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1 EXECUTIVE SUMARY  

 

In this study, the background marine noise levels of the Portuguese coast were measured and 

determined at two different sites of economic, marine biodiversity and conservation importance: the 

coastal area around Aveiro and the outer zone near the Ria Formosa. The measurements of noise levels 

were carried out with a monitoring program based on acoustic snapshots and during different seasons, 

winter/autumn, and spring/summer. Two different underwater noise measurement systems were 

employed: a bottom mounted system (consisting of 3 PAM stations) and a surface-based system.  

A total of 199 acoustic recordings of background noise were collected during the snapshots. The 

ambient noise levels of the acoustic recordings were obtained through the broadband sound pressure 

levels (SPL), the power spectral density (PSD) and the sound levels in the two third-octave bands (TOL) 

recommended by the Marine Strategy Framework Directive (MSFD) for underwater noise monitoring: 

63 Hz and 125 Hz.  

The background noise levels varied among the two sampling sites, seasons, PAM stations and acoustic 

measurement systems. Although different types of noise sources, both of natural (physical and 

biological) and of anthropogenic origin, characterized the acoustic soundscape of the two sampling 

sites, the dominant sounds were from human-generated sources.  

 

       SUMÁRIO EXECUTIVO 

 

Neste estudo foram medidos e determinados os níveis de ruído ambiente na costa portuguesa em dois 

locais diferentes de importância a nível económico, da biodiversidade marinha e da conservação: na 

zona costeira de Aveiro e ao redor da Ria Formosa. As medições dos níveis de ruído foram efetuadas 

através de um programa de monitorização baseado em snapshots acústicos e durante diferentes 

estações do ano, no Inverno/Outono e na Primavera/Verão. Foram utilizados dois sistemas diferentes 

de medição do ruído subaquático: um sistema fixado ao fundo (constituído por 3 estações PAM) e um 

sistema com base na superfície.  

Um total de 199 gravações acústicas de ruído ambiente foram recolhidas durante os snapshots. Os 

níveis de ruído das gravações acústicas foram obtidos através dos níveis de pressão sonora (SPL), da 

densidade espectral de potência (PSD) e dos níveis sonoros nas duas bandas de terceira oitava (TOL) 

recomendadas pela Diretiva-Quadro Estratégia Marinha (DQEM) para a monitorização do ruído 

submarino: 63 Hz e 125 Hz.  

Os níveis de ruído ambiente variaram entre os dois locais de amostragem, de acordo com as estações 

do ano, entre as estações PAM e entre os dois sistemas de medição acústica. Embora diferentes tipos 

de fontes de ruído, tanto de origem natural (física e biológica) como antropogénica, tenham 

caracterizado a paisagem acústica dos dois locais, os sons dominantes provieram de fontes de origem 

humana.  
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2 INTRODUCTION 

 

Underwater noise has increasingly become a concern for environmental and scientific organizations 

due to the growing pressure from anthropogenic activities in the ocean, including resource 

exploration, extraction operations, commercial and military use of sonar, maritime traffic, and leisure 

boating (Brooker & Humphrey, 2016; Soares et al., 2019). Different studies have shown that 

underwater noise pollution can have a significant impact on marine organisms across taxa (Halliday et 

al., 2017; Soares et al., 2019; Duarte et al., 2021). Although distinct sources contribute to background 

noise levels in the ocean, shipping is considered the most globally significant noise contributor, since 

the dominant noise source of lower frequencies (between 20 to 200 Hz) is usually from engines and 

propellers of merchant ships which propagates very efficiently in the marine environment (Hildebrand, 

2009). In fact, recent studies indicate an increase in noise levels from shipping (McDonald et al., 2006; 

Hatch et al., 2008; McDonald et al., 2008; McKenna et al., 2012). In addition, several other sources can 

potentially intensify loud sounds in the marine environment, namely, seismic air guns used in seismic 

exploration, sonars, pile driving, and power-generating wind turbines in shallow waters (Popper et al., 

2003; Soares et al., 2019). 

Underwater sound is a major habitat feature for sea organisms, especially for those that depend on 

sound for navigation, communication, and detection of prey, predators, and conspecifics (Halliday et 

al., 2017). Short- or long-term anthropogenic noise exposure can cause different effects in these 

animals, for example, physiological stress, auditory masking, behavioral changes, and temporary or 

permanent hearing loss in marine mammals and fish (McCauley, Fewtrell & Popper, 2003; Popper et 

al., 2003; Nowacek et al., 2007; Jensen et al., 2009; Rolland et al., 2012). Anthropogenic noise sources 

can drive animals out of critical habitat areas or even lead to changes in the efficiency of their hearing 

response or the emissions of their vocalizations (McDonald et al., 2008; Soares et al., 2019). Monitoring 

underwater noise in different ocean environments can provide information about changes in noise 

levels over time, as well as a baseline for changes in the future. Therefore, it is important to document 

shifts in ocean noise to understand the current status of the sea environment and to help with the 

conservation of marine species (McDonald et al., 2008). 

In Portugal there are increasingly more human activities at sea, such as industry, shipping, fishing, 

tourism and recreation activities (Soares et al., 2019). However, there is no systematic monitoring of 

underwater noise in Portuguese waters. Thus, the jUMP project, aimed to represent a stepping-stone 

for monitoring underwater noise in Portugal. The main goals of this project include developing 

catalogues with background information, the systematic assessment of underwater noise levels, 

implementing sound propagation models and promoting the discussion of underwater noise 

monitoring in Portugal.  
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In order to contribute to the sustainable management of background noise, a monitoring program 

based on acoustic snapshots was carried out along the Portuguese coast at two different sites and 

seasons: the coastal area of Aveiro and the outer zone of Ria Formosa during winter/autumn and 

spring/summer. The selection of these sites was based on their proximity to relevant ports, 

geographical remoteness and importance for marine biodiversity and conservation. Both areas 

support several anthropogenic activities such as shipping, aquaculture, fishing activities, salt 

production, sediment mining and shellfish harvesting (Dias, Lopes & Dekeyser, 1999; Soares et al., 

2019). Therefore, they are of great economic value at a regional and national level. Additionally, these 

two sites support a great diversity and density of marine organisms such as different species of 

invertebrates, fish, seabirds, and cetaceans (Gomes, 2015; Soares et al., 2019). 

The majority of these human activities are sustained through local boat traffic, which consists of 

passenger, fishing and recreational vessels, sailboats running on motors, as well as smaller boats with 

on-board or outboard engines (Soares et al., 2019). Hence, boat traffic can be quite intense in these 

two areas throughout some seasons of the year, raising concerns on the impacts of underwater noise 

on marine fauna. Small vessels with on-board or outboard engines radiate most acoustical energy in 

the frequency range of 0.1 to 5 kHz and can reach source levels near 200 dB re 1 μ Pa (Hildebrand, 

2009; Halliday et al., 2017). These levels can mask significant acoustic signals and disturb the behaviour 

of several fish and cetacean species (Halliday et al., 2017; Soares et al., 2019).  
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3 MATERIALS AND METHODS   

 

3.1 STUDY AREA 

 

Measurements of background noise levels were conducted on the Atlantic northwest and south coast 

of Portugal around the Nature Reserve of Dunas de São Jacinto, located in Aveiro, and near the Armona 

Island, situated in Algarve, Ria Formosa (Figure 1). The Natural Reserve of Dunas de São Jacinto is an 

area inserted in Ria de Aveiro, a coastal lagoon intended for the protection of biodiversity as well as 

natural habitats (Dias, Lopes & Dekeyser, 1999). Ria Formosa is a coastal mesotidal lagoon that 

supports a great variety and abundance of fish species, particularly juvenile populations of 

commercially important species. This lagoon has an extension of 18,400 hectares and covers 60 km 

with six islands, including Armona Island (Soares et al., 2019). Besides the Ria Formosa being one of 

the two multiple inlet systems of European coasts, it was also considered in 1987 as a natural park.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 1. - Study area with the respective bathymetric lines (between 10 and 50 m). Top panel - Aveiro, Bottom panel – Algarve.  
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3.2 DATA COLLECTION  

 

 

To monitor underwater noise, a total of 4 snapshots (two in Aveiro and another two in Algarve) were 

carried out between March 16th and September 29th, 2021. Two different noise measurement 

methods were employed: a bottom mounted system consisting of three Passive Acoustic Monitoring 

(PAM) stations and a surface-based system. In addition, underwater signal emissions at different 

distances from the PAM stations, as well as salinity and temperature profiles were performed.  

For all measurements, GPS positions were registered using a portable GPS (Garmin Foretrex 301). 

Positions were taken at the deployment and retrieval of PAM stations; at the salinity and temperature 

profile sites; and at the signal emissions and in acoustic measurements made with the surface-based 

system. An anemometer device (HoldPeak® HP-866B-APP) was used to measure wind speed.  

 

3.2.1 EQUIPMENT 

 

Each PAM station consisted of a single acoustic ST-300 HF SoundTrap (Ocean Instruments, Auckland, 

New Zealand) autonomous recorder attached to the seabed by ballasts and a sub-surface buoy 

connected to an anchored surface buoy (Figure 2). The ST300-HF are self-contained digital sound 

recorders with a sensitivity of -203 ± 3 dB re V/μPa, a frequency range of 20 Hz-150 kHz and low self-

noise level (30 dB re 1 μPa/Hz). 

Data were sampled at 192 kHz and 16-bit recording continuously in 5min segments every hour for the 

experimental snapshot and every 10 min for the following snapshots. Underwater noise data was 

recorded by the system during the deployment period, and after its recovery, data was downloaded in 

wav format for storage and processing.  
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Ambient noise measurements were also carried out using a surface-based system deployed from a 

drifting platform (a vessel). A factory-calibrated Cetacean Research Technology hydrophone (model 

C55) recording system was used, with effective sensitivity of −165 dB re 1 V/μPa, frequency response 

of ±3/20 dB in the 0.006-203 Hz band and in the 0.009–100 kHz band. This acoustic sensor was 

connected by a 10 m cable to a digital recorder (Fostex FR-2).  

 

Recordings with the surface-based system were made with 90s duration and with a sampling rate of 

192 kHz and 24-bit resolution. All digital recordings were stored on Compact Flash memory cards as 

time-stamped wav files for subsequent signal analysis.  

 

The underwater signal emissions were played back with an underwater speaker (LL-1424HP, Lubell 

Labs, Columbus, US) from a laptop. This device has a frequency response of 200 Hz-21 kHz, and a 

nominal impedance of 8 ohms. Playback sound file consisted in 30 seconds pulses of different 

frequency signals (63 Hz, 125 Hz, 250 Hz, 500 Hz, 2000 Hz and 10000 Hz), with a total duration of 

approximately 6 minutes. All sound samples were created in the software Audacity.  

Salinity and water temperature profiles were measured throughout the day in several moments with 

a multiparameter probe: CTD 48 (Conductivity, Temperature and Depth) that reaches up to 2000 m 

depth and has Standard sensors (Sea & Sun Technology GmbH, Germany).  

 

 

 

 

Figure 2. - Configuration of each PAM station. 
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3.2.2 EXPERIMENTAL SNAPSHOT  

 

The three PAM stations were deployed at different depths (20, 30 and 50 m) in the coastal area off 

Aveiro during winter, on March 16th (Figure 3). Each system was attached to the seabed by anchors 

and ballasts, according to the water column depth: the systems deployed at 20- and 30-m depth, had 

15/16 kg ballasts while the system at 50 m depth had a 20 kg ballast. In addition, 3 kg anchors were 

used in all systems.  

Underwater signal emissions were conducted at different sites according to the distance from the 

hydrophone located at 50 m depth (1, 3, and 5 km, Figure 3). Additionally, another playback broadcast 

was made at approximately the same distance from all PAM stations (± 7 km, Figure 3). Acoustic 

measurements of background noise with the surface-based system were made at the same locations 

as underwater signal emissions (Figure 3).  

The CTD profiles were carried out at several locations: at the deployment of each PAM station; before 

the signals' emissions; and at the end of the day, before hydrophone recovery.  

Since the field conditions at the selected sites for the emissions did not allow for good visibility in the 

hydrophones area, the planned monitoring every 5 minutes did not occur. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. - Deployment of the three PAM stations (H1, H2 and H3) and the respective underwater signal emissions at 
different sites (circles: Red - 1 km; Green - 3 km; Yellow - 5 km and Orange - ± 7 km). Positions of the acoustic 
measurements obtained with the surface-based system (white triangles) (SNIG, 2010).  
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3.2.3 SNAPSHOTS 

 

Following the experimental snapshot, further data collection was carried out in Aveiro in summer 

(Figure 4), on July 2nd, and at the Algarve coast in spring (Figure 5) and autumn (Figure 6), on May 14th 

and September 29th, 2021. For these snapshots the distance between the hydrophones and the 

underwater signal emissions was reduced to minimize the travel time and allow the observation of the 

PAM stations area.  

 

Therefore, the PAM stations were deployed at a depth of ± 20 meters (H1) and at 250 m from this 

point (H2 and H3). The hydrophones H2 and H3 were deployed at ± 30 m and 40 m depths in Algarve 

(Figure 5 and 6), while in Aveiro they were installed at ± 23 m and 25 m depths (Figure 4). The systems 

were attached to the seabed by anchors and ballasts, according to the depth of the water column. The 

hydrophones position in relation to the seabed also varied according to the sampling sites: all 

hydrophones were positioned at 8 m from the seafloor in Aveiro, while in Algarve, only the H1 was 

deployed at the same depth; H2 and H3 were positioned at 10 and 15 m from the sea bottom. 

 

Regarding underwater signal emissions, these were conducted at different sites (at ± 50, 100, 250, and 

500 meters) in relation to the hydrophone deployed at a greater depth (Figures 4, 5 and 6). The 

acoustic measurements using the surface-based system and the CTD profiles were carried out at the 

same locations as mentioned previously. 

 

The areas surrounding PAM stations and the sites where signal emissions took place were monitored 

frequently. Several anthropogenic noise sources and different marine species were recorded in these 

areas.  
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Figures 4, 5 and 6. - Deployment of the three PAM stations (H1, H2 and H3) in Aveiro (top) and in Algarve during spring (left) and autumn (right). Positions of the 
underwater signal emissions (circles: Orange - ± 50 m; Red - ± 100 m; Green - ± 250 m and Yellow - ± 500 m) and the acoustic measurements obtained with the 
surface-based system (triangles) (SNIG, 2010). The dotted line corresponds to a Fisheries Restricted Area.  
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3.3 ACOUSTIC DATA ANALYSIS  

 

The background noise levels of the acoustic recordings collected were obtained through the 

broadband sound pressure levels (SPL), the power spectral density (PSD) and the sound levels in the 

third-octave bands (TOL). The values of these metrics were processed and calculated in RStudio 

software (R Core Team, 2018) by adjusting the code (Hamming window, 8192 points of recording 

length and 50 % overlap, 1 second time window) that was available in a previous study (Merchant et 

al., 2015). The Welch method, which estimates the signal power at different frequencies, was applied 

to process these metrics as in previous studies (Merchant et al., 2012 and 2015). For the metrics 

computation of the recordings obtained by the PAM stations, the recordings conducted at deployment 

and recovery of the systems were discarded (usually the first and last recordings). In the case of 

acoustic measurements carried out with the surface-based system, the recordings where the 

hydrophone was not calibrated were excluded. 

 

The average values of SPL were calculated to determine the variation of the sound level along the 

acoustic recording duration. Regarding TOL sound levels, the average values were also estimated for 

the two third-octave bands recommended by the Marine Strategy Framework Directive (MSFD) for 

underwater noise monitoring: 63 Hz and 125 Hz (Van der Graaf et al., 2012). As for the PSD values, 

they were plotted on Spectral Probability Density (SPD) graphs and calculated for frequencies ranging 

from 10 Hz to 100 kHz. This frequency range covers not only the MSFD frequencies (63 Hz and 125 Hz) 

but also the vocalizations of different marine species such as fish and cetaceans (May-Collado & 

Wartzok, 2008; Romagosa et al., 2017; Soares et al., 2019; Vieira et al., 2021).  

 

The acoustic recordings were also analysed in Raven Pro 64 1.4 program (Cornell Lab of Ornithology, 

Ithaca, NY) to assess whether sounds identified in the recordings were of anthropogenic or natural 

origin. To proceed with this analysis, the recordings were down-sampled from 192 kHz to 8 kHz.  

 

 

4 RESULTS   

 

A total of 199 acoustic recordings of ambient noise were collected during the snapshots (144 with the 

bottom mounted systems and 55 with the surface-based system; Table 1). In the experimental 

snapshot, recordings were only obtained for one hydrophone (H1). These acoustic measurements 

were collected every hour, while the second snapshot obtained recordings in 10-minute samplings.  
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Snapshots Date 
Number of PAM station 
recordings (H1, H2, H3) 

Number of recordings 
with the surface-based 

system 

Experimental - Aveiro 16/03 7 9 

2nd - Algarve 14/05 20; 17; 16 14 

3rd - Aveiro 02/07 16; 15; 13 17 

4th - Algarve 29/09 16; 13; 11 15 

Total - 144 55 

 

 

4.1 AUXILIARY DATA 

 

During acoustic data collection, different marine species were observed in the PAM stations area, such 

as seagulls, northern gannets (Morus bassanus), and short-beaked common dolphins (Delphinus 

delphis). Additionally, several sources of anthropogenic noise were recorded near the hydrophone 

sites, including fishing boats (trawlers), commercial ships, tugboats, and recreational vessels (sailboats, 

vessels with outboard engines and motorboats). In Algarve, aquacultures of tuna, gilthead seabream 

and mussels were also sighted, as well as vessels supplying nourishment to these fish farms. 

Wind speed data was obtained for all the snapshots, at different times of the day, (Table 2). The data 

collected showed that wind was more intense in the first snapshot conducted in Aveiro and during 

winter. On the other hand, the snapshot presenting the lowest wind speed values was the last one, 

carried out in Algarve during the autumn (Table 2).  

 

 

Date Wind Speed (m/s) 

16/03 5.0 (1.3-7.4) 

14/05 3.2 (1.8-4.0) 

02/07 1.1 (0.4-1.8) 

29/09 1.0 (0.4-1.7) 

 

Table 1: Recordings collected with the two different underwater noise measurement methods during all snapshots and at 
different sites 

Table 2: Average wind speed during the snapshots. The numbers in brackets represent minimum 
and maximum values. 
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In addition to wind speed, data obtained from water temperature and salinity profiles showed that 

mean water temperature varied between 13.91°C and 15.74°C (Figure 7) and the average salinity 

ranged from 35.13 PSU to 36.01 PSU (Figure 8). Data from the CTD profiles obtained in the last 

snapshot, carried out in Algarve on September 29th, could not be downloaded.  

Through the CTD profiles it was also possible to calculate the average sound speed values that varied 

between 1504.0 (m/s) and 1510.4 (m/s). The profiles conducted in Aveiro had the lowest mean values 

while those carried out in Algarve showed the highest average values of sound speed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7- Average water temperature values registered in Aveiro during the winter (top left), in the summer (bottom) and 
in Algarve during the spring (top right) according to the site depth.  
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4.2 BACKGROUND NOISE LEVELS  

 

To evaluate and compare the ambient noise levels among snapshots, mean values of the broadband 

sound pressure levels (Figure 9 and Table 3), power spectral density (Figures 10, 11 and 13) and the 

levels in the third-octave bands (Figure 12) were analysed. These analyses were conducted for the 

acoustic recordings obtained with the two different methods: the bottom mounted systems (PAM 

stations) and the surface-based system.  

               4.2.1 PAM STATIONS  

The background noise values determined varied between the sampling sites and according to the PAM 

stations and seasons (Figures 9, 10, 11 and 13). 

Figure 8- Mean salinity values recorded in Aveiro during the winter (top left), in the summer (bottom) and in Algarve 
during the spring (top right), according to the site depth. 
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Figure 9- Average broadband sound pressure levels (SPL) recorded over the snapshots in Aveiro (top) during winter (left) 
and summer (right) and over the snapshots in Algarve (bottom) during autumn (left) and spring (right).  
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For the snapshots carried out in Aveiro, higher average SPL values were obtained in winter (from 114 

to 121 dB re 1µPa) for the hydrophone deployed at a shallower depth (H1). In summer, the hydrophone 

deployed at a greater depth (H3) had the highest mean SPL level (115 dB re 1µPa), while the H1 

obtained the lowest mean SPL value (109 dB re 1µPa). 

In Algarve, the highest noise levels were measured in the autumn (between 111 and 125 dB re 1µPa; 

Figure 9). In this season, the lowest overall SPL values were obtained for H3 (112-122 dB re 1µPa) while 

the highest mean SPL value was recorded for H2 at 12:30 am (125 dB re 1µPa). For the snapshot carried 

out in spring, the hydrophones H2 and H3 had the highest noise levels (from 103 to 115 dB re 1µPa 

and 107 to 120 dB re 1µPa), while the hydrophone deployed at a shallower depth (H1) presented the 

lowest noise levels (between 98 and 105 dB re 1µPa, Figure 9). 

When comparing the average SPL values between the two sampling sites, the Aveiro snapshot during 

summer showed the lowest results. The highest results were obtained in Algarve during autumn and 

this sampling site presented more variability in background noise levels (Figure 9). 

 

As for the PSD values displayed in Spectral Probability Density plots (Figures 10 and 11) the snapshots 

conducted in Aveiro obtained in general higher values at frequencies between 100 to 1000 Hz.  

For the data collected in Aveiro, the snapshot carried out during winter presented higher PSD values 

at the lowest frequencies (between 10 Hz and 100 Hz) in relation to the H1 of the snapshot conducted 

in summer (Figure 10). Differences were also found in the noise levels between the hydrophones 

deployed in the summer. For instance, the H3 had higher noise levels at both the lower frequencies 

(from 10 to 100 Hz) and the higher frequencies (between 10 kHz and 100 kHz) compared to the other 

hydrophones (Figure 10). 

In relation to the data collected in Algarve, the snapshot carried out during spring presented lower PSD 

values at the frequencies between 1000 Hz and 10 kHz in relation to the snapshot conducted in the 

autumn (Figure 11). When comparing the noise levels between the hydrophones, further differences 

were found for the snapshot conducted in the spring. For example, the H2 showed greater noise levels 

at higher frequencies (between 1000 Hz and 100 kHz) compared to the other hydrophones, while the 

H3 presented higher PSD values at lower frequencies (from 10 to 1000 Hz, Figure 11). For the snapshot 

carried out in the autumn, the H3 had greater noise levels at the highest frequencies (between 10 kHz 

and 100 kHz) in comparison to the other hydrophones (Figure 11).  
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Figure 10- Level of spectral probability densities (SPDs), root-mean-square (RMS) and percentiles obtained in the two snapshots 
conducted in Aveiro during winter (top left) and during summer (top right and bottom).  
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H3 

Figure 11- Level of spectral probability densities (SPDs), root-
mean-square (RMS) and percentiles obtained in the two 
snapshots carried out in Algarve during spring (left) and during 
autumn (right).  
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Similarly, TOL values varied according to the hydrophones, seasons, and sampling sites (Figure 12). For 

the snapshots conducted in Aveiro, both 63 Hz TOL and 125 Hz TOL presented higher values in winter 

(85.7 ± 7.2 and 101.1 ± 5.9 dB re 1µPa) than in summer for H1 (82.9 ± 11.3 and 98.0 ± 8.0 dB re 1µPa) 

(Figure 12). During summer, the hydrophone deployed at a greater depth (H3) showed the highest 

values of 63 Hz TOL (95.2 ± 9.7 dB re 1µPa) (Figure 12).  

In Algarve, the highest values of 63 Hz TOL and 125 Hz TOL were obtained in autumn (Figure 12). In 

this season, the hydrophone H1 exhibited the highest values for the 63 Hz TOL (110.3 ± 2.1 dB re 1µPa), 

while in spring higher values were obtained for H2 (95.7 ± 9.6) (Figure 12).  

When comparing the two sampling sites, the Algarve showed in general the highest values of 63 Hz 

TOL (Figure 12). As for the 125 Hz TOL values, Aveiro only presented lower values compared to the 

snapshot conducted in Algarve during autumn (Figure 12).  

 

                 4.2.2 SURFACE-BASED SYSTEM  

 

The background noise levels obtained with the surface-based system varied according to seasons and 

between sampling sites (Table 3 and Figure 12).  

 

In relation to the average, maximum and minimum SPL values, for the snapshots conducted in Aveiro, 

the highest noise levels were obtained during winter (Table 3). Regarding the snapshots carried out in 

Algarve, the maximum and mean SPL levels were similar for both seasons (Table 3).  

When comparing the two sampling sites, the snapshot conducted in Aveiro during winter had the 

highest noise levels while the summer snapshot presented the lowest SPL values (Table 3).  

 
Aveiro Algarve 

SPL (dB re 1µPa) 
Winter  
(16/03)  

Summer  
(02/07) 

Spring 
(14/05) 

Autumn 
(29/09) 

Average 145 128 138 138 

Minimum 140 120 138 136 

Maximum 147 136 139 139 

Table 3: Average, minimum and maximum broadband sound pressure levels (SPL) recorded during all snapshots using 
the surface-based system.   
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Figure 12- Levels in the third-octave bands (TOLs) with centre frequency of 63 and 125 Hz obtained in the two snapshots 
conducted in Aveiro (left) and in the other two snapshots carried out in Algarve (right).  
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Some differences were also found in the PSD values according to both seasons and sampling sites 

(Figure 13). For data collected in Aveiro, the snapshot carried out in winter presented higher noise 

levels at lower frequencies (from 20 to 1000 Hz) than in summer. These results are similar to those 

obtained for the bottom-mounted systems. At 10000 Hz the snapshot conducted in summer showed 

the highest noise level (Figure 13).  

For the snapshots carried out in Algarve, the PSD values were higher in autumn at frequencies between 

1000 and 10000 Hz compared to the spring snapshot (Figure 13), as well as the results obtained for 

the PAM stations.  

When comparing the two sampling sites, the snapshot conducted in Aveiro during winter showed 

higher noise levels at lower frequencies (from 100 to 1000 Hz) in relation to the two snapshots carried 

out in Algarve (Figure 13). At the higher frequencies (from 10000 Hz to 100 kHz) the highest PSD values 

were obtained in the two snapshots conducted in Algarve (Figure 13).  
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Figure 13- Level of spectral probability densities (SPD), root-mean-square (RMS) and percentiles obtained in the snapshots 
conducted in Aveiro (top) during winter (left) and summer (right) and in Algarve (bottom) during spring (left) and autumn (right). 
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5 DISCUSSION   

 

The background noise levels obtained in this study for the two studied sites derived from a range of 

sources such as natural physical origin like the wind, biological origin, and anthropogenic sources 

(Hildebrand, 2009; Peng et al., 2015). Human-generated sounds dominated the soundscape with 

different vessel types and noise sources depending on the seasons and the sampling sites.  

 

           5.1 PAM STATIONS 

The bottom mounted systems showed that noise levels for both sampling sites varied between the 

season, location, and hydrophone.  

Regarding the season, the SPL values obtained indicate that in Aveiro the noise levels were higher in 

the winter for H1, which may be related to the higher wind speed values and the greater number of 

vessels. In fact, previous studies have shown an increase in noise levels due to wind speed (Wenz, 

1962; Soares et al., 2019; Vieira et al., 2021). The noise from vessels can also affect the soundscape by 

increasing significantly and temporarily the background noise levels in that area (Hildebrand, 2009; 

Romagosa et al., 2017). These results agree with the PSD values where higher noise levels were 

obtained in winter for H1 at the lowest frequencies (< 100 Hz), which is typical for large vessels, such 

as cargo ships (Romagosa et al., 2017). In contrast, in the data collected during summer, peaks in the 

99% and 95% percentiles were obtained at the highest frequencies (between 1000 Hz and 100 kHz), 

which indicates the presence of smaller vessels such as high-speed boats, that can increase ambient 

noise levels in the frequency bands from 1000 Hz to 125 kHz (Li et al., 2015). 

An increase in PSD values and the 99% and 95% percentiles at a very high frequency (± 70 kHz) was 

obtained in the H1 snapshot during winter. Sounds of biological origin may have contributed to these 

results, since these values are within the frequency range of the dolphins’ echolocation clicks (Au et 

al., 1974; Au, 1993). Plus, the vocalizations registered in the acoustic recordings are complemented 

with sightings of short-beaked common dolphins during this snapshot.  

For the snapshots carried out in Algarve, the SPL values obtained indicate that noise levels were higher 

in the autumn. This might be correlated to the greater number of boats observed near the 

hydrophones area, compared to the spring snapshot, and the presence of vessels supplying 

nourishment to aquacultures (Hildebrand, 2009; Romagosa et al., 2017). In both the autumn and spring 

snapshots, mainly small vessels and fishing boats (outboard motors, motorboats, and trawlers) were 

sighted, which is in agreement with the PSD values where peaks in the 99% and 95% percentiles were 

obtained in the frequencies between 1000 Hz and 10 kHz (Hildebrand, 2009; Romagosa et al., 2017). 

Smaller vessels with inboard or outboard engines emit sounds in the frequency range from 1000 Hz to 

5 kHz (Hildebrand, 2009; Romagosa et al., 2017; Soares et al., 2019). However, the PSD values at these 

frequencies were, in general, higher in the autumn, which is in accordance with the greater number of 

boats observed in the hydrophones area in this snapshot.  
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The noise levels of the acoustic recordings carried out with the bottom mounted systems also varied 

between hydrophones. In the snapshot carried out at Aveiro during the summer, the PSD values were 

higher for H3 at lower frequencies (between 10 and 100 Hz) which coincide with some frequencies of 

larger vessels. Thus, indicating vessels such as cargo ships and tugboats that were sighted in the area 

passed near this hydrophone (Hildebrand, 2009; Romagosa et al., 2017). Furthermore, higher PSD 

values were obtained in H2 during the spring snapshot in Algarve at frequencies from 10 kHz to 100 

kHz. It is known that smaller boats and dredging produce sounds with frequencies values up to 1000 

Hz. Since these vessels were observed in the area during the snapshot, the results obtained suggest 

these were also present close to the hydrophone H2 (Greene, 1987; Romagosa et al., 2017; McQueen 

et al., 2018).  

When comparing results between the two sampling sites, there were also differences in the noise 

levels. The snapshot conducted in Algarve during autumn obtained higher SPL levels than the two 

snapshots carried out in Aveiro. Although in Algarve the hydrophones were deployed in a fishing 

restricted area, around this zone many different types of noise sources were sighted, such as fishing, 

recreational and commercial boats, dredging activities, aquacultures, and vessels supplying them with 

nourishment. On the other hand, the snapshots carried out in Aveiro presented fewer sources, namely 

commercial and recreational vessels (Bart et al., 2001; Hildebrand, 2009; McQueen et al., 2018). These 

results are supported by the 63 Hz and 125 Hz TOL values, regarded by the MSFD as a measure of 

distant shipping noise, which were higher in Algarve during the autumn (Van der Graaf et al., 2012; 

Romagosa et al., 2017, Vieira et al., 2021).  

 

Regarding the TOL values obtained at the same sampling site for different seasons and hydrophone 

locations, they are also, in general, consistent with the SPL values. For example, in Aveiro during winter, 

higher noise levels were obtained for both 63 Hz TOL and 125 Hz TOL compared to H1 in summer, and 

in Algarve lower values were obtained during spring compared to autumn. For the snapshot conducted 

during the summer in Aveiro, the hydrophone that was deployed at a greater depth (H3) obtained the 

highest values of 63 Hz TOL.  

When comparing the SPL values obtained with the bottom mounted systems with previous studies, 

some differences were observed, for example, in a study conducted by Merchant et al. (2012) in the 

English Channel during the summer, noise levels ranged from 86 to 148.6 dB re 1µPa. In the summer 

snapshot carried out at Aveiro, the highest average SPL value was 115 dB re 1µPa, that is, lower noise 

levels were obtained in this snapshot compared to the English Channel study (Merchant et al., 2012). 

The lower noise levels obtained in this study are due to the English Channel being one of the busiest 

routes worldwide, where about 45,000 vessels transit every year (McQuinn et al., 2011; Merchant et 

al., 2012). 

In another previous study conducted in the Ria Formosa, at Faro-Olhão inlet, during winter and 

summer, the SPL values ranged from 97 to 109.7 dB re 1µPa (Soares et al., 2019). These noise levels 

are lower compared to the ones obtained in the two snapshots carried out in Algarve, where in the 

spring the mean SPL values varied between 98 and 120 dB re 1µPa and in the autumn from 111 to 125 

dB re 1µPa. It should be noted that the Ria Formosa has been a protected area since 1987, with the 
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aim to preserve the lagoon system, protect the migratory species, the flora, fauna, and habitats, and 

promote the natural resources and the land orderly use (Soares et al., 2019). Soares et al. (2019) 

carried out noise measurements inside the Ria Formosa, while in this study they were conducted 

outside this location, which may explain these results.  

 

           5.2 SURFACE-BASED SYSTEM  

In the data collected with the surface-based system, the noise levels showed differences depending 

on the season for the snapshots in Aveiro and between the two sampling sites. The SPL results indicate 

that the highest noise levels were obtained in Aveiro during winter. These results may be related to 

the higher wind intensity, the wave motion, and the noise from the hydrophone cable (Wenz, 1962; 

Cato, 2008; Hildebrand, 2009; Robinson et al., 2014). From the PSD values of the winter snapshot, an 

increase in noise levels due to wind-generated noise is observed at frequencies between 500 Hz and 

1000 Hz, as the peak frequencies of these noises are between 500 Hz and 25 kHz (Hildebrand, 2009). 

The flow noise caused by the hydrophone cable, leads to increased noise levels at lower frequencies 

(less than 100 Hz) that can be found in the winter PSD values from 20 Hz to 100 Hz (Cato, 2008; 

Robinson et al., 2014).  

Conversely, the snapshot conducted in Aveiro during the summer registered the lowest SPL values. 

Although some anthropogenic noise sources were sighted in the area, such as fishing boats and 

commercial ships, they were more than a mile away, which, due to the attenuation of sounds at great 

distances, makes it difficult to detect these noises through the hydrophone (Hildebrand, 2009).  

For the snapshots carried out in Algarve, the SPL values were very similar, which agrees with the 

records made. In fact, in both snapshots several anthropogenic noise sources were sighted near the 

hydrophone area, such as fishing (trawlers), commercial (tugboat) and recreational (outboard motors 

and speedboats) vessels and aquacultures. However, differences were found in the PSD values where 

higher noise levels were obtained at frequencies between 1000 Hz and 10 kHz in the autumn snapshot.  

Sounds of biological origin may be related to these results, since the autumn snapshot contained the 

typical peak spectrum between 2000 Hz and 5 kHz from snapping shrimps (Everest et al., 1948; Au & 

Banks, 1998; Hildebrand, 2009).  

Regarding the PSD values, snapshots conducted in Algarve resulted in higher values at the frequencies 

of 10000 Hz to 100 kHz compared to the snapshots in Aveiro, which may be related to the higher 

number of small vessels in the hydrophone area, especially the high-speed boats (Li et al., 2015).  

When comparing all the SPL results obtained with the two data collection systems, the values were 

higher for the surface-based system. These results support one of the drawbacks mentioned in 

previous studies of the surface-based system, the noise from the hydrophone cable, that can 

contaminate the acoustic recordings and thereby affect the results (Dekeling et al., 2014; Robinson et 

al., 2014; Vukadin et al., 2018). 
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6 CONCLUSIONS 

 

The acoustic soundscape in Aveiro coastal area and in the zone surrounding Armona Island in the 

Algarve, was characterized by different types of noise sources, both of natural (physical and biological) 

and of anthropogenic origin. The background noise levels varied between the two sampling sites, 

seasons, PAM stations and among the two acoustic measurement systems. For the bottom mounted 

systems, the noise levels were highest during winter in Aveiro and during the autumn in Algarve. While 

with the surface-based system, the noise levels were also higher during the winter in Aveiro, but for 

the Algarve snapshots there were no differences between the two seasons. When comparing the 

results between the two sampling sites, the bottom mounted systems obtained lowest noise levels for 

the snapshot in Algarve during spring, whilst the surface-based system recorded lower values in Aveiro 

during summer. It should be noted that the measurements with the surface-based system were mostly 

carried out at different locations from where the bottom-mounted systems were deployed. Through 

this study it can also be concluded that the best system to measure and monitor the underwater noise, 

fulfilling the goals and requirements of the MSFD, is the bottom mounted system.  

In this study, the anthropogenic noise sources dominated the acoustic soundscape and sources of low, 

medium, and high frequencies were recorded. The lower frequencies were dominated by commercial 

vessels, like cargo ships, while the mid-high frequencies were dominated by smaller boats, such as 

recreational vessels (mainly outboard motors and motorboats). The lower, medium, and higher 

frequencies emitted by the vessels can affect the vocalizations and hearing of different marine species, 

such as fishes, which usually have better hearing sensitivity at frequencies below 1000 Hz. Similarly, 

baleen whales emit sounds with fundamental frequencies under 1 kHz and the odontocetes (e.g. 

dolphins and porpoises) specialize in the use of high-frequency sound (Romagosa et al., 2017; Soares 

et al., 2019; Erbe et al., 2019; Vieira et al., 2021). These results highlight the importance of measuring 

and monitoring underwater noise levels to understand what sources of anthropogenic noise are 

dominant in a given area and, thus, determine what impacts they may have on marine biodiversity.  

 

 

 

 

 

 

 

 



 

  

 
30 

7 REFERENCES 

 

Au W.W.L., & Banks K. (1998). The acoustics of the snapping shrimp Synalpheus parneomeris in 

Kaneohe Bay. The Journal of the Acoustical Society of America, 103(1), 41–47. 

https://doi.org/10.1121/1.423234  

Au, W.W.L., Floyd, R.W., Penner, R.H., & Murchison, A.E. (1974). Measurement of echolocation signals 

of the Atlantic bottlenose dolphin, Tursiops truncatus Montagu, in open waters. The Journal of the 

Acoustical Society of America, 56(4), 1280–1290. https://doi.org/10.1121/1.1903419 

Au, W.W.L. (1993). The Sonar of Dolphins. New York: Springer-Verlag. 

Bart, A.N., Clark, J., Young, J., & Zohar, Y. (2001). Underwater ambient noise measurements in 

aquaculture systems: a survey. Aquacultural Engineering, 25(2), 99–

110. https://doi.org/10.1016/s0144-8609(01)00074-7  

Brooker, A., & Humphrey, V. (2016). Measurement of radiated underwater noise from a small research 

vessel in shallow water. Ocean Engineering, 120, 182–189. 

http://dx.doi.org/10.1016/j.oceaneng.2015.09.048 

Cato, D.H. (2008). Ocean ambient noise: its measurement and its significance to marine animals. 

Proceedings of the Institute of Acoustics, 30(5). 

Dekeling, R.P.A., Tasker, M.L., Van der Graaf, A.J., Ainslie, M.A, Andersson, M.H., André, M., Borsani, 

J.F., Brensing, K., Castellote, M., Cronin, D., Dalen, J., Folegot, T., Leaper, R., Pajala, J., Redman, P., 

Robinson, S.P., Sigray, P., Sutton, G., Thomsen, F., Werner, S., Wittekind, D., & Young, J.V. (2014). 

Monitoring Guidance for Underwater Noise in European Seas, Part II: Monitoring Guidance 

Specifications, (JRC Scientific and Policy Report EUR 26555 EN). Luxembourg: Publications Office of the 

European Union. https://doi.org/10.2788/27158 

Dias, J.M., Lopes, J., & Dekeyser, I. (1999). Hydrological characterisation of Ria de Aveiro, Portugal, in 

early summer. Oceanologica Acta, 22(5), 473–485. https://doi.org/10.1016/s0399-1784(00)87681-1  

Duarte, C.M., Chapuis, L., Collin, S.P., Costa, D.P., Devassy, R.P., et al. (2021). The soundscape of the 

Anthropocene Ocean. Science, 371, eaba4658. https://doi.org/10.1126/science.aba4658 

Erbe, C., Marley, S. A., Schoeman, R. P., Smith, J. N., Trigg, L. E., & Embling, C. B. (2019). The Effects of 

Ship Noise on Marine Mammals—A Review. Frontiers in Marine Science, 

6. https://doi.org/10.3389/fmars.2019.00606  

Everest, F.A., Young, R.W., & Johnson, M.W. (1948) Acoustical characteristics of noise produced by 

snapping shrimp. The Journal of the Acoustical Society of America, 20(2), 137–142. 

https://doi.org/10.1121/1.1906355 

Gomes, L.M. (2015). A importância das salinas da Ria de Aveiro como local de invernada para aves 

limícolas migratórias. Master thesis. Universidade de Aveiro, Portugal.  

https://doi.org/
https://doi.org/
https://doi.org/
http://dx.doi.org/10.1016/j.oceaneng.2015.09.048
https://doi.org/10.2788/27158
https://doi.org/10.1016/s0399-1784(00)87681-1
https://doi.org/10.1126/science.aba4658
https://doi.org/
https://doi.org/


 

  

 
31 

Greene, C.R. (1987). Characteristics of oil industry dredge and drilling sounds in the Beaufort Sea. The 

Journal of the Acoustical Society of America, 82(4), 1315–1324. https://doi.org/10.1121/1.395265 

Halliday, W.D., Insley, S.J., Hilliard, R.C., de Jong, T., & Pine, M.K. (2017). Potential impacts of shipping 

noise on marine mammals in the western Canadian Arctic. Marine Pollution Bulletin, 123(1-2), 73–82. 

http://dx.doi.org/10.1016/j.marpolbul.2017.09.027 

Hatch, L., Clark, C., Merrick, R., Van Parijs, S., Ponirakis, D., Schwehr, K., Thompson M., & Wiley, D. 

(2008). Characterizing the Relative Contributions of Large Vessels to Total Ocean Noise Fields: A Case 

Study Using the Gerry E. Studds Stellwagen Bank National Marine Sanctuary. Environmental 

Management, 42(5), 735–752. https://doi.org/10.1007/s00267-008-9169-4  

Hildebrand, J.A. (2009). Anthropogenic and natural sources of ambient noise in the ocean. Marine 

Ecology Progress Series, 395, 5–20. https://doi.org/10.3354/meps08353 

Jensen, F.H., Bejder, L., Wahlberg, M., Soto, N.A., Johnson, M., & Madsen, P.T. (2009). Vessel noise 

effects on delphinid communication. Marine Ecology Progress Series, 395, 161–175. 

https://doi.org/10.3354/meps08204 

Li, S., Wu, H., Xu, Y., Peng, C., Fang, L., Lin, M., Xing P., & Zhang, P. (2015). Mid- to high-frequency noise 

from high-speed boats and its potential impacts on humpback dolphins. The Journal of the Acoustical 

Society of America, 138(2), 942–952. https://doi.org/10.1121/1.4927416  

May-Collado, L.J., & Wartzok, D. (2008). A Comparison of Bottlenose Dolphin Whistles in the Atlantic 

Ocean: Factors Promoting Whistle Variation. Journal of Mammalogy, 89(5), 1229–1240. 

https://doi.org/10.1644/07-MAMM-A-310.1 

McCauley, R.D., Fewtrell, J.  & Popper, A.N. (2003). High intensity anthropogenic sound damages fish 

ears. The Journal of the Acoustical Society of America, 113(1), 638–642. 

https://doi.org/10.1121/1.1527962 

McDonald, M.A., Hildebrand, J.A., & Wiggins, S.M. (2006). Increases in deep ocean ambient noise in 

the Northeast Pacific west of San Nicolas Island, California. The Journal of the Acoustical Society of 

America, 120(2), 711–718. https://doi.org/10.1121/1.2216565  

McDonald, M.A., Hildebrand, J.A., Wiggins, S.M., Ross, D. (2008). A 50 Year comparison of ambient 

ocean noise near San Clemente Island: A bathymetrically complex coastal region off Southern 

California. The Journal of the Acoustical Society of America, 124(4), 1985–

1992. https://doi.org/10.1121/1.2967889 

McKenna, M.F., Ross, D., Wiggins, S.M., & Hildebrand, J.A. (2012). Underwater radiated noise from 

modern commercial ships. The Journal of the Acoustical Society of America, 131(1), 92–

103. https://doi.org/10.1121/1.3664100  

McQueen, A.D., Suedel, B.C., Wilkens, J.L., & Fields, M.P. (2018). Evaluating biological effects of 

dredging-induced underwater sound. Proceedings of the Western Dredging Association Dredging 

Summit & Expo ‘18, Norfolk, VA, USA, June 25 – 28. 

https://doi.org/10.1121/1.395265
https://doi.org/10.1007/s00267-008-9169-4
https://doi.org/10.3354/meps08204
https://doi.org/
https://doi.org/10.1644/07-MAMM-A-310.1
https://doi.org/10.1121/1.2967889
https://doi.org/10.1121/1.3664100


 

  

 
32 

McQuinn, I.H., Lesage, V., Carrier, D., Larrivée, G., Samson, Y., Chartrand, S., Michaud, R., & Theriault, 

J. (2011). A threatened beluga (Delphinapterus leucas) population in the traffic lane: vessel-generated 

noise characteristics of the Saguenay – St. Lawrence Marine Park, Canada. Journal of the Acoustical 

Society of America, 130(6), 3661–3673. https://doi.org/10.1121/1.3658449 

Merchant, N.D., Blondel, P., Dakin, D.T., & Dorocicz, J. (2012). Averaging underwater noise levels for 

environmental assessment of shipping. The Journal of the Acoustical Society of America, 132(4), EL343–

EL349. https://doi.org/10.1121/1.4754429  

Merchant, N.D., Witt, M.J., Blondel, P., Godley, B.J., & Smith, G.H. (2012). Assessing sound exposure 

from shipping in coastal waters using a single hydrophone and Automatic Identification System (AIS) 

data. Marine Pollution Bulletin, 64(7), 1320–1329. https://doi.org/10.1016/j.marpolbul.2012.05.0 

Merchant, N.D., Fristrup, K.M., Johnson, M.P., Tyack, P.L., Witt, M.J., Blondel, P., & Parks, S.E. 

(2015). Measuring acoustic habitats. Methods in Ecology and Evolution, 6(3), 257–

265. https://doi.org/10.1111/2041-210x.12330 

Nowacek, D.P., Thorne, L.H., Johnston, D.W., & Tyack, P.L., (2007). Responses of cetaceans to 

anthropogenic noise. Mammal Review, 37(2), 81–115. https://doi.org/10.1111/j.1365- 

2907.2007.00104.x. 

Peng, C., Zhao, X., & Liu, G. (2015). Noise in the Sea and Its Impacts on Marine Organisms. International 

Journal of Environmental Research and Public Health, 12(10), 12304–

12323. https://doi.org/10.3390/ijerph121012304  

Popper, A.N., Fewtrell, J., Smith, M.E., & McCauley, R.D. (2003). Anthropogenic sound: effects on the 

behavior and physiology of fishes. Marine Technology Society Journal, 37(4), 35–40. 

https://doi.org/10.4031/002533203787537050. 

R Core Team (2018). R: a Language and Environment for Statistical Computing. R Foundation for 

Statistical Computing, Vienna, Austria. https://www.R-project. org/ 

Robinson, S.P., Lepper, & P.A. Hazelwood, R.A., (2014). Good Practice Guide for Underwater Noise 

Measurement (NPL Good Practice Guide No. 133). National Measurement Office, Marine Scotland, The 

Crown Estate.  

Rolland, R.M., Parks, S.E., Hunt, K.E., Castellote, M., Corkeron, P.J., Nowacek, D.P., Wasser, S.K., & 

Kraus, S.D. (2012). Evidence that ship noise increases stress in right whales. Proceedings of the Royal 

Society B, 279, 2363–2368. https://doi.org/10.1098/rspb.2011.2429 

Romagosa, M., Cascão, I., Merchant, N.D., Lammers, M.O., Giacomello, E., Marques, T.A., & Silva, M.A. 

(2017). Underwater Ambient Noise in a Baleen Whale Migratory Habitat Off the Azores. Frontiers in 

Marine Science, 4. https://doi.org/10.3389/fmars.2017.00109  

Sistema Nacional de Informação Geográfica (2010). Isobatimetria Costeira. SNig. 

https://snig.dgterritorio.gov.pt/rndg/srv/por/catalog.search#/search?anysnig=Isobatimetria&fast=in

dex 

https://doi.org/
https://doi.org/
https://doi.org/10.1111/j.1365-%202907.2007.00104.x
https://doi.org/10.1111/j.1365-%202907.2007.00104.x
https://doi.org/10.3390/ijerph121012304
https://doi.org/10.4031/002533203787537050
https://doi.org/10.1098/rspb.2011.2429
https://snig.dgterritorio.gov.pt/rndg/srv/por/catalog.search#/search?anysnig=Isobatimetria&fast=index
https://snig.dgterritorio.gov.pt/rndg/srv/por/catalog.search#/search?anysnig=Isobatimetria&fast=index


 

  

 
33 

 

Soares, C., Pacheco, A., Zabel, F., González-Goberña, E., & Sequeira, C. (2019). Baseline assessment of 

underwater noise in the Ria Formosa. Marine Pollution Bulletin, 150, 110731. 

https://doi.org/10.1016/j.marpolbul.2019.110731 

Van der Graaf, A.J., Ainslie, M.A., André, M., Brensing, K., Dalen, J., Dekeling, R.P.A., Robinson, S., 

Tasker, M.L., Thomsen, F., Werner, S. (2012). European Marine Strategy Framework Directive - Good 

Environmental Status (MSFD GES): Report of the Technical Subgroup on Underwater noise and other 

forms of energy. 

Vieira, M., Fonseca, P.J., & Amorim, M.C.P. (2021). Fish sounds and boat noise are prominent 

soundscape contributors in an urban European estuary. Marine Pollution Bulletin, 172, 

112845. https://doi.org/10.1016/j.marpolbul.2021.1128 

Vukadin, P., Miralles, R., le Courtois, F., Novelino, A., Tasker, M., Dekeling, R., & Ainslie, M. 

(2018).  Best practice guidelines on continuous underwater noise measurement (criterion D11C2).  

Wenz, G.M. (1962). Acoustic Ambient Noise in the Ocean: Spectra and Sources. The Journal of the 

Acoustical Society of America, 34(12), 1936–1956. https://doi.org/10.1121/1.1909155 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.1016/j.marpolbul.2019.110731
https://doi.org/10.1016/j.marpolbul.2021.1128
https://doi.org/10.1121/1.1909155


 

  

 
34 

8 ANNEX I. LIST OF ABBREVIATIONS 

 

CTD                   Conductivity Temperature and Depth 

jUMP                Joint Action: a stepping-stone for underwater noise monitoring in Portuguese water 
 
MSFD               Marine Strategy Framework Directive 
 
PAM                 Passive Acoustic Monitoring 
 
PSD                   Power Spectral Density 
 
SPD                   Spectral Probability Density  
 
SPL                    Sound Pressure level 
 
TOL                   Third-Octave Levels  
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