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By: Kit M. Kovacs, Christian Lydersen and Heidi Ahonen (& partners) 

 

The SMVF project “Listen, Connect and Conserve” had two main objectives. The first was to 

create an Arctic acoustic network that linked researchers working on sound, and their respective 

research sites within a circumpolar framework, to promote co-operation and collaboration to gain 

insight into ocean noise and the impacts of climate change on Arctic marine mammals. The 

network was initiated via a workshop in 2019 and has grown into an annually updated, 

interactive Conservation of Flora and Fauna metadata base. A touch on the on-line map 

(illustrated below) allows people to find instrument details, data sources and potential partners.  

 

 

The second objective of the project was to learn more about the distribution of marine mammals 

in the Norwegian High Arctic in the context of changing soundscapes, and the altered 

environmental conditions that they are experiencing with climate change, by using acoustic 

records. LCC helped to fund four subprojects. The first explored sound records for three years to 

determine the presence/absence of narwhals in the drifting ice between Svalbard and East 

Greenland. Remarkably, pulsed and tonal sounds, as well as echolocation clicks from narwhal 

were recorded in all available recording periods showing that narwhal were in the drift ice year-

round. These data suggest that these animals belong to a unique stock of narwhals in the 

Eurasian sector of the Atlantic Arctic that do not exhibit the “traditional” narwhal pattern of 

seasonal migration between coastal summering areas and offshore wintering grounds, but rather 

remain resident year-round in deep, offshore waters.  
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Mean (red triangles) and median (black lines) detection levels (hr/day) of narwhal signals by month. The 25th and 

75th percentiles are given by the upper and lower bounds of the boxes, respectively. Red circles on the x-axis 

indicate that data were not available for the entire month. Numbers above each month bar indicate the number of 

days with detections and the number of recording days, respectively.  (Figure from Ahonen et al. 2019). 

More details about this study can be found in - Ahonen, H., Stafford, K.M., Lydersen, C., de 

Steur, L. and Kovacs, K.M. 2019. A multi-year study of narwhal occurrence in the western Fram 

Strait - detected via passive acoustic monitoring. Polar Research 38, 3468, 

http://dx.doi.org/10.33265/polar.v38.3468. 

 

 

Another study within LCC explored the acoustic presence of blue and fin whales in the Northeast 

Atlantic High Arctic over a decadal period (from 2008-2018) at three sites – two in Fram Strait 

(Western Fram Strait SFS and Central Fram Strait CFS - about 95 km apart) and one north of the 

Svalbard Archipelago (Atwain). It is expected that climate change will likely result in these 

“temperate” species spending more time in Arctic waters. Most blue whale call detections 

occurred from August through October, though recently (2015−2018) in WFS a clear increase in 

blue whale call rates was detected in June/July, in keeping with the expected trend of seasonal 

expansion in the North. In WFS fin whale calls were detected intermittently, at low levels, 

almost year-round – demonstrating that some fin whales do not migrate south, but rather remain 

in northern seas. In CFS, fin whale calls were more frequent and occurred from July through 

December. At Atwain, blue whale detections commenced in July, both species were recorded in 

http://dx.doi.org/10.33265/polar.v38.3468


4 
 

September/October and fin whale calls extended into November. Northward shifts in the 

distribution of these species are likely to have negative consequences for the Arctic species that 

have previously had these northern areas to themselves. 

 

 

 

Weekly mean call rates (by location and year) of blue whales and fin whales in Norwegian High Arctic waters 

(Western Fram Strait (WFS), Central Fram Strait (CFS) and Atwain (north of Svalbard)). (Fig. from Ahonen et al. 

2021.) 

More details about this study can be found in - Ahonen, H., Stafford, K.M, Lydersen, C., 

Berchok, C.L., Moore, S.E., Kovacs, K.M. 2021. Inter-annual variability in acoustic detection of 

blue and fin whale calls in the Northeast Atlantic High Arctic between 2008-2018. Endangered 

Species Research 45: 209–224. https://doi.org/10.3354/esr01132. 

LCC also conducted research on impacts of climate change on one of the most vocal Arctic seal 

species in Svalbard. Male bearded seals «sing» to attract females and to compete with other 

https://doi.org/10.3354/esr01132
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males during the mating season, which make them great subjects for sound studies. Acoustic 

records from a site in western Svalbard (Kongsfjorden) where climate change has had major 

impacts was compared with two sites that have been less impacted - an east coast site and a drift-

ice site north of Svalbard (Atwain). Male bearded seals vocalized for an extended period at a 

drift-ice site (January–July) and also at the east coast site (February–June). But at the west coast 

site, which was prime bearded seal habitat in the 1990s, males had only a very short season of 

singing, that was not intense – suggesting a serious drop in suitability of this fjord for bearded 

seal mating. Additionally, the singing that did happen took place after the sea ice disappeared. 

Bearded seal females give birth on ice and mate in areas with sea ice, so this mismatch in timing 

is a serious concern.   

 

 

 
 

Number of vocalizations per hour by male bearded seals at a) a west coast site – Kongsfjorden b) a site in NE 

Svalbard (Rijpfjorden) and c) in the drift ice north of Svalbard. The west coast site was a major breeding area 

decades ago – but now singing activity at this site is minimal and occurs after the ice has disappeared. (Fig. from 

Llobet et al. 2021). 

More details about this study can be found in - Llobet, S.M., Ahonen, H., Lydersen, C., Berge, J., 

Ims, R., and Kovacs, K.M. 2021. Bearded seal vocalisations across seasons and habitat types in 

Svalbard, Norway. Polar Biology 44:1273–1287. Doi.org/10.1007/s00300-021-02874-9. 

 

The fourth (and final) study conducted within LCC explored the marine mammal community and 

anthropogenic noise level on the west coast of Svalbard versus the east coast of Svalbard. 

Because it is not yet published – the full study text is provided below. A summary of this project 

can be found in the Summary file for LCC (19/8). 
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East vs West Svalbard – ambient noise and the marine mammal community – in a time of climate 

change 

 

By Samuel M. Llobet, Heidi Ahonen, Christian Lydersen and Kit M. Kovacs  

 

 

Introduction 

The Arctic has experienced dramatic environmental change in recent decades, with increasing 

temperatures, reduced sea-ice cover, increased primary production and Atlantification of the 

biota throughout all trophic levels (Cottier et al. 2007, Fossheim et al. 2015, Polyakov et al. 

2017, Storrie et al. 2018, Stroeve and Notz 2018, Ershova et al. 2021, Bengtsson et al. 2022). 

Many of these changes are leading to increased pressure to explore and exploit resources in this 

region, which has previously been sheltered from many types of anthropogenic activities due to 

its remoteness and logistical challenges associated with extensive ice cover. However, there is 

now considerable interest in tourism, fishing, oil and gas exploration, marine mining, trans-

oceanic shipping, and other activities (PAME 2019, 2021). Encroachment of these activities into 

Arctic waters is changing the underwater soundscape of the region, which has been sheltered 

from wind-driven wave noise and anthropogenic sound sources in the past, making it, at least 

seasonally, one of the most silent soundscapes in the world (Roth et al. 2012, Insley et al. 2017, 

Halliday et al. 2021, Han et al. 2021).  

Increasing ocean noise levels are a concern for marine organisms, especially those that rely on 

sound for many critical processes such as communicating, navigating, and foraging (e.g., Au and 

Hastings 2008). Arctic marine fauna is likely to be especially sensitive to changes in their 

soundscape because they have not been exposed to disturbance from anthropogenic noise sources 

in the past. Arctic marine mammals have received a considerable amount of attention in this 

regard because of their high biological dependence on sound, their value as ecosystem services 

and because they are currently facing multiple stressors simultaneously including loss of habitat, 

competition from temperate species shifting their distributions northward, as well as increased 

levels of exposure to diseases and parasites (Jensen et al. 2010, Kovacs et al. 2011, Laidre et al. 

2015, Van Wormer et al. 2019, Huntington et al. 2020). Some Arctic marine mammal species 

have been shown to be sensitive to disturbance from oil and gas exploration and ship traffic more 

generally, which currently dominates the non-natural soundscape in the Arctic (Stafford 2021).  

Demonstrated effects of such disturbance varies from decreased calling rates and avoidance 

behavior to interruption of feeding (Heide-Jørgensen et al. 2013, PAME 2019, Halliday et al. 

2020, Martin et al. 2022).  

In the context of rapid change, it is important to characterize the different elements that make-up 

the current underwater soundscapes across regions in the Arctic, both in areas that have 

experienced considerable change already and those that are modestly pristine (Merchant et al. 

2016). Several sound types must be evaluated because a soundscape is composed of geophysical 

sounds (e.g., sea-ice, wind), anthropogenic sounds (e.g., shipping, oil and gas exploration) as 

well as biological sounds (e.g., marine mammals, fish chorusing) (Hildebrand 2009, Pijanowski 

et al. 2011, Stafford 2021). Providing baseline knowledge about the relative contributions of 

these different elements to the overall soundscape is important to monitor future changes, 
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identify potential overlaps of anthropogenic activities with vulnerable species and reduce the 

impact that noise pollution might have through area-based management (Dekeling et al. 2014, 

Reeves et al. 2014). Studying the biological components of the soundscape provides relevant 

information about the distribution, timing of migration and mating of species that are very 

challenging to study in conventional ways (Stafford et al. 2012, Ahonen et al. 2019).  

Many spatial and temporal knowledge gaps exist regarding the study of soundscapes in the 

Arctic (PAME 2019). For example, in Northeast Atlantic High Arctic, no studies of ambient 

sound levels exist for the shelf east of Svalbard or most of the Barents Sea Region, and only a 

handful of studies of soundscapes have been done in western Svalbard, despite this region being 

an important hotspot for marine mammals (Hamilton et al. 2021). Most studies that do exist 

focus either on geophysical sounds (iceberg bubbling, iceberg calving; Glowacki et al. 2018, 

2020, Mahanty et al. 2020) or species-specific biological sounds (Van Parijs et al. 2001, de 

Vincenzi et al. 2019, Llobet et al. 2021), but increasingly there is a need to document noise from 

anthropogenic sources in the context of the biological community (Ahonen et al. 2017, Ashokan 

et al. 2020, Stafford 2021).  

In this study, we examine the ambient sound levels in coastal waters in the west and east within 

the Svalbard Archipelago as well as the presence of vocal marine mammal species. These two 

areas, despite their proximity, are experiencing climate change at very different rates; the east 

coast retains largely Arctic conditions, while west coast fjords have experienced Atlantification 

with dramatic losses of sea ice and increased temperature. The two areas are likely to have 

markedly different sound levels and perhaps increasingly different marine mammal communities 

(e.g., Ivanov et al. 2012, Muckenhuber et al. 2016, Hop and Wiencke 2019, Tverberg et al. 

2019). We also analyze the presence of sea-ice and vessel traffic using satellite and AIS 

(Automatic Identification System) data.  

 

Methods 

The acoustics records were obtained using three Autonomous Underwater Recorders for 

Acoustic Listening (AURAL M2, Multi-Électronique Inc.; receiving sensitivity of -164 ± 1 dB 

re1 V μPa−1 with a 16 dB system gain and flat response from 5 Hz to 32.8 kHz, Kinda et al. 

2013) deployed on stationary oceanographic moorings located around the High Arctic Svalbard 

Archipelago (Fig. 1). Two of the moorings were located 90 km apart in the eastern side of the 

archipelago, on opposite sides of a seamount and an underwater chute. These locations will 

hereafter be referred as M1 (western most, directly south of Kvitøya trough) and M2 (eastern 

most). The third recorder was in Kongsfjorden, on the west side of the Svalbard Archipelago.  

The sampling rate for all of the recorders was 32768 Hz, providing an effective frequency range 

of 10-16384 Hz. The recorders’ duty cycle was 15 min every hour for Kongsfjorden, and 12 min 

every hour for M1 and M2. We used the most recent available recording period for Kongsfjorden 

(2017-2018) and the only available period for M1 and M2 (2019-2020). We included an extra 

data period from the eastern locations (2020-2021), because the first year from these sites was 

impacted by the covid epidemic, which decreased normal traffic levels. Details about the 

AURAL locations, depths and recording periods are presented in Table 1. 
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Marine mammal and anthropogenic sounds 

Spectrograms of each acoustic file (one for each hour) were generated using the bioacoustics 

software Ishmael (version 3.0) to screen, listen and manually register marine mammal 

vocalizations and anthropogenic sounds such as vessels and airguns (10-8192 Hz, FFT 

2048/4096, 75 % overlap, Hanning window). The acoustic presence of species was determined 

based on well-documented, species-specific sounds of marine mammals. Some few biological 

sounds were not identified to the species level. For example, unknown odontocete sounds were 

grouped in this study, because many tonal sounds are common to both white whales and 

narwhals. However, low-frequency clicks were considered evidence of narwhal presence 

(Blackwell et al. 2018, Ahonen et al. 2019). Additionally, some sounds (non-song vocalizations) 

produced by bowheads and/or and humpback whales were too similar to separate; these were not 

assigned as an indicator for either species (see Videsen et al. 2021). Bowhead signals were 

broken into simple calls and sequences versus songs (Stafford et al. 2012). From the second 

week of July (2020), when open water suddenly dominated the east coast sites, simple calls 

could not be assigned to either bowheads or humpbacks, except for the growls and whups of 

humpback whales as described by Fournet et al. (2015).  

For fin and blue whales, the spectrogram-correlation-modality program in Ishmael (Mellinger 

and Clark 2000) was used to detect the main periods when these species were present. The 

recordings were down-sampled to 8192 Hz, and then a low-pass filter below 100 Hz and a 

spectrogram equalization of 30 s were applied to reduce noise in the low frequency band from 

vessels and strumming. The spectrogram correlation parameters for the blue whale consisted of a 

10 s long down-sweep from 18 to 16 Hz, with a detection contour width of 3 Hz and a 1 s FFT 

with 75 % overlap. For the fin whale, the spectrogram correlation parameter were a 2s down-

sweep from 30 to 19 Hz with a contour width of 7 Hz (Ahonen et al. 2021). Due to the presence 

of low frequency noises from vessels and strumming noise, this automated detection method did 

not provide enough information for a final acoustic presence determination for these species. 

Thus, the data from these auto-detectors was corrected manually, adding the false negatives, and 

removing the false positives from the dataset.  

Vessel noise and airgun blasts from seismic surveys were identified and scored. The number of 

hours with acoustic presence per day was the resulting data obtained for all the species and 

anthropogenic noise sources. All manual identifications and scoring of sounds were performed 

for the whole study period for Kongsfjorden, and for the first year at M1 and M2. The second 

batch of data was received at a late stage of the present study so manual identification of species-

specific sounds were not conducted. All the other analyses were performed for the entire study 

period and the three locations, including the newly incorporated data. 

Marine mammal sightings vs acoustic observations 

To get some indication of vocal species vs non-vocal species presence in the marine mammal 

community of Svalbard, acoustic observations of marine mammals from the three different 

locations in the study were compared to visual observations in the Norwegian Polar Institute 

Sightings Database (MMSDB - https:// data. npolar.no/sighting/). The later were selected for the 

period 2015-2019 and the whole Svalbard region and plotted versus the number of acoustic 

observations from the manual detections in this study. A presence in each sound file was 

considered an observation for the purpose of comparing the acoustic observations versus the 

sightings MMSDB. 
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Sea ice 

Sea ice data were obtained from the Norwegian Meteorological Institute (https://cryo.met.no) 

and used to calculate daily sea ice cover for each study site (spatial resolution ~50 m). Previous 

studies have reported that some pinnipeds, like bearded seals, can be heard as far away as 20 km, 

(Cleator et al. 1989, MacIntyre et al. 2013). Other species targeted in the present study have an 

even larger detection range, such as the baleen whales (Tervo et al. 2012). Thus, a radius of 30 

km around each recorder was chosen in the present study to extract the ice information, with the 

aim of characterizing the ice habitat on a scale large enough to relevant for the species occurring 

in an area, yet small enough to still have a locally accurate depiction of conditions. 

One thousand points were randomly generated (Gaussian distribution) within a radius of 30 km 

from the recorder at each location. Land points were excluded from the analyses. Points falling 

in adjacent fjords or outside of the line-of-sight of the recorder were also eliminated. The rest of 

the points were used to extract the ice information from a shape file corresponding to the ice 

report for each day over the study period. The function “over” from the R package “sp 1.3-1” 

was used for the analyses (Bivand et al. 2008). When ice information was missing for a 

particular day, the information was retrieved from the shape file available for the closest day. Ice 

cover is presented as the proportion of the study area (radius 30 km around the recorder) covered 

by a given ice class (0-10 %, >10-39 %, >40-69 %, >70-89 %, >90-99 %, Fast-Ice). 

Vessel traffic data 

Data from the Automatic Identification System (AIS) for vessels was obtained from The 

Norwegian Coastal Administration (Kystverket; www.kystverket.no). Three different distance 

buffers (10, 25 and 50 km) were plotted around the three AURAL locations, together with an 

additional buffer of 100 km for M1 and M2 locations, where the propagation of distant sounds is 

likely less restricted by landmasses than in Kongsfjorden. AIS location points contain 

information like the Maritime Mobile Service Identity (MMSI, conveying the ship ID), position 

and time, were combined with the distance buffers and the points falling on land were eliminated 

(QGIS 3.16 Hannover). Then, csv files from the resulting interceptions were exported and 

analyzed in R (R version 4.0.5) to calculate the number of vessels per day in each area. In 

Kongsfjorden, the area for which the number of vessels was calculated was corrected for the 

assumed directionality of the sound, as we do not have current noise propagation models. Thus, 

boats within the distance sections but out of the line of sight of the recorder were not included in 

the analysis. The number of vessels per day were plotted within the distance classes for each 

location against the number of hours per day with acoustic presence of vessels, to visualize how 

well this latter variable represents vessel traffic in an area. 

Soundscape analysis 

Power Spectral Densities (PSD) and empirical probability densities are an effective method for 

comparing soundscapes among locations and throughout time because they provide statistically 

more robust results of sound energy across the frequency spectrum when compared to other 

conventional ways of reporting sound levels (Madsen 20005, PAME 2019). The PSD analyses 

performed in this study focused on the 10-4000 Hz frequency band (1 Hz resolution, 60 s 

spectral averages, 50 % overlap, Hanning window) for all sites using the PAMGuide package in 

MATLAB (Merchant et al. 2015). Long-term spectrograms (LTS) were generated to visualize 

the temporal extent of different sound sources, their contribution to the sound energy and their 

https://cryo.met.no/
file:///C:/Users/samuel/Documents/Norwegian%20Polar%20Institute/Manuscripts/www.kystverket.no
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segmentation across the selected frequency band. Additionally, empirical probability densities 

were computed with the annual PSD statistical plots to examine the distribution probabilities of 

sound energy across the frequency band including percentile levels (1, 5, 50, 95, 99) and root 

mean squared - RMS - (which is a measure of average loudness - Merchant et al. 2013) using 

MATLAB (version R2022a, Mathworks, Natick, Massachusetts, USA). Subsequently, monthly 

median PSDs were plotted for each location to compare the seasonal variation in sound energy 

across the frequency band in detail, so different contributions from seasonal sound sources could 

be ascertained. 

In a third analysis, the RMS Sound Pressure Levels (SPL) were calculated for the 1/3 Octave 

bands centered at 63 Hz, 125 Hz and 250 Hz using custom made MATLAB code. The 63 Hz and 

125 Hz TOL are of particular interest to assess the influence of shipping noise on the 

soundscape, as defined by the European Union Marine Strategy Framework Directive 

(2008/56/EC; Dekeling et al. 2014). The 250 Hz band was also explored, as it has been 

associated with broadband shipping noise (Merchant et al. 2014). These TOLs were generated 

for every month at each location, to compare the sound levels around these frequencies between 

seasons. An extra broadband, expanding from 50 to 1000 Hz, was used to calculate the 

broadband SPL. This frequency band encompasses geophonic soundscape processes like the sea-

ice stress, periods of high winds and resulting breaking waves, including the energy center of 

glacier melt in glacial fjords (Hildebrand 2009, Petit et al. 2012). All the soundscape analyses 

were performed for the three locations. 

 

Results 

Marine mammal and anthropogenic sounds  

The AURALs recorded the acoustic presence of 11 marine mammal species, including five 

resident Arctic endemic species; bowhead whales, narwhals, white whales, bearded seals, and 

walruses as well as harp seals (a subarctic pack-ice breeding referred to henceforth as a 

regionally migrant species) and five seasonal migrant cetacean species, sei whale, fin whale, blue 

whale, humpback whale and sperm whale. The presence of these species varied seasonally and 

across locations, with the main difference being between Kongsfjorden (west Svalbard) and the 

M1 and M2 recorders (east Svalbard). Three out of eight species recorded in Kongsfjorden were 

Arctic species (white whales, walruses, and bearded seals), the other five were seasonal migrants 

(Fig. 2a). Long periods of vocal presence by the Arctic resident species were recorded in the 

eastern locations; four out of eight species at M1 and M2 were Arctic residents (Fig. 2b, 2c).  

In Kongsfjorden, walruses were vocally active between mid-January and mid-May, with a peak 

from mid-February to mid-March (Fig 2a). Bearded seal vocalized from mid-March to mid-June, 

with a constant presence through May and June. White whales could only be identified in two 

discrete periods of the year, January, and July, although other odontocete vocalizations were 

likely also produced by white whales. The seasonal migrant species (blue, fin, sei, sperm and 

humpback whales) were detected sporadically during the summer through to the onset of winter. 

These species were acoustically absent from February to June. Vessel noises were detected 

throughout most of the year, though during some few weeks in mid-winter no vessels were 
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heard. Vessels were most common in the summer (June, July, and August). Airguns were 

detected only during the first week of August 2017 in Kongsfjorden.  

At M1, walruses vocalized from December until early-May, over six consecutive months, with a 

peak in January-February (Fig 2b). Bearded seals vocalized throughout most of the recording 

period from November 2019 to July 2020, with only three weeks without detections. Harp seal 

vocalizations were detected only in May. Narwhals were detected occasionally from November 

to January, and then during the month of April. Humpback whales were detected only in July. 

Bowhead whales were detected every week between November and February, with the highest 

rate of detections during November, when singing behavior dominated their vocalizations (SF. 

1a). The detection of odontocete sounds matched the detections of narwhals in November, 

December, January and April. Further detections of unidentified odontocetes occurred between 

May and July. Vessels were detected infrequently, with acoustic records only in September and 

November. A failure in the recorder software caused the loss of ~70 % of the recordings between 

February and July 2020 (Fig. 2b). 

At M2, walruses were detected almost every week from November to June, with peak vocal 

activity occurring in February and March, when they were detected in almost every hour (Fig 

2c). Bearded seals were similarly detected throughout the winter and spring and into summer, but 

they were not detected late summer and autumn (July onwards). Harp seals were detected 

intermittently between March and August. Narwhals were detected occasionally between 

November and January, and every week between mid-March and late-July. During this period, 

unidentified odontocete vocalizations were also detected that were most likely narwhal. Blue 

whales were occasionally detected between late-July and early-September. Fin whales were 

present between July and September with the highest number of vocalizations detected in 

September. Humpback whales were only detected in some few samples in late July and early 

August. Bowhead whales were detected every week for nine months from November to mid-

July, vocalizing continuously between November and late-March. Singing behavior was detected 

between November and late-March (SF. 1b). Vessels were detected only rarely, in July, August, 

September and November. Airguns were detected over a three-week period starting in late-July 

through to mid-August. 

Marine mammal sightings vs acoustic observations 

MMSDB included 18 species of marine mammals over the period 2015-2019, excluding polar 

bears (Ursus maritimus), versus the 11 species identified acoustically over one season. Eleven 

out of 18 species reported in MMSDB were seasonal migrants, compared to the 6 out of 11 

seasonal species registered acoustically. Bearded seal and walruses dominated the number of 

observations both acoustically and in terms of sightings. Ringed seals, harbor seals, white whales 

and the seasonal baleen whales ranked next in frequency of occurring in the sightings. On the 

contrary, bowhead whales and narwhals were the second and fourth most common species 

acoustically. Seasonal species make up 30 % of the observations for the sightings database, but 

only 5% of the records within the acoustic detections (SF 2). 

Sea ice data 

Kongsfjorden had the least ice cover among the three study sites, with the area around the 

recorder (30 km radius) having a maximum of 20% ice cover, although some drift-ice was 

present most months of the year (Fig 3a). From February to May the fjord had its most extensive 
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sea-ice. In March and April high concentrations of ice covered approximately half of the fjord’s 

area. M1 had high concentrations of ice from November 2019 to July 2020, with most of the area 

covered by very close drift-ice (>90%, Fig 3b). Nevertheless, the ice cover was dynamic, with 

the very open drift-ice class often present around the recorder. The presence of sea-ice was 

somewhat delayed in autumn 2020 compared to the previous season, as this location experienced 

open water conditions until January 2021. At M2, very close drift-ice covered the entire 

sampling area from November 2019 until June 2020 (Fig 3c), with some few short, lighter ice 

periods in late-March and early April, when a large open lead connected Kvitøya (near M2) with 

Nordaustland (near M1) and east-Spitsbergen (https://cryo.met.no). From mid-summer (July 

2020) onward into the autumn/winter, the M2 area was largely ice-free. Similar to M1, the sea-

ice presence at M2 was delayed compared to the previous season. Fully open-water conditions 

prevailed until mid-December 2020, and only from mid-January 2021 was the mooring 

completely covered by very-close drift-ice. Unlike the previous season, the sea-ice cover was 

less uniform, with several ice categories present by early spring. The disappearance of the ice 

was less sudden than the previous season, and very close drift-ice was found as late as August 

2021 at M2. The establishment of very-close drift-ice at M1 and M2 occurred around mid-

November during autumn 2021. 

Vessel traffic data 

Figure 4 presents the number of vessels per distance category each day according to AIS data 

(Fig. 4a), together with the number of hours with acoustic vessel detections per day. 

Kongsfjorden had by far the heaviest traffic levels, with more than 10 vessels per day from May 

through September within 50 km of the recorder, and a maximum of 20 boats daily in July and 

August (Fig. 4b). Acoustic detections and AIS data matched well through much of the year, 

except in December, when a few vessels (2 within 25 km or 3 within 50 km) resulted in many 

acoustic detections (up to 20 h per day). This situation was further investigated, as very few 

vessels caused a relevant rise in the sound levels and a persistent noise signal in the spectrograms 

appeared during that period. A time-lapse of the monthly traffic was plotted in 

https://kystdatahuset.no/tallogstatistikk/sporing for Kongsfjorden and the MMSI numbers were 

used to categorize the kind of vessels in the area during the month 

(https://www.marinetraffic.com). Only 8 vessels were found in the entire month, but 7 out of 8 

were fishing vessels, and 4 of those were trawlers that conducted the activity for many days in a 

row, most probably causing the persistent noise signal in December 2017 (SF 3).  

 M1 experienced little vessel traffic, although AIS vessel presence within 100 km occurred 

regularly during 2020, with up to 5 vessels during the busiest month. Fewer vessels were 

detected during 2021, but they were closer to the recorder; 2 vessels were within 25 km for an 

extended period (Fig. 4c). M2 had somewhat more traffic than M1 according to the AIS records, 

with vessels presence in every month in the 100 and 50 km distance categories, and vessels 

within 25 km over a period of several months.  However, there was a maximum of 9 vessels 

within 100 km in the busiest period in May, and for most of the year, the number of vessels was 

below 4 (Fig. 4d). The acoustic detections matched well with the AIS data at short distances 

(within 25 km) but sounds from vessels were not detected at longer distances at M2 (50-100 km). 

Soundscape analysis 

The LTS from Kongsfjorden was dominated by acoustic signatures from glacier melt, observed 

as clouds of high PSD (more intense sound by the color scale) at high frequencies (Petit et al. 

https://cryo.met.no/
https://kystdatahuset.no/tallogstatistikk/sporing
https://www.marinetraffic.com/
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2012), atmospheric forcing, vessel traffic and self-noise generated by the mooring. No biological 

sounds could be identified at a soundscape level. Three intermittent noise bands were present 

year-round at about 15 Hz, 50 Hz and 90 Hz, related to the cable strumming from the mooring 

itself. Vessel noise extended from just above 10 Hz up to a few 100 Hz and was seen in almost 

every month, decreasing during winter, and becoming ubiquitous during the summer (Fig. 5a). A 

silent period coincided with the maximum ice cover in the fjord during the month of March, 

observed as a deep blue color at all frequencies. 

The median PSD monthly plot for Kongsfjorden was typical for fjords with glaciers at their 

termini, where the highest sound pressure levels occur near 1 KHz (Fig. 5b; Tęgowski et al. 

2011, Glowacki et al. 2018). The transient nature of sounds occurring under 100 Hz, such as 

strumming noise or vessels, were under-represented by the median, a statistic that is less 

impacted by high-amplitude transient sounds than the RMS. Nevertheless, the vessel noise 

caused peaks in median PSD in almost every month. December had a peak up to 1000 Hz, 

caused by vessel traffic. Overall, PSD were the highest during April, July and August, during 

periods with sea-ice melting and high traffic. The lowest PSDs were during February, March and 

June. 

For most of the year, the SPL showed a trend with TOL centered at 63 Hz being the lowest, 

followed by TOL centered at 125 Hz, 250 Hz and the 50-1000 Hz broadband levels being the 

highest year-round. This trend was disrupted in December and occasionally during September, 

late-June through August, when low frequency TOL levels approached the higher broadband 

levels (Fig 5c). Similar disruptions in this trend were observed during periods of strong low 

frequency strumming-noise (January-February) and periods with higher numbers of ship 

detections (June-September). The highest SPLs were reached during the summer months, when 

they passed the 120 dB (re 1μPa) on numerous occasions. 

At M1, nearly constant strumming noise was observed in bands around 15 Hz and 100 Hz in the 

LTS (Fig 6aI). Biophonies were constant and strong enough during some periods to leave 

signatures in the LTSs. A cloud of higher sound levels centered around 0.3-0.6 KHz reflected the 

singing behavior of bowhead whales in November (2019). Despite missing files due to recorder 

failure between mid-February and late-June, bearded seals vocalizations can be seen as a cloud 

in the LTSs at 0.5-0.6 KHz between May and July. A similar but more modest signal was found 

during the next season at the same time of the year (6aII). The arrival of fin whales to the area 

can be detected as a signal of higher PSD developing at 20 Hz from September to November 

2021. The changing nature of sea-ice cover during late-spring can be observed as clouds of 

higher PSD centered at 1 KHz from June to late-August (2021). A constant signal, of unknown 

origin, can be observed centered at 800 Hz for the entire study period.  

The monthly median PSD plot during the first season at M1 was not very informative under 100 

Hz, because of the self-noise centered under 20 Hz and at 100 Hz (Fig 6bI). Months with high 

sound energy levels below 100 Hz were documented when the ice-cover was dynamic (February, 

March and April 2020). Bowhead whale singing during November (2019) caused the highest 

median PSD around 0.3-0.6 KHz, reaching 4 dB above background sound levels. A peak in PSD 

centered at 0.6 KHz from May to June was caused by bearded seals singing. The seal songs were 

most pronounced in May (3-4 dB increase), coinciding with the breeding peak. The PSD levels 

above 1 KHz were high in July (2020), coinciding with the arrival of the open-water season. 

During 2021 (Fig 6bII), monthly PSD medians show a trend similar to the previous year, with 
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May showing the lowest PSD levels and November the highest. Biophonies are also reflected in 

the median PSD during this season, with a similar increase of roughly 3 dB in May at 0.6 KHz 

due to bearded seals vocalizing. Fin whale 20 Hz pulses contributed to a strong increase of 4-10 

dB during September and October. No signal from bowhead whales or other species were 

detected (Fig 6bI). 

The SPL from M1 centered at the low frequency bands (63, 125 and 250 Hz TOL) showed a 

high overlap during the first period of the study (November 2019 to February 2020) probably 

due to the constant strumming noise that was observed in the LTS as well (Fig 6c). Two blank 

periods occur due to recording failures. An increase in all band levels, but especially in the 50-

1000 Hz can be observed during the break-up of the sea-ice cover from June 2021 and towards 

autumn, peaking in November 2021 when periodic noise from strumming dominated the spectral 

power. 

The LTS for M2 was dominated by broadband noise from sea-ice, marine mammal biophonies 

and flow and strumming noise from the mooring below 50 Hz (Fig. 7aI). From November to 

mid-April, physical stresses within the sea ice greatly increased the broadband PSD. Sea-ice 

break-up events were observed in overall high PSDs in late-April, mid-June, and July 2020, 

whereas a silent period with high sea-ice concentration was found in May 2020. The following 

sampling season, broadband noise was also greatly influenced by sea-ice dynamics, with some 

changes in the timing of stable ice and break-up occurrence. Broadband noise was found before 

sea-ice formation in December 2020, and during the break-up period in late-spring and through 

the summer, with some noisy periods from open leads in February, March, and April 2021 (Fig. 

7aII). Biophonies were found year-round in the LTS of M2. Bowhead whale vocalizations 

increased PSD levels at 0.2-1 KHz from November to April 2020, reflecting a shift from songs 

(higher frequency) to call sequences through the winter; singing behavior occurred in December, 

January and March 2020 (Fig. 7aI). The following season, the bowhead whale signal developed 

later, concomitant with the later formation of the sea-ice in 2020, intensified quickly and 

progressively decreased in energy through winter 2021, without a strong sequence/song 

segregation perceptible in the signal. A cloud of higher energy related to bowhead whale vocal 

behavior developed again starting in October 2021 (Fig. 7aII). Bearded seals were detected at 

0.5-0.6 KHz from May to July during both seasons, although they vocalized over a noisier 

background in 2021 (Fig. 7aI, 7aII). Walruses were detected as a cloud of higher PSDs centered 

at 2 KHz during the second season, probably due to a quieter background in February-March 

2021. (Fig. 7aII). A signature from fin whale chorusing can be observed centered at 20 Hz and 

125 Hz starting in August (2020) and disappearing (in the next spectrogram) early in October 

(2020). The signal reappeared from mid-August until November (2021), showing a much longer 

period with fin whales in the area (Fig. 7aI, 7aII). Airguns increased the PSDs in the 80-300 Hz 

range during late-July and early-August (2020). Only one signature from vessels was observed in 

late August, as a bracketed signal at 20-80 Hz (Fig. 7aI). Low-frequency vessel signatures were 

observed at various times during the second period of the study, with tonal sounds and harmonics 

expanding from a few to roughly 200 Hz in October (2020), November (2020), May (2021) and, 

more conspicuously from July through October 2021 (Fig. 7aII). 

The monthly median PSD for M2 showed a variety of signals through the year. August and 

September (2020) showed the highest median PSDs above 1 KHz, probably due to the absence 

of sea-ice allowing for higher frequency noise from wind and waves. May had the lowest PSDs 

of the season (Fig. 7bI). The following sampling season, the highest median PSDs were reached 
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in October 2020 and November (2021) (Fig 7bII). The lowest levels corresponded to the period 

from February until mid-May (2021), reflecting the quiet winter and louder spring at this 

location in 2021. Bowhead whales caused an increase in median PSD of roughly 6 dB (re 1 

μPa2/Hz) at 0.5-0.6 KHz during the month of November (2019) when they sang constantly, and 

again raised the sound levels by roughly 9 dB at 0.2-0.3 KHz when they shifted to sequences in 

January 2020. From April, a sustained peak in PSD centered at 0.5-0.6 KHz was caused by 

bearded seals, with an increase in 6 dB above the background noise. A clear signal from fin 

whale 135 Hz vocalizations generated an increase of 3 dB in the median PSD during September 

2020, whereas 20 Hz fin whale pulses were few during the first season (Fig. 7bI). Bowhead 

whales (December 2020, January 2021) and bearded seals (May, June 2021) caused a more 

modest increase in median PSD during the second season, although median PSD in their 

frequencies were higher, indicating a louder background noise and an amplitude compensation 

by both species (Fig. 7bII). The 2-3 dB increase in PSD centered at 2 KHz in February and 

March (2021) was caused by walrus vocal activity. An increase in the PSD levels centered at 20 

and 135 Hz of roughly 8 dB caused by fin whales can be observed most clearly in August 2021. 

(Fig. 7bII) 

At M2 a recurrent trend in SPL was observed in both sampling seasons (Fig 7c). TOL centered at 

low frequencies remained lower than the broadband levels during periods of stable ice cover, 

with a constant gap of roughly 10 dB (January-July 2020). Periods without ice-cover led to 

higher atmospheric forcing increasing sound levels, probably due to the influence that wind and 

waves can have on the mooring and consequently on the sound recorded. This caused an increase 

in the TOL centered at low frequencies (strumming noise) during such periods (July-December 

2020, September 2021 onwards). Periods with extensive ice-cover sometimes also led to 

increased noise if the ice was dynamic (April 2020, April-July 2021), but the 50-1000 Hz noise 

remained above the lower frequencies during such periods. Increases in the 250 Hz TOL well 

above the lower frequencies and reducing the gap with the broadband noise reflected the increase 

in bowhead whale vocal sequencies (January 2020, January 2021). 

The year-round power spectral density plots showed that the Kongsfjorden soundscape is 

strongly skewed towards high median PSD levels centered at higher frequencies (Fig 8, Table 2). 

In contrast, the median PSD levels under 100 Hz were below 70 dB. The RMS levels showed the 

influence of transient high amplitude sounds from vessels, which elevated the PSD levels to >90 

dB below 100 Hz; strumming noise might also have contributed to this source of noise. At M1 

and M2 (Fig 8b I, II; 8c I, II), the highest median PSD levels were centered at frequencies <100 

Hz, and usually did not rise above 75 dB. The much higher but stable RMS levels found at these 

frequencies are due to noise generated by the mooring itself during periods with high winds in 

summer and autumn when there was open-water, and some current and sea-ice derived mooring 

noise elevated the spectral density in the lower frequencies as well.  

 

Discussion 

This study documents the underwater soundscape in three locations around the Svalbard 

Archipelago, one on the west coast (Kongsfjorden), where Atlantification is advanced, and two 

on the east coast (M1 and M2 locations), which retain more Arctic climatic conditions. It 

provides baseline data that can serve as a reference point for soundscape studies in the decades to 
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come. It is also the first year-round snapshot of the marine mammal community around the 

archipelago using passive acoustic monitoring.  

Anthropogenic influences are clearly more pronounced in the soundscape in the west side of the 

archipelago, where ship traffic is a major sound-source. The eastern sites remain more pristine, 

although some seismic blasting was heard at all sites. The manual detections performed for one 

complete season at each location provided insight into the marine mammal community, 

including identify the timing of migration for several seasonal species as well as a documenting a 

surprisingly high presence of narwhal and bowhead whales on the east side of the archipelago 

throughout much of the year. Elaborate and extensive singing in their winter breeding period at 

M2 suggests the discovery of a second breeding site for this endangered population. 

Arctic marine mammals 

The study sites in eastern Svalbard were more heavily used by resident, endemic marine 

mammals in comparison with the site on the west of the archipelago. In contrast, the migratory 

whales were somewhat more common in the west, where Atlantification of the ecosystem is 

more advanced.  

Walrus vocalizations were detected at all three locations, with 3 months of presence in 

Kongsfjorden, and they were detected for roughly half a year at M1 and M2. A peak in vocal 

detections occurred in February and March in both the west and east sides of Svalbard. At the 

eastern sites, this is consistent with the use of wintering sites by walruses west of Noraustland 

and near Kvitøya during the breeding months (Jan-Feb-Mar; Stirling et al. 1987; Freitas et al. 

2009; Lowther et al. 2015). It was somewhat more surprising that walruses were detected 

throughout the breeding period in Kongsfjorden, although a decade ago, one west coast site, at 

the mouth of Isfjorden, was identified as a focal point during winter. With the expansion of the 

number of walruses in the archipelago, more areas are likely in use across broader seasonal time 

frames (Lydersen et al. 2008; Kovacs et al. 2014), though summer observations of walruses in 

Kongsfjorden are still rare (Bengtsson et al. 2021).  

Bearded seal sounds were detected intermittently for four months in Kongsfjorden, and this 

species was nearly continuously vocally present for eight months at M1 and almost nine months 

at M2 (commencing in November). Male bearded seals perform trilling vocalizations to advertise 

their breeding condition, so the presence of their call type is a good proxy for the mating season 

at a given location (Van Parijs et al. 2001). The short vocal season in Kongsfjorden now, 

compared to studies in the 1990s and early 2000’s, suggests reduced mating activity in the fjord. 

The mismatch between ice-cover and the mating season in 2018 is consistent with results from 

the 2015 season recently published by Llobet et al. (2021). The seasonal patterns of bearded seal 

vocalizations seen in this study in eastern Svalbard are similar to those reported for two northerly 

locations on the east side of Svalbard (Llobet et al. 2021), with several months of high levels of 

vocal activity that suddenly drop off when the drift ice disappears periodically, such as in late-

April at M2 in this study. Two vocalization types (SF. 4) that had not been previously reported in 

Svalbard (Risch et al. 2007; Parisi et al. 2017) were recorded; these resemble type-5 calls 

reported by Agafonov and Chernetsky (2018) for the White Sea population. “Boomerang trill” 

(I) and “drop sweep” (II) are proposed as names for these call types, following a nomenclature 

that resembles the one used in Parijs et al. (2017).  
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Narwhals were detected only in eastern Svalbard. At M1 detections were few and occurred only 

intermittently during winter and spring. At M2, signals from narwhals were detected sporadically 

from November to January, and between March and late July this species was present every 

week. It is likely that all the “odontocete” acoustic signals documented in this study are in fact 

from narwhals, but this could not be confirmed without the presence of the low frequency clicks 

that are a good diagnostic feature for identification of this species (Ahonen et al. 2019). Few 

observations of narwhals are available from Svalbard shelf waters (Storrie et al. 2018), although 

the tracking study by Lydersen et al. (2007) suggests that they likely spend time around 

Noraustland in summer. A survey conducted in August 2015 to count ice whales along the ice 

edge north of Svalbard, reported an estimated 837 narwhals, but most of them were located deep 

into the polar pack-ice (Vacquié-Garcia et al. 2017). Tracking studies from Greenland suggest 

that narwhals target a narrow sea-temperature niche and prefer high ice concentrations (Heide-

Jørgensen et al. 2020a). This species is sensitive to ocean noise and anthropogenic disturbances 

(Heide-Jørgensen et al. 2021, Tervo et al. 2021). They are structured in highly subdivided 

metapopulations and show little genetic flow between groups (Hobbs et al. 2019). For all these 

reasons, narwhals require targeted conservation (Heide-Jørgensen et al. 2020b). Narwhal from 

Svalbard waters are closely related to those from Northeast Greenland, and they are markedly 

different from those in Southeast Greenland (NAMMCO 2021). In this context, long-term 

monitoring in key locations across the Barents Sea and north of Svalbard is very relevant. 

Ahonen et al. (2019) have demonstrated a year-round presence of narwhals in the Fram Strait, 

between Northeast-Greenland and Svalbard. The current study reports the presence of this 

species in eastern Svalbard shelf waters for several months of the year for the first time. During 

this study, they were detected in ice-conditions that were heavy (but not total), although they 

were also vocally active during the second half of July in open water (2020). They were detected 

in 8.9 % of the available files during the last week of July 2020, overlapping with seismic 

airguns, posing a direct risk of anthropogenic disturbance for this population at this site (Heide-

Jørgensen et al. 2021; Tervo et al. 2021). 

An important characteristic of the study locations is the great interannual variability in sea ice 

conditions. The first data period, which was analyzed manually, showed weekly detections of 

bowhead whales from November until July (M2, 2020). The LTS for the second study period, 

when sea-ice formation was delayed until December (2020), showed a concomitant delay in the 

start-up of bowhead whale singing. This second year with its midwinter peak in singing is more 

species-typical (Stafford 2022) compared to the first year when singing behavior peaked in 

November and shifted towards sequence-based vocal behavior with outbursts of songs in late-

December (2019), January and March (2020). Complex singing behavior was recorded during 

several days in late September 2021, when the recorder was in open water with the sea-ice edge 

situated >300 km north of the location, indicating that the presence of sea-ice is not an absolute 

requirement for the presence of bowhead whales in the area. Likewise, complex singing 

behavior, although indicative of mating activity, is probably not restricted to this context 

(Stafford 2022). There are relatively few observations of bowhead whales close to the coast in 

Svalbard, but comparisons over recent decades suggest a northward shift during summer (Storrie 

et al. 2018, Bengtsson et al. 2022).  Offshore, in the Fram Strait west of Svalbard there is an 

extended vocal presence of bowhead whales throughout the year (Stafford et al. 2012, 2018; 

Ahonen et al. 2017). A survey conducted in August 2015 estimated 343 bowhead whales in an 

area of 53000 km2 in the pack-ice north of Svalbard (Vacquié-Garcia et al. 2017), and a genetic 

study recently confirmed that these animals belong to a unique stock, with its own genetic legacy 
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(Bachmann et al. 2021). Tracking data from animals marked in Fram Strait showed that they 

dispersed throughout much of the historical range of the species and were strongly affiliated with 

sea-ice (Kovacs et al. 2020). The present study confirms that animals from this population 

overwinter on the northeastern shelf of Svalbard. They vocalized near constantly over a 5-month 

period. They also show a wide repertoire of complex songs, like what has been reported from 

western Fram Strait (Stafford et al. 2018), rather than the modest singing behavior reported in 

eastern Fram Strait (Tomisch et al. 2022), suggesting that this area is another mating ground for 

the Spitsbergen population. The more modest vocal presence at M1 compared to M2 highlights 

the importance of the sampling location, as M2 seems to collect sounds from the corridor 

between Svalbard and Franz-Josef Land that is more heavily used by bowhead whales than the 

inshore waters of Svalbard.  

White whales were detected during a few weeks in January and during June-July (2018) in 

Kongsfjorden. Further vocal activity from odontocetes was observed during the study, but only 

in these two periods is it certain to have been white whales. The restricted sampling frequency of 

the AURALs in Svalbard do not cover the frequencies of echolocation clicks from white whales. 

Some of the odontocete vocalizations recorded in Kongsfjorden could be from white whales, as 

low-frequency clicks (typical of narwhals - Blackwell et al. 2018, Ahonen et al. 2019, Zahn et al. 

2021) were never detected in Kongsfjorden, and white whales are often seen in this fjord, 

especially during the summer and autumn (Vacquié-Garcia et al. 2020, Bengtsson et al. 2022). 

Seasonal marine mammals 

Six seasonally migrant marine mammals were identified during this study. Two of these, sperm 

whales and sei whales, were detected only in the west. The sperm whale recordings comprised 

series of slow clicks. This type of vocalization has been hypothesized to have a communication 

function among mature males (Jaquet et al. 2001). The presence of sperm whales on the shelf 

west of Svalbard has been previously documented through visual observations (Storrie et al. 

2018, Bengtsson et al. 2022). The late season sounds (Dec) were surprising, as it has previously 

been thought that most sperm whales leave the archipelago in the autumn to migrate to southern 

areas outside Arctic waters. In recent years sightings of large male sperm whales are increasingly 

common just north of Prins Karls Forland, on the shelf outside Kongsfjorden during late summer 

and into the autumn (pers. obs. KMK, CL). The detection of sei whales in Kongsfjorden between 

late-August and mid-September was more in line with the normal season for migrant cetaceans. 

This species has only rarely been sighted in the last two decades in western Svalbard, preferring 

waters along the continental slope (Prieto et al. 2014; Storrie et al. 2018). It was interesting to 

detect this species acoustically, with species-specific vocalizations because it is likely confused 

with fin and minke whales visually by non-experts.   

Fin whales were detected both on the west and east coasts of Svalbard, in Kongsfjorden and at 

M2. The M1 recorder failure in July and August, was likely responsible for the lack of detections 

in this area for this species and the other migratory cetaceans that have their peak residency 

period around Svalbard during summer and early autumn. Fin whales were recorded 

intermittently from late-October to late-January and then were heard again in August (2018) in 

Kongsfjorden. The late autumn and early winter calls from fin whales support Ahonen et al.’s 

(2021) findings that some fin whales reside in the High Arctic for most of the year. However, 

most fin whales are thought to migrate to breeding or more southerly feeding areas during the 

winter; first shifting from inshore areas to deeper waters and then leaving the High Arctic in the 
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autumn/early winter (Lydersen et al. 2020). In eastern Svalbard, fin whales were present more 

continuously in the late summer and early autumn (at M2) and were detected frequently in 

September. During the second year of sampling, fin whales’ acoustic signals were observed in 

the LTSs until mid-October (2020). During the following summer (2021), an even stronger 

acoustic signal from fin whales appeared in mid-August and calls from this species were 

common throughout the autumn until sea-ice covered the area in November, after which fin 

whales were no longer detected. Fin whales, similar to the other migratory whales, have been 

observed at progressively higher latitudes over the last 15 years in Svalbard (Bengtsson et al. 

2022). Blue whale acoustic signals were also detected on both coasts; blue whale 16-18 Hz calls 

were detected in late August in Kongsfjorden, and in late-August through until early-September 

at M2. Similarly, humpback whales were also detected on both coasts. They were recorded 

occasionally in October (2017) in Kongsfjorden, in July (2020) at M1 and in July and August 

(2020) at M2. In the open water period in summer, many mysticete vocalizations were detected, 

but it was not possible to separate humpbacks from bowheads definitively, and it is possible that 

both species were on the east side at this time. However, it is most likely that most of these 

summer vocalizations were produced by humpback whales. Humpback whales occur in 

significant numbers east of Svalbard during summer (Storrie et al. 2018; Bengtsson et al. 2022); 

this species makes up 11.3 % of all cetacean observations in recent years around Svalbard 

(Bengtsson et al. 2022).  

Minke whales were not acoustically detected in this study, though they are common in shelf 

waters on both sides of Svalbard (Storrie et al. 2018, Bengtsson et al. 2022). This is attributable 

to their quiet nature. Further increases in the detections of balaenopterid whales are expected in 

the future around Svalbard given the Atlantification of the region detected at other trophic levels 

(Berge et al. 2015, Fossheim et al. 2015, Ershova et al. 2021), but monitoring of species such as 

minke whales will have to be done visually. 

Harp seals were detected only on the recorders in eastern Svalbard. Species specific calls 

(Terhune 1994) were heard occasionally between April and August 2020. This timing coincides 

with their seasonal movements into the northern Barents Sea and Svalbard region, where animals 

from both the Greenland Sea and the White Sea breeding stocks feed during summer (Haug et al. 

1994, Folkow et al. 2004, Nordøy et al. 2008). 

Anthropogenic activities 

Two sources of anthropogenic noise were detected in the present study - airguns from seismic 

surveys and vessels. Airguns were detected only briefly in Kongsfjorden, in August, while airgun 

noises were detected at M2 over a period of three weeks in July and August. Vessels were 

detected every week from August (2017) to January (2018), and from April (2018) until the end 

of the study period in Kongsfjorden. The highest rate of acoustic detections in the area occurred 

in in June, July and August at this location. In marked contrast, few vessels were acoustically 

detected at M1 or M2, in part because ice cover was extensive for most of the study period; ice in 

this region is highly variable interannually and undoubtedly impacts anthropogenic noise levels. 

The covid pandemic also played a role in the extreme quiet period during the summer of 2020 as 

underwater noise worldwide was greatly reduced at this time because of the low level of 

economic activity including shipping and tourism (Ryan et al. 2021).  

Ship traffic noise can be a problem for marine mammals. Several studies in the Arctic have 

demonstrated negative impacts from ship traffic, including reduced vocal rates in response to 
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vessels (white whales, Halliday et al. 2019, Martin et al. 2022). Bearded seals in Alaska increase 

the amplitude of their calls when ambient sound levels increase, up to a threshold at which they 

ceased signaling (Fournet et al. 2021). In this study, vessels were detected half of the hours 

during the peak vocal period of bearded seals in Kongsfjorden.  

Cetaceans are also sensitive to seismic blasts (Reeves et al. 2014). Bowhead whales react to 

airgun pulses by increasing their calling rates until the amplitude of airgun pulses reaches a 

threshold at which they stop vocalizing (Blackwell et al. 2015). Narwhals also react to airgun 

pulses even when they are embedded in background noise (Tervo et al. 2021). In this study, 

vocal detections of narwhals at M2 ceased the same week that airguns were detected for the first 

time. This source of anthropogenic noise also overlapped with the presence of harp seals, 

humpback, and fin whales in this study. 

Soundscape analysis 

This study provides novel baseline data on underwater soundscape noise levels in the Barents 

Sea east of Svalbard and is the first year-round soundscape study for Kongsfjorden.  

The soundscape results in Kongsfjorden were typical of a glacier fjord (Ashokan et al. 2020), 

where the higher PSD are centered at frequencies near 1 KHz (Tęgowski et al. 2011, Petit et al. 

2012). This pattern was consistent year-round, with little variation in contributions to the 

soundscape as inferred from the monthly PSD plots, due to the constant melting signal at high 

frequencies, the presence of vessel traffic most of the year and the lack of biophonies at a 

soundscape scale. The lowest sound levels were found in March and May, due to the higher sea-

ice extents in the fjord at these times (Geyer et al. 2016). The highest levels of sound occurred 

during April (due to break-up of the ice) and during summer, when the open water leads to 

higher atmospheric forcing. The greater influence of ship traffic can also be observed during this 

season (June, July, August, September 2018) in the SPL plots, with TOLs centered at 63, 125 

and 250 Hz showing a greater increase in SPL. The maximum values reached exceeded 100 

decibels many times during June, July, August and September. This sound level is suggested as 

the threshold for disturbance of species like white whales and bowhead whales (Southall et al. 

2008). The top sound levels exceeded 110 dB in July, August and September, reaching 120 dB 

on few occasions. NOAA defines this sound level as a disturbance threshold for all marine 

mammals (Halliday et al. 2017). Therefore, vessel traffic in Kongsfjorden can be a relevant 

stressor. In December (2017) a few fishing boats were continuously active within 25 km of the 

recording device, causing a sustained increase in SPL in the low frequency bands, which created 

a persistent signal on the LTS and increased the monthly median PSD and SPL at low frequency 

TOLs. Four trawlers fishing continuously for several days caused this noise, highlighting the 

importance of investigating the type of activity and use of vessels and its acoustic impact rather 

than targeting just the number of vessels as an impact indicator. 

M1 and M2 presented soundscape dynamics that were similar, although M1 results must be 

interpreted with caution because of data gaps (between February and July - 2020). When the ice 

cover was extensive and stable, periods of relative silence were observed (mid-December, late-

May at both locations). When the ice cover was extensive but dynamic there were periods with 

high broadband energy, as was the case from January to February (2020). At both sites, sea-ice is 

the main factor shaping the geophysical soundscape and the sound levels overall. The absence of 

sea-ice also created high sound levels from atmospheric phenomena, like wind and breaking 

waves (Autumn 2020-2021). Biophonies were detected at a seasonal scale at both eastern 
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locations, although they contributed to a greater extent to increase the sound levels at M2, 

compared to the more modest contribution to M1’s soundscape. The prolonged period in which 

endemic Arctic species were vocally present in eastern Svalbard, together with the increasing 

presence of seasonal species, contributed to a more diverse soundscape throughout the season in 

eastern Svalbard than in the west. M2’s soundscape was the richest in endemic Arctic marine 

mammal signals, and even some behavioral and ecological processes arose at the soundscape 

scale. Bowhead whales showed different vocal pattern from one season to the next, with a 

temporal segregation (2020) vs overlap (2021) in songs and sequences vocalizing. Both bowhead 

whales and bearded seals seemed to compensate for periods with noisy backgrounds, increasing 

in the amplitude of their calls, but it is noteworthy that the signal to noise ratio (SNR) decreased 

during the noisiest periods. Bearded seals and bowhead whales left a remarkably similar 

signature in the increase of monthly median PSD centered at 0.5-0.6 KHz, frequency that both 

species seemed to exploit. A segregation in different acoustic niches (niche hypothesis, acoustic 

niche hypothesis; Hutchinson 1957, Krause 1993) seems to exist in the different dimensions of 

the soundscape. When bowhead whiles emit broadband songs in November, walruses and 

bearded seals vocalize only occasionally. As bowhead whales shift over to vocal sequences - 

walruses reach the peak of their vocal activity centered at 2 KHz. Bearded seals, whose sounds 

overlap with bowhead whale frequencies, seem to take over and reach a maximum vocal activity 

from April-May, when bowhead whales and walruses drop their vocal activity. This has been 

proposed to be a property of soundscapes emerging from minimally disturbed ecosystems where 

species have coevolved to efficiently exploit the soundscape in part by minimizing interference 

(Sueur and Farina 2015). The vessel signature was smaller in eastern Svalbard compared to 

Kongsfjorden. However, it was much more notable during the second season than the first (under 

the pandemic), especially because the ships were closer to the recorder (<50 km). This suggests 

that traffic could greatly impact the soundscape in eastern Svalbard with a slight shift of traffic 

northward. 

In conclusion, this study provides a useful “baseline” for monitoring the soundscape within one 

of the fastest changing regions in the Arctic. It also provides important, novel information about 

the distribution and community composition of marine mammals around Svalbard, including 

from the little-studied east coast, where endemic Arctic marine mammals currently still 

dominate. 
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Figures 

 

Fig. 1. Map of the study area. Green dots indication the locations of the AURAL recorders. 
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Fig. 2. Heatmap representing the percentage of hours per week with acoustic detections from the 

different marine mammal species and anthropogenic sound sources during the first study period 

in Kongsfjorden (a), M1 (b) and M2 (C). The grey areas represent not available data. At M1, the 

red vertical bars represent the beginning (February) and end (June) of a period that experienced a 

failure in the recording duty cycle, resulting in only ~30 % of hours being recorded. 
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 Fig. 3. Daily sea-ice concentrations at Kongsfjorden (2017-2018, a), and at M1 (2019-2021, b) 

and M2 (2019-2021, c) for the entire study period. Sea-ice cover is expressed as the proportion 

of the study area (radius= 30 km around the recorder) covered by a given ice class as indicated in 

the legend. 
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 Fig. 4. Year-round AIS traffic data within three distance classes plotted in a map, spanning the 

first study period around the recorders as indicated by the legend (a). The number of vessels per 

day and distance category indicated by the legend, plotted versus the number hours with acoustic 

presence from vessels at Kongsfjorden (2017-2018, b), M1 (2019-2021, c) and M2 (2019-2021, 

d). 
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Fig. 5. Results from the soundscape analysis in Kongsfjorden. A long-term spectrogram (LTS) 

indicating the frequency band (primary y-axis, logarithmic scale) and the power spectral density 

(PSD) of the sound in a color scale- from low intensity in blue, to high intensity in red 

(secondary y-axis; re 1 μPa2/Hz), illustrating the concentration of sound energy along the 

frequency band 10-4000 Hz and the study period (2017-2018) in Kongsfjorden (a). The median 

PSD per month, as indicated in the legend, along the frequency band 10-4000 Hz (logarithmic 

scale) at Kongsfjorden (b). The mean SPL in the 1/3 octave bands centered at 63 Hz (blue), 125 

Hz (green), 250 Hz (black) and the broadband 50-1000 Hz (red) plotted for Kongsfjorden (c). 
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Fig. 6. Results from the soundscape analysis at M1. A long-term spectrogram (LTS) indicating 

the frequency band (primary y-axis, logarithmic scale) and the power spectral density (PSD) of 

the sound in a color scale- from low intensity in blue, to high intensity in red (secondary y-axis; 

re 1 μPa2/Hz), illustrating the concentration of sound energy along the frequency band 10-4000 

Hz and the study period 2019-2020 (aI) and 2020-2021 (aII). Green ellipses indicate sound 

energy from marine mammal vocalizations: bowhead whale (BW), bearded seal (BS) and fin 

whales (FW). The median PSD per month, as indicated in the legend, across the frequency band 

10-4000 Hz (logarithmic scale) during the study period 2019-2020 (bI) and 2020-2021 (bII) at 

M1. The mean SPL in the 1/3 octave bands centered at 63 Hz (blue), 125 Hz (green), 250 Hz 

(black) and the broadband 50-1000 Hz (red) plotted for the whole study period (2019-2021, at 

M1 (c). 
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Fig. 7. Results from the soundscape analysis at M2. A long-term spectrogram (LTS) indicating 

the frequency band (primary y-axis, logarithmic scale) and the power spectral density (PSD) of 

the sound in a color scale- from low intensity in blue, to high intensity in red (secondary y-axis; 

re 1 μPa2/Hz), illustrating the concentration of sound energy along the frequency band 10-4000 

Hz and the study period 2019-2020 (aI) and 2020-2021 (aII) at M2. Green ellipses indicate sound 

energy from marine mammal vocalizations: bowhead whale (BW), bearded seal (BS) and fin 

whales (FW). The median PSD per month, as indicated in the legend, across the frequency band 

10-4000 Hz (logarithmic scale) during the study period 2019-2020 (bI) and 2020-2021 (bII). The 

mean SPL in the 1/3 octave bands centered at 63 Hz (blue), 125 Hz (green), 250 Hz (black) and 

the broadband 50-1000 Hz (red) plotted for the whole study period (2019-2021, at M2 (c). 
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Fig. 8. Percentiles (1 %, 5%, 50%, 95%, 99%), root mean square (RMS) and empirical 

probability densities (color scale) showing the distribution of power spectral density (PSD, re 1 

μPa2/Hz) in the 10-4000 Hz frequency band (logarithmic scale) year-round at Kongsfjorden 

(2017-2018, a), M1 (2019-2020, bI; 2020-2021, bII) and M2 (2019-2020, cI; 2020-2021, cII). 
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Supplementary figures 

 

SF. 1. Bowhead whale vocalizations shown as number of hours with acoustic presence per day 

through the first study period (2019-2020), with overall acoustic presence in orange and singing 

acoustic presence in blue at M1 (a) and M2 (b). An example of bowhead whale vocal sequences 

is shown in c, and a bowhead whale song is shown in d. The latter was extracted from the 

29/09/2021 at M2, and it constitutes an example of early singing of complex songs, when the 

sea-ice was more than 300 km away from the recorder. 
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SF. 2. Marine mammal observations in Svalbard (from NPI’s MMSDB during the period 2015-

2019, a) and the number of acoustic “observations” summed for the first study period at the three 

locations (b). In both pie charts, the species’ Latin name is followed by the percentage of 

observations and the number of observations in total for the given species. Original drawings are 

by Pieter Folkens and Uko Gorter. 
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SF. 3. Vessel tracks during the month of December (2017) plotted for Kongsfjorden. The legend 

shows the MMSI number of each vessel with a unique color, the deadweight tonnage when 

available (or the gross tonnage otherwise) and the category of the vessel according to its activity 

(a). The long-term spectrogram of Kongsfjorden for December 2017, showing the persistent 

acoustic signature of the fishing vessels for most of that period appearing as horizontal lines 

around 100 Hz (logarithmic scale, b). 
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SF. 4. Two bearded seal vocalization types that have not been previously described in Svalbard, 

which resemble the type-5 vocalization described for the White Sea population by Agafonov and 

Chernetsky (2018).  
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Tables 

Table 1. Metadata regarding the three AURAL recorder sites in this study. 

Location Coordinates Recording dates Water/recorder 

depth (m) 

Duty cycle 

(min/h) 

Kongsfjorden 78.960N 11.800 

E 

18/08/2017-

18/08/2018 

223/50 15 

M1 79.589N 

28.097E 

17/11/2019-

24/07/2020 (1st 

period), 

25/02/2021-

10/11/2021 (2nd 

period) 

259/60 12 

M2 79.678N 

32.486E 

17/11/2019-

23/09/2020 (1st 

period), 

01/10/2020-

11/11/2021 (2nd 

period) 

360/67 12 
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Table 2. Median and RMS (in brackets) PSD levels centered at 10, 50, 100, 500 and 1000 Hz at 

the AURAL sites in this study (by study period). 

Location 10 Hz 50 Hz 100 Hz 500 Hz 1 KHz 

Kongsfjorden 70 (108) dB 66 (88) dB 69 (85) dB 75 (82) dB 75 (78) dB 

M1 

(2019/20) 

73 (96) dB 72 (88) dB 72 (87) dB 65 (71) dB 59 (69) dB 

M1 

(2020/21) 

85 (113) dB 70 (93) dB 73 (89) dB 70 (77) dB 67 (72) dB 

M2 

(2019/20) 

73 (100) dB 73 (88) dB 69 (84) dB 66 (71) dB 61 (66) dB 

M2 

(2020/21) 

86 (111) dB 73 (96) dB 74 (88) dB 72 (77) dB 67 (73) dB 

 

 

 

 

 

 

 


