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Continuous exploitation of the North Sea results in anthropogenic underwater radiated noise (URN) from 

human activities like shipping, offshore windfarms and recreational boating. Without effective mitigation 

measures, increased levels of URN risk adverse impacts on marine life. The Interreg North Sea project 

DEMASK aims to provide new knowledge and information that enable science-based evaluation and 

decisions of different noise management strategies to reduce URN risks and keep the North Sea healthy. 

Defining indicator species and setting scientifically grounded, regional underwater noise limit values are 

crucial for URN risk assessment. Hitherto, URN risk assessments have primarily focused on marine 

mammals, while impacts on fishes and invertebrates have largely been overlooked, despite their great 

ecological and commercial importance. Instead of focusing on individual species, DEMASK adopts a 

multi-taxa perspective, for assessment of URN impacts at ecosystem level. For this, a trait-based 

vulnerability scoring system was designed for marine mammals, fishes and invertebrates, to support the 

selection of indicator species in the North Sea. The scoring system evaluates a range of attributes related to 

species' capacity to detect and produce sound and documented impacts of impulsive and continuous 

anthropogenic noise. In addition, it highlights species of particular concern and socio-ecological 

significance. Through this scoring system, five indicator species from each of the three taxonomic groups 

(marine mammals, fishes and invertebrates) were identified. The system serves as an adaptive framework, 

with the possibility of refinement as the knowledge on the impacts of URN progresses, and is transferable 

to other regions. This multi-taxa perspective facilitates a more holistic, ecosystem-based risk assessment 

and management of URN, by linking URN exposure levels estimated for different policy scenarios to trait-

based vulnerability and crucial habitats of identified indicator species.  

mailto:anna-sara.krang@ivl.se
mailto:arienne.calonge@vliz.be
mailto:elisabeth.debusschere@vliz.be
mailto:helena.eicher@tiho-hannover.de
mailto:helena.eicher@tiho-hannover.de
mailto:joseph.schnitzler@tiho-hannover.de
mailto:karen.de.jong@rws.nl
mailto:kate.mcqueen@hi.no
mailto:michael.ainslie@jasco.com
mailto:m.denheld@noordzee.nl
mailto:brumes@naturalsciences.be


   

 

 

1 Introduction 

The marine soundscape is rapidly changing. The North Sea has been identified as one of the busiest shipping areas in the 

world [1, 2], with commercial shipping being a major source of anthropogenic low-frequency underwater radiated noise 

(URN) [3]. In addition, numerous recreational boats operate in coastal, sensitive areas with high biodiversity and 

ecosystem services, and a large expansion of offshore wind farms is also foreseen in the region [4], with resulting 

construction work and operational vessel activities for maintenance and service. Human activities associated with the 

continuous exploitation of the North Sea contribute to URN that poses significant environmental pressures to the marine 

ecosystems. URN is a newly recognized pollutant and is typically categorized into impulsive noise (e.g. explosions, 

seismic surveys, pile driving) and continuous noise (e.g. vessel traffic, drilling, operation of turbines). Both types of noise 

overlap with the hearing ranges of a variety of marine organisms and can disrupt a range of critical biological processes 

[5-9]. A substantial body of research has demonstrated that elevated URN levels can induce stress responses and hearing 

impairment, affect communication and different behaviours such as navigation, foraging, reproduction and predator 

avoidance in a wide range of marine species, including marine mammals, fishes and invertebrates [5, 7-11]. These findings 

highlight the broad ecological relevance of impacts associated with URN across taxa and trophic levels.  

It is clear that effective measures are needed to mitigate the risk of adverse impacts of increased URN levels on marine 

life. The European Union’s Marine Strategy Framework Directive (MSFD) Descriptor 11 requires member states to 

manage noise pollution and its impacts on marine life to achieve or maintain Good Environmental Status (GES). Regional 

initiatives, including those under OSPAR in the North Sea and under HELCOM in the Baltic Sea, introduce action plans 

for URN management. The Interreg North Sea project DEMASK (Development and evaluation of noise management 

strategies to keep the North Sea healthy; https://www.interregnorthsea.eu/demask) aims to provide new knowledge and 

information that enable stakeholders to take science-based measures and evaluate different noise management strategies 

to reduce risks associated with URN in the North Sea. The DEMASK project runs from 2024 to 2026 and brings together 

policy makers, research institutes, NGOs and the maritime industry from countries around the North Sea. DEMASK 

develops an approach for defining policy scenarios for URN management and a method to quantify the effectiveness of 

those scenarios to mitigate noise pollution and its effects on the marine environment. 

To support implementation of the MSFD Descriptor 11, the Technical Group on Underwater Noise (TG Noise) developed 

a framework for evaluation of URN impacts [12]. Defining indicator species for each marine reporting unit (e.g. the North 

Sea) and setting scientifically grounded, regional underwater noise limit values above which management actions are 

necessary, are crucial for this work. Hitherto however, URN impact assessments have primarily focused on marine 

mammals, while impacts on important taxa like marine invertebrates and pelagic fish have largely been overlooked, 

despite their great ecological and commercial importance. Thus, for a more comprehensive evaluation of the effects of 

URN, an ecosystem-oriented approach is needed, considering impacts on multiple species across different animal taxa.  

Instead of focusing on a few individual species, the DEMASK project adopts a multi-taxa perspective for assessment of 

URN impacts at ecosystem level. With the aim to identify potential indicator species in the North Sea for risk assessment, 

species which are considered the most vulnerable to URN based on available evidence, a trait-based vulnerability scoring 

system for marine mammals, fishes and invertebrates was developed and applied as part of the project [13]. The trait-

based approach integrates life-history, physiological and demographic factors for biologically relevant evaluation of 

relative vulnerability among species [14]. The scoring system aims to capture the complexity of noise vulnerability, 

influenced by hearing sensitivity and exposure impacts as well as individual and population aggravating factors [11, 13]. 

The system serves as a framework for selection of suitable indicator species for URN impact assessment, and additionally, 

it highlights species potentially vulnerable to URN, but where lack of data currently hinders the assessment.   

2 Methods 

2.1 The trait-based vulnerability scoring system 

A trait-based vulnerability scoring system was designed for marine mammals, fishes and invertebrates, to support the 

selection of indicator species in the North Sea [13]. Each scoring system evaluates species based on multiple attributes 

related to species' capacity to detect and produce sound, documented impacts of anthropogenic noise and also highlights 

https://www.interregnorthsea.eu/demask


   

 

species of particular concern and socio-ecological significance. Each attribute was scored from low to high vulnerability 

(1 to 3), with an additional data quality score to account for the reliability of the data used to assess each attribute, or a 

score of 0 for both vulnerability and data quality when no information was available. Attributes were tailored for each 

taxon, using similar but not identical attributes for the different animal groups. For invertebrates, for example, the 

vulnerability of each species to URN was assessed by integrating three attribute categories (Figure 1): 

● Noise sensitivity based on hearing ability and sound production, evaluated by determining the overlap 

between the species’ hearing or vocalization frequency range and the frequency range of anthropogenic 

underwater noise. 

● Noise vulnerability based on documented impacts of both impulsive and continuous underwater noise, 

including masking of acoustic cues, behavioural changes, physiological stress responses, hearing impairment, 

and mortality [11]. Since the severity and long-term consequences of the impact on populations are difficult to 

quantify, no severity scale was applied in this category and species exhibiting non-negative responses to noise 

exposure (e.g. absence of reaction), were assigned a low vulnerability score, while species with reported negative 

responses received a high score. 

● The socio-ecological status emphasises species in special need of protection, taking into account whether the 

species is functioning as a keystone species (e.g. dominant food sources or important predators) or as an 

ecosystem engineer (that modulates resource availability to other species), its extinction risk status according to 

the IUCN Red List of Threatened Species or major population declines indicated from the literature, as well as 

its commercial value in the North Sea, which can exert additional anthropogenic pressure on populations. 

To estimate the species’ general susceptibility to stress from noise pollution and other environmental stressors, the 

invertebrates were further scored for a set of basic life-history traits related to: 

● Productivity, considering generation time, size at maturity, fecundity, longevity, maximal length and 

reproductive strategy; traits which in combination describe the timing and magnitude of the species’ 

reproduction, growth and survival. 

● Mobility, considering both mobility of adults and the larval dispersal capacity, to estimate the species’ possibility 

to escape unfavourable, noisy environments.  

Combined, these life-history traits were used to estimate species’ resilience to anthropogenic stressors such as noise 

pollution. For example, a species with delayed reproduction, low fecundity, long life-span and low mobility is expected 

to have a lower resilience to stress induced by environmental stressors [15-17]. 

  

 
Figure 1: The trait-based vulnerability scoring system for marine invertebrates. 

 

 



   

 

2.2 Assessment procedure 

Eight marine mammal species were selected for the noise vulnerability scoring analysis, based on their importance and 

abundance in the North Sea ecosystem: the harbour porpoise (Phocoena phocoena), common minke whale (Balaenoptera 

a. acutorostrata), bottlenose dolphin (Tursiops truncatus), white-beaked dolphin (Lagenorhynchus albirostris), killer 

whale (Orcinus orca), Atlantic white-sided dolphin (Lagenorhynchus acutus), Atlantic harbour seal (Phoca vitulina 

vitulina) and Atlantic grey seal (Halichoerus grypus). Given the region's biodiversity, applying the same approach to 

fishes and invertebrates was impractical. Instead, a literature review identified fish and invertebrate species from the 

North Sea region for which data were available on at least one attribute related to hearing ability, sound production or 

documented noise impacts, selected to be included in the analysis; i.e. 55 fish species and 20 invertebrate species (3 

cephalopods, 10 crustaceans, 4 bivalves, 1 Ascidia, 1 Annelida, 1 Echinodermata). For each selected species, an extensive 

literature review was undertaken to gather information on noise sensitivity, exposure to and impacts caused by underwater 

noise as well as their socio-ecological status and general life history, habitat use or other relevant traits. 

To fill the gaps in the literature of species’ sensitivity and vulnerability to URN, an online expert consultation survey was 

conducted, where selected experts in the field of bioacoustics were invited to score species of their expertise. In addition, 

a workshop was held with experts gathered during the BioAcoustics Day in Wageningen, the Netherlands, in November 

2024, for input on the scoring method and preliminary results. In addition, Principal Components Analysis (PCA) and 

correlation analysis were used to explore relationships between vulnerability attributes and data quality scores, and to 

relate noise vulnerability to specific life-history traits.  

3 Results 

By comparing the relative risks across species, five indicator species from each of the three taxonomic groups (marine 

mammals, fishes and invertebrates) were identified [13] (Table 1).  

 
Table 1: Selected potential indicator species for the assessment of underwater noise in the North Sea. 

 

Potential URN indicator species for the North Sea 

Marine mammals Fish Invertebrates 

Harbour porpoise (Phocoena 

phocoena) 

Atlantic cod (Gadus morhua) Common cuttlefish (Sepia 

officinalis) 

White-beaked dolphin 

(Lagenorhynchus albirostris) 

Haddock (Melanogrammus 

aeglefinus) 

European lobster (Homarus 

gammarus) 

Common minke whale 

(Balaenoptera acutorostrata) 

Atlantic herring (Clupea harengus) Norway lobster (Nephrops 

norvegicus) 

Atlantic harbour seal (Phoca vitulina 

vitulina) 

Ling (Molva molva) Blue mussel (Mytilus edulis) 

Atlantic grey seal (Halichoerus 

grypus) 

European seabass (Dicentrarchus 

labrax) 

Great scallop (Pecten maximus) 

 

For marine mammals, indicator species were selected based on the highest vulnerability and data quality scores within 

each functional hearing group. Chosen indicator species include the harbour porpoise (very high-frequency cetaceans), 

white-beaked dolphin (high-frequency cetaceans) and common minke whale (low-frequency cetaceans). Both Atlantic 

harbour seal and Atlantic grey seal were included for phocid pinnipeds due to similar scores. The common minke whale 

had the highest vulnerability score, driven by small population size, specific habitat needs and long generation time, 

whereas the harbour porpoise was rated the least vulnerable indicator species despite high auditory sensitivity, due to its 

large population size and shorter generation time [13]. 

Among the 55 North Sea fish species assessed, those within the 90th percentile for both vulnerability and data quality 

scores were identified as potential indicator species (Table 1). Cod, haddock, and herring showed the highest vulnerability 

scores driven by noise sensitivity, behavioural connotations of their sound production, ecological importance and 

commercial value [13]. Cod and herring are considered particularly vulnerable due to specialized hearing adaptations, 



   

 

while haddock vulnerability is linked to behavioural responses to noise. Despite high vulnerability scores, European eel 

(Anguilla anguilla) and European sturgeon (Acipenser sturio) were excluded due to low data quality, particularly with 

regards to impacts of URN, whereas Atlantic salmon (Salmo salar), sand goby (Pomatoschistus minutus) and plaice 

(Pleuronectes platessa) had high data quality scores but were not chosen as indicator species due to lower vulnerability 

scores [13].  

Among the 20 North Sea invertebrate species assessed, the five species that scored highly across noise vulnerability, data 

quality and general susceptibility were identified as potential indicator species (Table 1). High scores for noise 

vulnerability and data quality identify most vulnerable species based on current knowledge and data availability, while a 

high score for general susceptibility indicates low resilience to stressors based on intrinsic life-history traits. The two 

lobster species and blue mussel had the highest noise vulnerability scores, linked to hearing sensitivity, a wide range of 

documented noise impacts and ecological and commercial importance, e.g. sound masking documented in European 

lobster, and blue mussel and Norway lobster being ecosystem engineers [11, 13]. Among the few pelagic invertebrate 

species assessed, the copepod Acartia tonsa scored highest and may thus be included as an indicator species, although it 

received only medium scores for all three scoring categories. Data limitations restricted assessment for several species; 

for example, flat oyster (Ostrea edulis) showed high noise vulnerability and general susceptibility but low data quality, 

while edible crab (Cancer pagurus) and lugworm (Arenicola marina) were identified as susceptible based on life-history 

traits, but lacked sufficient data for noise vulnerability assessment. Conversely, common hermit crab (Pagurus 

bernhardus) had good data availability but only received moderate noise vulnerability and susceptibility scores and was 

therefore not prioritised. The PCA showed noise vulnerability in the invertebrates to foremost correlate with larval 

dispersal ability and with high age and large size at maturity, but also with longevity and maximum length, while 

fecundity, reproductive strategy and adult mobility did not appear to be correlated [13].  

For all three taxonomic groups, a high positive correlation was found between noise vulnerability and data quality scores, 

leading to the conclusion that species with comprehensive data coverage also tend to receive high vulnerability scores.  

4 Discussion 

The trait-based vulnerability scoring system developed as part of the DEMASK project provides a valuable framework 

for identifying indicator species vulnerable to URN for environmental risk assessment [13]. The framework highlights 

the importance of a more holistic consideration beyond hearing sensitivity when assessing species’ vulnerability to URN, 

integrating documented noise impacts, a broad range of biological traits and species’ socio-ecological significance. In 

this context, vulnerability reflects a relative measure indicating how strongly a species or taxonomic group is projected 

to be negatively affected by a given exposure, compared to other species. Rather than focusing on individual species in 

isolation, a multi-taxa perspective is adopted, for assessment of URN impacts at the ecosystem level. The study 

emphasises the need to include hitherto largely overlooked taxonomic groups like invertebrates to achieve a more 

comprehensive understanding of ecosystem impacts. By considering vulnerability across indicator species from different 

taxonomic groups, habitats and trophic levels, DEMASK supports a more holistic, evidence-, risk-, and ecosystem-based 

approach for effective, ecologically relevant risk assessment and management of URN pollution under the MSFD 

Descriptor 11, marine spatial planning and OSPAR regional action plans.  

The scoring system is limited by significant knowledge gaps, particularly for fish and invertebrates. Although only a 

fraction of all possible species vulnerable to URN in the North Sea could be included in the analysis, several species could 

not be fairly assessed due to limited data, particularly on hearing mechanisms, sound production and noise impacts, 

emphasising the need for further research to address these data gaps and improve the noise vulnerability assessments. 

Despite data gaps, establishment of regional underwater noise limit values to protect vulnerable species and habitats is 

urgently needed and should not be delayed. Defining most vulnerable indicator species and their habitats are fundamental 

steps in this process, as part of the TG Noise impact assessment framework [12]. Moreover, the vulnerability scoring 

system serves as an adaptive framework, allowing iterative refinement as the knowledge on bioacoustics and the impacts 

of URN progresses, also transferable to other regions. 

DEMASK is currently defining policy scenarios for URN management, such as vessel speed reductions and spatial and 

temporal measures. By linking URN exposure levels estimated for those policy scenarios with trait-based vulnerability, 

spatial distribution and crucial habitats across a range of indicator species, it is possible to assess biological vulnerability 

and environmental risks across species and taxa when evaluating the effectiveness of different noise management 

strategies. This provides a transparent, ecosystem-oriented approach that supports policy makers in taking ecologically 

relevant and science-based decisions when applying the TG Noise framework, contributing to the long-term goal of 

achieving and maintaining GES in European seas. 
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