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Preface

This is a summary of a synthesis work focusing on threats to biological diver-
sity on the gene level associated with large scale releases of salmon in the Bal-
tic region, and is the product of an assignment from the Swedish Agency for 
Marine and Water Management. The work relates directly to the recent Euro-
pean Commission proposal to halt compensatory releases of salmon in the 
Baltic Sea (“Proposal for a Regulation of the European Parliament and of the 
Council establishing a multiannual plan for the Baltic salmon stock and the 
fisheries exploiting that stock”; European Commission 2011)1.

The current reference to the full synthesis report is:

Palmé A, Wennerström L, Guban P, Ryman N, Laikre L. 2012. Conservation genetic 
risks associated with compensatory releases of salmon in the Baltic Sea. Report, Swedish 
Agency for Marine and Water Management, in press.

It can be downloaded from: www.havochvatten.se/om-oss/publikationer.html
A draft version of the synthesis report was presented and discussed at an 

international symposium and workshop at Stockholm University February 
9–10, 2012, focusing on the genetic effects of compensatory releases of salmon 
in the Baltic Sea. This meeting is summarized in the following report:

Palmé A, Wennerström L, Guban P, Laikre L (editors) 2012. Stopping compensatory 
releases of salmon in the Baltic Sea. Good or bad for Baltic salmon gene pools? Report 
from the Baltic Salmon 2012 symposium and workshop, Stockholm University February 
9–10, 2012. Davidsons Tryckeri, Växjö, Sweden.

Download the report from www.popgen.su.se

Funding has been provided by the Swedish Agency for Marine and Water 
Management and the BaltGene research program (funded by BONUS Baltic 
Organisations’ Network for Funding Science EEIG). Additional support was 
obtained from The Sida Baltic Sea Unit and from the Nordic Council of Minis-
ters.

1 European Commission (2011) Proposal for a Regulation of the European Parliament 
and of the Council establishing a multiannual plan for the Baltic salmon stock and 
the fisheries exploiting that stock. 470 final Brussels 12.8.2011. 2011/0206
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Questions addressed 

We have compiled information regarding compensatory releases of salmon in 
Swedish rivers including spatio-temporal genetic variability patterns of wild 
and hatchery salmon populations in the Baltic region. Our work has comprised 
i) reviewing all identified scientific studies of the genetics of Baltic salmon, ii) 
reviewing all identified “gray” literature on Baltic salmon genetics in Swed-
ish rivers, iii) reviewing the scientific literature with respect to genetic effects of 
large scale releases of salmonid fishes, iv) compiling, with respect to the situa-
tion in Sweden, available material on the number of fish released annually, tag-
ging data, and genetically effective number of parents, and v) conducting addi-
tional analyses based on published and unpublished genetic information. The 
following main questions were addressed:

•	 What is currently known regarding the spatio-temporal genetic variability 
patterns of Atlantic salmon in the Baltic Sea?

•	 How has the loss of salmon populations affected the overall capacity for Bal-
tic salmon to maintain genetic variation?

•	 What are the effects of releases on genetic variation between and within 
wild salmon populations?

•	 How much of the overall genetic variability of Baltic salmon exists exclu-
sively in hatcheries or is maintained only through breeding-release opera-
tions? 

•	 Based on current genetic knowledge, what recommendations can be pro-
vided with respect to the proposal from the European Commission to halt 
compensatory releases of salmon in the Baltic?
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Swedish salmon rivers. Hydropower exploitation and compensatory 
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of a figure kindly provided by the Coalition Clean Baltic.
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Conclusions

Many aspects need to be considered in relation to the European Commission 
proposal to halt compensatory releases of salmon in the Baltic; they include 
ecological, socioeconomic, and fisheries related issues, as well as the time frame 
for phasing out the compensatory releases. Our conclusions refer strictly to the 
genetic aspects and can be summarized as follows:

1. The Atlantic salmon in the Baltic Sea is genetically irreplaceable in that it 
represents one of three major evolutionary units of the species. Each pre-
sent salmon river harbors at least one genetically distinct population. 

2. The extinction of a large number of wild populations has been harm-
ful to the Baltic salmon; the capacity for retaining genetic variability has 
decreased as a consequence of a reduced genetically effective population 
size of the global population.

3. The global and the local effective population sizes have been further 
depleted through decreasing size of remaining local populations. 

4. From a conservation genetics perspective the compiled information sug-
gests that the proposal of the European Commission to halt compensatory 
releases of salmon in the Baltic is logical and sound.

5. Large scale releases constitute a potential threat to Baltic salmon genetic 
diversity. This is due to the genetic risks associated with i) gene flow from 
released hatchery stocks into wild populations, and ii) risks of overharvest of 
weak, wild populations because of increased numbers of salmon in the Bal-
tic following the releases. 

6. Little research has been devoted to empirically assessing the genetic effects 
of compensatory releases in the Baltic Sea, but observations from large scale 
salmonid releases in other geographical areas include: i) genetic homogeni-
zation of previously diverged populations, ii) complete or partial replace-
ment of native gene pools, iii) break down of adaptations to local conditions, 
and iv) spread of diseases and parasites reducing absolute and effective sizes 
of native populations. 

7. Comparisons of wild and hatchery stocks of the same river show that 
the genetic divergence between hatchery stocks is generally smaller than 
between wild ones. Further, there is a clear pattern of isolation-by-distance 
among wild populations, whereas no such pattern is found among hatch-
ery stocks, suggesting that the natural genetic structure has not been main-
tained in hatcheries. This genetic homogenization might affect the capacity 
for local adaptation. 
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8. We have found only one monitoring study on genetic effects of compensa-
tory releases in the Baltic Sea. In that study the scientists report a strong 
homogenizing effect on the genetic composition of the wild population 
in the River Vindelälven. This population became increasingly similar 
to hatchery stocks released in the neighboring area, and migration from 
hatchery stocks into the wild population was estimated as over 10 percent.

9. In most Swedish rivers the total number of released individuals, including 
smolt, fry, and eggs, exceeds the number of salmon obliged to be released 
according to court decisions. Crude estimates of effective population sizes 
(based on sex ratio only) show that Swedish salmon hatchery stocks fre-
quently do not reach scientifically accepted levels for retaining genetic vari-
ation. 

10. An unknown proportion of the current gene pool appears to be main-
tained exclusively through hatchery operations. Removing hatchery stocks 
will result in loss of genetic variation, but the extent of such loss remains 
unclear.

11. Strategies are urgently needed for maintenance of genetic variation that 
only exists in hatchery stocks, and for restoring as much as possible of the 
global Baltic salmon population through re-establishing spawning areas and 
opportunities for natural reproduction.
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Recommendations

Based on our evaluation of the genetic risks associated with large scale compen-
satory releases of salmon in the Baltic we provide the following recommenda-
tions. 

1. Compensatory releases of salmon in the Baltic should be phased out. 

2. Releases in remaining salmon rivers that support wild, viable populations 
should be prohibited.

3. Conservation releases to support or re-establish weak/extinct populations 
can be used to protect and maintain as much as possible of the remaining 
Baltic salmon gene pool. The need for such releases should be evaluated on 
a case by case basis. 

4. When releases are carried out they should always be monitored with respect 
to genetic effects, including those from supportive breeding because of the 
risk of reducing the genetically effective size of local populations.

5. The conservation genetic goal for Baltic salmon should be to create a global 
population that is as efficient as possible with respect to retaining genetic 
variation on a local and global scale. 

6. A change of present fishing pressure is of key importance for the success of 
measures taken to improve the situation for, and the genetic status of, the 
Baltic salmon. It is critical that fishing pressures are modified in relation to 
changes in smolt production if compensatory releases are halted.

7. As many previous spawning areas and local populations as possible should 
be re-established.

8. The fate of individual hatchery stocks must be determined on a case by case 
basis. This can include i) using hatchery material for restoring or restock-
ing rivers that presently do not support self sustaining populations, ii) keep-
ing hatchery brood stocks or sea ranched populations as gene banks during 
a restricted period of time, and iii) prioritizing hatchery stocks with respect 
to their contribution to the global gene pool, and if necessary focus conser-
vation actions on those stocks that contribute significantly. These operations 
must be coordinated and monitored, and may imply meta analysis using 
existing information and/or collection of new data for assessing the degree 
of current genetic similarity between wild and hatchery stocks. 

9. A genetic advisory board should be initiated that includes population and 
conservation geneticists from all the Baltic countries. This board should 
supervise and coordinate national and international efforts to restore and 
maintain Baltic salmon gene pools as well as development of means and 
methods for consistent documentation and record keeping on hatchery 
breeding and release operations.
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10. A review of existing archives of Baltic salmon tissue samples and genotypic 
data should be performed as soon as possible. Such resources provide an 
important basis for further genetic monitoring of Baltic salmon genetic bio-
diversity. Similarly, identifying the most critical gaps in currently available 
genotypic data constitutes a natural and important next step following the 
present synthesis report.

11. Several research issues remain to be addressed. Important cost effective 
work can be carried out without large scale additional genetic screenings 
building on already available genetic data.
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Research needs

The genetic risks associated with compensatory releases of salmon must be con-
sidered in conservation-management discussions, and relate to existing policy 
on conservation of biological diversity. Since the late 1970s considerable popu-
lation genetics research has focused on salmonid species including the effects of 
stocking. Results from these efforts have warranted scientists to warn about the 
potentially negative effects of large scale releases on native gene pools (Laikre 
et al. 20102). Similarly, during recent years, efforts have been made to highlight 
the genetic situation of the Atlantic salmon in the Baltic Sea, exemplified by the 
present EU proposal of halting compensatory releases. However, both political 
and scientific measures are still needed with respect to regulating, document-
ing, and understanding the biological effects of large scale releases. 

We do not think that further sampling currently represents the most urgent 
line of action, rather it appears that additional statistical evaluation of available 
genetic data, in combination with computer modeling can provide important 
information that is currently lacking in a cost-effective manner.

Documentation and archiving
Understanding genetic effects of compensatory releases on genetic variation 
between and within wild salmon populations relies on documentation of hatch-
ery and release practices. Information on releases – from selection of spawn-
ers to releasing of fish – must be documented in a consistent, accessible, and 
straightforward manner. We suggest that steps are taken to investigate means 
and methods for uniform documentation and record keeping on hatchery 
breeding and release of salmon in the Baltic Sea area. Templates and effective 
computerized systems for such record keeping should be developed in collabo-
ration with stakeholders including the Swedish Agency for Marine and Water 
Management and conservation genetic scientists. We suggest that a genetic 
advisory board is initiated to deal with this and other issues relating to the con-
servation of Baltic salmon gene pools. This board should include population 
and conservation geneticists from the Baltic countries.

Tissue sample archives provide a necessary basis for genetic monitoring. 
We suggest that the existence of such archives is reviewed to clarify the extent 
of stored tissues at various institutions in the Baltic countries. Such a review 
includes identifying institutions holding tissue or DNA samples from wild or 

2 Laikre L, Schwartz MK, Waples RS, Ryman N, The Genetic Monitoring Working 
Group (2010) Compromising genetic diversity in the wild: unmonitored large-scale 
release of plants and animals. Trends in Ecology & Evolution 25:520–529
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hatchery populations of Baltic salmon, documenting the number of individuals, 
time and place of collection, and the extent to which genotypic data is availa-
ble for these samples. Further, the possibility of creating a global database com-
prising the genotypes for the ~24 000 Baltic salmon that have been genotyped 
should be evaluated. Such a full dataset could be used for meta analyses of e.g. 
spatio-temporal variability patterns that, in turn, could be used for monitoring 
global and local gene pools. 

Research
Although considerable genetic research has been devoted to Baltic salmon over 
the past few decades, several issues remain to be clarified that have not been 
possible to resolve within the scope of the present work. Such research may 
imply meta analyses using already existing information (compiled as suggested 
above) and/or collection of new data. Natural components of future research 
include:

•	 Computer modeling for in depth analysis of global and local effective pop-
ulation size of Baltic salmon as a basis for management decisions aimed at 
effective retention of remaining genetic variability.

•	 Estimates of effective (Ne) and actual population size of wild populations 
and hatchery stocks, their smolt production, relative survival, return rates, 
and contribution to fishery catches. 

•	 Modeling and evaluating means to optimize global and local Ne using a 
meta population approach, including the expected effects of different har-
vesting and release regimes. 

•	 Statistical assessment of the degree of genetic introgression that is possible 
to detect.

•	 Evaluation of sampling strategies for detecting different degrees of genetic 
introgression into wild populations from hatchery stocks.

•	 Assessment of the reduction in fishing pressure needed to maintain the 
genetic status of the Baltic salmon if compensatory releases are halted.

•	 Genetic monitoring of wild populations to study effects of large scale 
releases on naturally existing biological variation. 

•	 Estimates of natural migration between rivers and straying rates of released 
individuals by assignment analysis using multi-locus genotypic data.

•	 Genetic characterization of wild salmon populations for which no genetic 
information exists today (10 wild salmon rivers lack genetic information out 
of the 27 ones identified by the European Commission).

•	 Assessment of remaining within-river variation due to e.g. early and late 
arriving spawners.
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•	 Analysis of the degree of current genetic similarity between wild and hatch-
ery stocks on a river-by-river basis.

•	 Assessment of the proportion of genetic variation that exists exclusively in 
hatcheries and of the amount of genetic variation that is expected to be lost 
by closing hatcheries.

•	 Development of strategies for conservation releases to support or re-estab-
lish weak/extinct wild salmon populations without threatening genetic bio-
diversity of non-target populations.

•	 Research on the potential positive effects of released hatchery smolt on wild 
smolt survival.
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