIRESEARCHER: Division ofPopulation Genetics, Stockholm University l L. Laikrc. 
SPECIES: Brown trout (model organism). 
PROJECT FUNDING: Erik Philip-Sorensens Foundation. 
OBJECTIVE: Information regarding the tempora} dynamics of alleles at genetic marker loci in natural populations is 
exceedingly sparse. Typically, population genetic investigations include sampling at one particular occasion only. This 
fairly limited knowledge of the extent of temporal variation of DNA markers influences the interprctation of observed 
spatia! patterns; it is large! y unclear if they are stable over time. In this project tempora! shifts of mtDNA haplotypes in 
natural brown trout populations in the Province of Jamtland is studied. The amount of genetic drift over scvcral 
consecutive cohorts (year classes) is quantified and provides the basis for estimating female effective size in these 
populations. The extent of mtDNA haplotype frequency change is compared with the corresponding allele frequency 
changes at allozyme loci for the same populations and cohorts. 
DESIGN: Tissue sample collections from natura} brown traut populations over several years. Biochemical analyses of 
the samples followed by data analyses in vol ving application of theoretical developments provided by othcr projects at 
the Division. 
METHODOLOGY: Primarily mtDNA analyses using PCR and restriction enzyme analysis, statistical evaluations, 
computer simulations. 
STATUS: Ongoing. 

Study 14 
LABORATORYIRESEARCHERS: Salmon Research Institute l T. Ost and H. Jansson. 
SPECIES: Pike-perch (Stizostedion lucioperca). 
PROJECT FUNDING: National funds. 
OBJECTIVE: To develop genetic markers to study interpopulation variability among Swedish populations. 
METHODOLOGY: Allozymes and DNA. 
STATUS: Just started. 
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Study 15 
LABORATORY/RESEARCHERS: National Board of Fisheries, Institute of Freshwater Research, Laboratory of Fish 
Genetics l T. Jiirvi and L. Johansson. Division of Population Genetics, Stockholm University l L. Lai kre. 
SPECIES: Anadromous brown trout. 
PROJECT FUNDING: N. Bd. Fish. and EUGFJ. 
OBJECTIVE: Develop tourism on sustainable sport-fishing based on biological principles. The study includes 
population ecological and genetic analyses on sea trout from eleven Gotland strcams. 
DESIGN: Sampling by electrofishing for the assessment of population dynamics and genetic variation within and 
between streams. 
METHODOLOGY: RFLP/NDl in mtDNA and nuclear microsatellite analyses. 
STATUS: Terminated in 1999. 

Study 16 
LABORATORYIRESEARCHERS: National Board of Fisherics, Fishery Experimental Station, Kalarne l J. 
Hcnricson and T. Andersson. Salmon Rescarch Institute l H. Jansson. 
SPECIES:.Atlantic sal mon (landlocked River Gullspång stock), brown traut. 
PROJECT FUNDING: National Board of Fisheries. 
OBJECTIVE: To develop and manage captive breeding programs for conservation (li ving gene banks). 
METHODOLOGY: Establishment and breeding of endangered stocks in fish culture according to breeding 
programmes designed to maintain genetic diversity. 
STATUS: Long term project. 

Study 17 
LABORATORYIRESEARCHERS: National Board of Fisheries, Fishery Experimental Station, Kalarne l J. 
Henricson and T. Andersson. With partners within the Board of Fisheries. 
SPECIES: Atlantic salmon. 
PROJECT FUND ING: The hydro-power industry and EU. 
OBJECTIVE: Nationwide preservation of salmon stocks hased on dccp frcczing of sperm. 
METHODOLOGY: Males from approx. 18 rivcrs are collected each autumn and sperm taken for deep freezing in 
liquid nitrogen (cryoprescrvation, pellet method). 
STATUS: 5 years of sampling. Long term storage in "frozen gene bank". 

Study 18 
LABORA TORY/RESEARCHER: SLU- Dept of Aquaculture l J. Nilsson. 
SPECIES: Atlantic sal mon. 
PROJECT FUND ING: Swedish Council for Forestry and Agricultural Research. 
OBJECTIVE: Analysis of population structure of Baltic salmon (Salmo salar). 
METHODOLOGY: mtDNA RFLP and microsatellite loci. 
STATUS: One year project (1999). 

Study 19 
LABORATORYIRESEARCHERS: SLU- Dept of Aquaculture l J. Nilsson. Salmon Research Institute l H. Jansson 
and T. Ost. Cooperation with Finnish and Estonian research groups. 
SPECIES: Atlantic salmon. 
PROJECT FUND ING: Swedish Council for Forestry and Agricultural Research. 
OBJECTIVE: Phylogeography of Eastern Atlantic and Bal tie salmon (Salmo sa lar). 
METHODOLOGY: MtDNA RFLP and sequencing. 

Study 20 
LABORATORYIRESEARCHERS: SLU- Dept of Aquaculture l J. Nilsson and J. Carlsson. 
SPECIES: Brown trout. 
PROJECT FUND ING: EU structural funds. 
OBJECTIVE: Reveal pattems of fine-scale genetic variation in the R. Ammerå system. 
METHODOLOGY: Microsatellite loci. 
STATUS: Fourth year. 

Study l 
LABORATORYIRESEARCHER: School of Biology and Biochemistry, The Queen's University of Belfast l A. 
Duguid, P. Prodohl and A. Ferguson. · · · · · . 
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SPECIES: Brown traut (Sa/mo trutta). 
PROJECT FUNDING: Fisheries Society of the British Isles Studentship 1998- 2001. 
OBJECTIVE: To determine the extent of population structuring within and among brown trout in large freshwater 
!akes in Scotland. 
DESIGN: Population sampling of major lake systems. Population genetic anal y sis. 
METHODOLOGY: Allozymes, mtDNA RFLPs, microsatellites, specific nuclear gene RFLPs and sequencing. 
STATUS: Started October 1997. 

Study 2 
LABORATORYIRESEARCHER: School of Biology and Biochemistry, The Queen's University of Belfast l R. 
Hyncs, P. Prodohl and A. Ferguson. 
SPECIES: Brown traut (Sa/mo trutta). 
PROJECT FUND ING: Internal University funds. 
OBJECTIVE: To dctermine the extent of population structuring and postglacial colonisation patterns for brown traut 
in Britain and Ireland. 
DESIGN: Sampling of unstocked freshwatcr and anadromous populations. Population genetic analysis. 
METHODOLOGY: MtDNA RFLPs and sequencing; transferrin and LDH sequencing. 
STATUS: Ongoing. 

Study 3 
LABORATORYIRESEARCHER: School of Biology and Biochemistry, The Queen's University of Belfast l P. 
Prodohl, R. Hynes and A. Ferguson. In collaboration with the Sal mon Research Agency of Ire! and l P. McGinnity. 
SPECIES: Atlantic salmen (Sa/mo sa/ar). 
PROJECT FUND ING: Internat funding. 
OBJECTIVE: To deterrnine the survival at sea and homing abilities of Atlantic salmen of native, farmcd and hybrid 
parentage. 
DESIGN: Four groups were reared in common environment in hatchery and released to sea at smolt stage. Adults 
sampled in coastal drift nets and on return to freshwater in fixed traps. Parcntagc is bcing determined hy DNA profiling. 
METHODOLOGY: Standard fisheries measurements, microsatellite and minisatellite DNA profiling. 
STATUS: Due for complction June 1999. 
COMMENTS: Fellow on from juvenile freshwater project, which was funded by EU-FAIR. 

Study 4 
LABORATORY/RESEARCHER: School of Biology and Biochcmistry, The Queen's University of Belfast l P. 
Prodohl and A. Ferguson. Salmon Research Agency of Ireland l P. McGinnity. 
SPECIES: Atlantic sal mon (Sa/mo sa/ar). 
PROJECT FUNDING: lntcrnal funds used to support initial work. 
OBJECTIVE: To determine the genetic impact of hybridisation between wild and farmed Atlantic salinon on native 
populations through an assessment of the performance of second generation hybrids and backcrosses. 
DESIGN: The frcshwater and marine performance of F2 hybrids and backcrosses of Fl hybrids to both wild and 
farmed stocks is being asscsscd. 
METHODOLOGY: Standard fishcrics measurements, microsatellite DNA profiling. 
STATUS: Ongoing. 
COMMENTS: Further funding being sought. 

Study 5 
LABORATORY/RESEARCHER: School of Biology and Biochemistry, The Queen's University of Belfast l P. 
Prodtihl and A. Ferguson. !MR, Bergen, Norway l K. Jorstad. Shcllfish Research Laboratory, Galway, lreland l J. 
Merccr. Aristotle University of Thessaloniki, Greece l C. Triantaphyllidis. 
SPECIES: European lobster (Homarus gammarus). 
PROJECT FUNDING: EU FAIR; !MR internal funds. 
OBJECTIVE: To develop microsatellite and mitochondrial DNA markers and to optimise screening conditions to 
enable high-resolution studies of European lobster genetics. To determine the contribution of ranched individuals in 
mixed wild and ranched harvests and the potential genetic impact of stock management and enhancement on natural 
populations. To elucidate the brecding structure in various European lobster populations. 
DESIGN: Population sarnples are being obtained from throughout the native range. Eggs from "berricd" females are 
being examined for parentage. Genetic impact of ranching is being assessed using genetic tags. 
METHODOLOGY: Standard fishery measurements, microsatellites, mtDNA RFLPs. 
STATUS: Ongoing. 
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Study 6 
LAB ORA TORY/RESEARCHER: School of Biology and Biochemistry, The Queen's University of Belfast l P. 
Prodohl and A. Ferguson. Danube Delta Institute, Romania l R. Suciu. 
SPECIES: Sturgeons (Acipenser, Huso). 
PROJECT FUNDING: Royal Society. 
OBJECTIVE: To dctcrmine the genetic population structure of endangered sturgeon species of the Lower Danube. 
DESIGN: Biopsy tissue samples will be obtaincd from ascending individuals in the lower part of the river. Individuals 
will be given ultrasonic tags to determine final spawning locations. 
METHODOLOGY: Microsatellites, mtDNA RFLPs. 
STATUS: Ongoing. 

Study 7 
LABORATORYIRESEARCHER: School of Biology and Biochemistry, The Queen's University of Belfast & 
Agriculturc arid Environmental Science Division~ Department of Agriculture for Northern Ireland l D. Booth, P. 
Prodtihl and W. W. Crozier. 
SPECIES: Atlantic salmon (Sa/mo sa/ar). 
PROJECT FUND ING: DANI (Department of Agriculture for Northern Ireland). 
OBJECTIVE: To quantify current genetic diversity within and among Northern Irish populations of Atlantic salmon 
prior to the salmonid enhanccment project, and to examine their spatial and temporal stability. 
DESIGN: Population sampling of all major River systems in Northcrn Ireland, Analysis of available scale sets, 
Standard fishcrics measurements, relatedness and population genetic analysis. 
METHODOLOGY: Microsatellite profiling, mtDNA RFLPs. 
STATUS: Started October 1998. 

l.JNITED KINGDOM, SCOTLAND 

Study l 
LABORATORYIRESEARCHER: Molecular Genetics Scction, Fish Cultivation Team, FRS Marine Laboratory, 
Aberdeen l E. Verspoor. In collaboration with others. 
SPECIES: Monkfish. 
PROJECT FUNDING: Scottish Office, Atlantic Sal mon Trust, INTAS (pending). 
OBJECTIVE: To invcstigate population structuring of the species in-the Northeast Atlantic. 
DESIGN: Screening of gcographical samples stratiticd by age. 
METHODOLOGY: Microsatellites. 
STATUS: Started January 1999. 

Study 2 
LABORATORY/RESEARCHER: Molecular Genetics Section, Fish Cultivation Team, FRS Marine Laboratory, 
Aberdeen l E. Verspoor (project leader). Department of Zoology, University of Aberdeen. Scottish Agricultural 
College, Edinburgh. 
SPECIES: Sa/mo sa/ar. 
PROJECT FUND ING: Scottish Office, NERC, Scottish Salmon Growers Association 
OBJECTIVE: To develop the scientific basis for the application of molccular markers to the selective breeding of 
Atlantic salmon. 
DESIGN: Research into three areas of molccular marker developmcnt and application: pcdigree analysis, assessmcnt of 
genetic diversity, and assessment of brceding merit using QTLs. 
METHODOLOGY: Microsatellites; allozymes, mtDNA and minisatellites. 
STATUS: Ongoing. 

Study 3 
LABORATORY/RESEARCHER: Molecular Genetics Section, Fish Cultivation Team, FRS Marine Laboratory, 
Aberdeen and Department of Cell and Molecular Biology, University of Aberdeen lE. Verspoor, P.J. Wright and N. 
Haites. 
SPECIES: Ammodytes marinus; Melanogrammus aeglefinus. 
PROJECT FUNDING: Scottish Office. 
OBJECTIVE: To identify optimal molecular markers for marine fish population structure studies. 
DESIGN: To identify variation in the coding and non-coding regions of the DNA of growth hormone and tranfcrrin 
genes and compare their utility in resolving population subdivisions. 
METHODOLOGY: Minisatellites, cDNA libraries, DNA sequencing. 
STATUS: Ongoing. 
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' Study 4 
LABORATORYIRESEARCHER: Molecular Genetics Section, Fish Cultivation Team, FRS Marine Laboratory, 
Aberdeen lE. Verspoor. Centro Ictiol6gico de Arredondo, Spain l C. Gårcia de Leaniz. 
SPECIES: Salmo sa lar. 
PROJECT FUND ING: EU, Scottish Office, British Council. 
OBJECTIVE: To gain insight into the genetic consequences of deliberate or inadvertent transfers of salmon from one 
river to another. 
DESIGN: Transplantation and monitoring of genetically marked groups of fish using comrnon garden experiments 
METHODOLOGY: MtDNA, allozymes, minisatellites. 
STATUS: Ongoing. 

Study 5 
LABORATORYIRESEARCHER: Molecular Genetics Section, Fish Cultivation Team, FRS Marine Laboratory, 
Aberdeen l E. Verspoor. In collaboration with others. 
SPECIES: Salmo salar. 
PROJECT FUNDING: Scottish Office, Atlantic Salmon Trust, INTAS (pending). 
OBJECTIVE: To invcstigate into the phylogenetics and phylogeography of Atlantic salmon across the spccies range. 
DESIGN: Collation of published and unpublished genetic data; selected sampling of new locations; synthetic analysis 
of data. 
METHODOLOGY: Microsatellites, mtDNA, allozymes. 
STATUS: Ongoing. 

Study 6 
LABORATORY/RESEARCHER: Molecular Genetics Section, Fish Cultivation Team, FRS Marine Laboratory, 
Aberdeen l C. Cunningham (project leader). 
SPECIES: Gyrodactylus safari.<. 
PROJECT FUNDING: EU, Scottish Office. 
OBJECTIVE: To resolve taxanomic groups at the specific and intraspecific leve[ to facilitate pathogen detection. 
DESIGN: Analysis of DNA sequence variation among parasites associated with different hosts and the same hosts in 
different geographical regions focusing on ribosomal and mitochondrial DNA. 
METHODOLOGY: DNA sequencing, RFLP analysis. 
STATUS: Ongoing. 

Study7 
LABORATORYIRESEARCHER: Molecular Genetics Section, Fish Cultivation Team, FRS Marine Laboratory. 
Aberdeen l C. Cunningham. 
SPECIES: Various. 
PROJECT FUND ING: Scottish Office. 
OBJECTIVE: To develop no vel, rapid, sensitive methods for the detection of pathogens in fish tissues. 
DESIGN: Sequencing of pathogen DNA and development of species specific PCR detection method. 
METHODOLOGY: DNA sequencing, RFLP analysis. 
STATUS: Ongoing. 

Study 8 
LABORA TORYIRESEARCHER: Molecular Genetics Section, Fish Cultivation Team, FRS Marine Laboratory, 
Aberdeen l M. Snow and C. Cunningham. 
SPECIES: Rhabdovirus. 
PROJECT FUND ING: Scottish Office, EU. 
OBJECTIVE: To determine if different species specific or geographically distinct strains of Rhabdoviruscs exist in 
relation to VHS outbreaks in marine species. 
DESIGN: Culture of Rhabdoviruses from different species and locations and sequencing of genes. 
METHODOLOGY: DNA scqucncing. 
STATUS: Ongoing. 

Study 9 
LABORATORY/RESEARCHER: Gatty Marine Laboratory, University of St. Andrews, St. Andrews. Molecular 
Gene ties Section, Fish Cultivation Team, FRS Marine Laboratory, Aberdeen l I. Johnstone and A. McLay. 
SPECIES: Salmo salar, Salmo trutta. 
PROJECT FUNDING: NERC, Scottish Office, British Council. 
OBJECTIVE: To determine the effect of incubation tempcrature on earl y growth and muscle development. 
DESIGN: Comparison of parameters among genetically tagged families and populations reared under controlled · 
hatchery conditions and under ambient conditions in the wild. 
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METHODOLOGY: Microsatcllites. 
STATUS: Ongoing. 

Study lO 
LABORATORY/RESEARCHER: FRS Marine Laboratory, Aberdeen l A. McLay. 
SPECIES: Salmo salar. 
PROJECT FUNDING: Scottish Office. 
OBJECTIVE: To a5sess family and population variation in maturation timing. 
DESIGN: Comparison of two synchronously spawned, genetically tagged stocks of salmon in a common controllcd 
rearing environment. 
METHODOLOGY: Minisatellites; hormone assays. 
STATUS: Ongoing. 

Study 11 
LABORATORYIRESEARCHER: Gatty Marine Laboratory, School of Environmental & Evolutionary Biology, 
University of St Andrews, St Andrews, l C.D. Todd, K. Wolff and M.G. Ritchie. 
SPECIES: Lepeophtheirus salmonis (on Sa/mo trutta, S. sa/ar). 
PROJECT FUNDING: NERC, U.K. (1997-2000). 
OBJECTIVE: (l) Development of molecular markcrs for population analyses of sea Jice infesting wild and farmed 
salmonids around the Scottish coasts. (2) Quantification of interactions between wild and farmed stocks in terms of 
infestation dynamics. 
DESIGN: Confirmation of marker heritability in laboratory culturcs. Screening of parasites from wild and farmed 
stocks. Time-series analyses of specificd populations. 
METHODOLOGY: DNA sequencing, RAPD, SCAR, microsatellites. 
STATUS: Ongoing. 

Study 12 
LABORATORYIRESEARCHER: Behaviour, Spcciation & Genetics Research Group, University of St Andrews etc l 
M.G. Ritchie, J. Graves and A.E. Magurran. 
SPECIES: Various Mexican Goodeid species. 
PROJECT FUNDING: NERC, UK. 
OBJECTIVE: (l) To Jctcrmine levels of genetic differentiation among lincagcs of goodeid, which differ in the extcnt 
of female-controlled sexual selection. (2) To determine the gcnctic heterogeneity of captive populations of endangered 
species. 
DESIGN: Collection of samples from the wild and captive populations. Development of microsatellite DNA markers 
and DNA sequencing for genetic analysis. 
METHODOLOGY: DNA sequencing, microsatellites, behavioural analysis. 
STATUS: Ongoing. 

Study 13 
LABORATORYIRESEARCHER: Fish Muscle Rescarch Laboratory and Gatty Marine Laboratory, School of 
Environmental & Evolutionary Biology, -University of St. Andrews, St. Andrews. Marine Laboratory, Scottish Office 
Agriculture. Fisheries Lahoratory, Aberdeen. Department of Zoology, University College, Galway, Ircland. Matre 
Aquaculturc Rcscarch Station. Havforskingsinstitutert, Norway l I.A. Johnston. 
SPECIES: Sa/mo sa/ar. 
PROJECT FUND ING: EU. 
OBJECTIVE: Minimising the interaction of cultured and wild fish: a comprehensive evaluation of the use of sterile, 
triploid, Atlantic sal mon. 
DESIGN: Sampling of fish to assess muscle growth throughout development. 
METHODOLOGY: Histology, microscopy and image analysis. 
STATUS: Ongoing. 

Study 14 
LABORATORY/RESEARCHER: Department of Zoology, University of Aberdeen, Aberdeen l P. Boyle and E. 
Greatorex. In collaboration with others. 
SPECIES: Lo/igo forbesi p lus others. 
PROJECT FUNDING: EU. 
OBJECTIVE: To identify molecular markers, which can resolve population structure. 
DESIGN: Development of microsatellite loci; screening ,of wild samples from different geographical areas. 
METHODOLOGY: Microsatellite cloning, DNA scqucncing, PCR primer development. 
STATUS: Ongoing. 
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Study 15 
LABORATORYIRESEARCHER: Department of Zoology, University of Aberdeen, Aberdeen and FRS Marine 
Laboratory, Aberdeen l N. Bailey, P. Boyle and L. Noble. 
SPECIES: Nephrops norvegicus. 
PROJECT FUNDING: Scottish Office, Aberdeen University. 
OBJECTIVE: To identify molecular markers, which can resolve population structure. 
DESIGN: Dcvelopment of microsatellite loci; screening of wild samples from different geographical arcas. 
METHODOLOGY: Microsatellite cloning, DNA sequencing, PCR primer development, mtDNA RFLPs. 
STATUS: Ongoing. 

Study 16 
LABORATORYIRESEARCHER: FRS Frcshwalcr Fisherics Laboratory, Pitlochry l A. Youngson, J. Taggart plus 
others. 
SPECIES: Salmo salar. 
PROJECT FUNDING: Scottish Office, MAFF. 
OBJECTIVE: To assess within population variation in spawning success, offspring survival and distribution in fish 
ascending the Girnock Burn, Scotland. 
DESIGN: Biopsy of mature fish passing through the Girnock trap, sampling of spawning redds above the trap, 
electrofishing of post-hatch juveniles. 
METHODOLOGY: Minisatellite DNA fingerprinting. 
STATUS: ongoing 

Study 17 
LABORATORYIRESEARCHER: Atlantic Salmen Trust, Pitlochry. FRS Freshwater Fisheries Laboratory, Pitlochry 
l J. Webb, A. Youngson and J. Taggart. 
SPECIES: Salmo salar. 
PROJECT FUND ING: Atlantic Sal mon Trust, Scottish Office. 
OBJECTIVE: To study compctition among families in relation to parentage, redd location, fry densities and pattcrns 
of dispersal and survival in the Baddoch burn, Scotland. 
DESIGN: Planting out of families at the eyed ova stage into the burn in artificial incubators followcd by sampling of 
fry and juveniles hy electrofishing and in a downstream trap; monitoring of re turning adults. 
METHODOLOGY: Minisatellite DNA fingerprinting. 
STATUS: Ongoing. 

Study 18 
LABORATORYIRESEARCHER: School of Environmental and Evolutionary Biology and Behaviour, Speciation & 
Genetics Group, University of St Andrews, St Andrews l A. Magurran! J. Graves and J. Evans. 
SPECIES: Poecilia reticulata. 
FUNDING: PhD studentship University of St Andrews. 
OBJECTIVE: The development of microsatellites for the analysis of paternity and for population structure. 
DESIGN: U se enriched technique to isolate microsatellite sequences, design primers and test for polymorphism. 
STATUS: Ongoing. 

Study 19 
LABORATORYIRESEARCHER: Genetics and Reproduction Rcscarch Group, Institute of Aquaculture University of 
Stirling, Stirling lB. McAndrew and Adams. 
SPECIES: Salmo salar. 
PROJECT FUND ING: Commcrciai/NERC. 
OBJECTIVE: Inheritance of diseasc resistance. 
DESIGN: 200 families will be monitored under commercial conditions and resistant and susceptible individuals will be 
identified to family leve!. Full sib families will be challenged and results correlated with commercial results. 
METHODOLOGY: Parentage analysis using microsatellites and controlled disease challenges. 
STATUS: Ongoing. 

Study 20 
LABORA TORYIRESEARCHER: Gene ties and Reproduction Research Gro up, Institute of Aquaculture University of 
Stirling, Stirling lB. McAndrew and N. Bromage. 
SPECIES: Atlantic Halibut. 
PROJECT FUNDING: Private/BBSRC. 
OBJECTIVE: To describe differences in growth and other features in male and female halibut. Identify 
sex-determination mechanism and develop microsatellite markers for broodstock management. 
DESIGN: Compare growth and performance under controlled conditions of farm produced halibut fry. 
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METHODOLOGY: Chromosome set manipulation, microsatellitcs. 
STATUS: Ongoing. 

Study 21 
LABORATORY/RESEARCHER: Genetics and Reproduction Research Group, Institute of Aquaculture University of 
Stirling, Stirling l N. Bromage. 
SPECIES: Tilapia l rainbow tro ut. 
PROJECT FUND ING: EC Training and Mobility Grant. 
OBJECTIVE: To fellow chromosomc pairing during meiosis in triploid tish to identify possible sites of sex specific 
markcrs. 
DESIGN: Fellow gonadal maturation in experimentally derived populations during multiple (tilapia) and single 
(rainbow traut) gonadal maturation cycles. 
METHODOLOGY: Supranemal chromosome complex and DNA probing. 
STATUS: Ongoing. 

Study 22 
LABORATORY/RESEARCHER: Genetics and Reproduction Research Group, Institute of Aquaculture University of 
Stirling, Stirling l D. Penman and B. McAndrew. 
SPECIES: Puntius gonionotus. 
PROJECT FUNDING: DFID Fish Genetics Programme. 
OBJECTIVE: Developmenl of monosex culturc in Puntius species. 
DESIGN: Investigation of the sex deterrnination systems of Puntius species; production and evaluation of monosex 
female P. gonionotus. 
METHODOLOGY: Chromosome set manipulation, DNA fingerprinting. 
STATUS: Ongoing. 

Study 23 
LABORATORYIRESEARCHER: Genetics and ReproJuction Research Group, Institute of Aquaculture University of 
Stirling, Stirling l D. Penman. 
SPECIES: Common and major carp species. 
PROJECT FUND ING: DFID Fish Genetics Programme. 
OBJECTIVE: Gcnctic improvement of Indian and common carp for aquaculture. 
DESIGN: Investigation of the present status of Catla catla in Karnataka state and development of a gcnclic 
improvement programme. Investigation of carly sexual maturation and unwanted reproduction of common carp in 
Karnataka state and development of solutions. 
METHODOLOGY: MtDNA, allozymcs, microsatellites, chromosome set manipulation. 
STATUS: Ongoing. 

'uNITED KINGDOM (1997). 

Study l 
LABORATORYIRESEARCHER: School of Ocean Scicnces, University of Wales, Bangor l A. Bcaumont and 
M.D. R. Portilla. 
SPECIES: Mytilus edu/is. 
PROJECT FUND ING: CONACYT (Mexico) and UWB (PhD programme). 
OBJECTIVE: To investigatc the potential genetic cffccts of the artificial sclection of fast growing larvae in hatcbery 
culture. 
DESIGN: Series of laboratory matings (mass matings and single family crosses) with subsequent selection for fast and 
slow growing larvae and eventual allozyme electrophoresis of juveniles. 
METHODOLOGY: Larva! rearing, allozyme electrophoresis and some DNA analysis. 
STATUS: Ongoing- preparation of papers. 

Study 2 
LABORA TORYIRESEARCHER: School of Ocean Sciences, University of Wales, Bangor l A. Altun, A. Beaumont 
and J. Latchford. 
SPECIES: Myti/us edulis and Crassostrea gigas. 
PROJECT FUND ING: Mustafa Kemal University, Turkey & UWB (PhD programme). 
OBJECTIVE: To dcvelop gene transfer technologies suitable for bivalves. 
DESIGN: Development of suitable insert DNA and its transfection by electroporation of eggs. 
METHODOLOGY: Electroporation, cloning,genomic DNA library. 
STATUS: Ongoing. . . 
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Study 3 
LABORATORYIRESEARCHER: School of Ocean Sciences, University of Wales, Bangor l F_ Carissan and A. 
Beaumont. Plymouth Marine Laboratory l R. Pipe. ZENECA Laboratories, Brixham l T. Hutchinson. 
SPECIES: Mytilus edulis and Hediste (Nereis) diversicolor. 
PROJECT FUND ING: Welcome Trust Ecotoxicology Studentship (PhD programme). 
OBJECTIVE: To investigate genetic variability in relation to immunocompetence. 
DESIGN: Individuals characterised on the basis of their immunocompetence and correlated to allozyme genotype at 
enzyme loci. 
METHODOLOGY: Immunocompetence measured on the basis of variation in numbers of different blood cell types 
and their phagocyte capacity in the face of challenge. Allozyme electrophoresis at enzyme loci. 
STATUS: Ongoing. 

Study 4 
LABORATORYIRESEARCHER: School of Ocean Sciences, University of Wales, Bangor l K. Abey, A. Beaumont 
and J. Latchford. 
SPECIES: Cerastoderm edule, the cockle. 
PROJECT FUNDING: NERC & UWB (PhD studentship). 
OBJECTIVE: To investigate population genetic variation over species range. 
DESIGN: Develop microsatcllite Markers and test on samplcs from various populations. 
METHODOLOGY: Create DNA library, search for and sequencc suitable microsatellite Markers. Develop primers 
and use with PCR to investigate population genetic variation. 
STATUS: Ongoing. 

Study 5 
LABORATORYIRESEARCHER: Molecular Ecology and Fisheries Genetics Laboratory, Department of Biological 
Sciences, University of Hull, Hull l G.R. Carvalho and W.H. Hutchinson) and CEFAS. Fishcrics Laboratory, Lowestoft 
l S. Rogers. 
SPECIES: Cod, herring and plaicc. 
PROJECT FUND ING: Hull University Scholarship & in-house funding. 
OBJECTIVE: To determine whether changes in the intensity and nature of exploitation have influcnced genetic 
population structurc in North Sea cxploitcd fishes. 
DESIGN: Examine genetic structure in past and present-day populations using archived otoliths and fish scales. 
METHODOLOGY: Tcchniqucs will be dcvelopcd to extract DNA from archived material (otoliths and scales) for 
microsatellite and mitochondrial DNA analysis from north sea fishes collected over the past 30-40 years. Data will 
examine changes in levels and distribution of genetic diversity, as well as investigation of relationships between 
documented shifts in phenotypic characters (e.g. reduction in size and age at maturity) and gcnotypic structure. 
STATUS: Started in October 1997, and will continue for 3 years. At early stage of mcthodological development and 
sample co1lection. 
COMMENTS: The study will form the basis for a Ph.D. thesis and part of an Ongoing programme of studies designed 
to assess the impact of selective fishing on leve Is of population biodiversity. 

Study 6 
LABORATORYIRESEARCHER: Molccular Ecology and Fisheries Genetics Laboratory, Department of Biological 
Sciences, University of Hull, Hull l G.R. Carvalho and G. Adcock. British Antarctic Survey, Cambridge l P.G. 
Rodhouse. 

· SPECIES: Squid (!l/ex argentinus). 
PROJECT FUND ING: Natura! Environment Research Council, UK. 
OBJECTJVE: To determine the impact of fishing intensity on genetic diversity. 
DESIGN: Preserved samplcs of l. argentinus collected from Falkland waters between 1988-1996 will be examincd to 
compare genetic sLructure over a period that the intensity of fishing has changed markedly, and there have bccn 
documented crashes in population size. 
METHODOLOGY: Microsatellite analysis of preserved samples will be undertaken to assess Ievels of genetic 
diversity and tempora! patterns of allele frequencies. Genetic data will be compared with information on the intensity of 
exploitation, catches landed and estimates of population size. 
STATUS: The project will commence in April1997, and continue for an initial9 month period. 
COMMENTS: This Study will provide one of the first to compare genetic structure in an exploiled fishery over a 
period of major change in the intensity of harvesting. Data will provide some indication of whether the current low 
levels of genetic diversity are characteristic of relatively unexploited populations, or related to fishery-induced 
reductions in population size. 
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Study 7 
LABORATORYIRESEARCHER: Molecular Ecology and Fisheries Genetics Laboratory, Department of Biological 
Sciences, University of Hull, Hull/ G.R. Carvalho and C. Turan. 
SPECIES: Atlantic herring (Clupea harengus). 
PROJECT FUND ING: Overseas post-graduate studentship (Turkey) +in-house funding. 
OBJECTIVE: To devel ap no vel molecular Markers for stock discrimination of herring. 
DESIGN: To develop novel genetic markers in widely-separated populations of herring from the North Sea (esp. 
Norwegian fjords), Baltic and Canadian waters using novel approaches (Polymerase chain reaction (PCR) bascd 
analysis of mitochondrial and nuclear DNA. 
METHODOLOGY: PCR-based analysis of mtDNA (ND genes), allozymes and microsatellites, morphometrics and 
meristics. 
STATUS: April 1994 - April 1997. 
COMMENTS: All practical studies are now complete, and final stages of analysis are underway. Genetic 
differentiation (allozymes) -between Norwegian fjord herring and coastal stocks, and all samples and Baltic herring. 
Significant genetic differentiation detected between previously genetically homogencous samples using microsatellites 
(e.g. lcelandic herring). Paper in press in J. Mar. Biol. Assoc. UK. (late 1997). 

Study 8 
LAB ORA TORY/RESEARCHER: School of Biological Sciences, University of Wales Swansea, Swansea l Dr D.O.F. 
Skibinski. 
SPECIES: Mussels (Mytilus). 
PROJECT FUNDING: NERC. 
OBJECTIVE: To analyse growth and gene flow in musse! populations. 
DESIGN: Allozymc, nuclcar DNA and mitochondrial DNA analysis of diverse populations and species. 
METHODOLOGY: As above. 
STATUS: Ongoing. 

Study 9 
LABORATORY/RESEARCHER: School ofBiological Sciences, University of Wales Swansea, Swansea/ Dr DO F 
Skibinski. 
SPECIES: Aquatic animals. 
PROJECT FUND ING: NERC. 
OBJECTIVE: To analyse causes of genetic diversity in aquatic animals. 
DESIGN: U se of allozyme database. 
METHODOLOGY: Statistical and simulation analyses of database. 
STATUS: Ongoing. 

Study 10 
LABORATORY/RESEARCHER: School ofBiological Sciences, University of Wales Swansca. Swansea/ Dr DO F 
Skibinski. 
SPECIES: Tilapia. 
PROJECT FUND ING: ODA. 
OBJECTIVE: To produce improved strains for aquaculture in Africa and the Far East. 
DESIGN: Selective breeding and chromosome manipulation. 
METHODOLOGY: DNA and transgenic technology. 
STATUS: Ongoing. 

Study l 
LABORATORY/RESEARCHER: Department of Biological Scicnces, University of Wisconsin-Milwaukee, 
Milwaukee, Wisconsin l R.B. Phillips. 
SPECIES: Salmonids; rainbow trout; zebrafish. 
OBJECTIVE: Research involves the application of molccular and cytogcnctic techniques to problems in evolution, 
conservation and aquaculture of salmonid fishes. Projects related to aquaculture include isolation of genes important in 
disease resistance in salmonids (Mhc, Nramp ), and mapping_ of the rainbow tro ut genome. 
METHODOLOGY: Molccular cytogenetic techniques; chromosome mapping. 
STATUS: Ongoing. 
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Study 2 
LABORA TORY/RESEARCHER: NOAA./NMFS/Northwest Fisheries Science Center, Genetics Program, Seattle, 
Washington l S. Grant and R. Waples. 
SPECIES: Pacific salmon, anadromous traut and other fish, including anchovies and sardines; mammals. 
OBJECTIVE: Research includes: characterisation of genetic diversity in salmonids of the Pacific Northwest and in 
marine fishes and mammals; identification and definition of population units for management and conservation, and for 
use in mixed-stock analysis in fisheries; and investigation of markers for quantitative trait loe i. 
METHODOLOGY: Protein, DNA and quantitative trait methods are used to characterise genetic diversity in marine 
fishes and mammals. An extensive protein (allozyme) population baseline has been developed over scveral years, and 
continucs to be extended and updated, to provide a basis for defining populations units. 
STATUS: Ongoing. 

Study 3 
LABORATORYIRESEARCHER: US Geological Survey, Biological Research Division, Leetown Science Center, 
Keameysville, West Virginia l T. King. 
SPECIES: Atlantic salmon, lake sturgcon, hard clams (Mercenaria mercenaria). 
OBJECTIVE: Population genetics and stock identification studies are being conducted on Atlantic salmon. In addition, 
lake sturgeons are being analysed for population differences. Hard clam populations are being studicd to determine any 
genetic contributions of hatchery stocks to wild populations for stock enhancement. 
METHODOLOGY: DNA; Microsatelhte DNA seems to be most effective for allelic polymorphisms. 
STATUS: Ongoing. 

Study 4 
LAB ORA TORY/RESEARCHER: NOAA, NMFS, Northeast Fisheries Science Center, Milford Laboratory, Milford, 
CT l S. Stiles, J. Choromanski and James Hughes. 
SPECIES: Bay scallop (Argopecten imuiians); tautog (Tautoga onitis). 
OBJECTIVE: Genetic investigations that comprise various approaches for increasing growth and survival rates of the 
commercially valuable ba y scallop, Argopecten irradians, are in progress. Projects include mass-selection, inbreeding, 
population genetics and strain/field cvaluations. Information is being developed on population genetics of tautog. 
METHODOLOGY: Quantitative genctics of selected traits, cytogenetics, population genetics (allozymes - joint 
projccl with the Institute of Oceanology, Qingdao, China l Q-Z Que; DNA and transgcnic studies with University of 
Connecticut, Storrs, Connecticut l T. Chen, J. Crivello and L. Strausbaugh). 
STATUS: Ongoing. 

Study 5 
LABORATORYIRESEARCHER: Rutgers University, Haskin Shcllfish Research Laboratory, Port Norris, NJ l X. 
Guo. 
SPECIES: Oysters (Crassostrea virginica, C. gigas), hard clam (Mercenaria mercenaria) and sea scallops 
(Placopecten magellanicus). 
OBJECTIVE: Genetic technology involves selection for diseasc rcsistance and superior growth in shellfish for 
aquaculture. Studies in basic genetics includc sex: determination, genome evolution, and induced polyploidy in shellfish. 
METHODOLOGY: Selective breeding; cytogenctics - triploid, tetraploid, gynogcnctic and aneuploid shellfish for 
aquaculture; molccular genetics- molecular markers, genome mapping; artificial gynogenesis; FISH pro bes. 
STATUS: Ongoing. 

Study 6 
LABORATORYIRESEARCHER: NOAA, NMFS, Southwest Fisheries Center, Marine Mammal Division, 
Population Genctics, La Jolla, California l A. Dizon. 
SPECIES: Marine mammals, turtles, and fish. 
OBJECTIVE: Genetic methods are used to examine population structure of marine mammals, turtles, and fish, in 
phylogenetic studics for taxonomy and systematics and in stock identification and stress analyses of marine mammals. 
METHODOLOGY: Genetic and forcnsic analyses, molecular genctic techniques; mathematical lools for data 
interpretation in developing models. 
STATUS: Ongoing. 

Study7 
LABORATORY/RESEARCHER: NOAA, NMFS, Southeast Fisheries Science Center, Population Genetics, 
Charleston, South Carolina l C. Woodley. 
SPECIES: Scombrids (tunas), sharks, scianids, marine mammals, sea turtles, and oysters. 
OBJECTIVE: Molecular gene tie techniques are being u sed to examine population structure of bottle no se dolphins and 
other marine mammals, and for stock idcntification of various species. 
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METHODOLOGY: Molecular genetic techniques- DNA (RFLPs, DNA scquencing, mitochondrial.DNA markers); 
stress proteins. 
STATUS: Ongoing. 

Study 8 
LABORATORY/RESEARCHER: University ofDelaware, College of Marine Studies, Lewes, Delaware l P. Gaffney. 
SPECIES: Oysters- Crassostrea virginica., C. gigas and C. ariakensis. 
OBJECTIVE: Efforts to improve the productivity of Atlantic coast cyster populations include investigation of 
non-native species, evaluation of growth and disease resistance, and development of disease· resistant oysters. 
Rcscarchers in the mid-Atlantic US are collaborating on a number of projects involving_ growth and disease of oysters-. 
METHODOLOGY: Protein and DNA analyses (microsatellite and single nucleotide polymorphisms), and genome 
mapping. 
STATUS: Ongoing. 

Study 9 · 
LABORATORY/RESEARCHER: The University of Connecticut, Biotechnology Center and Department of 
Molecular and Cell Biology, Storrs, Connecticut IT. Chen, J. Crivello & L. Strausbaugh. 
SPECIES: Bay scallops (Argopecten irradians). 
OBJECTIVE: To develop biochcmical and molecular markers, to evaluatc genetic diversity and to improve the 
performance (growth and survival) of ba y scallops in aquaculture. 
METHODOLOGY: Classical and modem genetic methods have the potcntial to dramatically improve the aquaculturc 
industry. Studies focus on two general types of molecular genctic approaches: Type l (Randomly Amplificd 
Polymorphic DNAs) and Type Il (polymorphisms in known DNA sequences, aften flanking regions and intrans) 
markers. 
Strategies are being pursued to artificially tag scallops by using transgenic technology to introduce -either anonymous 
DNA or fluorescent reporters into the genome. (Collaboration with Milford Laboratory gcneticists). 
STATUS: Ongoing. 

122 1999 WGAGFM Report 






