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Damages to fisheries caused by growing seal populations have markedly increased in recent decades in many
coastal regions around the world. In the Baltic Sea, solutions to reduce these damages have largely focused on
modifying fishing gear but this has been insufficient for solving the problem. We tested whether straits to shallow
inshore areas could be “closed” from seals by seabed-mounted acoustic seal deterrent devices (ADDs) and thereby
create seal-free fishing areas. So far, we have tested such “sound-fences” only on relatively narrow straits, up to
200 m in width. Our experiments suggest that seabed-mounting would be a technically feasible method to

discourage seals from entering through straits into inshore bay areas. Additional methodological development is
needed to close wider straits and to make the method both easy to use and reliable. We discuss the challenges and

potential of this new method.

1. Introduction

Grey seal (Halichoerus grypus) population in the Baltic Sea has been
growing rapidly since the mid-1990s (from a few thousand up to
approximately 60,000 individuals) and thereby seal-induced catch los-
ses and gear damages have dramatically increased in coastal fisheries
(Kauppinen et al., 2005; Fjalling, 2005; Konigson et al., 2009; Svels
et al., 2019; Vetemaa et al., 2021). Seals are considered by fishers to be
biggest threat to the viability and continuation of their livelihoods (Svels
et al., 2019; Waldo et al., 2020; Blomquist and Waldo, 2021).

Intensive research has been conducted to find gear modifications
such as seal-proof pontoon traps and alternative gear designs, which
would help to mitigate seal-induced damage in the Baltic coastal fish-
eries (Lunneryd et al., 2003; Lehtonen and Suuronen, 2004; Suuronen
et al., 2006; Hemmingsson et al., 2008; Konigson et al., 2015; Ljungberg
et al., 2022). Nevertheless, in many fisheries, gear modifications do not
facilitate adequate protection. Recently, promising results in reducing
the damage caused by grey seals have been obtained in the Baltic salmon
pontoon trap fishery by using acoustic seal deterrent devices (ADDs) in
the vicinity of the gear (Lehtonen et al., 2022).

With the growth of the population, Baltic grey seals have increas-
ingly entered shallow coastal waters and river mouths in search of food,
causing major damage to commercial gillnet and trap-net fisheries in
those areas. This has launched an interest to close off entire water areas
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from seals with the help of ADDs. The most potential lies in coastal
inshore areas, where the straits leading to them are narrow enough to be
closed with the help of ADDs. Along the Finnish southern and western
coastal areas there are more than 30 such inshore bays with a total area
of almost 800 km? (Fig. 1).

In our early pilot tests, we used raft-mounted ADDs to close a strait
(for more details of raft-mounting, see Lehtonen et al., 2022). In the
experiments described here, we mounted the ADDs on the seabed and
assessed the technical feasibility of such a set-up. To our knowledge,
there are no studies where seabed-mounted ADDs had been tested in
closing a strait for seals. In this paper we discuss the challenges and
present potential approaches for improving the methodology.

2. Experiments with seabed mounted ADDs

The experiments with seabed-mounted ADDs were conducted in
2022 in the southwestern archipelago of Finland, in the inshore area
northwest of the city of Naantali (Fig. 2). It is a typical coastal area
where several narrow straits lead to an inner shallow water bay. The
depth of the sea at straits varies from 6 m to 25 m. The bottom is mainly
mud and sand with stones and rock on the shorelines.

Mounting the ADD pod on the seabed requires the pod to be con-
nected to the control unit (on land) by means of a low-voltage marine
cable. Ace Aquatec Ltd provided systems whereby the ADD pod can be
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Fig. 1. Potential seal-free areas (marked with red colour) along the southern and western Finland Baltic coast, and Aland Islands (the most western island area).
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separated from the control unit with a cable up to maximum 200 m
without the performance of the device being impaired.

Ace Aquatec model US3, a medium-frequency (8-11 kHz) seal
deterrent, was used in the experiments. It provides a modulated fre-
quency output with short, randomized sound pulses (optional 12-144
scrams per hour). According to the manufacturer, effective maximum
deterrence distance for seals by the US3 is 45-50 m. The operation of a
US3 device can be monitored and parameters changed remotely via a
4 G mobile or LAN connection.

The principle for how the ADD pod was lowered onto the seabed is
shown in Fig. 3. The ADD pod was attached with an adjustable (1-3 m)
rope to a concrete weight, which was lowered onto the seabed. A float
attached to the pod lifted it upwards. A diver checked that the pod was
standing in the proper vertical position and that the cable was not
entangled. The possibility to have 230 Volts secure utility power for the
control unit was essential to ensure an easy, uninterrupted operation of
ADDs during the tests. Boaters were warned about the ongoing inves-
tigation and the underwater cables by warning boards installed on both
shores.

A hydrophone logger (broadband digital Ocean Sonics icListen) was
used in the study area to measure the intensity of the sound emitted by
the ADDs and the attenuation of the sound by distance. Water depth at
the measurement points varied between 4 and 30 m. The measurements
indicated that a typical duration of US3 sound-signal is 1-4 s and it is
emitted on average every 40 s. The strength of signal was higher in
surface water than in deeper water. This is likely due to the shape and
quality of the seabed but may also partly been due to water temperature
profile. The sound signal settings and set-ups were equal in all the US3

Fisheries Research 264 (2023) 106736

Fig. 3. Lowering the ADD pod down towards the seabed. The ADD pod is
connected to the weight with an adjustable rope and the floats keep the device
in a vertical position during deployment. Photos: Esa Lehtonen / Luke.

units measured. The attenuation of signal with increasing distance was
strong apparently due to the soft bottom of the strait.

3. The challenges and the way forward

Our experiments suggest that mounting ADDs on the seabed and
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Fig. 2. The experimental area near the city of Naantali in the archipelago of southwestern Finland. Positions of ADDs in the straits are marked with red solid lines.
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connecting them to control units with a seabed cable is a technologically
feasible approach and enables the use of ADDs near busy boat lanes
where ADDs, which are mounted on rafts, cannot be used. An additional
advantage of seabed mounting is that ADDs are invisible and do not
cause visual harm to nearby residents and are not impacted by neither
wind nor wave action.

The limited log-book data collected in the pilot tests does not allow
any statistical analysis yet to assess the effectivity of the system.
Nevertheless, the empirical evidence collected during the experiments
suggests that the method described is functional and will reduce the
interaction rate. Fishers working in the “closed area” have noted that
their catches have included less fish with external seal-caused damages
and there has been less damaged gillnets than in previous years when
there were no ADDs. More comprehensive log-book data will be
collected in the coming years.

Creation of seal-free areas through seabed mounted ADDs appears to
be a potential solution in conditions where the straits are narrow
enough. It is noteworthy that not only commercial fishers but also rec-
reational fishers and fishing guide entrepreneurs would benefit from
such seal-free areas. Moreover, because shallow inshore areas and river
mouths are the essential spawning areas of many coastal fish species,
they could be protected from seal predation during the spawning period.

A major advantage of an “ADD-fence” is that, once it is established, it
will operate until the device is switched off. Nevertheless, underwater
surveillance systems operated by navies need to be taken into consid-
eration and may restrict the use of deterrents in certain areas. A po-
tential inconvenience with ADD systems is their relatively high price
although also gear modifications involve considerable costs and addi-
tional work to fishers.

In further experiments, the optimal density (distance to each other)
of ADDs for various situations must be defined. The effective distance, at
which an ADD keeps seals away, depends on the conditions. Sound
propagation is affected by bottom shape and material, water depth, and
by the background noise at sea. Furthermore, water temperature profile,
which changes according to the season, plays a role in the propagation of
sound. To guarantee a full deterrence across the strait, the density of
ADDs should match the conditions. The set-up we are planning in our
further experiments in a strait of 200 m in width is shown in Fig. 4. Such
a strait needs four or five ADDs.

In terms of the device’s efficiency, it is not yet clear whether
installing ADDs near the seabed is the most optimal solution. In order to
guarantee 360° coverage of an ADD signal, the transmitter preferably
should be installed high enough above the seabed to avoid any potential
“shadowing effect” due to the potential unevenness of sea floor. In our
set-up, the adjustable ropes allowed for the ADD pods to be lifted several
meters above the seabed. In order to reduce the impact of sea currents,
the rope could be replaced by a rigid plastic pipe that is fixed to a weight.
This set-up would require further development and testing.

The method has so far been tested in fairly shallow (up to 25 m)
straits. There is not yet data available to determine the maximum depth
of deployment. However, based on our experience, we consider that for

Fisheries Research 264 (2023) 106736

practical reasons the maximum effective depth for the system is about
50 m. It is also noteworthy that the deeper the strait, the closer the ADDs
must be installed to each other to maintain the full coverage. In case
there is a need to close markedly wider straits than was done in our
study, instead of having a row of stationary ADDs on the seabed, one
pendeling device could take care of the task. Such an autonomously
moving seal deterrent system is under development in Finland.

It is important to ensure that the underwater sound of ADDs does not
adversely affect seals and other living organisms. An ADD should pro-
duce sound of sufficient intensity to cause discomfort but not threaten
the hearing sense and welfare of a seal. Particular concerns have been
raised on how ADDs may affect the behavior, foraging and reproduction
of co-existing cetaceans, such as harbour porpoises (Johnston, 2002;
Olesiuk et al., 2002; Brandt et al., 2013; Kastelein et al., 2013). As ce-
taceans only rarely appear along the northern Baltic coast, this potential
problem is of a smaller scale in the region of this study (see also Fjalling
et al., 2006). In areas with cetaceans, seabed-mounted ADDs should be
used with particular care until the impacts are better understood. It is
noteworthy, however, that many of the studies indicating negative im-
pacts on cetaceans are based on older versions of the ADDs with different
technical characteristics than current ADDs. Furthermore, there are
low-frequency devices available which operate largely below cetaceans’
hearing range.

There has been some concern that a prolonged exposure to the sound
of an ADD may impair the hearing sense of a seal (e.g., Gotz and Janik,
2010). Nonetheless, there is little direct data available of such effect on
seals which apparently would tend to avoid such an unpleasant expe-
rience. In addition, in the Ace Aquatec US3 device, as in most ADDs
available on the market, the sound signal is not sent immediately at full
intensity, but at first the signal strength is low (soft start function). This
gives a seal the opportunity to move further away from the ADD before
the sound signal reaches full intensity. It is also worth of noting that
porpoises and seals respond very differently to ADD sounds (Mikkelsen
et al., 2017).

In creating seal-free areas, it is important to ensure that there are no
seals in the area that will be closed by ADDs. Those seals should pref-
erably be removed. It is noteworthy that older seals with impaired
hearing may be able to swim through the straits despite ADDs. In theory,
a seal can also bypass the ADD by swimming with its head above the
surface of the water although we do not have any knowledge of such
observation. Finally, there may be challenges in using ADDs in remote
archipelago areas. In case there is no community mains power, the
electricity needs to be produced at site. Solar and wind energy as well
fuel cell generators are potential solutions.
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Fig. 4. Schematic set-up for ADDs mounted on the seabed in a strait of about 200 m in width (not in scale). The seabed cable is marked in red colour.
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