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Abstract: 
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seal-safe gear and scaring methods work, but much remains to be done. 
Gear development requires strong and persistent public support. Awaiting 
technical mitigation methods economic compensation is possible. The 
efficiency of protective hunting is doubtful. Opinion differs on whether a 
reduction of the number of seals will benefit the fishery. A thorough case by 
case analysis is needed to reach a conclusion about the result of decimating 
a seal population. 
 

 
 
 
 
 
IP/B/PECH/NT/2010-117 October 2010 
 
PE 438.614 

 EN 



 

 
 



Potential solutions to the seals-fisheries conflict 
 

 

 3

CONTENTS 
 

Contents 3 

LIST OF ABBREVIATIONS 5 

LIST OF FIGURES 6 

LIST OF TABLES 6 

EXECUTIVE SUMMARY 7 

1. BACKGROUND 9 

1.1. Nature of the conflict 9 

1.2. Present legal framework 10 

2. CONDITIONS FOR SUCCESSFUL MANAGEMENT SOLUTIONS 13 

2.1. The role of science 13 

2.2. Stakeholder cooperation 14 

2.3. Legal protection and how to cope with success 14 

3. TECHNICAL MANAGEMENT OPTIONS 15 

3.1. Seal-safe gear and fishing methods 15 

3.1.1. Trawling 16 
3.1.2. The push-up salmon trap 16 
3.1.3. Other passive gear 19 

3.2. Scaring as deterrent 20 

3.2.1. Visual methods 20 
3.2.2. Olfactory methods 21 
3.2.3. Electric deterrent 21 
3.2.4. Acoustic methods 21 

3.3. Other methods 22 

3.3.1. Relocation of seals 22 
3.3.2. Aversive conditioning 23 
3.3.3. Hiding gear 23 
3.3.4. Marine debris 23 

4. ECONOMIC COMPENSATION 25 

4.1. Damage compensation schemes 25 

4.2. Other subsidies 26 

5. PROTECTIVE HUNTING 27 

 



Policy Department B: Structural and Cohesion Policies 
 

 

 4

5.1. Seals as a natural resource 27 

5.2. A controlled hunting experiment 27 

5.3. Other aspects on protective hunting 29 

5.4. Capture 29 

6. ECOSYSTEM MANAGEMENT 31 

6.1. Population regulation 31 

6.1.1. Perspectives on predation 31 
6.1.2. Ecosystem effects of seals 34 

6.2. Spatial management 35 

ACKNOWLEDGMENT 36 

REFERENCES 37 

 

 



Potential solutions to the seals-fisheries conflict 
 

 

 5

LIST OF ABBREVIATIONS 
 

ADD Acoustic Deterrent Device 

AHD Acoustic Harassment Device 

EFF European Fisheries Fund 

EPA Environmental Protection Agency 

HELCOM The Helsinki Commission 

ICES International Council for the Exploration of the Sea 

MPA Marine Protected Area 

MMPA Marine Mammal Protection Act 

MSY Maximum Sustainable Yield 

NMFS National Marine Fisheries Service (US) 

TRT Take Reduction Team 

WWF World Wildlife Fund 

 

 



Policy Department B: Structural and Cohesion Policies 
 

 

 6

LIST OF FIGURES 

Figure 1   
Simplified picture of the seal-fisheries interaction 7 

Figure 2  
The push-up trap, here seen on its way up to be emptied 17 

Figure 3  
A seal intercepting a salmon inside a push-up trap 17 

Figure 4  
Top view of a traditional Baltic salmon or whitefish trap (above) and a 
modified trap with a push-up fish chamber (below) 18 

Figure 5  
A Norwegian two-chamber pot floating above the bottom. When the pot is 
floating the entrance will be in the direction of the current. This enables the 
cod to follow the scent from the bait chamber into the pot. Usually eight pots 
are set in a link with a distance of 60 meters between the pots 20 

Figure 6  
The weekly damage frequency (%) during the fishing season for all salmon 
traps in two areas where more than one seal were shot. The unbroken line 
represents the experiment traps while the dotted line is for the traps in a 
control area. The hunting period and number of shot seal is noted in the 
figure. Standard error is indicated by error bars 28 

Figure 7  
Loss of biomass of fish (ton/km2) in the North Sea 33 

Figure 8  
Seal consumption relative to the total human catch in part of the Baltic where 
grey seal diet has been quantified 34 

 

 

LIST OF TABLES 
Table 1  
A classification scheme for the seal/fishery conflict. For each category 
examples of typical effects are given 10 
 
Table 2 
Annual loss of fish to predators in six marine ecosystems 32 

  

 



Potential solutions to the seals-fisheries conflict 
 

 

 7

EXECUTIVE SUMMARY 
 
The conflict between seals and fisheries varies in intensity and nature both geographically 
and according to which kind of fishery is involved. The true seals have a predominantly 
polar or subpolar distribution and the seal abundance increases towards the north in 
European waters. Regarding the interaction with the fisheries the small-scale fishery using 
passive gear is the most exposed to seal damages on catch and fishing gear. By-catch of 
seals is a major conservation concern primarily for local seal populations with a low number 
of individuals, which are found mostly in the southern part of the distribution range. Both 
by-catch and operational interaction is less of a problem for the large-scale trawl and seine 
fisheries.  
 
The amount of fish eaten by seals evidently is larger in northern areas where the seal 
abundance is high. The effect on commercial fish resources is most likely for local fish 
stocks targeted by the coastal fishery. The following sketch summarizes this overview.  
 
Figure 1: Simplified picture of the seal-fisheries interaction 
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Source: Author 

 
Coexistence between seals and fishery is desirable and possible. The conflict is real and 
acute in many regions however, and reconciliation requires active involvement from the 
management. Basically three management tools are available: 
 

 Technical mitigation methods 

Mitigation of damages to catch and fishing gear and the prevention of accidental by-catch 
are two sides of the same problem; a solution to one is also a solution to the other. 
Development of seal-safe gear and of scaring methods to keep seals from contact with the 
fishing gear has to some extent been successful, but much remains to be done. Gear 
development is a time-consuming and expensive process. Evidently the small-scale fishery 
sector, which already suffers from diminishing income due to seal depredation, cannot be 
expected to solve the problem on its own. Strong and persistent public support is a 
necessity.  
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For fixed gear (fish traps, weirs, pound nets and pots) a satisfactory seal protection can be 
achieved by redesigning the gear. Other static gear, as gill-nets and long-lines, are not 
possible to protect mechanically. In many cases such fisheries become impossible when 
seal depredation increases. The alternative in that case is to switch to less vulnerable 
fishing methods. Scaring methods can give a partial mitigation, but is impractical for fishing 
operations covering large areas. Acoustic harassment is the preferred method to protect 
aquaculture facilities. 
 

 Economic compensation 

Seals are listed on the Habitats directive Annex II and V and are legally protected in most 
member countries. There are two main reasons why the society should give economic 
compensation to those who are exposed to damage by protected species. 
  

1. It is unfair that a small part of the population carries the cost of conservation 
decided by the majority. 

2. Without adequate compensation the victims may undermine the protection by 
disobedience. 

At present direct compensation for seal damages is used in Finland and Sweden. There are 
several reasons why damage compensation schemes neither can, nor should, become a 
permanent solution to the seal-fisheries conflict. Permanent subsidies to a sector tend to 
distort the handling of risk and the sound development of the fishery. Recruitment is also 
more or less impossible to an occupation where the economy depends on uncertain public 
subsidies. Funding of investments facilitating a transition to seal-safe fishing technology or 
other technical mitigation should be the priority.  
 

 Lethal removal of seals 

Seal hunting can be used as a mitigation tool in two ways. Protective hunting or localized 
hunting with restrictive quotas aim at removing individual seals that are specialised in 
marauding fishing gear and to reduce seal damages in particularly exposed areas. Hunting 
with an open season and large quotas is also called culling. The aims can be both the 
utilization of a natural resource and the management of the seal population to benefit the 
fishery. 
 
Protective hunting is practised in several countries. Little effort has been made to evaluate 
the result on the seal damages. A single controlled experiment during one season in 
Sweden could not demonstrate any reduction of the grey seal damages in the salmon 
fishery following protective hunting. Regardless of the factual effect on the level of damage 
the perception among most fishermen is that protective hunting is valuable, not least 
because they regain the right to defend themselves against the seal depredation.  
 
Regular culling of seals is carried out in Canada, Namibia, Norway and Russia. The quotas 
are based on scientific stock assessment. Opinion differs on whether a reduction of the 
number of seals will benefit the fishery. The reason is the complicated mechanisms linking 
predators and prey in the marine food web. If seals prey on an important commercial 
species or one of its food items the effect is probably negative. If the prey is an important 
predator on the commercial fish species seals can actually benefit the fishery. The 
knowledge of the diet of seals and the marine food web interactions is insufficient to 
generalize about the extent of a competition between seals and fisheries. A thorough case 
by case analysis is needed before a conclusion can be made about the result of decimating 
a seal population. 
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1. BACKGROUND 

KEY FINDINGS 

 The seals-fisheries conflict is not one and the same everywhere. The conflict differs 
depending on the seal species and the type of fishery involved. 

 The conflict is reciprocal. Seal depredation damages the fishery and accidental by-
catch is a threat to seals.  

 Seals and fisheries both exploit the fish resources and thus there is a competition. 
Quantitative knowledge about its magnitude is largely lacking.   

 Seals shall, according to the Habitats directive, be guaranteed favourable 
conservation status. In most member countries seals are protected.   

1.1. Nature of the conflict 
 
The distribution of seal or pinnipeds is worldwide, as is the conflict between seals and 
fisheries. There are however several different kinds of seals:  thirty-three species divided 
into three different groups (true or earless seals, eared seals and the third group with just 
one species, the walrus; Bonner, 1994)  with different characteristics and geographical 
distribution. The level of interaction with the fisheries depends both on the lifestyle of the 
seal species involved and the kind of fishery in a particular area. For EU-waters four seal 
species permanently reside: the Grey seal, the Harbour seal, the Ringed seal and the 
Mediterranean Monk seal. If we look further to arctic regions of the North-East Atlantic then 
Harp–, Bearded-, Hooded seal and Walrus add to the list. On a global scale seals 
predominantly inhabit high latitudes. The true seals dominate in the northern hemisphere 
and in Antarctic waters. Eared seals (sea lions and fur seals) are often found in upwelling 
areas with high fish production and are less restricted to high latitudes. 
  
Historically, the relation between seals and humans in rough terms follows the same 
pattern everywhere. From ancient times to the 19th century seals were regarded as a 
natural resource, often with a high commercial value of the fur and seal oil, which was 
particularly esteemed as lamp oil. With increasing demand and industrial hunting methods 
this led to severe depletion of many seal populations, e.g. the sealing in Australia collapsed 
and was abandoned in the first half of the 19th century. The fur seal hunt in the northern 
Pacific went through repeated collapses during the same century. The combination of 
depleted seal populations and replacement of seal oil by cheap mineral oils for lamps and 
cooking led to a cessation of commercial sealing. As seal populations recovered the fishing 
industry started to complain about the competition with seals and culling and bounty 
systems were widely introduced in the early 20th century. Such practices, disturbances 
from human development and the effects of environmental pollutants kept populations low 
or diminishing. Pressure from conservation organizations in the late 20th century has 
resulted in the protection of seals in large parts of their distribution range.  
 
Wherever there is a fishery, seals will to some degree compete with humans about the 
resources and in many cases interfere with fishing operations. Basically the interaction acts 
two ways – fishing causes an impact on the seals and the seals will have an impact on the 
fishery. Those impacts can be divided into direct and indirect effects, and the direct effects 
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can be further subdivided according to whether they act on the individual level or on the 
system or population level. We get the following 6-way table: 
 
Table 1:  A classification scheme for the seal/fishery conflict. For each category 

examples of typical effects are given. 

Interaction Fishery > Seal Seal > Fishery 

Ecosystem level 
Depletion of food 
resources through 
over-fishing. 

Competition for fish 
resources. Impact on 
fish reproduction. 

Direct 

Individual level 
 Accidental by-catch. 
 

Damages to catch and 
gear. Loss of fishing 
areas. 

Indirect 
Disturbances in 
sensitive areas.  
 

Increases prevalence of 
parasites. Protected 
areas becoming 
inaccessible. 

Source: Author 
 
Depending on the seal species and the fishery involved different categories of interaction 
will have different importance. For the pelagic trawl fishery accidental by-catch may 
dominate, whereas for the coastal salmon fishery damages to catch and gear is of most 
concern. Evidently the management measures that are appropriate to mitigate the seal-
fisheries conflict will be different, according to which of the interaction categories is to be 
addressed.  
 
From a management point of view the conflict between fisheries and seal populations 
constitutes two main problem areas: First the direct interaction at the individual level, 
which primarily affects the small-scale coastal fishery with vulnerable passive gear. Second, 
the direct resource competition at the ecosystem level and the indirect effects, which are 
concerns for both small- and large-scale fisheries. 
 
In the first conflict area it is possible to study and document the magnitude of the problem. 
Mitigation with non-lethal methods (economic compensation, gear protection etc) should be 
the first-hand choice. The prevention of by-catch of seals and the mitigation of damages 
will usually have the same solution. 
 
In the second area facts are more difficult to find. Fishermen and conservationists differ on 
whether the competition is real or perceived. Our imperfect understanding of how marine 
ecosystems work makes predictions of the effect of removing a top predator like seals very 
uncertain. The management options are either to regulate the seal population in some way, 
or to separate seals and fishery spatially.  

1.2. Present legal framework 
 
Seals have full or partial legal protection in most EU countries. Grey seal, Harbour seal, 
Ringed seal, Mediterranean Monk seal and Saimaa Ringed seal are listed on Annex II and V 
of the Habitats Directive. This means that exploitation of the seal species is allowed under 
strict conditions, provided that the conservation status is monitored to ensure that they are 
maintained at a favourable conservation status. Saimaa Ringed seal and Mediterranean 
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monk seal are also listed on Annex IV, which means that they are strictly protected; no 
killing or capturing is allowed.  
 
The Agreement on the Conservation of Seals in the Wadden Sea, 1990, establishes 
protection of Harbour seals in the Wadden sea area and formalizes the cooperation 
between Germany, Denmark and the Netherlands to achieve favourable conservation status 
for the seal population. The HELCOM Recommendation 27-28/2 from 2006 allows seal 
hunting in the Baltic, provided that management is ecologically sustainable and compatible 
with the Habitats Directive. 
 
A comprehensive survey of hunting legislation, management and practice in countries 
where seal hunting is in use can be found in a report to the European Commission - DG 
Environment (COWI, 2008). 
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2. CONDITIONS FOR SUCCESSFUL MANAGEMENT 
SOLUTIONS 

KEY FINDINGS 

 Scientific facts about seal damages in the fishery, seal diet and composition etc are 
far from sufficient for a reliable assessment of the conflict. More research and 
monitoring should be a priority. 

 Scientists are stakeholder in the conflict and an involvement of social science and 
fisher’s knowledge is important to form a basis for conciliation.   

 The acceptance of and efficiency in the development of mitigation methods is 
facilitated if all stakeholders can be made to cooperate. 

 The seals-fisheries conflict increases when seal numbers increase. Mitigation needs 
to be adaptive and adjust to the dynamic situation. 

 
Discussions about the conflict between seals and fisheries tend to be polarized, with large 
differences in perception of the conflict between stakeholders. There will always be those 
who want to eliminate or drastically reduce the seals wherever there is an overlap between 
seals and human exploitation of marine resources. An example is that more than half the 
Greek fishermen in a survey were very concerned about seal impact on the fish resources 
(Glain et al., 2001); in spite of the fact that there are less than 200 individuals in Greece of 
the critically endangered Mediterranean Monk seal (IUCN, 2010). On the other hand, 
animal welfare organizations oppose all lethal measures on moral or ethical grounds. 
Marine mammals have become icons and examples of success for the nature conservation 
movements and the subject is politically sensitive in many countries.  
 
Social and economic factors are important for the attitude to the seal conflict. In general 
there is an urban/rural difference, where tourists and summer residents want to protect 
seals and permanent residents in coastal communities are more sympathetic to the 
fishermen’s view (Lelli et al., 2009). 

2.1. The role of science 
 
There is a broad consensus that management should be based on sound scientific facts. 
When facts are uncertain or conflicting however, stakeholders tend to selectively cite 
results that will support their preconceived positions (Hajer, 1995). This is characteristic for 
the seal-fisheries controversy as well as fisheries management in general (Schwach et al., 
2007). Basic knowledge about the ecosystem effects of seals and the economic loss due to 
seal damages in the fishery is to a large extent lacking. Evidently, management of the 
conflict will gain by more and better data, and more resources are highly desirable for 
research and monitoring.  
 
It is however unlikely that any stakeholder group will be convinced by scientific arguments 
alone. The present situation is characterized by the “competing constructions model”, 
described by Wilson (1999) as where “government scientists will tend to construct a picture 
of nature that is more amenable to bureaucratic management than it really is; 
environmentalists, who always have to solve the problem of mobilizing their constituents, 

 



Policy Department B: Structural and Cohesion Policies 
 

 

 14

will tend to construct a picture of nature that is more threatened than it really is; and 
fishers will tend to construct a picture of nature that can sustain more fishing than it really 
can.” 
 
What is needed is a better integration of social aspects in management and conservation 
science (Jacobson and McDuff, 1998). A move towards co-management will increase 
acceptance of management measures and benefit from the use both of fishermen’s 
traditional knowledge (Johannes et al., 2000) and scientific research results (Berghofer et 
al., 2008). 

2.2. Stakeholder cooperation 
 
The US Marine Mammal Protection Act (MMPA) established the development of Take 
Reduction Plans and Take Reduction Teams (TRT) to reduce mortality and serious injury to 
marine mammals incidental to commercial fishing operations. A TRT includes 
representatives of the fishery management, scientific expertise on the marine mammal 
addressed, environmental groups, commercial and recreational fisheries groups and any 
other stakeholder group deemed appropriate by the NMFS. The work of TRTs has to a large 
extent been successful (Young, 2001; Read et al., 2006) and could serve as a model for 
stakeholder cooperation not only for by-catch issues, but for the seal-fisheries conflict 
management in general. 
 
An example of this approach is the R&D program “Seals and Fishery” which started in 
Sweden in 1995. A steering group was established with representatives from the 
responsible government agencies (the Swedish EPA and the Swedish Board of Fisheries), 
the county administrations, the fishermen’s organization, WWF Sweden and the Swedish 
Society for Nature Conservation. The program initiates and funds research projects and 
monitoring programs to develop mitigation methods and a better knowledge base about the 
seal-fisheries interaction. Much of the work on seal-protected gear which is presented 
below has been funded through this program. The program is well established and regarded 
as an important part of the Swedish seal management and it has now been extended to 
include the conflict between cormorants and fisheries. It is also an example of the 
difficulties in stakeholder cooperation however. The conservation NGOs withdrew from the 
steering group when protective hunting was allowed.  

2.3.  Legal protection and how to cope with success 
 
An important aspect, which is often neglected in conflict management, is that the seal-
fishery interaction is dynamic. In a situation when the seal population has been protected 
for some time the success of the protection leads the growth and geographical expansion of 
the population. This in turn means that measures that were appropriate when the 
protection was introduced, e.g. an economic compensation scheme, can become untenable 
and that new fisheries are drawn into the conflict.  
 
The implication of the dynamic nature is that management of a seal-fishery conflict has to 
be highly adaptive. A change in the protected status of a species is at least as protracted 
and complicated as the legal process to achieve protection. It is therefore desirable that 
even during the preparation stage to protect a potential conflict species (which includes any 
predator on human food resources) the situation when protection is successful should be 
taken into account (Ring et al., 2008). 
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3. TECHNICAL MANAGEMENT OPTIONS 

KEY FINDINGS 

 Development of technical seal mitigation methods is a field where so far relatively 
little has been done. The possibilities are promising but the work is laborious and 
large investments are needed.  

 The seal interference with towed gear as trawls is minor. Damage and by-catch can 
be mitigated with selection mechanisms and scaring devices.  

 For fixed gear, as fish traps and pots, a satisfactory seal protection can be reached 
by redesigning and mechanically protecting the gear. 

 Gill-nets and long-lines are not possible to protect mechanically. Scaring devices can 
be of help locally but in practise such fisheries have to be abandoned where the 
presence of seals is high. The alternative is to switch to traps or other fishing 
methods that are less vulnerable to seal. 

 Acoustic scaring methods are routinely used to protect aquaculture facilities. They 
are impractical in a mobile fishery without access to power sources.  

 Several non-acoustic scaring methods have been tried but so far with little success. 

 
Mitigation of damages to catch and fishing gear and the prevention of accidental by-catch 
are two sides of the same problem; a solution to one is also a solution to the other. 
Development of seal-safe gear and of scaring methods to keep seals from contact with the 
fishing gear has to some extent been successful, but much remains to be done. Gear 
development is a time-consuming and expensive process. Evidently the small-scale fishery 
sector, which already suffers from diminishing income due to seal depredation, cannot be 
expected to solve the problem on its own. Strong and persistent public support is a 
necessity.  

3.1. Seal-safe gear and fishing methods 
 
Historically, mechanical seal protection has been used in some fisheries; for example, in 
the Baltic a wooden cover was put around the fish chamber of eel pound nets (gear type 
see 3042 in Anon., 1992). To protect salmon set nets or weirs (gear type 3034 in Anon., 
1992) in Scotland a ladder-like arrangement of narrow plastic spacers were mounted in the 
entrance to the fish chamber of the set net to stop seals from entering. Other earlier gear 
modifications expressly made to protect the catch from seals are not known (Rihan, 2010). 
 
Evidently by-catch and drowning of seals in fish traps is prevented if they are unable to 
enter the trap. This is also a way to decrease seal damages to the catch and gear. The 
development of the push-up, or pontoon, salmon trap in the Baltic fishery is described in 
some detail below because it is a success story, but also because it demonstrates some of 
the difficulties in technical mitigation when encountering an intelligent and adaptable 
animal. The lesson is that a coexistence of seals and fishery is possible but that the 
adaptation of gear technology and capture methods requires large efforts and long time. 
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3.1.1. Trawling 
 

For gill-nets, entanglement is a major threat to seals. So far there is no method to make 
seal-safe gill-nets and to prevent entanglement, thus mitigation has to be either by scaring, 
which is discussed below, or a switch to other fishing methods. An immediate alternative is 
trawling, which still gives a risk of accidental by-catch of seals however.  The Irish pelagic 
herring trawling showed a by-catch rate for grey seals of 5 seals/100 tows (Morizur et al., 
1999). Benthic trawling is known to by-catch harbour seals in the Skagerrak-Kattegatt area 
(Lunneryd et al., 2004). Seals can interfere with trawling in several ways. Seals follow and 
hunt fish in front of the trawl which scare fish away and diminish the catch. A possible 
mitigation for this is acoustic harassment, which is discussed below. Size selection is 
compromised if seals intercept escaping fish and seals can tear holes in the codend, 
something which can be mitigated by using stronger netting material. 
 

The problem of fur seal by-catch in the New Zealand midwater trawling for hoki has been 
addressed by the industry by introducing a marine mammal operating procedure. This 
procedure includes measures such as managing offal discharge and refraining from 
shooting and hauling the gear when fur seals are congregating around the vessel (Anon., 
2010).  
 

Several kinds of selection devices have been developed for trawls, using grids and exit 
windows to sort out non-target species or sizes (Kennelly, 2007; He, 2010). A grid 
arrangement has been tried to guide Australian fur seals out from pelagic trawls in the 
Tasmania squid and grenadier fishery (Hamer and Goldsworthy, 2006). The efficiency of 
the seal exclusion device was doubtful in this case, but the principle should be applicable 
and possible to develop for any trawl fishery experiencing high seal by-catch.   

3.1.2. The push-up salmon trap 
 

The development of seal-proof fishing gear has been an important part of the Swedish 
mitigation strategy. Salmon and whitefish pond nets (gear type 3041 in Anon., 1992, in the 
following also referred to as traps) are the gear category subject to the largest economic 
damage in the Swedish fishery, so this is where the project has focused. Initially, much was 
gained in reducing the seal’s tearing of the netting in the trap by changing to a new, 
stronger netting material (Dyneema®, approximately 4 times as strong, and expensive, as 
nylon). The level of damages remained high, however, as the seals soon learnt to enter the 
trap through the entrance without tearing their way through the net. This led to the 
introduction of different forms of entrance gates to keep the seal out of the fish chamber. 
As a result the seals have learned to harass fish from the outside and to corner them in 
such a way that they could be chewed through the net. This arms race is typical when 
fishing gear is modified to withstand seal damages. In addition, even small changes to a 
gear can lead to severe loss of fishing efficiency, which may counteract any gain in seal 
protection. 
 

The next round in the conflict escalation was the design of a fish chamber with an outer 
protecting net, to make it impossible for the seal to get to the fish. It was necessary to 
keep the outer net under tension to prevent the seals reaching the fish in the fish chamber, 
and to accomplish this, the fish chamber had to be of a stiff construction. This led to a 
special arrangement for emptying the chamber. Inflatable pontoons are mounted under the 
chamber, and the whole arrangement is lifted up to the surface with the help of an air 
compressor. This gave the trap the name “pushup fish chamber” (Figure 2). The 
unorthodox way of emptying the fish chamber has proved to be very labour saving and 
take less time than with ordinary fish chambers.  
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Figure 2: The push-up trap, here seen on its way up to be emptied 

 
Source: S-G. Lunneryd 

 
Once the fish was inside the push-up chamber, seals rapidly learned to ignore the catch 
even if clearly visible. Some years later the next step in the escalation came when some 
seals learnt to wait just outside of the entrance of the fish chamber for when a fish passed 
too close, when they could be caught without the seal entering (Figure 3). This necessitated 
development of a better seal grate for the entrance. 
 
Figure 3: A seal intercepting a salmon inside a push-up trap 

 
Source: S. Königson 
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Figure 4: Top view of a traditional Baltic salmon or whitefish trap (above) and a 
modified trap with a push-up fish chamber (below) 

 

 
 

Source: Author 
 
Protection of the fish chamber was not enough. The rest of the trap became the new 
hunting ground for the seals. They stayed close to the trap for long periods and intercepted 
fish on their way into the fish chamber. This way of hunting is very efficient in a traditional 
trap design, where a salmon that is chased will entangle in the side panels of the trap and 
is easily cornered and captured by the seal. This behaviour counteracted most of the gain 
from the seal-proof fish chamber and made us rethink our strategy. Instead of striving to 
keep the seal away mechanically we sought to make the gear uninteresting by depriving 
the seal of the fish when it was hunted on the way into the trap.  
 
From earlier experiments it was known that net panels guide fish at non-visual distance and 
that the mesh size can be large without losing the guiding properties (Lunneryd et al., 
2002). A new trap was designed without narrow corners and with the mesh size 400 mm, 
which should allow the fish but not the seal to swim through during a chase, Figure 4. This 
design was tried during the fishing season 2000 in an experiment where an experimental 
trap was compared to a traditional design, both with push-up fish chambers. The results 
show that the principle of discouragement indeed works (Lunneryd et al., 2003). The 
experimental trap was more or less abandoned by the seals, but, at the traditional trap, 
seals patrolled essentially continuously and intercepted most of the salmon on their way 
into the trap. 
 
This result has been confirmed in more than 600 traps of this design now in use in the 
commercial fishery. Detailed damage records have been kept of 5 400 emptyings of 
conventional traps and large mesh-traps with push-up fish chambers during 2002. The 
result is that the catch of salmon and trout is 50 % higher and that the number of incidents 
with damaged fish and gear has decreased by 80 % compared with conventional salmon 
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traps; there is no indication of an increase in the accidental by-catches of seals (Lunneryd 
et al., 2003; Hemmingson et al., 2008). Analysis of the data from the initial experiment 
shows that there is a loss of salmon through the large meshes in the experimental trap 
which is independent from seal disturbance. The net gain is clearly larger than the loss to 
seals in a traditional trap however, and the fishes that are lost will be available for capture 
in other gear, or can contribute to the recruitment.  
 
The push-up trap is now classified as an efficient protective measure both in Sweden and 
Finland, and subsidies are given to fishermen to invest in this gear. The basic conclusion 
from the development is that the adaptability of the seals makes it difficult to exclude them 
from a fishing gear as long as they get a reward from searching for food there. With a 
strategy which deprives the seal of a reward, the gear becomes uninteresting, which gives 
a long-term mitigation effect. 

3.1.3. Other passive gear 
 
The push-up trap is efficient and have additional advantages not related to seal protection, 
such as a significantly less laborious handling compared to traditional traps. The interval 
between emptying the trap can also be longer without loss of quantity or quality of the 
catch. The main drawback is a high cost however. A less expensive alternative has been 
tried in Finland (Lehtonen and Suuronen, 2004). The principle is to exclude the seal from 
the fish chamber using stronger netting material and a wire grid in the entrance. This trap 
gave at least an initial decrease in seal damages, but the push-up trap is now the preferred 
gear in Finland also. 
 
Several kinds of fish traps using the push-up principle are being developed for other 
fisheries where seal damages makes the traditional gill-net fishery difficult or impossible.  
The Baltic fisheries for spring-spawning herring or pike-perch are examples of this. Push-up 
fish chambers are also tried for eel pound nets.  
 
Economically, the gill-net fishery for cod is the most important fishery with passive gear in 
the Baltic. Seal depredation is now rapidly increasing in this fishery as the grey seal 
population expands towards the south. Unlike the salmon and eel fisheries, which targets 
migrating fish along the coast, this fishery is spread over large, offshore areas and the 
fixed, large fish traps where push-up fish chambers can be used is not an option. The 
alternative to gill-nets which now is considered is pots of a design that was developed in 
Norway (Bjordal and Furevik, 1988; Furevik and Løkkeborg, 1994; Figure 5). 
 
The pots are floated a distance above the bottom. This has two advantages: the entrance 
to the pot is always oriented downstream, which increases the catch efficiency, and the pot 
moves away from the seal when it tries to push against the side or top of the pot. A pot on 
the bottom is easy to press down so that the fish inside can be chewed on from the 
outside. This type of damage has been observed frequently when small eel fyke nets (gear 
type 3038 in Anon., 1992) are raided by harbour seals (Königson et al., 2007).  
 
Cod pots have been tested in a commercial fishery for a few years. The results show that 
the pots are a viable alternative for a seal-depredated commercial gill-net fishery, and that 
the catch in pots are comparable to the catch in gillnet fisheries (Königson et al., 2010). 
However the two-chamber pot is not sufficiently seal-safe at this point in time, apart from 
the protection achieved by being floating and yielding to pressure. Further development of 
the fishing gear is needed before a seal-safe alternative can be presented. 
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Figure 5:  A Norwegian two-chamber pot floating above the bottom. When the 
pot is floating the entrance will be in the direction of the current. This 
enables the cod to follow the scent from the bait chamber into the pot. 
Usually eight pots are set in a link with a distance of 60 meters 
between the pots. 

 

 
 

Source: S. Königson 
 

3.2. Scaring as deterrent  
 
Scaring seals is an established way to protect fishing gear and aquaculture facilities. Such 
methods work by subjecting the seals to visual, olfactory, electric or acoustic stimuli which 
they try to avoid. Many kind of scaring methods have been tried but by far the most used 
are acoustic scaring methods. 

3.2.1. Visual methods 
 
Killer whale (Orca orca) is the major predator of seals both in the northern and the 
southern hemisphere. Trials have been carried out with moored models of killer whales 
(e.g. manufactured by Rispond Marine in Scotland) to scare seals or sea lions from salmon 
nets and aquaculture pens in Scotland and Chile (Anon., 2001; Sepulveda and Oliva, 2005) 
although with limited success.  
 
In the Baltic fishery with fixed salmon traps “scarecrows” have been used to protect the 
gear from seal damage. A small boat with a man-like doll was anchored by the trap. 
According to old fishermen this used to be efficient for periods of one or several weeks, 
after which the boat was moved to a new place. The method became less efficient after the 
cessation of seal hunting (1975 in Sweden) and is now obsolete.  
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3.2.2. Olfactory methods 
 
Pinnipeds have a well developed sense of smell in air. Mothers recognize their pups by 
smell and seals at haul-outs will react at a large distance to the smell of humans. In 
principle olfaction could be used as a scaring method, but so far this seems not to have 
been explored. Anecdotal information is that bags with human faeces were hung on the 
leader nets of fish traps to keep seals away. This was practiced in the Baltic region long 
ago. Any modern follow up is unknown.  

3.2.3. Electric deterrent 
 
Electric shocks can be used to keep seals at a distance from passive gear to deter predation 
and entrance into fish traps. Successful trials have been carried out on salmon gill-nets in a 
Frazer River test fishery (Forrest et al., 2009). A significantly lower depredation of salmon 
by harbour seal was found in nets with pulsed low-voltage DC field. The electrodes were 
two copper wires, one at the headline and one at 2 m depth along the net. Experiments 
were also carried out with electric fence across a river to deter seals from moving into the 
river. With voltage gradients of 0.10 to 0.32 V/cm and pulse lengths of 1 sec seals avoided 
passing the fence. Evidently this method primarily is useable in freshwater. In saltwater the 
power to generate a sufficient voltage gradient will be unrealistic. 
 
In saltwater a system of electrode wires strung across the entrance to a salmon trap and 
connected to a high voltage source which was actuated on pressing against the strings has 
been tried. The system may have been effective but was never introduced on a larger 
scale, the main reason being that the method was technically complicated, dangerous and 
the seals adopted other means of getting at the catch from the outside of the trap.    

3.2.4. Acoustic methods 
 
Sound propagation is good in water and all marine mammals have acute hearing, often 
over a large frequency range. Pinnipeds are most sensitive between 1 and 50 kHz 
(Schusterman, 1981). Sound is used in the management of marine mammal interaction 
with fisheries in two different ways (Jefferson and Curry, 1996): 
 

 Low-intensity sound to signal the presence of the fishing gear 
 High-intensity sound which inflicts discomfort and causes avoidance.  

The first kind is called acoustic deterrent devices (ADD) or pingers, and has a widespread 
use for managing accidental entanglement of whales in fishing gear. The second kind, 
called acoustic harassment devices (AHD) is mainly used for seal protection of aquaculture 
facilities and fishing gear. 
 
Anderson and Hawkins (1978) studied the effect of different low-intensity sounds as 
deterrent to marauding seals at salmon netting stations. They concluded that the seals 
habituated rapidly. Similar findings have been found in other studies (Gotz and Janik, 
2010), indeed a pinger or AHD with insufficient sound intensity can become a dinner bell 
for the seal (Stridh, 2008). This has been seen in an evaluation of the seal damages on cod 
gillnets fitted with ADDs to mitigate harbour porpoise by-catch in the Baltic (and was 
experimentally verified with an AHD developed to protect herring gillnet fishery (Königson 
pers. com.).  
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To be efficient as deterrent the sound from the AHD has to exceed a discomfort threshold 
or inflict pain (Kastelein et al., 2006; Gotz and Janik, 2010). AHDs are now commonly used 
to protect aquaculture pens and the method is considered at least partly efficient by the 
industry. Use of AHD to deter seals from fishing gear or salmon concentrations at river 
mouths has demonstrated variable success (Yurk and Trites, 2000; Olesiuk et al., 2002; 
Fjälling et al., 2006; Wright et al., 2007; Graham et al., 2009). The sound level of 
commercial AHD for aquaculture use is high, between 180 and 200 dB re 1µPa at 1 m 
(Lepper et al., 2004). The need for mobility and operation without access to a power grid 
means that AHD applications in fishery usually work at lower sound levels. Together with 
variable directionality and sound propagation this may explain the different outcome in 
trials with AHD (Shapiro et al., 2009). 
 
The degree of motivation of the seal is important for the reaction to an AHD. Seals that are 
habituated to get food at a certain place can tolerate higher sound intensity. Most AHDs 
emit sound in short pulses with regular quiet intervals. Grey seals that are used to 
collecting fish at fixed salmon traps have been observed as they approach the gear with the 
head above the water to escape the sound and then to dive at the gear during the quiet 
period.  
 
A strategy to avoid habituation and preventing the seal to learn about a reward if the 
discomfort of the AHD is overcome is to deploy the AHD before the seals find the place 
which is to be protected. This has been tried successfully in enclosed bays and river 
entrances in Sweden (Fjälling pers. com.). By putting out the AHDs immediately when the 
ice broke up in the spring at the entrance to a large bay in the Baltic archipelago the seals 
avoided the area for the rest of the season. Gillnet fishing for whitefish in the bay became 
possible in this way, which had earlier been impossible due to seal damages.  

3.3. Other methods 

3.3.1. Relocation of seals 
 
Trapping and relocating of fur seals have been practiced in Tasmania since 1990. Australian 
fur seal (Arctocephalus pusillus doriferus) and New Zealand fur seal (A. fosteri) cause 
extensive damage to the salmonid aquaculture in Tasmania and relocation has been 
introduced as a short-term, cost-effective control measure. Trapping is done at fish farms 
and the seals are transported on purpose-built trailers several hundreds of kilometers 
away. All seals are tagged with transponders so that they can be identified if they are 
trapped again. 
 
Between 1990 and 2005 more than 4500 relocations have been carried out (Robinson et 
al., 2008a). More than half of the relocated seals returned and were trapped again, often 
repeatedly (Robinson et al., 2008b). Three percent were trapped more than 20 times. The 
mean time until recapture was approximately one month but some returned in just a few 
days. The conclusion is that relocation provides a short-term relief from seal interactions 
but does not mitigate the interaction in the long term. 
 
Relocation has been used with success as a recovery tool for a threatened seal population. 
A Hawaiian monk seal pup relocation program from French Frigate Shoals to Kure Atoll has 
shown that seals will tend to remain at the new location if moved when young and held in 
semicaptivity before release (Gerrodette and Gilmartin, 1990) 
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3.3.2. Aversive conditioning 
 
Aversive conditioning is a special form of learning that involves pairing a food, place or 
event with a painful experience or other negative reinforcement. The result is an avoidance 
of that item in subsequent encounters. Taste aversion is a well-known phenomenon where 
a single exposure to a food item inducing nausea and vomiting causes a long-lasting strong 
aversion to this particular food. This has been used e.g. to mitigate coyote predation on 
sheep (Gustavson et al., 1974), to reduce nuisance activity of bears (Ternent and 
Garshelis, 1999) and on egg predation by raven (Avery et al., 1995). The success of 
aversion conditioning varies. Taste aversion seems more effective than disruptive stimuli as 
rubber bullets or electric shocks. A review of the methods was given by Shivik and Martin 
(2000).   
 
Preliminary experiments have been done using emetics on grey and harbour seals with 
inconclusive results (Lunneryd pers. com.). It has proved difficult to evaluate taste aversion 
methods on seals both on practical and ethical grounds. In field studies there is a lack of 
control both on dosage and on the identity of the seals observed. 
 
Successful trials have been made with putting electrodes in bait fish connected to a battery 
powered electric fence apparatus (Strömberg, 2010). The data suggest that electric 
shocking device can reduce seals interfering in static fishing gear. Electric fences have also 
been tested as disruptive stimuli to stop seals from entering fish traps.   

3.3.3. Hiding gear 
 
An unknown in the operational seal-fishery interaction is to what extent seals locate fishing 
gear visually. Königson (2002) found that damage did not decrease when the markers of 
cod and herring gillnets were replaced by a submersible buoy which surfaced when it was 
time to empty the nets. In another investigation, Fjälling et al. (2007) set out different 
sizes of buoys within a defined area, baited with herring underneath. A positive correlation 
between the buoy diameter and the proportion of missing bait was found. Most likely 
therefore, seals indeed use their eyesight at short ranges for locating buoys above the 
surface. Seals seems to be able to find fishing nets without help from the surface marker 
buoys however, so hiding the fishing gear is not an effective mitigation method in the 
gillnet fisheries. 

3.3.4. Marine debris 
 
Lost and discarded fishing gear, ropes, strapping bands and a plethora of other synthetic 
debris is an increasing problem in all oceans. They degrade slowly and entanglement and 
ingestion becomes a significant hazard for seals and other marine animals (Gregory, 2009). 
Large numbers of seals have loops of discarded pieces of netting around their neck, causing 
protracted suffering and increased mortality (Page et al., 2004; Good et al., 2010). 
 
Management action to recover netting and other fishing gear and preventing dumping of 
discarded gear at sea will reduce seal entanglement and mortality. Ghost nets also 
constitute a hidden mortality on commercial fish resources in addition to that caused by 
seal predation. Evidently efforts to remove lost and discarded fishing gear and regulation to 
stop dumping will benefit the fishery as well as the seals. Examples show that removal of 
ghost nets can be highly cost-efficient (Gilardi et al., 2010). 
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4. ECONOMIC COMPENSATION 

KEY FINDINGS 

 The damages caused by a protected species affect a small number of people. In 
many cases society on this ground award economic compensation, but this is not 
common for seal damages.   

 An economic compensation scheme should not be made permanent and priority 
should be on investment subsidies in seal-safe gear and mitigation. 

 The European Fisheries Fund (EFF) has several provisions for financing investment 
in and development of seal mitigation methods. 

4.1. Damage compensation schemes  
Historically it has been taken for granted that humans have the right to defend property 
and business against the threat from wild animals. The presence of large predators as 
wolves and bear was not accepted and many species were classified as pests with an open 
season for hunting all year round. In some cases, e.g. seals, governments paid bounties for 
their extermination. This right of self-defence and the right to eliminate animals that 
compete for resources used by man is still a commonly held opinion. 
 
When animals that used to be regarded as pests have become legally protected this right of 
self-defence is denied to the group of people exposed to damages by the protected species. 
Two reasons can be put forwards why society should award economic compensation for the 
damages: 
 

1. It is unfair that a small part of the population carries the cost of conservation 
decided by the majority. 

2. Without adequate compensation the victims may undermine the protection by 
disobedience. 

In 1995 the Council of Europe sent a questionnaire to all parties of the Bern convention 
about compensation for damage by wild animals to agriculture, forestry, fish-breeding and 
stock-farming. A report and summary of the responses (Klemm, 1996) shows that most of 
the responding countries (18 out of 23) had a compensation scheme for damage caused by 
protected species. Denmark and UK gave no compensation and France had an informal 
system for certain protected species. In Germany and Spain, hunting and compensation 
were under the jurisdiction of regional administrations and different rules applied in 
different regions.  
 
This survey did not cover compensation to the fishing sector. Seals are legally protected in 
most EU countries but damage compensation is not widely used however. One reason is 
that compensation to fishermen can be seen as subsidies that distort competition and is 
thus against the EU state aid rules. As of now it seems that economic compensation for seal 
damages is used only in Sweden and Finland.  
 
Sweden has a system for compensating damages by protected wildlife species, which 
includes damages to catch and gear of licensed fishermen caused by seals, but not 
cormorants. This has been in effect since 1987. The legislation was carried over at the 
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accession of Sweden to EU in 1995. At present approximately 1.8 million Euro is paid for 
seal damages, which covers less than a third of the estimated losses to the coastal fishery. 
In Finland there used to be an insurance system which gave compensation for damages to 
fishing gear by seals. This compensation was financed by the government and the amount 
paid was 1.7 million Euros in 2001, after which the system was stopped as being against 
the EU regulations. The European Commission decided in 2008 that Finland could use EFF 
funds to pay damage compensation. Compensation will be paid retroactively from 2006 and 
the system is planned to be phased out by 2013. 
 
There are several reasons why damage compensation schemes neither can, nor should, 
become a permanent solution to the seal-fisheries conflict. Permanent subsidies to a sector 
tend to distort the handling of risk and the sound development of the fishery. Recruitment 
is also more or less impossible to an occupation where the economy depends on uncertain 
public subsidies. As long as the seal populations are growing, expanding compensation has 
to grow and will at some point reach a level where the cost exceeds the societal value of 
the fishery. Both in Sweden and Finland the systems for damage compensation are seen as 
a complement to the ongoing development of seal-safe gear and capture technologies, and 
will be phased out as those become available. 

4.2. Other subsidies 
 
Technical measures like seal-safe gears or acoustic harassment devices require investment. 
This comes as an additional burden for fishermen whose income is already reduced due to 
seal damages. In this situation financial support is important. 
 
The EFF (EU, 2006) provides several possibilities for Community support for technical 
management measures of the seal conflict. Article 25 allows financing of investment “for 
the protection of catches and gear from wild predators, including through changes to the 
material of parts of fishing gear, provided that it does not increase fishing effort or 
undermine the selectivity of the fishing gear and that all appropriate measures are 
introduced to avoid physically damaging the predators.” Under this article, financing is also 
possible for trials of new technical measures and measures to reduce the impact of fishing 
on seals. 
 
In Article 26, provisions are given for EFF to contribute to the payment of premiums for 
fishers and owners of fishing vessels involved in small-scale coastal fishing in order to 
encourage the use of technological innovations (more selective fishing techniques which go 
beyond existing regulatory obligations under Community law or innovations to protect the 
gear and catches from predators) that do not increase fishing effort. Article 29 allows 
support to aquaculture farms for protective equipment against seal or other wild animals. 
Finally Article 41 is important in allowing EFF support for development and experiments 
with new techniques for seal protection and new alternative fishing methods that can 
substitute methods that are especially vulnerable to seal depredation. 
 
The public funding that is allocated for damage compensations in Sweden is preferentially 
used to subsidize investments in seal damage protection and seal-safe fishing gear if these 
are available. At present more than 30 % of the total funding for seal damage 
compensation is paid out for investments in damage protection. 
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5. PROTECTIVE HUNTING 

KEY FINDINGS 

 Protective hunting at fishing gear or hunting in a restricted area with limited quota is 
practised in most countries with a seals-fisheries conflict.   

 The effect of protective hunting on seal depredation has usually not been evaluated. 
The few existing scientific evaluations shows no or small effects.   

 Protective hunting is important by giving fishermen the right to defend their gear 
actively. 

 Seals are a natural resource and killed seals should be recovered and used as fully 
as possible. This is a possibility in spite of the EU ban on trade in seal products.  

 Trapping of seals can be a less time-consuming and safer alternative to hunting in 
the wild. 

 
Protective hunting is aimed at removing a limited number of ‘rogue’, or specialized seals, 
that are believed to cause a large part of the damages. Another rationale for protective 
hunting is that concentration of hunting activity around fishing gear teaches seals to avoid 
areas with fishing activity. Protective hunting is, or has been, practiced in many areas of 
the world. The actual effect of hunting on the level of damage, however, has been hard to 
assess (Quick et al., 2004).  

5.1. Seals as a natural resource 
 
Seals are a valuable resource and a requirement in any form of lethal removal should be 
that the animal is recovered and utilized in a responsible way. There is a range of 
traditional uses of seal products. Seal oil is still regarded as a superior base for paint and 
preservation of wood. Fur and meat is used in a large part of Northern Europe. A novel use 
is as a food supplement for omega-3 fatty acids. Utilization of the seals also means that 
unnecessary wounding without killing the seals is avoided. 
 
The European Union has a ban on trade of seal products in the union (Regulation (EC) No 
1007/2009). Personal and non-commercial use is allowed where the seal products result 
from by-products of hunting that is regulated by national law and conducted for the sole 
purpose of the sustainable management of marine resources.  

5.2. A controlled hunting experiment 
 
The situation in Sweden with a long period without seal hunting made a controlled 
experiment possible. An experiment was staged in 1997 to test the hypothesis that a large 
fraction of the observed damage is caused by a few specialized seals. The experiment is 
described in detail by Sand and Westerberg (1998). Three experimental sites were chosen 
in the Gulf of Bothnia. The separation between the sites was a minimum of 80 km and for 
each hunting site a control site at least 20 km away was selected. During a period of 5 
weeks, detailed monitoring of seal damage (damaged fish and torn gear) was made at 44 
salmon traps, distributed over the experimental and control sites. Following this preliminary 
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study, hunting was commenced at one or two traps in the experimental areas. The hunt 
was limited to within 100m from the trap, as only seals within this range were considered 
likely to be ‘specialist’ seals. Confirmation of a lethal hit was made by recovery of the 
carcass or observation of blood and fat in the water. Hunting continued for 4-5 weeks with 
simultaneous damage monitoring at all traps. The monitoring was kept up an additional 2 
weeks after the end of hunting. 
 
At two of the three experimental sites, a sufficient number of seals were shot (8 and 7 
respectively) to evaluate the effect using a logistic regression analysis (Hosmer and 
Lemenshow, 1989). The result is shown in Figure 6. 
  
Figure 6:  The weekly damage frequency (%) during the fishing season for all 

salmon traps in two areas where more than one seal were shot. The 
unbroken line represents the experiment traps while the dotted line is 
for the traps in a control area. The hunting period and number of shot 
seal is noted in the figure. Standard error is indicated by error bars. 

 

 
 

Source: Sand and Westerberg (1998) 
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In neither case could any effect be seen on the frequency of subsequent gear damage, 
whether comparing the experimental and control areas or comparing the traps where the 
actual hunt was carried out with neighbouring traps in the experimental areas. With the 
observed variance in the data, a change in damage frequency should have been detected if 
it were larger than 15-20 %. The hypothesis that a few specialized seals were responsible 
for most of the damages was thus rejected. Nevertheless, the seals that were retrieved (7 
individuals, all adult or sub-adult males) all had salmon remains in their stomach, indicating 
that they possibly had been foraging in salmon traps recently. The conclusion was that a 
restricted hunting will have no immediate effect on grey seal damage in the Baltic fishery. 
A long-term learning effect of hunting is still possible, but was not indicated by this 
experiment. 

5.3. Other aspects on protective hunting 
 
The occurrence of specialized grey seals in the Bothnian Sea was demonstrated in an 
experiment 2006-2007 where the entrance of two salmon traps were video monitored 
continuously for long periods (Königson et al., in manuscript). The good quality of the 
pictures made it possible to identify individual seals from their distinctive colour pattern and 
scars. A catalogue of 10 individuals was set up and those 10 seals were responsible for 86 
% of the 600 seal visits recorded. Of those 10, three made up more than 80 % of the 
visits. Four seals were raiding at least two different traps and these four seals returned to 
raid traps over the two years. It is not known if this means that grey seals protect foraging 
territories and, if so, how rapidly a specialized seal would be replaced. 
 
Since 2001 hunting of grey seals has been allowed in certain areas on the Swedish Baltic 
coast north of latitude 58 N. Initially a total quota of 150 seals was allowed and 
approximately half of this was used. An evaluation of the effect over the first two years was 
not able to show any statistically significant effects on the seal damages in the areas with 
hunting compared to areas where seals were protected (Lunneryd, 2003). The limited 
number of seals shot and the variability of the damages mean that the effect must be 
extremely strong to show up in the data. The perception among fishermen in areas where 
most of the quota had been utilized was that there had been a decrease in seal damages. 
 
The psychological effect on fishermen of regaining the right to defend themselves against 
the depredations of seals should not be underestimated. Without resource to this age-old 
right to self-defence against competing species the acceptance of other management 
solutions, as economic compensation or introduction of seal safe gear, is low. A possibility 
to hunt legally will also counteract poaching. 
 
The results of those experiments are valid for grey seals in the Gulf of Bothnia, which is the 
core area of grey seal distribution with quit high seal abundance at present. In other areas 
and with other species the result may be different. Trials with protective hunting of harbour 
seals on the Swedish West Coast indicate that in this case, rogue seals were indeed present 
and that the elimination of a single individual could at least temporarily alter the level of 
damage dramatically within a 1 km distance from the site where the seal was shot 
(Königson et al., 2003). 

5.4. Capture 
 
An alternative to lethal removal by regular hunting is to catch the seal in a trap and then to 
kill it under controlled conditions. This has the advantages that if the trap is close to, or an 
integral part of the gear, seals specialized in raiding gear are selectively targeted. The risk 
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of wounding the seal without killing it is also eliminated. Furthermore, protective hunting at 
fishing gear is usually very time consuming – the mean waiting time for each grey seal shot 
during the hunting trials 1997 was 25 hours – and trapping requires much less labour. 
 
Trials have been carried out with modifying a salmon trap with a push-up fish chamber in 
such a way that the entrance section to the fish chamber acted as a trap for grey seals 
(Lehtonen and Suuronen, 2010). The trap is actuated when the seal push a hatch installed 
at the entrance to the fish chamber. When the gate falls down the fisherman automatically 
receives a text message on his cellular phone sent by a GSM-alarm unit. This enables the 
quick and ethical removal of the seal from the trap. A similar seal trap has gone through 
trials and is approved for use in Sweden by the Swedish EPA. 
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6. ECOSYSTEM MANAGEMENT 

KEY FINDINGS 

 Where studies have been carried out of the total amount of fish eaten by different 
predators or taken by the fishery it turns out that seal consumption is small 
compared to the predation by other fishes and the fishery. 

 Locally and for certain fish species the seal predation can be important and 
dominating.   

 Opinion differs on whether a reduction of the number of seals will benefit the 
fishery. The reason is the complicated mechanisms linking predators and prey in the 
marine food web. A thorough case by case analysis is needed before a conclusion 
can be made about the result of decimating a seal population. 

 Marine protected areas (MPA) are a way to reduce the seals-fisheries conflict in 
areas where the interaction is intense.  

 To reach acceptance the use of MPA should be accompanied by an active 
management of the seal population outside the protection zone.  

6.1. Population regulation 
 
The most controversial and difficult question in the management of the seal fisheries 
conflict is if, and how, seal populations should be regulated. The moral question whether 
man has a special right to the fish resources over that of seals is beyond the scope of this 
discussion. A human perspective is taken for granted. To analyze the question we may look 
at the hypothetical situation where an alien fishing fleet arrives in an area where there is an 
ongoing established fishery. Two scenarios are possible: If the established fishery has a 
fishing effort well below that leading to maximum sustainable yield (MSY) then the new 
fleet will add effort and increase the total catch, but with little effect on the catch of the 
established fishery. If the total effort of the established fishery is high and fishing is at a 
level above MSY (which is the case for most EU fisheries) than any extra effort will 
decrease their share of the catch.  
 
This simple example holds if the alien fleet fishes with the same gear and methods as the 
established one. This is the underlying assumption in the simplistic argument often used 
about seals competing with the fishery. In reality the analogy does not hold. There are two 
aspects that should be considered: The magnitude of the effort of the seal “fleet” and how 
and what they fish. 

6.1.1. Perspectives on predation 
 
From the outset it should be made clear that even if the role of seals as competitors for the 
fish resources may be minor the damage done by seals to gear and catch in the coastal 
fishery is certainly significant, growing, and of great concern.   
 
Humans are just one of many different predators targeting fish. Marine mammals, sea 
birds, squid and other fish all prey on fishes. In fishery science the human predation – the 
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fishery – is usually looked at separately and the rest is lumped together as “natural 
mortality” (Bax, 1998). However, in those cases where all the different categories of 
predation have been quantified it turns out that fish predation on fish constitutes the 
largest part of the total mortality (reviewed in Bax, 1991 and 1998). The partitioning found 
for a number of ecosystems are shown in Table 2 and the North Sea data is shown 
graphically in Figure 7. 
 
Table 2: Annual loss of fish to predators in six marine ecosystems  

Annual fish loss (ton/km2) 
ECOSYSTEM 

BIRDS MAMMALS FISH FISHERY 

Benguela Current 0.3 2.6 56.5 1.6 

Georges Bank 2.0 5.4 42.5 6.1 

Balsfjord 0.0 0.0 14.1 1.5 

East Bering Sea 0.2 1.5 11.0 1.4 

North Sea 0.6 0.1 7.0 4.4 

Barents Sea 0.0 3.0 5.1 1.8 

Source: Bax (1991) 
 
In the North Sea predation by marine mammals was found to be small compared to that of 
the fishery (approximately 2 %) and is significantly smaller than the consumption by sea 
birds. More than half the sea bird consumption is fish discard and waste from the fishery 
(Furness et al., 2007). 
 
The marine mammal consumption is the sum of the consumption by seals and whales. 
Censuses of the grey and harbour seals in the North Sea area 2003-2007 estimated both 
populations at approximately 70 000 animals (ICES, 2008 and 2009). This should be 
compared to the number of small whales in a survey 2005 (Anon., 2006), where 385 000 
harbour porpoises, 225 000 dolphins of five species and 18 000 minke whales were 
estimated for the North Sea and the waters west of Ireland and UK. More than half the 
whales were found in the North Sea. Taking the different body weights into account the 
total biomass of small whales becomes 40 000 tons and seals 20 000 tons. If we return to 
the fish predation estimate in the North Sea the conclusion is that seals account for 1/3 of 
the total marine mammal fish consumption, or approximately 0.3 % of the total fish 
mortality and less than 1 % compared to the fishery. As an average for the whole North 
Atlantic whales dominate even more compared to seals. Calculation for the North Atlantic in 
the 1990-ies of the overall marine mammal food consumption gave approximately 50 
million ton (or three times the total landings in the fishery). The share of consumption for 
seals was 15 % (Kaschner et al., 2001) 
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Figure 7: Loss of biomass of fish (ton/km2) in the North Sea.  
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Source: Redrawn from Bax (1991) 

 
The North Sea data on partitioning of predation is old and the marine mammal populations 
have grown since the 1980’s and the fisheries catch volume has decreased. Even if this is 
taken into account it is clear that the magnitude of seal predation on the fish resources in 
the North Sea will be small compared to other causes. A conclusion which can be drawn 
regardless of the recent development is also the large difference between seal and whale 
consumption. The harbour porpoises in the North Sea area eat more fish than grey and 
harbour seals together. Yet porpoises are seen less of a problem by the fishermen. The 
same is true for sea birds, which also consume significantly more fish than seals. A likely 
explanation is that small whales are seldom seen whereas seals haul out on land and are 
often seen around fishing gear. Birds have always been around and it is difficult to get an 
intuitive picture of the collective effect of many small consumers. 
 
Besides the North Sea, the Baltic Sea is an important area for the EU fisheries. ICES catch 
statistic for 2008 shows a total catch of 739 000 tonnes, out of which 70% is herring and 
sprat. The current population counts of grey seal and ringed seals in the Baltic are 25 000 
and 10 000 respectively. Using conservative estimates of daily consumption rates this 
means that the overall consumption of seals is approximately 8% of the fishery. For the 
sum of all fish species other than herring and sprat the seal consumption is approximately 
20% of the fishery.  
 
So far the discussion has been about the overall consumption of fish in general. The picture 
is more complicated if we look at individual prey species. This requires detailed data both 
on the diet composition of the seals and the fishery catches in the area under study. The 
stomach and intestinal content of 145 grey seals from the central and northern Baltic has 
been studied recently (Lundstrom et al., 2010). The seal’s consumption per fish species 
was compared to the combined commercial and leisure fishery in the same area (see Figure 
8). The comparison shows that seal consumption of flounder (Platichthys flesus), eel 
(Anguilla anguilla), and whitefish (Coregonus lavaretus) exceeded the human catch and 
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was approximately equal for salmon (Salmo salar) and cod (Gadus morhua). The overall 
catch of the fishery is larger than the seal consumption however, which is due to the large 
proportion of herring and sprat in the fishery.  
 
Figure 8:  Seal consumption relative to the total human catch in part of the Baltic 

where grey seal diet has been quantified.   

 
Source: Bruckmeier et al. (2010) 

 

6.1.2. Ecosystem effects of seals 
 
We have seen that the overall amount of fish consumed by seals in EU waters on the whole 
is small compared to what is taken by the fishery. The situation is different if we look at 
certain species or on a restricted geographic scale however, and the question then remains 
what the effect will be of reducing the number of seals. The short answer to this is that we 
don’t know and the effect can be both positive and negative on the fishery. 
 
The reason is the complicated mechanisms linking predators and prey in the marine food 
web (Beverton, 1985). If we look back at the analogy with an alien fleet, than if the new 
vessels have the same gear and fishing pattern as the resident fleet there will be a 
straightforward competition for the same recourse. If they target another fish species 
however, the effect becomes unpredictable. If this species is an important predator on the 
target species of the home fleet their catches will increase, if it is an important food item 
for their target species the effect is diminishing catches, probably with some delay. In 
practice, most fisheries target more than one species and there will be a chain of 
interactions which rapidly makes an analysis very complex.  
 
Several authors have stressed and exemplified this complexity and uncertainty (e.g. Bax, 
1998; Yodzis, 2001; Lessard et al., 2005; Heithaus et al., 2008). In addition to the 
unpredictability of the direct food web interactions top predators can have indirect effects 
by opening up the field for predators of smaller size, the increase of whom can have large 
effect (Crooks and Soulé, 1999). The presence of a predator induces costly antipredator 
behaviour by their prey (Heithaus et al., 2008). If a top predator is removed a large-scale 
risk-induced cascade can follow, where the increase of a former prey of the top predator, 
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the mesopredator, can cause avoidance and suppression of the prey of the mesopredator 
which in turn increases survival of its resource species. 
 
A practical example of the effect of a mesopredator release in the seal context is the 
observation made by Scottish aquaculture operators that grey seals benefit by keeping 
otters away from salmon farms. Protective cover net protects against seals damages, but 
otters can get through and cause massive damage.   
 
There is a tendency in much of the conservation oriented literature on ecosystem effects of 
marine mammals to conclude that the effect of the top predator on commercial fish stocks 
is minor due to those complexities. Fisheries scientist can use the complexities to emphasis 
that the effect may be large in spite of a small overall consumption. Examples are the 
effect of grey seal predation on holding back a recovery of the cod stocks (Chouinard et al., 
2005; Trzcinski et al., 2006) and the concentrated predation on migrating salmon at river 
mouths (NMFS, 1997; Yurk and Trites, 2000). This is a demonstration of the competing 
constructions model (Wilson, 1999). 
 
With the present deficient knowledge about the marine ecosystem and about details of the 
seal diets no general statement can be made about the effect of seals on commercial fish 
stocks. The situation is specific for each local region and seal species. A thorough case by 
case analysis is needed before a conclusion can be made about the result of decimating a 
seal population.  

6.2. Spatial management 
 
One way of managing a conflict is to separate the contestants. MPAs are increasingly used 
as a tool in the ecosystem approach to management, to provide protection for critical 
habitats and cultural heritage sites, conserve biodiversity and for fishery management. 
MPAs are also used in the management of marine mammals, primarily to protect seals and 
whales from disturbances and by-catch.  
 
The Habitats directive requires the establishment of special areas of conservation (SAC), for 
species listed under Appendix II, which covers all seal species. Seal related designations of 
SACs are mostly made for relatively small areas surrounding breeding and haul-out sites. 
Where larger areas are designated, as the Wadden Sea SAC, seals are one of several 
qualifying interests. Internationally, MPAs based on seal protection are e.g. Great 
Australian Bight and Seal Bay in southern Australia, Auckland Islands in New Zeeland and 
the Leeward Chain, Hawaii (Hooker and Gerber, 2004).  
 
To protect a specific population the area of the MPA should optimally cover the whole yearly 
distribution of the population. For seals this means large areas as the feeding grounds can 
be wide and varying over time. An extreme example is the Auckland Island MPA, which 
extends 12 nautical miles around the islands but which should reach ten times further out 
to cover the main foraging area (Chilvers, 2008). More modest but still large SAC areas are 
necessary for grey and harbour seals (Harwood and Hall, 1996). 
 
The management objectives when MPAs related to seals have been established are to 
reduce by-catch and disturbance from human activities. For the fishery, the only effect is 
limited access to fishing areas. In the context of reconciliation of seal conservation and 
fishery a better approach would be to connect the establishment of a MPA to setting a 
maximum limit for the seal population size in the surrounding area and the introduction of 
seal damage mitigation measures. 
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