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Species description

Scientific names: Salmo salar (Linnaeus, 1758), Salmonidae.
Note: this fact sheet focuses on escaped Salmo salar; the species as such is native to the region.

Synonyms: none
Common names: Atlantic salmon (GB), losos obecny CZ), laks (DK), Lachs (DE), Ldhe (EE), Lax
(IS), lasis (LV), Atlanto lasisa (LT), laks (NO), Lax (SE), Losos$ (PL).
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Fig. 1. Escaped farmed salmon (Salmo salar) (right) often show wavy fin rays, while wild salmon
(left) has more even rays, photos by Roar A. Lund.

Fig. 2. Salmon that recently has escaped from net pens (right) often have rounded tails, while wild
salmon (left) have more sharp tails, photos by Roar A. Lund.
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Species identification

The appearance of Atlantic salmon changes from the juvenile freshwater stage, via a silvery stage in
the ocean to a more ornamented appearance close to spawning in the rivers. Adult Salmo salar in
the sea has silvery sides and belly, and a darker back. They normally have relatively few spots
below the lateral line, a relatively slender caudal peduncle (tail root), and a v-formed tail. Salmo
salar and sea-trout (Salmo trutta) may be difficult to separate, especially large individuals. Farmed
salmon look similar to their wild con-specifics, but they often have worn fins with wavy fin-rays
and more spots both above and below the lateral line than wild salmon. Thus, farmed salmon may at
occasions look similar to sea trout. Furthermore, the growth pattern in the scales distinctively
separates farmed from wild salmon (Lund and Hansen, 1991; Fiske et al., 2005a).

Native range

Salmo salar originally occurred in every country with rivers flowing into the North Atlantic Ocean
and the Baltic Sea and is thus native to the region (Mills, 1989). Today, the species distribution has
decreased in its southern range on both sides of the Atlantic. In the Baltic Sea large numbers of
reared smolts have been released to supplement local populations (for example: Saloniemi et al,
2004). In Poland the last salmon population were lost from the Drawa River in the mid 1980s. For
restoration of salmon in Polish waters Daugava salmon were used. The first salmon smolt stocking
was in 1994. In 1996 the first spawners in rivers were observed. Returning salmon have been
captured and used for artificial spawning (Bartel 2001). Salmo salar has been restocked in Latvia
since 1885 (Latvijas Daba)

Alien distribution

History of introduction and geographical spread

Farming of Salmo salar in net pens in the sea started in 1969 in Norway (Gjedrem, 1981). In 1971 a
systematic selection program started, based on broodstock salmon sampled from 40 different
Norwegian rivers and one Swedish river (Gjedrem et al., 1991). The production of farmed salmon
in Norway has increased tremendously from 100 tonnes in 1971 to 509 554 tonnes in 2003
(Gjedrem, 1981; Hansen et al., 2005). Today, Salmo salar is produced within (main producers:
Norway, Scotland, Ireland, USA and Canada) and outside (main producers: Chile, USA and
Canada) the species natural range. Farmed Salmo salar today by far outnumber their wild con-
specifics (Gross, 1998). In the 1980s escaped farmed salmon started to be noted in catches from
Norwegian rivers and sea fisheries (Moen and Gausen, 1989; Gausen and Moen, 1991), and from
1989 river and sea fisheries in Norway have been surveyed yearly for the occurrence of escaped
farmed salmon (Lund et al., 1991; Fiske et al., 2001). Norwegian strains of salmon were introduced
to Iceland in 1989 for rearing in land based facilities and later in sea-cages.

Pathways of introduction

The reported number of escaped farmed salmon from Norwegian fish farms has varied between
approximately 250 000 and approximately 600 000 individuals yearly since 1994 (Norwegian fish —
statistics — on line). As a comparison, the yearly population of adult salmon returning to the
Norwegian coast has been estimated to have varied between approximately 500 000 and 1 000 000
individuals in the same period (Hansen et al., 2005). The real number of escapees is probably
higher than the reported numbers as some fish may escape without being noticed by the fish
farmers. Even though many of the escapees die before they are ready to spawn, many also reach the
rivers and spawn together with wild Salmo salar (Lura et al., 1993). Progeny of escaped farmed
salmon and hybrids between escaped farmed salmon and local wild salmon seem to have lower
success than progeny from wild salmon (Fleming et al., 1996; Fleming et al., 2000; McGinnity et
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al., 2003; McGinnity et al., 2004), but still genes from the farmed salmon can enter the wild
populations. This may lead to less genetic differentiation among wild populations because many of
them are affected by repeated introgressions from farmed salmon (Tufto, 2001).

Alien status in region

Escaped farmed salmon have been found in catches of wild salmon in Norway (Fiske et al., 2001),
the British Isles (Webb et al., 1993; Crozier, 1998; Milner and Evans, 2003), Iceland (Gudjonsson,
1991) and in the high seas close to the Faroe Islands (Hansen et al., 1999), see also Table 1.
Relatively few farm escapees are probably found in the Baltic Sea, but they are regularly found in
Danish rivers. In one river, escapees were found to make up a significant proportion (up to 20 %) of
the annual run (Jepsen et al. 2004, Jepsen et al. 2003).. In Finland, fish farm escapees can
occasionally be found in the River Tana forming the border between Norway and Finland (Fiske et
al., 2001). Note that since Salmo salar occurs naturally in the region, the fish farm escapees are
found together with their wild con-specifics and are not as an alien species as such.

Country Not Not Rare Local Common  Very Not
found established common known

Austria X

Belgium X

Czech republic X

Denmark X

Estonia X

European part of Russia X

Finland X

Faroe Islands X

Germany X

Greenland Native

Iceland X

Ireland X

Latvia X

Lithuania X

Netherlands

Norway X

Poland X

Slovakia

Sweden X

Table 1. The frequency and establishment of escaped Salmo salar, please refer also to the
information provided for this species at www.nobanis.org/search.asp. Legend for this table: Not
found —The species is not found in the country; Not established - The species has not formed self-
reproducing populations (but is found as a casual or incidental species); Rare - Few sites where it is
found in the country; Local - Locally abundant, many individuals in some areas of the country;
Common - Many sites in the country; Very common - Many sites and many individuals; Not
known — No information was available.
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Ecology

Habitat description

Salmo salar juveniles are found in a wide variety of rivers draining to the sea (Elliott et al., 1998).
The habitat requirements varies among different life stages (Bardonnet and Baglini¢re, 2000), as the
young will be found in faster currents and in deeper water as they grow older (Heggenes et al.,
1999). Where the two species are found together Salmo salar seem to prefer areas with faster water
currents than brown trout (Heggenes et al., 1999). Offspring of escaped farmed salmon will
probably use similar habitats as wild salmon, and thus compete with the wild fish.

The size of adult salmon vary among rivers, and rivers seem to have to be above a certain size to
carry populations of large multi-sea-winter salmon (Jonsson et al., 1991). Escaped farmed salmon
seem to enter the rivers later in the season than wild salmon (Fiske et al., 2001).

Postsmolts and adults of Salmo salar are distributed over large areas in the North Atlantic Ocean
during their migration between fresh water and their feeding grounds at sea (Hansen and Jacobsen,
2000). The smolts seem to enter the sea in spring or summer when the sea surface temperature in
coastal areas is above 8 °C (Hvidsten et al., 1998). Their survival seems to be correlated with the
distribution of relatively warm sea water in the areas they reach shortly after their entrance to the
sea (Friedland et al., 1998). Escaped farmed salmon occur in the same feeding grounds in the ocean
as wild salmon, though more farm escapees have been found close to the Faroe Islands (Hansen et
al., 1993) than close to Greenland (Hansen et al., 1997).

Reproduction and life cycle

Several authors have described the life cycle of the Salmo salar in detail (historical review in: Mills,
1989). Salmo salar spawn in rivers in the autumn, and the fry hatch in the spring or early summer.
The young spend from 1-6 years in the river before they move to sea as smolts. In the ocean they
grow fast and return to the rivers after one to five years (normally 1-3) in the sea. In larger rivers
most males return after one year at sea, while most females return after two years at sea. In smaller
rivers both most males and females return after one year at sea. Not all salmon die after spawning
and a variable proportion spawn repeatedly, seemingly more so in populations of mostly one-sea-
winter salmon than in populations of multi-sea-winter salmon (Jonsson et al., 1991). Offspring of
escaped farmed salmon will probably behave rather similarly to wild salmon, though they seem to
incur higher mortality than wild salmon (Fleming et al., 2000; McGinnity et al., 2003).

Dispersal and spread

Farmed smolts that are released into the wild tend to return to the same area where they were
released (Hansen and Jonsson, 1991), while adult salmon that escape tend to disperse more widely
(Hansen, 2005; Hansen, 2006a; Hansen, 2006b; Skilbrei et al., 2006).

Impact

Affected habitats and indigenous organisms

Wild populations of Salmo salar and brown trout may be affected directly by competition or
interference at the spawning grounds (Lura and Segrov, 1991; Fleming et al., 1996), indirectly by
gene flow from farmed to wild populations (McGinnity et al., 1997; Fleming et al., 2000;
McGinnity et al., 2004), or through the spreading of deceases or parasites (Heuch and Moe, 2001;
Bjern and Finstad, 2002).



Genetic effects

Theoretical models suggest that if high proportions of escaped farmed salmon continue to spawn
together with wild salmon, the genetic variation among wild populations may diminish and the wild
stocks may become genetically more similar to farmed salmon than at present (Tufto, 2001; Hindar
et al., 2005; Hindar et al., 2006). In some rivers with high occurrences of escaped farmed salmon
and weak populations of wild salmon there also appear to have been a change in the genetic profile
over time (Skaala et al., 2005). There are indications that the occurrence of escaped farmed salmon
in rivers may have lead to increased occurrence of hybrids between Salmo salar and brown trout
(Youngson et al., 1993; Matthews et al., 2000).

Human health effects

Consumption of escaped farmed fish recently treated with antibiotics may lead to the development
of pathogens with resistance towards antibiotics. However, the use of antibiotics in the farming
industry has decreased dramatically since the 1980s (Grave and Horsberg, 2005).

Economic and societal effects (positive/negative)

The salmon farming industry is one of Norway’s largest export industries, providing work for
people in remote areas of the country. River owners and anglers in several countries (Norway,
Island) have raised concerns that the image of the highly priced angling fisheries for salmon may be
harmed if high numbers of escaped farmed salmon enter the rivers. Also in other countries angling
of salmo salar is very important — as an example the annual catch of this species is 350 - 600 tons in
Latvia (Latvijas Daba).

Management approaches

Prevention methods

The fish farming industry has increased their efforts to prevent escapes from happening. This
includes new technical standards for fish farms, overviews of the most common causes of escapes
to learn from previous mistakes, and increased awareness of the problem by the personnel working
at the fish farms (Valland, 2005).

Eradication, control and monitoring efforts

Shortly after reported escapes, it is common practice to allow fishing with nets in the sea close to
the site of the escape. Furthermore, fishing with nets and bag-nets in the sea has also been allowed
in the autumn in many counties in Norway (e.g. Syvertsen and Vatne, 2000; Fiske, 2004). This is a
fishery mainly targeting escaped farmed salmon since most wild salmon are either in the rivers or at
the high seas at that time. Fishing in the outlets of rivers in the autumn with rods or bag-nets has
also been used to reduce the number of farmed salmon entering rivers (Fiske et al., 2005b). A
monitoring program to access the proportion of escaped farmed salmon in catches and in spawning
populations has been running in Norway since 1989 (Fiske et al., 2001). In Island 10 % of the
salmon in sea-cages have to be tagged. The usual tagging method is microtags with adipose fin clips
as an external mark. Estonia has been running a program for monitoring the ratio between wild and
ranched salmon

Information and awareness

The Directorate for Nature Management in Norway, Norwegian Institute for Nature Research and
the Institute of Marine Research have all produced information brochures about escaped farmed
salmon. In Iceland the use of tags for identifying salmon from sea-cages is advertised and a lottery
is used for enhancement of tag returns.



Knowledge and research

There has been much research about escaped farmed salmon, the latest update about both escapees
and other impacts of fish farming was given at a symposium in Bergen in October 2005 (Anon,
2005). Information presented at this symposium is published in a special issue of ICES Journal of
Marine Science (Vol. 63, no 7, August 2006). Two similar symposia have previously been arranged
in Loen, Norway (1991) and in Bath, Great Britain (1997).

Recommendations or comments from experts and local communities

Even though the fish farming industry has increased its awareness of escapees, it is important that
the industry continue to work with improving their standards in handling of fish in order to keep the
fish inside the net pens. Little can be done once the fish has escaped so the most important efforts
are those that are done to prevent salmon from escaping.

References and other resources

Contact persons
Hugo Verreycken (BE), Email: Hugo.Verreycken@inbo.be

Radek Sanda (CZ), Department of Zoology, National Museum, Vaclavské namésti 68, 115 79 Praha
1, Czech Republic, E-mail: radek sanda@nm.cz

Gudni Gudbergsson (IS), Institute of Freshwater Fisheries, Keldnaholti 7, 112 Reykjavik, Iceland.
Tel: +354 5806300. Fax: +354 5806301, E-mail: gudni.gudbergsson@yveidimal.is

Dr. Stefan Nehring (DE) Federal Agency for Nature Conservation, Konstantinstrasse 110, D-53179
Bonn; Phone: +49-228-84911444; E-mail: stefan.nehring@bfn.de

Niels Jepsen (DK) DTU-Aqua, Sektion for Ferskvandsfiskeri og —gkologi, Vejlsevej 39, DK-8600
Silkeborg, Denmark, Tel.: + 45 89213129, E-mail: nj@aqua.dtu.dk

Michael Mgller Hansen (DK) Afd. for Ferskvandsfiskeri, Danmarks Fiskeriundersogelser,
Vejlsevej 39, DK-8600 Silkeborg, Denmark, Tel.: +45 33963145, E-mail: mmh@difres.dk

Christina Birnbaum (EE), Estonian University of Life Sciences, Institute of Agricultural and
Environmental Sciences, Kreutzwaldi 64, Tartu, Estonia, E-mail: chbirnbaum(@yahoo.com

Jaakko Erkinaro (FIN), Finnish Game and Fisheries Research Institute, Tutkijantie 2, FIN-90570
Oulu, Finland, Tel: +358 205751871, E-mail: jaakko.erkinaro@rktl.fi

Ministry of Domestic Affairs, Nature and Environment (GE), P.O Box 1614, 3900 Nuuk,
Greenland, Phone: (+299) 34 50 00, E-mail: nnpan@nanoq.gl

Colette O' Flynn (IE) National Biodiversity Data Centre, WIT West campus, Carriganore,
Waterford, Ireland, Phone: +353 (0) 51306240, E-mail: coflynn@biodiversityireland.ie

Viktoras DidZiulis (LT) Coastal Research and Planning Institute, Klaipeda University, Lithuania,
H.Manto - 84, LT-91210, Klaipéda, Phone: +370 46 380905, E-mail: viktoras@ekoinf.net



mailto:Hugo.Verreycken@inbo.be
mailto:gudni.gudbergsson@veidimal.is
mailto:mmh@difres.dk
mailto:chbirnbaum@yahoo.com
mailto:jaakko.erkinaro@rktl.fi
mailto:nnpan@nanoq.gl
mailto:coflynn@biodiversityireland.ie
mailto:viktoras@ekoinf.net

Nora Kabuce (LV), Latvian Environment, geology and meteorology agency, Maskavas Str. 165,
Riga, LV-1019, Latvia. Tel.: +371 7032030, E-mail: nora.kabuce@lvgma.gov.lv

Peder Fiske (NO), Norwegian Institute for Nature Research, Tungasletta 2, NO-7485 Trondheim,
Norway, Tel.: + 47 73 80 15 22, E-mail: Peder.Fiske@nina.no

Ryszard Bartel (PL) Iland Fisheries Institute, Department of Migratory Fish, Synéw Putku str. 37.,
80-298 Gdansk, Poland, E-mail: gdansk@infish.com.pl

Alexander Makhrov, Valentina Artamonova (RU), Severtsov Institute of Ecology and Evolution,
Russian Academy of Sciences, Leninsky prospekt, 33, Moscow, 119071, Russia, E-mail:
makhrov12@mail.ru , vala299@mail.ru

Melanie Josefsson (SE), Swedish Environmental Protection Agency, SE106 48 Stockholm,
Sweden, Tel: +46 18 673148, E-mail: Melanie.Josefsson@snv.slu.se

Links

Norwegian Institute for Nature Research
Institute of Marine Research

Directorate for Nature Management

Statistics Norway

Directorate for Fisheries Management - statistics
Institute of Freshwater Fisheries (Icelandic)

References

Anon. 2005. Interactions between aquaculture and wild stocks of Atlantic salmon and other diadromous fish species:
science and management, challenges and solutions - Programme & Abstracts Bergen.

Bardonnet, A., and Bagliniére, J. L. 2000. Freshwater habitat of Atlantic salmon (Salmo salar). Canadian Journal of
Fisheries and Aquatic Sciences, 57:497-506.

Bartel R. 2001. Return of salmon back to Polish waters. Ecohydrol. & Hydrobiol., 1, 3, 377-392.

Bjern, P. A., and Finstad, B. 2002. Salmon lice, Lepeophtheirus salmonis (Kreyer), infestation in sympatric populations
of Arctic char, Salvelinus alpinus (L.), and sea trout, Salmo trutta (L.), in areas near and distant from salmon farms.
ICES Journal of Marine Science, 59:131-139.

Crozier, W. W. 1998. Incidence of escaped farmed salmon, Salmo salar L., in commercial salmon catches and fresh
water in Northern Ireland. Fisheries Management and Ecology, 5:23-29.

Elliott, S. R., Coe, T. A., Helfield, J. M., and Naiman, R. J. 1998. Spatial variation in environmental characteristics of
Atlantic salmon (Salmo salar) rivers. Canadian Journal of Fisheries and Aquatic Sciences, 55 (Suppl. 1):267-280.

Fiske, P. 2004. Sammenstilling av data fra undersgkelser om fiske etter ramt oppdrettslaks (DN's ref. nr. 03040045).
Notat, til DN 01.07.2004:1-11.

Fiske, P., Lund, R. A., and Hansen, L. P. 2005a. Identifying fish farm escapees. In: Stock Identification Methods pp.
659-680. Ed. by S. X. Cadrin, K. D. Friedland andJ. R. Waldman)Elsevier Academic Press. Amsterdam:

Fiske, P., Lund, R. A., Ostborg, G., Heggberget, T. G., and Thorstad, E. B. 2005b. Remt oppdrettslaks i Salvassdraget i
2004 - kommer fiskene fra en eller flere reammingsepisoder. NINA Minirapport, 103:1-9.

Fiske, P., Lund, R. A., Ostborg, G. M., and Flaystad, L. 2001. Remt oppdrettslaks i sjo- og elvefisket i drene 1989-
2000. NINA Oppdragsmelding, 704:1-26.

Fleming, I. A., Hindar, K., Mjeglnerad, 1. B., Jonsson, B., Balstad, T., and Lamberg, A. 2000. Lifetime success and
interactions of farmed salmon invading a native population. Proceedings of the Royal Society of London B,
267:1517-1523.

Fleming, I. A., Jonsson, B., Gross, M. R., and Lamberg, A. 1996. An experimental study of the reproductive behaviour
and success of farmed and wild Atlantic salmon (Salmo salar). J. Appl. Ecol., 33:893-905.

Friedland, K. D., Hansen, L. P., and Dunkley, D. A. 1998. Marine temperatures experienced by postsmolts and the
survival of Atlantic salmon, Salmo salar L., in the North Sea area. Fisheries Oceanography, 7:22-34.


mailto:nora.kabuce@lvgma.gov.lv
mailto:Peder.Fiske@nina.no
mailto:gdansk@infish.com.pl
mailto:Melanie.Josefsson@snv.slu.se
http://www4.nina.no/akvatisk/
http://www.imr.no/aktuelt/nyhetsarkiv/2006/oktober/romt_fisk_ikke_frikjent
http://www.dirnat.no/content.ap?thisId=500013085&language=0
http://www.ssb.no/emner/10/05/fiskeoppdrett/
http://www.fiskeridir.no/fiskeridir/kystsone_og_havbruk/statistikk
http://www.veidimal.is/

Gausen, D., and Moen, V. 1991. Large-scale escapes of farmed Atlantic salmon (Salmo salar) into Norwegian rivers
threaten natural populations. Canadian Journal of Fisheries and Aquatic Sciences, 48:426-428.

Gjedrem, T. 1981. Oppdrett av laks og aure. Landbruksforlaget, Oslo

Gjedrem, T., Gjoen, H. M., and Gjerde, B. 1991. Genetic origin of Norwegian farmed Atlantic salmon. Aquaculture,
98:41-50.

Grave, K., and Horsberg, T. E. 2005. Trends in the usage of drugs in Norwegian aquaculture. In: Interactions between
aquaculture and wild stocks of Atlantic salmon and other diadromous fish species: science and management,
challenges and solutions, pp. 28. Bergen 18-21 October 2005: ICES/NASCO.

Gross, M. R. 1998. One species with two biologies: Atlantic salmon (Salmo salar) in the wild and in aquaculture.
Canadian Journal of Fisheries and Aquatic Sciences, 55 (Supplement 1):131-144.

Gudjonsson, S. 1991. Occurrence of reared salmon in natural salmon rivers in Iceland. Aquaculture, 98:133-142.

Hansen, L. P. 2005. Migration and survival of farmed Atlantic salmon (Salmo salar L.) released from two Norwegian
fish farms. In: Interactions between aquaculture and wild stocks of Atlantic salmon and other diadromous fish
species: science and management, challenges and solutions, pp. 16-17. Bergen 18-21 October 2005: ICES/NASCO.

Hansen, L. P. 2006a. Migration and survival of farmed Atlantic salmon (Salmo salar L.) released from two Norwegian
fish farms. ICES Journal of Marine Science, 63:1211-1217.

Hansen, L. P. 2006b. Vandring og spredning av remt oppdrettslaks. NINA Rapport, 162:1-21.

Hansen, L. P., Fiske, P., Holm, M., Jensen, A. J., and Seegrov, H. 2005. Bestandsstatus for laks i Norge 2004. Rapport
fra arbeidsgruppe. Utredning for DN, 2005-4:1-44.

Hansen, L. P., and Jacobsen, J. A. 2000. Distribution and migration of Atlantic salmon Salmo salar L., in the sea. In:
The Ocean Life of Atlantic Salmon pp. 75-87. Ed. by D. Mills)Fishing News Books. Oxford:

Hansen, L. P., Jacobsen, J. A., and Lund, R. A. 1993. High numbers of farmed Atlantic salmon, Salmo salar L.,
observed in oceanic waters north of the Faroe Islands. Aquaculture and Fisheries Management, 24:777-781.

Hansen, L. P., Jacobsen, J. A., and Lund, R. A. 1999. The incidence of escaped farmed Atlantic salmon, Salmo salar L.,
in the Faroese fishery and estimates of catches of wild salmon. ICES Journal of Marine Science, 56:200-206.

Hansen, L. P., and Jonsson, B. 1991. The effect of timing of Atlantic salmon smolt and post-smolt release on the
distribution of adult return. Aquaculture, 98:61-67.

Hansen, L. P., Reddin, D. G., and Lund, R. A. 1997. The incidence of reared Atlantic salmon (Salmo salar L.) of fish
farm origin at West Greenland. ICES Journal of Marine Sciences, 54:152-155.

Heggenes, J., Bagliniere, J. L., and Cunjak, R. A. 1999. Spatial niche variability for young Atlantic salmon (Salmo
salar) and brown trout (S. trutta) in heterogeneous streams. Ecology of Freshwater Fish, 8:1-21.

Heuch, P. A., and Moe, T. A. 2001. A model of salmon louse production in Norway: effects of increasing salmon
production and public management measures. Diseases of Aquatic Organisms, 45:145-152.

Hindar, K., Fleming, 1. A., McGinnity, P., and Diserud, O. 2005. Genetic and ecological interactions between wild and
cultured diadromous fish. In: Interactions between aquaculture and wild stocks of Atlantic salmon and other
diadromous fish species: science and management, challenges and solutions, pp. 13. Bergen 18-21 October 2005:
ICES/NASCO.

Hindar, K., Fleming, 1. A., McGinnity, P., and Diserud, O. 2006. The genetic and ecological effects of salmon farming
on wild salmon: modelling from experimental results. ICES Journal of Marine Science, 63:1234-1247.

Hvidsten, N. A., Heggberget, T. G., and Jensen, A. J. 1998. Sea water temperature at Atlantic salmon smolt enterance.
Nordic J. Freshw. Res., 74:79-86.

Jepsen, N, Nielsen, E.E. & Deacon, M. (2004) Linking individual behaviour to genetic origin. Aquatic telemetry:

advances and applications, 45-51. M. T. Spedicato, G. Marmulla, G. Lembo (eds.). FAO — COISPA, Rome.
Jepsen, N., Deacon, M. & Ejby-Ernst, M. (2003) Laksens gydevandring i Varde A systemet. DFU-rapport, 125-03.
Jonsson, N., Hansen, L. P., and Jonsson, B. 1991. Variation in age, size and repeat spawning of adult Atlantic salmon
in relation to river discharge. Journal of Animal Ecology, 60:937-947.

"Latvijas Daba" (Nature of Latvia) - online encyclopaedia (link)

Lund, R. A., and Hansen, L. P. 1991. Identification of wild and reared Atlantic salmon, Salmo salar L., using scale
characters. Aquaculture and Fisheries Management, 22:499-508.

Lund, R. A., @kland, F., and Hansen, L. P. 1991. Farmed Atlantic salmon (Salmo salar) in fisheries and rivers in
Norway. Aquaculture, 98:143-150.

Lura, H., Barlaup, B. T., and Saegrov, H. 1993. Spawning behaviour of a farmed escaped female atlantic salmon (Salmo
salar). Journal of Fish Biology, 42:311-313.

Lura, H., and Saegrov, H. 1991. Documentation of successful spawning of escaped female Atlantic salmon, Salmo salar,
in Norwegian rivers. Aquaculture, 98:151-159.

Matthews, M. A., Poole, W. R., Thompson, C. E., McKillen, J., Ferguson, A., Hindar, K., and Wheelan, K. F. 2000.
Incidence of hybridization between Atlantic salmon, Salmo salar L., and brown trout, Salmo trutta L., in Ireland.
Fisheries Management and Ecology, 7:337-347.


http://www.latvijasdaba.lv/4/view_0_descr.asp?id=18

McGinnity, P., Prodéhl, P., Ferguson, A., Hynes, R., 0] Maoiléidigh, N., Baker, N., Cotter, D., O'Hea, B., Cooke, D.,
Rogan, G., Taggart, J., and Cross, T. 2003. Fitness reduction and potential extinction of wild populations of Atlantic
salmon, Salmo salar, as a result of interactions with escaped farm salmon. Proceedings of the Royal Society of
London B, 270:2443-2450.

McGinnity, P., Prodéhl, P., 0] Maoiléidigh, N., Hynes, R., Cotter, D., Baker, N., O'Hea, B., and Ferguson, A. 2004.
Differential lifetime success and performance of native and non-native Atlantic salmon examined under communal
natural conditions. Journal of Fish Biology, 65 (Supplement A):173-187.

McGinnity, P., Stone, C., Taggart, J. B., Cooke, D., Cotter, D., Hynes, R., McCamley, C., Cross, T., and Ferguson, A.
1997. Genetic impact of escaped farmed Atlantic salmon (Salmo salar L.) on native populations: use of DNA
profiling to assess freshwater performance of wild, farmed, and hybrid progeny in a natural river environment. ICES
Journal of Marine Science, 54:998-1008.

Mills, D. 1989. Ecology and management of Atlantic salmon. Chapman & Hall, London

Milner, N. J., and Evans, R. 2003. The incidence of escaped Irish farmed salmon in English and Welsh rivers. Fisheries
Management and Ecology, 10:403-406.

Moen, V., and Gausen, D. 1989. Remt oppdrettsfisk i vassdrag 1988. DN-Rapport-3-1989:1-32.

Saloniemi, I., Jokikokko, E., Kallio-Nyberg, 1., Jutila, E., and Pasanen, P. 2004. Survival of reared and wild Atlantic
salmon smolts: size matters moire in bad years. ICES Journal of Marine Science, 61:782-787.

Skilbrei, O., Holst, J. C., and Holm, M. 2006. Oppsummering av kunnskapsstatus innen remming av oppdrettslaks -
Tiltak for gjenfangst etter remming. Havforskningsinstituttet, Rapport i trykk:1-20.

Skaala, 0., Wennevik, V., and Glover, K. 2005. Temporal genetic stability in Atlantic salmon populations. In:
Interactions between aquaculture and wild stocks of Atlantic salmon and other diadromous fish species: science and
management, challenges and solutions, pp. 19. Bergen 18-21 October 2005: ICES/NASCO.

Syvertsen, H. A., and Vatne, T. 2000. Forseksfiske etter remt oppdrettslaks i Nordland. Fylkesmannen i Nordland,
Miljevernavdelingen, Rapport februar 2000:1-17.

Tufto, J. 2001. Effects of releasing maladapted individuals: a demographic-evolutionary model. American Naturalist,
158:331-340.

Valland, A. 2005. The causes and scale of escapes from salmon farming. In: Interactions between aquaculture and wild
stocks of Atlantic salmon and other diadromous fish species: science and management, challenges and solutions,
pp- 15. Bergen 18-21 October 2005: ICES/NASCO.

Webb, J. H., Youngson, A. F., Thompson, C. E., Hay, D. W., Donaghy, M. J., and McLaren, 1. S. 1993. Spawning of
escaped farmed Atlantic salmon, Salmo salar L., in western and northern Scottish rivers: egg deposition by females.
Aquaculture and Fisheries Management, 24:663-670.

Youngson, A. F., Webb, J. H., Thompson, C. E., and Knox, D. 1993. Spawning of escaped farmed Atlantic salmon
(Salmo salar): hybridization of females with brown trout (Salmo trutta). Canadian Journal of Fisheries and Aquatic
Sciences, 50:1986-1990.

Date of creation/modification of this species fact sheet: 03-11-2006/ 11-02-2012



	NOBANIS - Invasive Alien Species Fact Sheet 
	Species description
	Alien distribution 
	 Ecology
	Impact
	Management approaches
	References and other resources


