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ABSTRACT 

Over the past decade, anthropogenic noise from activities such as shipping has significantly increased in the ocean, raising questions 
on their potential impact on coastal species such as harbour seals. In this study, we assessed the spatial overlap between ships 
(equipped with AIS transmitters) and harbour seals (tracked using telemetry) in the English Channel, one of the densest shipping 
areas in the world. We then studied how their habitat selection varied according to environmental parameters taking into account 
shipping noise as a potential driver. A total of 28 harbour seals were captured and equipped with GPS-GSM tags. AIS data (ships > 15 
m length) was used to estimate shipping traffic density and model the associated shipping noise. We then used generalised additive 
mixed models to assess harbour seals’ habitat selection using distance to haulout, distance to shore, bathymetry, tidal current, 
sediment type, and shipping noise as explanatory variables. The model selected had an explained deviance of 71.8%. Our findings 
indicate that distance to haulout sites was the primary driver of habitat selection (~91.5% deviance), while other environmental 
factors such as bathymetry (~4.4%), distance to shore (~3.1%), tidal current (~0.3%), sediment type (~0.6%), and shipping noise 
(~0.1%) had only minor influences on their selection. Despite a high spatial overlap between shipping activity and tracked seals (73% 
of overlap), the weak contribution of shipping noise suggests that either seals may be habituated to chronic noise exposure or that 
noise levels rarely exceed tolerance threshold levels. To the best of our knowledge, this is the first article integrating shipping noise 
into harbour seals’ habitat selection models. These findings provide an understanding of harbour seal habitat selection in 
anthropogenic environments. 
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INTRODUCTION

Assessing the impact of human activities on marine ecosystems 
is one of the main challenges in conservation and management 
of marine biodiversity. Over the past decade, anthropogenic 
activities in the ocean have increased (Frisk, 2012; Simmonds et 
al., 2014). This intensification raises questions about their 
cumulative effects on marine ecosystems. However, evaluating 
these impacts is very challenging because of the variety of 
stressors involved (Boehlert & Gill, 2010; Simmonds, 2018). 
Among these stressors, anthropogenic noise has recently been 
considered a threat to marine ecosystems and is often referred 
to as noise pollution, impacting many species (Erbe et al., 2018; 
Gomez et al., 2016; Simmonds, 2018). Anthropogenic noise 
alters the marine soundscape by contributing to the increase of 
ambient noise levels (Duarte et al., 2021). Shipping activity has 
become the primary contributor to rising ambient noise levels 
in the ocean (Erbe, McCauley & Gavrilov, 2016; Erbe et al., 2019; 
Frisk, 2012; Hildebrand, 2009). Indeed, 90% of global trade is 
transported by ships. In European waters, shipping has 
increased 33.6% between 2013 and 2017 and now this area 
stands out as one of the densest shipping areas in the world 
(Robbins et al., 2022; Wang et al., 2023).  

Shipping activities are often concentrated in coastal waters, 
resulting in high-density traffic and increased noise levels in 
these areas. However, coastal waters represent important 

habitats for a wide range of marine species, including a great 
number of marine mammals (Avila et al., 2018; Learmonth et 
al., 2006). Many species use these areas as breeding and/or 
foraging grounds. Certain marine mammals may be particularly 
sensitive to the frequency bands dominated by shipping noise, 
such as pinnipeds, who have their main hearing frequency 
between 75 Hz and 75 kHz (Nowacek et al., 2007; Southall et al., 
2007). Indeed, shipping noise generally consists of continuous 
noise over frequency bands ranging from 1 Hz to 100 kHz, with 
highest intensity levels between 10 Hz and 1 kHz (Bretschneider 
et al., 2014; Erbe et al., 2019). Hence, the combination of spatial 
and frequency overlap may lead to impacts on their 
communication (Erbe et al., 2018; Gabriele et al., 2018), 
behaviour (Blair et al., 2016; Mikkelsen et al., 2019; 
Prawirasasra et al., 2022), or even physiology (Lemos et al., 
2022; Rolland et al., 2012). 

Harbour seals (Phoca vitulina) are a coastal species and 
therefore may be particularly vulnerable to shipping activities in 
coastal waters. As central-place foragers, their behaviour is 
influenced by the need to return regularly to their haulout sites 
(Orians & Pearson, 1979). This constraint makes them more 
likely to encounter human activities and thus makes them more 
susceptible to elevated noise levels. Harbour seals are 
protected in France, and as top predators they contribute to the 
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good health of marine ecosystems (Blanchet et al., 2021). 
Various studies have shown that shipping noise may have 
significant ecological effects on the behaviour of phocids 
(Mikkelsen et al., 2019; Prawirasasra et al., 2022; Trigg et al., 
2020). Mikkelsen et al. (2019) have found that harbour seals can 
modify their foraging or resting patterns when impacted by 
shipping noise. Changes in behaviour can impact the energetic 
budget, health, and, therefore, fitness of a species (Erbe et al., 
2018). Hence, with the increase of shipping activities, larger-
scale studies are needed to understand how shipping noise 
affects harbour seal behaviour and to evaluate the potential 
consequences for their energy budgets and overall fitness.  

In this paper, we assessed the spatial overlap between ships 
equipped with Automatic Identification System (AIS) 
transmitters and harbour seal density using telemetry tracking. 
We then evaluated harbour seals’ habitat selection taking into 
account the potential effect of shipping noise. These results 
provide an understanding of the habitat selection of harbour 
seals in an environment impacted by anthropogenic activities, 
the English Channel. The English Channel is characterised by 
high vessel density (Robbins et al., 2022), resulting in chronic 
shipping noise. Offshore wind farm construction projects are 
currently underway in this region, and the noise generated 
during their construction and their operation will add to the 
existing anthropogenic noise, with potential cumulative impacts 
on species that live here. This study will therefore serve as a 
baseline for any studies looking at cumulative impacts of 
shipping noise and additional noise generated during the 
construction of wind farms. 

MATERIALS AND METHODS 

Study area 

The study was carried out in the Baie des Veys, in the English 
Channel. The Baie des Veys, located in Normandy, France, is 
characterised by shallow waters (Figure 1). It covers an 
intertidal area of 37 square kilometres (Sylvand, 1995). This 
estuary is a hotspot for many species, attracting predators such 
harbour seals. In fact, the Baie des Veys holds the second largest 
harbour seal colony of mainland France (maximum haulout 

number of 254 individuals in 2023), with a yearly increase in 
abundance of ~11.0% per year (Poncet et al., 2024).  

Seal capture and tagging 

A total of 28 harbour seals (all males) were captured in the Baie 
des Veys in two deployment periods between October 2020 and 
January 2024 (Supplementary file 1). They were caught at their 
haulout site using hoop nets, weighed, and then anaesthetised 
with Zoletil (© Virbac, France). They were then fitted with 
GPS/GSM tags (Sea Mammal Research Unit, University of St 
Andrews, UK). Tags were glued to the fur, at the back of the 
neck, using quick setting epoxy glue. Four seals were captured 
twice during the study period. Seal V31 was captured and fitted 
with a tag a second time (V37) in the same deployment period 
(2023–2024). Data from both deployments were therefore 
merged. The other three seals were captured for the first time 
in 2020–2021 (V16; V17; V22) and recaptured in 2023–2024. 
We only used data from their first tagging in our analysis.  

Telemetry data 

The GPS/GSM tags included a GPS combined with a GSM 
modem to transmit the data. GPS coordinates were recorded 
every 10 minutes when the seal was at the surface, though this 
interval was extended when the individuals were underwater. 
Additionally, the tags had a wet/dry sensor indicating whether 
the individuals were at sea or resting on land. A haulout was 
defined as any period where the tag remained dry for more than 
10 minutes, while an 'at sea' state was recorded when the tag 
was wet for a minimum of 40 seconds. They also had a pressure 
sensor that measures dive depth. In this study, a dive was 
defined when the seal went below 3 m in depth with a duration 
lasting more than 30 s. The dive locations were estimated by 
linearly interpolating positions from GPS data in order to have a 
GPS location for every dive recorded. If more than 20 min 
elapsed between consecutive GPS positions, we filtered out any 
dive data within that period. This 20 min threshold was 
determined through an analysis of the raw GPS data, showing 
that the highest frequency of delays in both deployment 
periods occurred within the first 20 minutes (Supplementary file 
2). This method was necessary to ensure accuracy when 
modelling noise received by the seal. Indeed, underwater noise 

 

Figure 1: Map of the study area around the Baie des Veys and the bathymetry (m) of the continental shelf. The main bays are labelled in grey. The 
study area is indicated by the black dashed line. 
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modelling is sensitive to location precision, so even slight 
changes in a seal's estimated position can lead to significant 
differences in the modelled received levels. By limiting the 
interpolation window to 20 minutes, we minimise the 
accumulation of error in our estimated dive locations. After 
applying this filter, approximately 40% of the dive data was 
retained. Furthermore, all dives that extended within 20 km of 
the study area boundary or outside the study area are excluded 
from the analysis, to avoid potential underestimation of 
shipping noise. 

AIS data 

We used AIS (Automatic Identification System) data to identify 
the position of ships during the tracking period of the seals. AIS 
transmitters are mandatory for ships of over 300 gross tonnage 
engaged in international voyages, cargo ships of over 500 gross 
tonnage not engaged in international voyages, fishing vessels 
over 15 m long, and all passenger ships. While some vessels 
under 15 m voluntarily have AIS transmitters, we cannot assess 
how representative the available data are for this group. For this 
study, AIS data came from Orbcomm Premium and was 
purchased from CLS (https://www.cls.fr) for the periods of 
October 2020 to July 2021 and November 2023 to June 2024. 
The data contained information such as date and time, GPS 
coordinates, vessel characteristics, and speed. To ensure data 
accuracy, the dataset was filtered and speed values were 
corrected using the AISanalyze package in R 
(https://github.com/remip48/AISanalyze). Ships that were 
stationary (speed = 0 knots) were filtered out. 

Spatio-temporal overlap 

The first part of the study aimed to identify spatio-temporal 
overlap between harbour seals and ship traffic in order to 
estimate the risk of encounter. To achieve this, we used two 
datasets: seal dive locations and AIS ship data. We selected a 
temporal resolution of one hour to reflect the daily activity 
patterns of harbour seals. Seal usage maps and AIS ship traffic 
maps were produced at an hourly scale using a 5 km² grid cell 
resolution. For each hour, we counted the number of unique 
seals or vessels present in each cell. Hourly seal–ship 
encounters were then calculated, allowing us to estimate the 
risk of encounter, defined as the number of seal–ship overlaps 
per hour and per cell. Risk maps were produced using MATLAB 
R2023b (MathWorks Inc., 2023).  

Habitat selection 

The second part of this study focused on evaluating the habitat 
selection of harbour seals to explore the influence of various 
environmental factors and the potential impact of shipping 
noise on their selection. 

Environmental variables 

Five environmental variables were selected for the habitat 
analysis, based on previous studies demonstrating their 
influence on harbour seal habitat selection (Bailey et al., 2014; 
Huon et al., 2021; Wynn-Simmonds et al., 2024). Bathymetric 
data were obtained at a resolution of 0.1 minutes using the 
“getNOAA.bathy” function from the package marmap in R 
(Pante & Simon-Bouhet, 2013). The locations of harbours in 
Normandy were obtained from www.data.gouv.fr as a 
shapefile. Sediment data were obtained via the EMODnet 
Geology project with five seabed substrate classes at a 
resolution of 1:1,000,000 (European Commission 2019). Tidal 

current data were available hourly from the Previmer database 
(MARS2D model; Lecornu & De Roeck, 2009) with a resolution 
of 700 m.   

Additionally, wind data were obtained at an hourly rate and a 
0.125 degree spatial resolution from Copernicus 
(https://www.copernicus.eu) in order to estimate wind noise 
levels, which were used in the shipping noise estimation. 

Shipping noise variable 

To assess the effect of shipping noise in our habitat model, a 
proxy was constructed based on modelled ship noise for each 
harbour seal dive. The decidecade band centred at 1 kHz was 
chosen, as this frequency band is significantly impacted by ship 
noise (Duarte et al., 2021; MacGillivray & de Jong, 2021) and lies 
within the peak sensitivity range of harbour seal hearing 
(Kastelein et al., 2009). This frequency band has already been 
used in studies of noise effects on harbour seals (Mikkelsen et 
al., 2019). Acoustic modelling was conducted using the sonar 
equation, represented as:  

𝑅𝑅𝑅𝑅 = 𝑆𝑆𝑆𝑆 − 𝑃𝑃𝑃𝑃 (Eq 1) 

where RL denotes the received level, SL is the source level, and 
PL is the propagation loss. The source level (SL) was derived 
from the AIS data, using the JOMOPANS-ECHO model 
(MacGillivray & de Jong, 2021) to estimate SL based on vessel 
type, length, and speed. Propagation loss (PL) was calculated 
using a geometric spreading model, as follows: 

𝑃𝑃𝑃𝑃 =  15. 𝑙𝑙𝑙𝑙𝑙𝑙10(𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑) (Eq 2) 

This model was selected because it was shown to have a good 
trade-off between accuracy and computational efficiency and 
has been validated with field measurements in the study area 
(Wynn-Simmonds et al., 2025).  

We estimated total received levels (RLtotal) at each dive location 
by calculating the contribution from all ships present in the 
area, using: 

𝑅𝑅𝑅𝑅𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 =  10𝑙𝑙𝑙𝑙𝑙𝑙10(∑ 10
𝑅𝑅𝑅𝑅𝑅𝑅
10𝑛𝑛

𝑖𝑖=1 ) (Eq 3) 

To convert total received levels (RLtotal) into perceived levels 
(RLw), we integrated the phocid audiogram, using the auditory 
weighting function for phocid carnivores in water (PCW) as 
described by Southall et al. (2019), which accounts for the 
hearing sensitivity of the targeted species across relevant 
frequency ranges. 

The signal excess (SE1kHz) were then calculated using: 

SE1𝑘𝑘𝑘𝑘𝑘𝑘 = 𝑅𝑅𝑅𝑅𝑅𝑅 − 𝑁𝑁𝑁𝑁 (Eq 4) 

where NL represents the ambient noise level. During the 
validation measurements, ambient noise levels were recorded 
(Wynn-Simmonds et al., 2025) at Beaufort sea state level 3 
conditions. However, since the ambient noise level varies with 
sea state, we corrected this value for each seal dive using the 
wind noise model described by Hildebrand et al. (2021). 

Statistical analysis 

Harbour seal habitat selection was assessed by using a pseudo-
absence method (Keating & Cherry, 2004; Huon et al., 2021). 
Due to constraints related to AIS data availability, we filtered 
out tracks recorded outside the study area (Figure 1). One out 
of every ten dives for each individual were selected to avoid 
autocorrelation (Huon et al., 2015). For each dive location, two 
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pseudo-absence points were created within the study area 
using the sp package in R (Pebesma & Bivand, 2005). The 
purpose of this approach was to evaluate habitat selection by 
comparing the environmental characteristics of dive locations 
with those of pseudo-absence points. We extracted 
environmental information (see above) for each dive location 
and pseudo absence point. Bathymetry data was linearly 
interpolated using the marmap package in R (Pante & Simon-
Bouhet, 2013). In addition, we also calculated the Euclidean 
distance to shore, the Euclidean distance to haulout site (the 
distance to the closest previous/next haulout site of the seal), 
and the Euclidean distance to the nearest harbour using 
respectively the “gDistance”, “gdist”, and “st_distance” 
functions available in the rgeos, Imap, and sf packages in R 
(Bivand & Rundel., 2023; Pebesma, 2023; Wallace, 2012). 
Furthermore, we also used sediment type, tidal current, and 
signal excess, to assess the environmental factors influencing 
habitat selection of seals. Correlation between variables was 
calculated in order to identify strong collinearity that would 
affect model predictions. 

A generalised additive mixed model (GAMM) with a binomial 
family argument was then fitted to the data by using the mgcv 
package in R (Wood, 2023). Dive locations and pseudo-absence 
points were used as the binary response variable with values of 
1 and 0 respectively. Bathymetry, distance to the haulout site, 
distance to the shore, distance to the nearest harbour, signal 
excess, and tidal current were included as continuous fixed-
effect predictors. Sediment type was included as a categorical 
fixed effect. To account for repeated measures within 
individuals, seal ID was included as a random effect. The most 
parsimonious model was then selected using the Akaike 
information criterion (AIC; Akaike, 1973). The model with the 
smallest AIC was selected. For each variable, partial deviance 
was estimated to assess its contribution to model performance 
(Brunbjerg et al., 2018). Model assumptions (e.g., residual 
independence, homoscedasticity, normality) were assessed 
using the “gam.check” function available in the mgcv package 
in R (Wood, 2023). 

RESULTS 

To assess whether shipping noise was a potential driver of 
harbour seal habitat selection, we first examined the spatial 
overlap between seal distribution and shipping activity. We 
then analysed the potential effects of shipping noise on their 
habitat preferences.  

Usage maps 

Of 28 harbour seals captured in the Baie des Veys between 2020 
and 2024 (14 individuals in 2020–2021; 14 in 2023–2024), 25 
tag datasets were used in this analysis. The tracking periods 
went from 13 October 2020 to 21 July 2021 and from 10 
November 2023 to 3 June 2024. On average, the seals were 
tracked for 99 ± 35 days (Supplementary file 1). In total, 178,319 
dives were recorded. During the tracking period, the seals 
remained mostly near the coast (Supplementary file 3) and 
most dive activity occurred near the main haulout site (Figure 
2), where they were caught. Only two individuals left the study 
area during the tracking period (V35 and V39). Seal V35 
performed 90% of its dives within 20 km from the study area 
boundary, while only 11% of V39’s dives occurred within 20 km 
from the study area boundary (Supplementary file 3).  

A total of 19,867 ships were recorded in the study area during 
the study periods 2020–2021 and 2023–2024, 4,816 of which 
were recorded during both periods. Ship density in the two sub 
periods was relatively similar (2020–2021: 12,847 ships; 2023–
2024: 11,836 ships). Bulker ships accounted for the largest 
proportion of unique vessels (26.2%), followed by the ship class 
“other” (21.5%), containership (19.3%), and tankers (16.2%). 
The highest density of ships was concentrated around the 
mouth of the Seine and Le Havre harbour (maximum 8 ships per 
hour; Figure 3). There was in general a high density of ships (~2 
ships per hour) around harbours (represented by red markers in 
Figure 3). Additionally, the top left corner of the study area 
(Figure 3) stood out as a high-density shipping route (maximum 
3 ships per hour; Figure 3). Finally, there was moderate ship 
density in the Baie de Seine aside from the ship traffic routes to 
and from the harbours (Figure 3). Large differences between 
ship classes were observed (Supplementary file 4). For example, 
bulker ships and tankers were primarily concentrated along 
specific shipping routes and near major harbours such as Le 
Havre harbour. Cruise vessels used specific routes to and from 
harbours. In contrast, ship classes such as fishing vessels 
exhibited different and less discernible patterns. 

 
Figure 2: Usage map of 25 harbour seals captured and tagged in the Baie 
des Veys in 2020–2021 and 2023–2024. The seal capture site is 
represented by a red marker. The colour gradient represents the mean 
hourly count of dives from tagged seals per 5 km² cell. 

 

 
Figure 3. Density map of 19,867 ships with AIS transmitters recorded 
during 2020–2021 and 2023–2024 study periods. The main harbours are 
represented by red markers. The colour gradient represents the mean 
hourly count of AIS ships per 5km² cell. 
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Spatio-temporal overlap 

The spatio-temporal overlap, estimated as the number of 
hourly co-occurrences of seals and ships transmitting AIS data 
per 5 km² cell, indicated that overlap was greatest in the Baie 
des Veys, particularly near the coast and the main haulout site 
of harbour seals (Figure 4). This overlap was present in 73% of 
cells within the seals' usage map, meaning that in 73% of the 
grid cells where harbour seals occur, there was at least one ship 
present at the same time. The highest overlap occurred around 
three main harbours: Saint-Vaast-la-Hougue (0.2 encounters 
per 5 km² per hour); Barfleur (0.1 encounters per 5 km² per 
hour) and Grandcamp-Maisy (0.1 encounters per 5 km² per 
hour). 

Habitat selection  

The correlation between variables showed that the covariates 
had weak to moderate correlations with one another (r < 0.75), 
except for distance to the nearest harbour, which was strongly 
correlated with distance to the shore (r = 0.97). The model 
including distance to the shore had a smaller AIC than the model 
including distance to the nearest harbour, hence only distance 
to the shore was kept in the final model. 

Among the models tested using the remaining variables, the 
model that retained all of them had the lowest AIC and was 
therefore selected as the most parsimonious (Supplementary 

file 5). The selected model explained a relatively high 
proportion of deviance (71.8%). The distance to haulout site 
accounted for the largest share of the deviance (91.2%). The 
other parameters, distance to the shore (3.7%), bathymetry 
(4.0%), sediment (<1%), tidal current (<1%), and signal excess 
(<1%), were retained in the final model but, collectively, 
explained less than 10% of the deviance (Figure 5, Table 1).  

The probability of selection declined with increasing distance to 
the haulout site (Figure 6a, Table 1), with 77.0% of dives 
occurring within 20 km from the haulout site (median: 9.5 km, 
IQR: 5.7–19.1 km; Figure 5a). Similarly, distance to the shore 
had a negative influence on habitat selection (Figure 6b, Table 
1), with 94.7% of dives occurring within 10 km of the shore 
(median: 2.6 km, IQR: 1.0–4.4 km; Figure 5b). Bathymetry also 
had a negative influence on habitat selection (Figure 6c, Table 
1), with 82.6% of dives occurring at less than 20 m depth. In 
contrast, tidal current showed a positive relationship with 
habitat selection (median: 0.3 m/s, IQR: 0.1–0.4 m/s), with 
predicted values increasing as tidal current speed rose from 
approximately 0.5 m/s to 1.5 m/s (Figure 6d, Table 1). Signal 
excess in the 1 kHz decidecade band (median: 10.0 dB, IQR: 7.1–
13.7 dB; Figure 5e) had a slight negative influence on habitat 
selection (Figure 6e, Table 1). Additionally, harbour seals 
selected areas with sand, coarse sediment or rock as opposed 
to mixed sediment (Table 1). 

DISCUSSION AND CONCLUSIONS 

Over the past decade, shipping activities have intensified, 
resulting in higher ambient noise levels in marine environments 
(Duarte et al., 2021), impacting many species (Erbe et al., 2018; 
Gomez et al., 2016, Simmonds 2018). Shipping noise may have 
significant ecological effects on phocids’ behaviour (Maurer et 
al., 2025; Mikkelsen et al., 2019; Prawirasasra et al., 2022; Trigg 
et al., 2020), which can lead to potential consequences at the 
population level. This is the first study to evaluate shipping 
noise as a potential driver of harbour seal habitat selection. 
Noise only had a minor impact on our model results, which 
indicates that seals are not strongly impacted by noise in our 
study area, either due to relative low signal excess or that the 
seals have habituated to the current exposure levels. 

Habitat selection of harbour seals 

The habitat selection model indicated that harbour seals 

           Table 1: Effect of environmental variables on harbour seal habitat selection. 

Variables edf Chi.sq p-value Partial deviance (%) 

Distance to haulout 2.97 4598.84 ≤ 0.001 91.2 

Distance to coast 2.99 153.11 ≤ 0.001 3.7 

Bathymetry 2.90 390.25 ≤ 0.001 4.0 

Tidal current 2.81 27.86 ≤ 0.001 0.3 

Signal Excess 1.88 6.62 ≤ 0.01 0.1 

Sediment type    0.7 

           Sand   ≤ 0.001  

           Coarse sediment   ≤ 0.001  

           Rock   ≤ 0.001  

           Mixed sediment   1  
 

 

 

 
Figure 4. Map of encounter rate, estimated as the number of hourly co-
occurrences of seals and ships per 5 km² cell in the Baie de Seine during 
2020–2021 and 2023–2024 periods. Main harbours are represented by 
red markers and the seal capture site by a yellow star. 
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selected areas near their haulout sites, close to shore, in shallow 
waters and strong tidal currents. These preferred habitats were 

characterised by sand, coarse sediment, and rock. Although 
noise contributed to a slightly improved model, we found 

 
Figure 5. Environmental variables at dive locations used for evaluating harbour seal habitat selection, shown for each individual seal (V13–V40) and for 
all seals combined (All): a) distance to haulout site (km); b) distance to the shore (km); c) bathymetry (m); d) tidal current (m/s); e) signal excess (dB). 
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similar excess between dives and pseudo-absence points (dive 
locations: 10.0 dB, IQR: 7.1–13.7 dB vs pseudo-absence points: 
11.7 dB, IQR: 8.3–15.6 dB). 
The results of this study are consistent with findings from other 
regions, where haulout site proximity, distance to shore, and 
bathymetry have also been identified as primary drivers of 
habitat selection (Bailey et al., 2014; Huon et al., 2021; Wynn-
Simmonds et al., 2024). Their foraging range is therefore 
constrained, leading them to select areas with high foraging 
success to maximise energy gain while minimising energy costs 
(Bailey et al., 2014). Additionally, they primarily target benthic 
prey (Spitz et al., 2010; Planque et al., 2021), even if they can 
occasionally forage on pelagic prey (Boyi et al., 2022; Sharples 
et al., 2009; Wilson & Hammond, 2019). As an estuary, our 
study area has a high level of productivity (Wolowicz et al., 
2007). Harbour seals in the Baie des Veys do not need to travel 
far to forage, explaining the high influence of distance to 
haulout site in the habitat selection model (~91.5%). Previous 
studies also found that tidal current and sediment type played 
a minor role in habitat selection (Bailey et al., 2014; Huon et al., 
2021). As generalist species, harbour seals target different prey 
species that likely use different types of sediment. Hence, the 
dependency of seals to a particular sediment type may be linked 
to the targeted prey (Huon et al., 2021). Additionally, strong 
tidal currents have been shown to influence harbour seal 
foraging behaviour (Hastie et al., 2016; Zamon, 2001), however 
in our study area, tidal currents were comparatively low 
(median: 0.3 m/s, IQR: 0.1-0.4 m/s), likely explaining the minor 
role of this environmental parameter on habitat selection. 

The role of shipping noise 

In this study, we aimed to examined whether harbour seals are 
affected by or have adapted to an anthropogenic environment, 
focusing on the potential role of noise as a driver of habitat 
selection. We analysed habitat selection at a broad spatio-
temporal scale, as any impact at this level could have significant 
ecological consequences. We found that noise only had a minor 
impact on habitat selection although there was relatively large 
spatial overlap. Acute responses of harbour seals to noise have 
previously been documented (Maurer et al., 2025; Mikkelsen et 
al., 2019). Anthropogenic noise, especially the low-frequency 
bands where shipping noise dominates, can propagate over 
large distances (Possenti et al., 2024), making it important to 
assess its potential effects on coastal species such as harbour 
seals. Previous work has examined the influence of human 
activities on harbour seal habitat use without accounting for 
noise and found only weak effects of anthropogenic factors on 
distribution (Grigg et al., 2012). Anthropogenic noise, especially 
in low frequency bands, can travel over large distances 
(Possenti et al., 2024). Hence, it is important to examine 
whether noise affects habitat selection of coastal species like 
harbour seals, to understand to which degree they are 
influenced by noise exposure. Our study was conducted in the 
Baie des Veys, located in the English Channel, an area with high 
shipping activity (Dauvin, 2019; Robbins et al., 2022). 
Consequently, there was a spatial overlap between vessels and 
the tracked seals, with 73% of the cells in the seal usage maps 
showing ship occurrence. This overlap was especially 
pronounced near the coast and in proximity to the main haul-

Figure 6. Effect of environmental variables on harbour seal habitat selection: a) distance to haulout site (km); b) distance to the shore (km); c) 
bathymetry (m); d) tidal current (m/s); e) signal excess in the 1 kHz decidecade band (dB). The dashed lines show the 95% confidence intervals and the 
vertical lines represent the 5th and 95th percentiles of the data. 
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out site, where seal activity was highest. These findings are 
consistent with Jones et al. (2017), who also reported high levels 
of spatial co-occurrence between vessels and both harbour and 
grey seals in UK waters, particularly within 50 km of haulout 
sites. This co-occurrence between vessels and the tracked seals 
raised questions about the potential impact of shipping noise 
on harbour seal population. In this study, seals were exposed to 
a median signal excess of 10 dB (Q1–Q3: 7.1–13.7 dB). In marine 
mammals, this level of excess is generally considered sufficient 
to be perceptible and potentially cause behavioural or auditory 
effects (Erbe, Reichmuth et al., 2016; Southall et al., 2007). 
There was only a minor effect of noise in our model, suggesting 
that shipping noise was not a primary driver of habitat selection 
of harbour seals in this area (partial deviance: < 1%). There are 
several reasons why this stressor may have played a minor role 
in harbour seal habitat selection.  

In the English Channel, shipping activities have intensified by 
20% between 2013 and 2017 (Robbins et al., 2022), and the area 
is now identified as one of the world's densest shipping areas 
(Robbins et al., 2022; Wang et al., 2023). Harbour seals have 
therefore been exposed to shipping noise for a long time, 
potentially causing habituation to this stressor. Additionally, 
previous studies have shown that marine mammals, such as 
phocids, may tolerate elevated noise levels in areas with high 
ecological importance (Bhagarathi et al., 2024; Grigg et al., 
2012; Jacobs & Terhune, 2002; Van Neer et al., 2023). Hence, 
harbour seals may tolerate shipping noise in areas close to their 
haulout sites or areas with high prey availability. The benefits of 
abundant prey may outweigh the risks of chronic noise 
exposure, encouraging seals to remain in noisy environments 
that may have long-term consequences on their health. 
However, these consequences are not yet understood. 

Secondly, even though there was a high percentage of overlap 
between seals and shipping activities, this does not necessarily 
mean that seals were consistently exposed to high noise levels. 
Seals might only respond to continuous noise when it exceeds 
tolerance threshold levels. The highest spatial overlap in this 
study occurred near three main harbours, where vessel traffic 
is typically high. However, speed restrictions are often 
implemented near harbours. For example, in France, vessels are 
required to reduce their speed within 300 m from the coast and 
near harbours, generally under 5 knots (N°2-68398-2013 
PREMAR MANCHE/AEM/NP); it is important to note that the 
300 m zone does not represent the majority of overlap cases in 
this study. Lower vessel speeds are associated with reduced 
noise levels (Findlay et al., 2023). Hence, if shipping noise levels 
rarely exceeded tolerance threshold levels, habitat selection of 
harbour seals might not be affected. This hypothesis could not 
be verified in this study because, to the best of our knowledge, 
no threshold for behavioural responses has been published for 
the frequency band of interest (Southall et al., 2019; Southall et 
al., 2021). Indeed, behavioural response to a noise is dependent 
on intra-individual parameters, environmental and behavioural 
context, and type of noise source (Kastelein et al., 2015). There 
are thresholds for temporary threshold shifts (TTS) and 
permanent threshold shift (PTS) that have been determined for 
groups of aquatic species (Southall et al., 2019); however, seals 
may exhibit behavioural responses before reaching these 
extreme noise levels (Gomez et al., 2016). In this study, harbour 
seals may continue using an area despite shipping noise levels 
if it provides essential ecological benefits. However, if those 

noise levels exceed individual tolerance threshold levels, they 
most likely will change their behaviour.  

Lastly, in this study, we used AIS data, which track vessels 
generally over 15 m in length. However, harbour seals may 
encounter smaller vessels (without AIS transmitters). Indeed, 
Nachtsheim et al. (2023) found that only 31.8% of vessels 
recorded by long-term sound and movement tags (DTAGs) on 
tagged harbour seals were vessels with AIS transmitters. This 
suggests that an important portion of vessel activity may be 
underestimated.  

Ecological implications and future research 

In this study, shipping noise had a minor implication in harbour 
seal habitat selection. However, chronic exposure to shipping 
noise may still have effects on seals, such as stress, or changes 
in foraging/resting patterns (Erbe et al., 2019). Even minor 
behavioural changes, if persistent, can have cumulative 
population-level effects. Hence, it is important to monitor and 
mitigate anthropogenic noise in environments critical for 
harbour seals—ensuring that noise levels remain within 
acceptable thresholds for the seals will reduce potential 
impacts on them. The results of this study provide new insights 
into harbour seal habitat selection within an anthropogenic 
environment.  

Conclusion  

This study assessed the habitat selection of harbour seals in an 
environment influenced by anthropogenic activities, 
particularly shipping. Habitat selection was driven mainly by 
distance to haulout sites. As central place foragers, harbour 
seals are constrained to remain close to their main haulout 
sites, which may explain why they do not seem to be strongly 
affected by shipping noise on a large scale, despite overlap with 
intense shipping activity. While shipping noise did not stand out 
as a primary driver of habitat selection in our analysis, it is likely 
that seals still respond to acute noise events occurring at a finer 
spatial or temporal scale (i.e., responses during the moment of 
exposure). Future studies focusing on behavioural shifts at a 
finer scale could provide deeper insight into their responses to 
shipping noise. 
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