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Background 
This document contains a brief overview of existing knowledge of noise-sensitive species in the Baltic Sea, 
and a proposal for establishing common principles for defining levels of underwater noise, continuous as well 
as impulsive, that are consistent with Good Environmental Status (GES) for noise-sensitive species. The 
document furthermore presents a proposal on steps to be considered when deciding on the need to define 
environmental targets for noise for certain areas or activities.  

Action required 
The Workshop is invited to take note of the information and use the information when proposing joint 
principles to define environmental targets for underwater noise for prioritized species in the Baltic Sea. More 
specifically the Workshop is invited to consider the following aspects: 

− the possibility to use information on species specific tolerance to define noise levels that are 
consistent with GES; 

− for which noise sources can such levels be set; 
− the identification of possible canary/umbrella species in relation to noise in different parts of the 

Baltic Sea; 
− how information on status at the population level should be considered when defining the need to 

develop environmental targets for noise; 
− the use of a risk-based approach to identify areas and activities for which environmental targets for 

noise should be defined, also in the absence of a clear definition of GES. 
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Development of joint principles to define levels of underwater noise 
consistent with GES for prioritized species in the Baltic Sea 
Preface 
HELCOM countries recently adopted the Regional Baltic Underwater Noise Roadmap 2015-2017 (Annex 3 of 
the Outcome of HELCOM 37-2016) which, based on five steps, aims at making every effort to prepare a 
knowledge base towards a regional action plan on underwater noise in 2017/2018 to meet the objectives of 
the 2013 Ministerial Meeting, and of the EU MSFD for HELCOM countries being EU members.  

Step 3 of the Roadmap intents to, based on the compilation of information on impacts of noise (Step 1.1 of 
the Roadmap), “investigate the possibility to use species specific tolerance to define Good Environmental 
Status (GES)/ develop environmental targets based on common principles”.  

A report has been prepared presenting Baltic species with the potential to be impacted by noise. The 
identification of a prioritized list of noise sensitive species was based on the criteria: hearing sensitivity, 
known (or suspected) species specific noise tolerance, threat status, commercial value, and data availability. 
For each of the prioritized species the distribution of species and biologically sensitive areas was presented 
based on available data, and a preliminary map compiling noise sensitive areas was prepared (see below).  

The report has been prepared under BalticBOOST project (theme 4), an EU co-financed project coordinated 
by HELCOM, focusing on improving data flow and assessments and acquiring a knowledge base for the 
development of measures.  

Framework 
The status of the environment in the HELCOM area is assessed by comparing the current state with an agreed 
definition of GES using an approach that is compatible with requirements under the Marine Strategy 
Framework Directive (MSFD). If the status is assessed as sub-GES, the MSFD further requires that EU Member 
States define environmental targets i.e. the reduction in pressures required to reach GES (MSFD Article 10). 
The environmental targets should be used as basis for the development of measures (MSFD Article 13; see 
Figure 1).  

Good environmental status 
The status of the environment is in HELCOM assessed by use of core indicators for which a GES-boundary is 
defined i.e. a value that distinguish GES from sub-GES. 

According to the MSFD, GES requires that all relevant human activities at sea are “carried out in coherence 
with the requirement of protecting and preserving the marine environment and the concept of sustainable 
use of marine goods and services by present and future generations” (Article 1 Directive 2008/56/EC). It is 
also required that “marine strategies shall apply an ecosystem-based approach to the management of human 
activities, ensuring that the collective pressure of such activities is kept within levels compatible with the 
achievement of good environmental status and that the capacity of marine ecosystems to respond to human-
induced changes is not compromised, while enabling the sustainable use of marine goods and services by 
present and future generations” (2010/477/EU).  

For Descriptor 11, it means that introduction of energy, including underwater noise, is kept at levels that do 
not adversely affect the marine environment (2008/56/EC).  

 

https://portal.helcom.fi/meetings/HELCOM%2037-2016-288/MeetingDocuments/Outcome%20of%20HELCOM%2037-2016.pdf
http://www.helcom.fi/helcom-at-work/projects/balticboost
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Environmental targets 
In HELCOM, environmental targets have been defined for the input of nutrient to the Baltic Sea, the 
maximum allowable input (MAI), which is a part of the HELCOM nutrient reduction scheme. Although the 
sources and scale of impact is very different from underwater noise, the process to define GES and 
environmental targets is here briefly presented as an example. 

As a first step to define environmental targets for input of nutrients, GES was defined for a number of 
eutrophication related parameters (e.g. concentrations of nutrients, water transparency). GES for these 
parameters were used to calculate the ‘maximum allowable input’ of nutrients to different sub-basins of the 
Baltic Sea. Finally, the required reduction in nutrient input to reach GES was defined and agreed among 
countries. 

The achievement of environmental targets is typically followed-up by use of indicators that are more closely 
related to the measures taken to reach the targets. As an example, the status of eutrophication is in HELCOM 
assessed by use of indicators on e.g. the concentration of nutrients while the environmental target is 
assessed by indicators related to the input of nutrients to the Baltic Sea. 

Environmental targets for underwater noise 
Effects of noise on the level of population are not yet understood, and GES for populations has therefore not 
yet been defined for underwater noise. In this document it is proposed that noise levels known to cause 
impact on single individuals are used as guiding principles for defining the maximum allowable noise levels 
in the environment that are consistent with GES. For particularly vulnerable populations (e.g. the Baltic 
proper harbour porpoise sub-population) these levels could potentially be used as proxy maximum allowable 
noise levels, as some impacts at the level of individual could have implications for the population. 

Since there is a risk of significant degradation in environmental status, in particular in relation to activities 
known to cause significant pressures on the environment, e.g. pile driving, it is furthermore proposed that 
environmental targets are defined, based on a risk based approach, even if the status and impacts are not 
fully known. Environmental targets are only proposed to be define for areas at risk, i.e. in those areas where 
sound sensitive species prevail. This may be a first approach in moving towards GES in relation to underwater 
noise. 

The main focus of the work is to define principles for defining environmental targets for noise. This document 
proposes as a first step to define the maximum allowable noise level consistent with GES for noise sensitive 
species. In this document the term “threshold” is used as a synonymous to the maximum allowable noise 
level. Defining such level is anticipated to help define both GES-boundary and environmental targets.  

 

http://www.helcom.fi/baltic-sea-action-plan/nutrient-reduction-scheme/
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Figure 1 Schematic representation of the relationship between GES condition (green area), sub-GES conditions (red area), maximum 
allowable noise level/ threshold consistent with GES (vertical blue line) and the environmental target (yellow arrow of reduced 
pressure required to reach GES) in reference to the horizontal increased pressure (red arrow). 

Noise impact 
Noise can generally be categorized as either impulsive or continuous noise, though there is a large overlap 
between the two categories with no distinct boundary between them. Impulsive noise is however, 
characterized as having a faster rise time than continuous noise and has the potential to cause additional 
impact due to this characteristic.   

Noise impact in marine mammals 
Impacts of noise have been investigated in several marine mammal species, and harbour porpoises and 
harbour seals found in the Baltic Sea are among the most studied species in the world. Effects of noise have 
been investigated as more immediate effects on the level of individual, such as temporary hearing loss or 
aversive behaviour. Long term effects of noise on the level of population are not yet understood, but it has 
been possible to demonstrate a link between disturbances from boats, which includes underwater noise, and 
population decline in bottlenose dolphins in Shark Bay, Australia (Bejder et al., 2006). With the emergence 
of population models for species such as the harbour porpoise (e.g. PCoD, DEPONS; Nabe-Nielsen and 
Harwood, 2016) it will likely become possible to make predictions of noise effects at a population level, but 
until then information of impacts on individuals will be used. 

Noise impact in fish 
In fish studies on impacts of noise have been conducted in a number of species, but also mostly as more 
immediate effects on the level of individual (Popper et al. 2014). Due to the large variation in hearing 
sensitivity in fish species, there is also great variation in levels found to induce hearing loss in the different 
species (Popper et al. 2014). Predicting behavioural reactions in fish is very complicated as different species 
and even individuals within a species may react very differently to the same sound depending on a number 
of variables (see for example Wahlberg, 1999; Popper et al. 2014). Tissue damage in fish (Halvorsen et al., 
2011) and potential masking of communication sounds for some fish can more readily be predicted.  
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Approach for defining maximum allowable noise levels that are consistent with GES 
With the present knowledge of potential impacts of noise on several species in the Baltic, defining 
underwater noise levels that are consistent with GES could be attempted from several different angles.  

− It could be a trend, where an increase in anthropogenic noise, would be moving away from GES and 
a decrease would be moving towards GES.  

− It could be by viewing underwater noise as a pressure, setting target levels for individual species in 
areas of importance for the species, where GES in these areas would be achieved by keeping noise 
levels below the set threshold level.  

− Another option would be to view it as an impact, where noise limits based on knowledge of known 
impacts from a particular event are set up around such events when they occur (e.g. limits for pile-
driving noise around pile-driving events). GES in this case would be achieved by mitigating the noise 
from the different noise producing events to be below the set thresholds. In Denmark and Germany 
impact thresholds are set for some species for pile-driving activities.  

− Table 1 and 2 show these noise limits for Denmark and Germany, respectively. 

Table 1 Danish guideline for thresholds for pile-driving noise in relation to harbour porpoises and harbour seals (MMWG, 2015). 

 Thresholds 
 Permanent hearing 

threshold shift (PTS) 
Temporary hearing  
threshold shift (TTS) 

Displacement/Avoidance 
behaviour 

 (dB re 1µPa2s SEL) (dB re 1µPa2s SEL) (dB re 1µPa2s SEL) 
Harbour porpoise 183 164 140 
Harbour seal 200 176 - 

 

Table 2 German regulatory noise limits for pile-driving noise in relation to marine mammals especially harbour porpoises (Werner, 
2010). 

 Noise limit 
(dB re 1µPa2s SEL) 

Noise limit 
(dB re 1µPa peak-peak SPL) 

750 m from the source 160 190 
 

The German noise limits are given both as maximum pressure (peak-peak pressure) and as sound exposure 
level (SEL), which is an expression for the cumulated acoustic energy over the duration of the exposure. The 
large discrepancy between the two levels, is a result of the inclusion of duration in the latter. The reason for 
this dual criteria is that the duration of an exposure can sometimes be difficult to determine (Madsen, 2005; 
Southall et al., 2007). However, there is general consensus on SEL being a more accurate predictor of TTS 
thresholds than peak-peak pressure (Tougaard et al. 2015) and therefore only SEL is considered in the Danish 
guideline thresholds. 

As starting point for discussion at the workshop a risk based approach is proposed to be taken for activities 
that are known to cause impacts, e.g. pile driving, even if GES is presently unknown. The approach is 
furthermore based on identifying areas for which it is relevant to set environmental targets i.e. in areas where 
noise sensitive species are known to occur. A combination of pressure and impact angles are used to define 
noise levels likely to be consistent with GES for species known or strongly suspected to be sensitive to noise 
impacts, where noise limits are defined both for the production of noise (i.e. the noise level at the source) 
and around areas of high importance for the different species (i.e. received noise level at the animal).   
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Priority species and areas for of significant for noise sensitive species  
A list of priority noise-sensitive species has been prepared and is summarized below (for more detailed 
information please see the report on noise sensitive species). 

Existing knowledge of noise-sensitive species 
Harbour porpoises 
Several experiments with captive individuals have found that impulsive noise sources (e.g. airguns and pile-
driving) can cause temporary shifts in hearing threshold (Lucke et al., 2009; Kastelein et al., 2015), and 
through passive acoustic monitoring strong avoidance behaviour has been documented in animals in the wild 
in relation to pile-driving (Dähne et al., 2013). Strong behavioural reactions have also been found in harbour 
porpoises in relation to low levels of relatively high frequency (above 1 kHz) noise from shipping (Dyndo et 
al., 2015). Avoidance behaviour and other behavioural reactions to noise could result in a reductions in 
feeding opportunities, which could have severe implications for porpoises as they need to forage almost 
continuously to meet metabolic demands (Wisniewska et al., 2016). For the Baltic proper sub-population the 
estimated number of individuals is very low (approx. 500 individuals, CI 100-1000; Carlström and Carlén, 
2016). As some negative effects at the individual level, such as avoidance behaviour during nursing periods, 
could potentially affect the fitness of an animal and have a negative impact on the sub-population as a whole, 
a precautionary approach might be necessary to ensure the status of this sub-population. 

Harbour seals 
Harbour seals rely on both passive listening, hydrodynamic wake detection and vision for foraging and 
navigation (Schusterman et al., 2000; Murphy et al. 2015). They can also leave the water to avoid noisy 
events. Harbour seals show a large degree of site-fidelity compared to grey seals, mostly staying within 100 
km of a haul-out (Dietz et al, 2003; 2012), and this range may be even shorter in periods of moulting and 
when pups are young. Harbour seal pups, are born with the adult fur, and enter the water with their mothers 
shortly after birth (Burns, 2009) recent observations have found this to occur as little as a few minutes after 
the pup was born (Magnus Wahlberg, pers. comm.). This makes them susceptible to effects of underwater 
noise from infancy. Seals have shown to habituate to noise quite fast (Harris et al., 2001; Blackwell et al., 
2004; Edren et al., 2010). However, exposure to impulsive sounds with a fast rise time can elicit startle 
responses, and continued elicitation of startle responses can cause harbour seals to leave an area associated 
with food (Götz and Jannick, 2011). Continuous noise has the potential to mask spectral parts of the 
underwater communication sounds, that are important especially during mating, and potentially reduce the 
communication range of seals (van Parijs, 2000; van Parijs, 2003a). 

Ringed seals 
Ringed seals and harbour seals are very closely related, therefore knowledge from harbour seals can likely 
be used as an approximation of potential noise effects on ringed seals. Ringed seals haul-out on sea-ice, and 
give birth in lairs dug in the snow on the sea-ice, making it very difficult to observe them, and making haul-
out information difficult to produce, as birthing lairs are not stationary year to year. There is some evidence 
indicating that ringed seal mating takes place in the water immediately after weaning, and that males 
maintain underwater territories using underwater communication signals (Stirling and Thomas, 2003). 
Continuous noise has the potential to mask part of the sound spectrum of the communication sounds 
important especially during breeding, thereby reducing the communication range of ringed seals, and 
decrease the size of the territory a male ringed seal can maintain. 

Grey seals 
Grey seals are generally fast to habituate to underwater noise (Götz and Jannick, 2011), and have also been 
shown to habituate to relatively loud underwater sounds (Fjälling et al., 2006), but very little is known about 
noise effects on this species. Grey seals mate both on land and in water. In water grey seals likely defend 
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territories using underwater communication sounds (van Parijs, 2003c). Masking of part of the sound 
spectrum used in these communication sounds could reduce the communication range of grey seals, and 
decreasing the size of the territory a male grey seal can maintain. 

Cod and herring 
Fish have a different hearing system than mammals, and there is very large variation in hearing abilities in 
fish, both in terms of sensitivity, and frequency range, as a result of differences in adequate stimulus for 
sound detection in the individual species (see the draft report on noise sensitive species). There is also a large 
variation in noise levels needed for inducing hearing loss between species (Popper et al. 2014), and 
behavioural reactions to sound may vary between species and even between individuals of the same species 
(Wahlberg, 1999; Popper et al. 2014). However, close to some noise sources (impulsive) the noise can cause 
tissue damage in fish in general (Halvorsen et al., 2011). There is some evidence that the use of bubble 
curtains during explosions, could reduce this risk (Keevin and Hempen, 1997).  

Cods produce sound during spawning, as part of mate selection (Finstad and Nordeide, 2004), and masking 
of these sounds by continuous noise could possibly interfere with this. There is also some indications that 
continuous noise can cause reduced growth in the early life-stages in some fish (Nedelec et al., 2015). 

Areas of significance for noise sensitive species 
Information on areas of significance for the noise sensitive species as well as information on the times of 
year, when these areas are of special importance (e.g. cod spawning areas in spawning season), can be 
valuable for setting GES targets for underwater noise.  

Table 5 and Figure 1 summarize important spatio-temporal information for the noise-sensitive species in the 
Baltic Sea, where such information was available. For the harbour porpoises the identified areas are based 
on established and proposed marine protected areas (HELCOM MPA database; Calrström and Carlén, 2016) 
identified as important areas based on tagging and acoustic survey data (Teilman, 2008; Sveegaard et al. 
2011a; Sveegaard et al., 2011b, SAMBAH, 2015; Calrström and Carlén, 2016). For harbour seals and grey seals 
the identified areas are based on data of identified haul-outs (HELCOM SEAL EG, 2015, for the HELCOM core 
indicator on “Distribution of Baltic seals” (unpublished, http://www.helcom.fi/baltic-sea-
trends/indicators/distribution-of-baltic-seals/contributors-and-references/). For ringed seals the identified 
areas are based on data from marine protected areas, where this species is included as part of the designation 
basis (HELCOM MPA database).  

For the fish species the Bornholm Deep, and Arkona basin can be identified as areas of high interest for cod 
and sprat during spawning in spring and summer (Warner et al. 2012), and for sprat the Northern deep, 
Gotland deep, and Gdansk deep can also be identified during the spawning period (Warner et al. 2012; 
Ojaveer and Kalejs, 2010). For the herring the area around Rügen is identified as of particular importance for 
spawning (Warner et al. 2012) 

This is a preliminary map based on available knowledge, where areas may be added or changed, as more 
information becomes available. 

For more background information also see the report on noise sensitive species submitted to STATE & 
CONSERVATION 4-2016.  

  

http://mpas.helcom.fi/apex/f?p=103:1::::::
http://www.helcom.fi/baltic-sea-trends/indicators/distribution-of-baltic-seals/contributors-and-references/)
http://www.helcom.fi/baltic-sea-trends/indicators/distribution-of-baltic-seals/contributors-and-references/)
http://mpas.helcom.fi/apex/f?p=103:1::::::
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Table 3 Periods of biological significance for each of the identified priority noise sensitive species. Periods not applicable to a species 
are marked in blue. 

Species Calving/Pupping period Mating/spawning period Nursing Period Moulting period 

Harbour porpoise 
(Phocoena 
phocoena) 

June-July August June/July through 
the fall months 

N.A 

Harbour seal 
(Phoca vitulina) 

June July-August 4 weeks August 

Ringed seal  
(Phoca hispida 
botnica) 

February-March Thought to occur 
immediately after weaning of 
the pup 

4-6 weeks Mid-April – early 
May 

Grey seal  
(Halichoerus 
grypus) 

February-March March-April 2 weeks June 

Cod  
(Gadus morhua) 

N.A March-December N.A N.A 

Herring  
(Clupea harengus) 

N.A Spring and autumn N.A N.A 

Sprat  
(Sprattus sprattus) 

N.A March-August N.A N.A 
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Figure 2 Preliminary biologically sensitive areas for harbour porpoises in the Western Baltic subpopulation (dark green, Teilmann et 
al., 2008; Sveegaard et al., 2011a and b), Baltic subpopulation (light green, Carlström and Carlén, 2015), haul-outs and possible 
mating grounds for harbour seals (red dots, HELCOM SEAL EG, 2015, for the HELCOM core indicator on “Distribution of Baltic seals” 
(unpublished, http://www.helcom.fi/baltic-sea-trends/indicators/distribution-of-baltic-seals/contributors-and-references/)), marine 
protected areas for Baltic ringed seals (orange, HELCOM MPA database), haul-outs and possible mating grounds for grey seals 
(yellow dots, HELCOM SEAL EG, 2015, for the HELCOM core indicator on “Distribution of Baltic seals” (unpublished, 
http://www.helcom.fi/baltic-sea-trends/indicators/distribution-of-baltic-seals/contributors-and-references/)), sprat spawning 
grounds (light blue, Warner et al. 2012; Ojaveer and Kalejs, 2010), cod spawning areas (dark purple, Warner et al. 2012), and one of 
the most important spawning grounds for herring in the south western Baltic Sea (light purple, Warner et al. 2012). More sites may 
be added as data becomes available. 

http://www.helcom.fi/baltic-sea-trends/indicators/distribution-of-baltic-seals/contributors-and-references/
http://mpas.helcom.fi/apex/f?p=103:1::::::
http://www.helcom.fi/baltic-sea-trends/indicators/distribution-of-baltic-seals/contributors-and-references/
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Existing GES assessments for marine mammals 
The environmental status for some of the noise-sensitive species in the Baltic is already being assessed under 
the HELCOM Core Indicator of Biodiversity Population growth rate, abundance and distribution of marine 
mammals. The assessment is done based on abundance as well as population growth rate, and GES for the 
different species is achieved when the species specific growth rate is achieved and when there is a certain 
abundance of individuals in each management unit (HELCOM, 2013).  

Harbour porpoises are currently assessed to be below GES in the South Western subpopulation and in the 
Baltic Sea subpopulation. The South Western subpopulation due to a negative growth rate, and the Baltic 
Sea subpopulation, due to the very low abundance (the growth rate is not known for this subpopulation) 
(HELCOM, 2013).  

Harbour seals are evaluated in four management units. The Kattegat and Limfjord units are both assessed as 
in GES, though there are some uncertainties in terms of population dynamics in the Limfjord unit, and 
concerns regarding growth rate in the Kattegat unit (HELCOM, 2015). The Kalmarsund and Southern Baltic 
Sea management units are both assessed as below GES in terms of growth rate as well as abundance 
(HELCOM, 2015). 

Ringed seals are evaluated in two management units, the Bothnian Bay as one unit and the Gulf of Finland, 
Archipelago Sea, Gulf of Riga, and Estonian coastal waters as another. Both units are evaluated as below GES 
in terms of growth rate, and though the abundance of ringed seals in the Bothnian Bay is essentially above 
the GES boundary, the overall evaluation is still below GES (HELCOM, 2015). 

The grey seal is the only population considered to be in GES both in terms of growth rate and abundance, in 
the entire Baltic Sea (one management unit, as this indicator is not yet applicable to Kattegat)(HELCOM, 
2015). 

The current status of seal species in the Baltic Sea is under re-evaluation. This will be ready later in the 
autumn.  

The current environmental status for those animals where GES is assessed, is propose to be considered when 
identifying for which areas it is relevant to define environmental targets (Figure 2).  

Proposed principles for defining levels of underwater noise consistent with GES for noise-sensitive 
species 
The principles and maximum allowable noise levels proposed for the species below are divided into principles 
and levels concerning noise of a mostly impulsive nature (Table 5), and of a mostly continuous nature (Table 
4). This information is to be used when deciding on the second step in the decision tree process (see next 
section of the document). The column on principles in the table aims at proposing principles to guarantee 
the good environmental status of a species in relation to its exposure to noise. The same division of impulsive 
and continuous nature has been applied. 

For impulsive noise the most profound effect is likely to be animal displacement. This, however, cannot be 
predicted for populations at this stage due to insufficient knowledge. Information on injury and hearing 
damage to individuals may be used as a basis for setting thresholds for those animals where knowledge of 
behavioural reactions is lacking, if animals are generally assumed to leave an area where such levels occur. 
This assumption has previously been employed for setting thresholds for species where information is scarce 
(Southall et al., 2007).  

http://helcom.fi/Core%20Indicators/HELCOM-CoreIndicator-Population_growth_rate_abundance_and_distribution_of_marine_mammals.pdf
http://helcom.fi/Core%20Indicators/HELCOM-CoreIndicator-Population_growth_rate_abundance_and_distribution_of_marine_mammals.pdf
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Table 4 Draft principles for defining levels of impulsive underwater noise consistent with GES for sound-sensitive species 

Species Principles  Proposed maximum allowable noise 
level for selected activities 

Harbour porpoise  
(Western Baltic and 
Baltic Proper 
subpopulations) 

− Individuals should not be exposed 
to anthropogenic noise levels high 
enough to cause permanent 
hearing loss. 

− Strong avoidance behaviour 
should not be induced in areas of 
high significance.  

− Calving and nursing grounds 
should be protected and not 
exposed to noise levels high 
enough to cause a disruption of 
nursing behaviour, during the 
months when the calves are born 
and the following months when 
they are small and predominantly 
dependent on nursing for survival 
(June/July through the fall 
months). 

− Avoidance behaviour 
(Pile-driving): 
140 dB re 1µPa2s SEL  
(Dähne et al., 2013) 

Harbour seal 
(Western Baltic and 
Kalmarsund sub-
populations) 

− Individuals should not be exposed 
to anthropogenic noise levels high 
enough to induce permanent 
hearing loss.  

− Close to important haul-outs 
where moulting, mating and 
birthing takes place, and very 
young pups are found in the water 
noise that could continuously elicit 
startle responses should be 
restricted (June-August).  

− Temporary hearing loss 
threshold as proxy for 
avoidance behaviour 
threshold: 
176 dB re 1µPa2s  
(Kastelein et al., 2012b; 
Kastak et al., 2005) 

Ringed seal − Individuals should not be exposed 
to noise levels high enough to 
induce permanent hearing loss.  

− In areas where ringed seals have 
been found to occur regularly, 
noise that could continuously elicit 
startle responses should be 
restricted. 

− Phocid seal (harbour seal) 
temporary hearing loss 
threshold as proxy for 
avoidance behaviour 
threshold: 
176 dB re 1µPa2s 
(Kastelein et al., 2012b; 
Kastak et al., 2005) 

Grey seal − Individuals should not be exposed 
to noise levels high enough to 
induce permanent hearing loss.  

− In the moulting season, noise that 
could continuously elicit startle 
responses should be restricted 
(June).   

− Phocid seal (harbour seal) 
temporary hearing loss 
threshold as proxy for 
avoidance behaviour 
threshold: 
176 dB re 1µPa2s  
(Kastelein et al., 2012b; 
Kastak et al., 2005) 
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Cod − Noise levels high enough to induce 
significant tissue damage should 
be avoided in spawning and 
recruitment areas. 

− Single strike sound pressure 
levels:  
206 dB re 1 µPa,  

− Cumulative sound pressure 
level: 
183 dB re 1 µPa2s  
(in spawning and 
recruitment areas)  
187 dB re 1µPa2s  
(outside  recruitment areas)  
(Halvorsen et al., 2011).   

Sprat − Noise levels high enough to induce 
significant tissue damage should 
be avoided in spawning and 
recruitment areas. 

− Single strike sound pressure 
levels:  
206 dB re 1 µPa,  

− Cumulative sound pressure 
level: 
183 dB re 1 µPa2s  
(in spawning and 
recruitment areas)  
187 dB re 1µPa2s  
(outside of recruitment 
areas)  
(Halvorsen et al., 2011). 

Herring − Noise levels high enough to induce 
significant tissue damage should 
be avoided in spawning and 
recruitment areas. 

− Single strike sound pressure 
levels:  
206 dB re 1 µPa,  

− Cumulative sound pressure 
level: 
183 dB re 1 µPa2s  
(in spawning and 
recruitment areas)  
187 dB re 1µPa2s  
(outside of recruitment 
areas)  
(Halvorsen et al., 2011). 

 

For continuous noise one of the main concerns is masking of signals of importance for a species by increasing 
background noise levels, comprised of both ambient and anthropogenic noise. Møhl (1981) introduced the 
term range reduction factor, which was further elaborated on by Richardson et al. (1983) to address the issue 
of masking. 

Using the ratio between the sound source level of the signal of interest for a species (e.g. mating calls of male 
harbour seals), and the background noise level in the frequencies of interest, as well as the acoustic 
transmission loss, and the particular properties of the reciever (e.g. directional hearing and critical ratios in 
harbour porpoises), the effective detection range can be estimated. A decrease in signal to noise ratio, 
between reference and current levels corresponds to a reduction in the effective detection/communication 
range.  

Defining a maximum acceptable communication/detection range reduction consistent with GES in this way 
will likely be a simplified approach, as there are several  parameters subjected to different kinds of variation. 
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Variations in signal source level are introduced as animals can increase signal output  when communicating 
to compensate for increased noise levels (Holt et al., 2009, Parks et al. 2010), at least up to a certain point 
(the Lombard effect). Variation in the time/frequency structure of the noise can result in a release from 
masking known as comodulation masking release, which has been demonstrated in the bottlenose dolphin 
(Branstetter and Finneran, 2008) and goldfish (Fay, 2011). Directional hearing can also result in a spacial 
release from masking which has been demonstrated in sea lions (Holt and Schusterman, 2007). Complex 
communication signals may ease detection by the receiving animal (Cunningham et al., 2014). However, mere 
detection may not be enough for succesful communication, and an excess of signal of some dB above the 
detection threhold may be needed (Erbe et al., 2016)  

As more information becomes available, the maximum acceptable communication/detection range 
reduction level consistent with GES will likely need to be revisited to encompas new species specific 
information. 

Table 5 Draft principles for defining levels of continuous underwater noise consistent with GES for noise-sensitive species 

Species Principles  
Harbour porpoise  
(Western Baltic 
subpopulation) 

− Establishing maximum communication/detection range reduction target 
(e.g. max 25% reduction in range) in calving and nursing grounds during 
the months where the calves are born and are predominantly dependent 
on nursing for survival.  

Harbour porpoise 
(Baltic Proper 
subpopulation) 

− Establishing maximum communication/detection range reduction target 
in areas and periods of relatively high animal density during the months 
where calves are likely born and are predominantly dependent on 
nursing for survival. 

Harbour seal 
(Western Baltic and 
Kalmarsund sub-
population) 

− Establishing maximum communication/detection range reduction target 
(e.g. max 25% reduction in range) in areas important for mating, during 
mating season. 

Ringed seal − Establishing maximum communication/detection range reduction target 
(e.g. max 25% reduction in range) during mating season. 

Grey seal − Establishing maximum communication/detection range reduction target 
(e.g. max 25% reduction in range) during mating season in birthing areas. 

Cod − Establishing maximum communication/detection range reduction target 
(e.g. max 25% reduction in range) in spawning areas during the spawning 
season. 

 

At this stage defining principles for GES for herring and sprat in relation to continuous noise, is not meaningful 
due to a lack of knowledge of biologically relevant sounds and how they are used by these species. 
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Decision tree to identify the need for environmental targets for noise 

A proposal for a decision tree for identifying areas where it is relevant to define environmental targets based 
on a risk based approach also if the environmental status and impacts are not fully known is shown in Figure 
3. The risk based approach involves first to identity areas where there is a current (or important historical) 
presence of species identified as noise sensitive. Second, the emergence of anthropogenic noise from natural 
background noise levels is considered. If the anthropogenic noise is above the naturally occurring background 
noise levels in an area important for a noise sensitive species, this pressure can be reduced by setting an 
environmental target.     

It is recommended to use this scheme for activities known to cause significant pressures on the environment 
such as pile driving. 
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Figure 3 Decision tree for setting environmental targets in a risk based approach.*For further information see e.g. HELCOM (2013).
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