
HAL Id: hal-03823702
https://hal.science/hal-03823702

Submitted on 21 Oct 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Assessment of the impact of anthropogenic airborne
noise on the behaviour of Cape fur seals during the

breeding season in Namibia
Mathilde Martin, Tess Gridley, Simon Harvey Elwen, Isabelle Charrier

To cite this version:
Mathilde Martin, Tess Gridley, Simon Harvey Elwen, Isabelle Charrier. Assessment of the im-
pact of anthropogenic airborne noise on the behaviour of Cape fur seals during the breeding sea-
son in Namibia. Journal of Experimental Marine Biology and Ecology, 2022, 550, pp.151721.
�10.1016/j.jembe.2022.151721�. �hal-03823702�

https://hal.science/hal-03823702
https://hal.archives-ouvertes.fr


Journal of Experimental Marine Biology and Ecology 550 (2022) 151721

0022-0981/© 2022 Elsevier B.V. All rights reserved.

Assessment of the impact of anthropogenic airborne noise on the behaviour 
of Cape fur seals during the breeding season in Namibia 

Mathilde Martin a,b,*, Tess Gridley b,c, Simon Harvey Elwen b,c, Isabelle Charrier a 
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A B S T R A C T   

The increase of anthropogenic noise in the environment is a global phenomenon occurring in various types of 
habitats. Its impact on wildlife is therefore a growing research concern for many taxa. Due to their amphibious 
lifestyle, pinnipeds are exposed to anthropogenic noise in both aquatic and terrestrial environments. Using 
playback experiments, the present study assessed the impact of engine noise (car and boat) on the behaviour of 
Cape fur seals at the Pelican Point breeding colony, Namibia. Groups of individuals (35 groups, 369 individuals) 
were exposed either to low, medium or high amplitude levels of in-air noise, broadcast from the land or sea side. 
During the noise exposure, we found a significant increase in energetically costly behaviours: time spent awake, 
vigilance and locomotion for both females and pups. This was to the detriment of vital activities such as resting 
and nursing that decreased considerably (from 5.9 to 45% decrease) compared to the pre-playback phase without 
noise exposure. Animals' behavioural disturbance was limited to the 2-min period of noise exposure and we 
observed a rapid recovery when the noise ceased. We found stronger responses to boat motor noise broadcast 
from the sea side compared to car motor noise from land. Noise pollution from vehicles and boats in the vicinity 
of seal breeding colonies may threaten their health and the survival of their young by modifying their natural 
behaviour. It is therefore important to develop regulations for vehicles (speed, distance) in these areas with 
increasing tourist and recreational activities to limit disturbance.   

1. Introduction 

Human activities such as transport, construction, or exploration have 
developed considerably over the past decades and generate anthropo
genic noise in many types of habitats (Shannon et al., 2015). Noise can 
be produced occasionally but also on a chronic basis and can reach levels 
exceeding natural ones (Buxton et al., 2017). Understanding the impact 
of anthropogenic noise on wildlife including marine wildlife is therefore 
a growing area of research (for a recent review see Duarte et al., 2021). 
Extensive studies have demonstrated that underwater anthropogenic 
noise can have a variety of detrimental effects (direct or indirect) on 
marine species ranging from behavioural modifications, acoustic 
disturbance (e.g. masking communication) to physiological impact (e.g. 
hearing damage, stress, physiological trauma) and even death (Erbe 
et al., 2018; Halliday et al., 2020; Southall et al., 2007). 

Pinnipeds are semi-aquatic mammals that spend time both in water 
for foraging (and mating) and on land for mating and raising young (or 

on ice depending on the species). Due to their amphibious lifestyle, 
pinnipeds are exposed to anthropogenic noise in both aquatic and 
terrestrial environments. Underwater anthropogenic noise (mainly fre
quencies below 10 kHz, Erbe et al., 2018) is known to have multiple 
potential negative impacts on pinnipeds: behavioural avoidance has 
been documented in wild seals exposed to ship noise (harbour seal Phoca 
vitulina and grey seal Halichoerus grypus, Mikkelsen et al., 2019), seismic 
survey airguns (ringed seal Pusa hispida, Kelly et al., 1986; ringed seal, 
bearded seals Erignathus barbatus and spotted seal Phoca largha, Harris 
et al., 2001), tidal turbine noise (harbour seal, Hastie et al., 2018), and 
pile driving (harbour seal, Russell et al., 2016). Vocal adjustment i.e. an 
increase in vocalisation amplitude in response to an elevation in the 
ambient noise level (Lombard effect) has been reported in bearded seals 
(Fournet et al., 2021). Finally, seals have been shown to experience 
temporary or permanent hearing threshold shifts in response to noise 
(harbour seal, Kastak et al., 2008; Kastelein et al., 2013; Reichmuth 
et al., 2019). 
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The impact of in-air noise disturbance when pinnipeds are on land is 
not well understood (Tripovich et al., 2012) but may be detrimental to 
critical activities such as resting or nursing offspring. In highly polygy
nous land-breeding species such as sea lions and fur seals this breeding 
period is associated with a high energy expenditure for individuals of all 
ages (Champagne et al., 2012). Males fast throughout the breeding 
season while holding harems and displaying territorial behaviours 
whereas females give birth, nurse and provide maternal care to their 
young (Riedman, 1990). For newborn pups, the first months of life are 
often crucial for their survival because they exclusively rely on their 
mother for milk and protection (Campagna and Harcourt, 2021). The 
on-land breeding season is therefore a sensitive time and any distur
bance that would affect their natural behaviour and/or physiological 
state could be detrimental for their reproduction and survival. 

Previous studies of anthropogenic activities on pinnipeds haul-out 
sites have largely focused on the effect of human presence, often asso
ciated with tourism. Impacts of human exposure (e.g. approaching on 
foot, kayak or motorboat) include changes in the animals' state of 
alertness, physiological state (e.g. stress), modification of their natural 
activities (e.g. changes in their activity budget) and can even lead to 
stampedes (Andersen et al., 2012; Back et al., 2018; Barton et al., 1998; 
Boren et al., 2002; Engelhard et al., 2002; Kovacs and Innes, 1990; Pavez 
et al., 2015; Shaughnessy et al., 2008). As pinnipeds have sensory sys
tems that are adapted to both aerial and aquatic environment, they use 
sight, sound and smell to perceive changes in their environment (Ried
man, 1990). The behavioural responses reported in previous studies of 
human presence likely result from a multi-sensory process, without 
isolating the effect of noise alone on animal responses. When investi
gated explicitly, the impact of noise on seal behaviour on land has 
focused on localized geographic areas exposed to isolated extreme 
events such as missile or rocket launches and military explosions 
(Demarchi et al., 2012; Holst et al., 2011, 2005; Stewart, 1993, 1981; 
Stewart et al., 1994). Only one experimental study on the impact of a 
common anthropogenic noise (airborne motor boat noise) on Australian 
fur seals' Arctocephalus pusillus behaviour during the breeding season has 
been published (Tripovich et al., 2012). The seals tested showed variable 
responses depending on the noise levels they were exposed to, with 
stronger reactions and more energetically costly behaviours to louder 
noise levels (i.e. seals moved away, ceased vital activities such as 
nursing or resting), highlighting the impact of airborne noise on pinni
peds breeding colonies. As boat and land based marine wildlife tourism 
has increased markedly over the past decades (Birtles et al., 2001; 
Kirkwood et al., 2003), often focused on pinniped viewing and inter
action at haul-out sites (Newsome and Rodger, 2008), additional 
knowledge of the impact of in-air noise pollution on seals is required. 

The Cape fur seal Arctocephalus pusillus pusillus is an extremely 
colonial pinniped species with colonies up to hundreds of thousands of 
individuals (210,000 individuals at Cape Cross breeding colony, 
Namibia - Ministry of Environment and Tourism, 2021). Cape fur seal 
are highly polygynous, socially mature males (older than 10 years) hold 
harems composed of 10 to 30 females that they establish though 
aggressive behaviours and physical conflicts at the beginning of the 
breeding season (Rand, 1955). Territorial bulls fast during the entire 
breeding time while maintaining their territory boundaries and mating. 
Females give birth to a single pup each year which they exclusively 
nurse for an extended lactation period of 8 to 11 months (David and 
Rand, 1986; Rand, 1955). About 6 days after parturition, females depart 
to sea and then intersperse foraging trips with short periods ashore until 
weaning (Gentry and Kooyman, 2014). Because of this social organi
zation and reproductive system, the breeding period of the Cape fur seal 
represents a period of high-energetic costs for all animals living in the 
colony, combined with low energy gain for males which effectively 
starve while defending their harem. Hence, human-induced disturbance 
during this time may have a critical impact on individual fitness. In 
addition, as colonies are extremely dense and seals are gregarious 
mammals, the behavioural response of seals to a local disruption (flee or 

stampede for instance) could be propagated across a large group of 
animals (i.e. allelomimetic behaviour) and have a more generalized 
impact than just a local disturbance (Born et al., 2021). The Cape fur seal 
is therefore a good model to investigate the potential effect of anthro
pogenic noise on land. 

Seal watching contributes significantly to the tourism economy in 
Namibia (USD$2 million in 2008, Campbell et al., 2011). This activity 
has been experiencing a boom since the 1990s: in 2011, 30% of non- 
African visitors took part in seal watching tours, which at that time 
represented more than 100,000 people (Campbell et al., 2011). These 
estimates are likely to have continued to rise to the present day with the 
growth of tourism in Namibia. Over the past 15 years, the Pelican Point 
Cape fur seal colony has evolved from a haul-out site (Kirkman et al., 
2007) to an established breeding colony with 12,000 pups estimated at 
the last aerial census in 2011 (Ministry of Fisheries and Marine Re
sources, unpubl. data). The increase in tourist activities around this 
breeding colony may be causing disturbance, due to the production of 
anthropogenic noise, and such increase can be seen on other breeding 
colonies in Namibia and South Africa. Assessing the consequences of 
human activities at seal breeding colonies is essential to reduce 
disruption and to reconcile economic activity with the protection of 
wildlife, especially when species experience rapid changes in their 
environment and have only a limited opportunity to adapt (Blickley and 
Patricelli, 2010). 

The present study aims to empirically assess the impact of boat and 
car motor noise in-air on Cape fur seals at Pelican Point breeding colony, 
Namibia. Playback experiments were conducted using three controlled 
noise exposure levels. Seals' responses were evaluated from four 
different perspectives: assessing a potential avoidance phenomenon of 
the noise source, describing their behavioural response to noise expo
sure, quantifying behavioural modifications (in their activity-budget) 
during the noise exposure and finally, the behavioural modifications 
following noise exposure (i.e. recovery). 

2. Materials and methods 

2.1. Study site 

The study took place at Pelican Point (Walvis Bay, Namibia, 25◦52′S, 
14◦26′E) in February 2020 (Fig. 1). Cape fur seals occur all around the 
sandy peninsula and extend from the shoreline to 20 to 100 m inland, 
depending on the time of day and the movement of the tides. Experi
ments were performed on the east side of the peninsula, as this area is 
sheltered from ocean waves and exposed daily to both boat-based ma
rine tourism (marine mammals watching boat tours) and land-based 4 ×
4 all-terrain vehicles (for both recreational and tourism activities). 

2.2. Stimuli 

To test the impact of in air anthropogenic noise on Cape fur seals, 
boat and car motor noise were played back to different groups of seals. 
The stimuli were previously recorded in-air using a Sennheiser ME67 
directional shotgun microphone (frequency range: 40–20,000 Hz +/−
2.5 dB) with a 44,100 Hz sampling rate and connected to a NAGRA LB 
digital audio recorder. Stimuli recordings were made by placing the 
microphone 50 cm from the switched-on engine (4 × 4 3.2 l Diesel Ford 
Ranger car or 25 hp Yamaha 2 stroke outboard boat motor) for 2 min, 
generating a representative sample of the motor noise (Fig. 2). We 
recorded the engines at 50 cm to get a loud and pristine recording (no 
wind, electrical noise or other additional background noise of the 
environment), and thus we were in the near-field of the engine. 

2.3. Playback procedure 

Each playback experiment consisted of testing a focal group of seals 
(Altmann, 1974). Focal groups were chosen for their accessibility in the 
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colony (on the colony edge, at the land side or on the sea side). Focal 
groups were defined as clusters (with a minimum of 6 individuals) 
positioned in close proximity to each other, within a 3 m diameter. The 
behaviour of all individuals had to be visible from the experimenter's 
location during the experiment. During playback experiments, we 
broadcast the noise stimulus from the direction the seals would normally 
experience it, i.e. car motor noise was broadcast from the land side to 
mimic the passage of a car and boat motor noise was broadcast from the 
sea side i.e. the beach, to mimic the presence of an outboard motor boat. 
Experiments had the same playback protocol and behavioural analysis 
method. All sessions were video-recorded by the experimenter using a 
Fujifilm FinePix XP90 camera for further analysis. 

Playback experiments were conducted using a waterproof and 
wireless high-powered speaker (JBL Charge 3, 2 × 10 W, frequency 
response: 65–20,000 Hz) connected to a Bluetooth sound player (Sony 
NW-A35). Focal groups were approached slowly and carefully by 
crawling to avoid visual detection or disturbance, defined as increased 
vigilance, fleeing movements or stampedes. The experimenter stopped 6 
m from the focal group. Received level of the playback noise was 
modified by the proximity of the loudspeaker to the focal group (6, 3 or 
1 m), using a 5 m pole. Indeed, the maximum source level obtained with 
our loudspeaker was 80 dB re 20 μPa RMS SPL (sound pressure level) at 
1 m and at 0◦, so to get the different noise levels, we changed the dis
tance between the speaker and the focal group. Based on the protocol 
described by Tripovich et al. (2012), focal groups were exposed either at 
a low, medium or high noise level. For both car and boat motor noise 
experiments, received levels of the playback stimulus were 60.9–64.4 dB 
re 20 μPa RMS SPL for low exposure (broadcast at 6 m), 64.4–70.5 dB re 
20 μPa RMS SPL for medium (broadcast at 3 m) and 70.5–80 dB re 20 
μPa RMS SPL (broadcast at 1 m). Ranges correspond to the level received 
by individuals at the forefront of the focal group (facing the speaker, so 
at 0◦) compared to the back as focal groups were up to 3 m wide. The 
broadcast distance for each level was calibrated for each of the two 
stimuli by verifying the received levels with a ‘Testo 815’ sound level 
meter set as ‘A' weighting at fast response. 

Once in position, a 10-minute habituation period was provided to 

ensure the seals returned to baseline conditions i.e. no experimenter- 
related vigilance behaviour. Following the habituation period, the 
experiment began and consisted of three phases (Fig. 3). The initial pre- 
playback phase (i.e. control phase) lasting 10 min of observation was 
immediately followed by a two-minute playback exposure phase where 
engine noise (car or boat) was broadcast. The observational post- 
playback phase (i.e., recovery phase) lasted 10 min (Fig. 3). To ensure 
independence, each group was randomly assigned a stimuli and in
tensity, and tested only once. 

2.4. Behavioural responses and statistical analyses 

Videos of the experiments were analysed in order to investigate four 
aspects of the seals' behavioural response to the playback (Fig. 3). 

2.4.1. Avoidance of the noise source 
Avoidance of the noise broadcast area was assessed through the seals 

movement. The number of individuals present in the focal group was 
noted at the start and end of each of the three phases (t0, t10, t12 and t22, 
Fig. 3). To test whether the number of individuals varied significantly 
during the experiment, we fitted a generalized linear mixed-effects 
model (GLME) assuming a Poisson error structure (as the response 
variable is a count). The number of individuals (variable ‘Nind’) was set 
as a ‘response variable’ while the phase (t0, t10, t12 and t22), the type of 
stimulus (car or boat motor noise) and the playback level (low, medium 
or high) were set as fixed effects. In addition, playback experiment was 
defined as a ‘random effect’ to account for the fact that data are non- 
independent (each experiment consists of monitoring one focal group 
over time). The model was run with the lme4 R package (Bates et al., 
2015) and p-values were obtained using the car package (Fox and 
Weisberg, 2019). A pairwise analysis of estimated marginal means was 
conducted to compare significant fixed effects using the emmeans 
package in R (Lenth, 2021). It included Šidák correction for multiple 
comparisons. Although the seals at Pelican Point experience car and 
boat passage every day these are concentrated within the morning 
hours, peaking at 10 am. To investigate whether the seals' reaction to 

Playback Experiments
Boat noise
Car noise

Namibia

Walvis Bay
Harbour

Namibia

Walvis Bay

Pelican Point
peninsula

S outh Africa

Fig. 1. Map of the study area and locations of playback experiments.  
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motor noise has a temporal component, we built another model 
including the timing of playback experiment as a ‘fixed effect’ in the 
model. This variable called ‘Hour’ had two levels: ‘early hours’ for trials 
started after 8 am and before 10 am and ‘late hours’ for trials started 
from 10 am to 12 pm. 

2.4.2. Behavioural response to noise exposure 
Behavioural reactions to the 2-minute noise exposures were assessed 

through detailed video analysis. For each individual (adult females, 
subadult males, yearlings and pups) present in the focal group at the 
start of the playback phase, reactions were assessed according to the 

following ethological scale: 0: no response, 1: eye-movement towards 
the noise source without change of posture, 2: prolonged look towards 
the noise source, change of posture (e.g. lying down to sitting) and signs 
of alertness, 3: slight retreat from the noise source defined as a 1–3 m 
movement away from source, 4: significant retreat from the noise source 
defined as the individual leaves the focal group (i.e., on video, indi
vidual is out of view). The effect of the type of stimulus (i.e. car or boat 
motor noise) and the playback experiment level (i.e. low, medium, high) 
on seals' behavioural response was assessed with a cumulative link 
mixed model (CLMM) using the ordinal R package (Christensen, 2019), 
performed with the playback experiment (i.e. the focal group) set as a 

Fig. 2. Spectrograms and oscillograms of the two stimuli used for playback experiments: (a) car motor noise and (b) boat motor noise. Spectrograms (Hamming 
window size: 512 pts., 90% overlap) generated using Seewave (Sueur et al., 2008). 
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‘random effect’. The effect of a variable was tested (and p-values were 
obtained) by performing an analysis of variance comparing a full model 
and a reduced model that did not include this variable. 

2.4.3. 2.4.3 Behavioural modification during noise exposure 
To investigate a potential behavioural modification during the noise 

exposure time, we assessed the behaviour of individuals during the last 
2 min of the pre-playback phase and during the 2 min of playback. These 
observations were limited to individuals that were present in the focal 
group during this entire 4-minute period. The activities of each indi
vidual were point sampled once every 10 s and designated as: sleep, 
awake, vigilance, nursing, agonistic interaction, nuzzling, locomotion 
(Table 1). In cases where behaviours were not mutually exclusive, we 
assigned vital activities as the priority state. For example, a female 
showing signs of vigilance while nursing her pup was reported as 
nursing so that any changes in nursing activity could be accurately 

captured. For each individual, the activity budget (percentage of time 
spent in each activity) was compared between the pre-playback and the 
playback phases, using a linear mixed-effects model (LME). The phase 
was set as a ‘fixed effect’ and the individual defined as a ‘random effect’. 
Behavioural changes were investigated by age/sex category (adult fe
male, subadult male, yearling or pup) by investigating also the inter
action between the two variables ‘Phase’ and ‘Age/sex category’ for 
each activity (except nursing). When an effect of the age/sex category 
was found (significant interaction Phase*Age/sex category), we evalu
ated the effect of the phase separately for each age/sex category. Since 
suckling is a shared behaviour for a female and her pup, the effect of 
age/sex category on the variation of this behaviour during the playback 
phase was not studied. This analysis was performed separately for the 
three levels of intensity (low, medium, high) and the two noise stimuli 
(car and boat). Linear mixed-effects model were performed using the 
lme4 package in R (Bates et al., 2015). 

2.4.4. Behavioural modification following noise exposure 
The behaviour of individuals that were present in the focal group 

during the entire duration of the experiment (i.e. 22 min) was point 
sampled every 30 s during the pre-playback (10 min) and the post- 
playback (10 min) phase using the ethogram Table 1. As above, a LME 
model approach was used (lme4 package in R, Bates et al., 2015) with 
the individual included as a ‘random effect’ for each activity and for 
each intensity level. Interaction between the two variables ‘phase’ and 
‘age/sex category’ was also considered. 

3. Results 

In total, 35 playback experiments were performed over a 30-day 

Habituation 10’

Pre-playback 10’ Post-playback 10’Playback 2’

Playback experiment 22’

t0' t10' t12' t22'

General experimental design

Loudspeaker 
set-up

Analysis

3. Behavioural modification 
during noise exposure

PB

Obs. every 10 sec
Obs. every 10 sec

Pre
2’ 2’

4. Behavioural modification 
following noise exposure

Pre Post
Obs. every 30 sec Obs. every 30 sec

10’ 10’

2. Behavioural response
to noise exposure

PB

1 obs. (ethological scale)

2’

1. Avoidance of the noise source

Pre PostPB

Seals counting at t0, t10, t12 and t22

2’10’ 10’

Fig. 3. Playback experiments general design and summary of the video-based analyses carried out.  

Table 1 
Description of the behavioural activities considered in the study.  

Activity Description 

Sleep A seal lying down with closed eyes 
Awake A seal sitting in a resting position and looking at its 

surroundings 
Vigilance An alert seal, sitting and looking attentively towards a 

conspecific or the noise source 
Nursing A suckling pup or a nursing female 
Agonistic 

interaction 
A seal threatening a conspecific e.g. production of growl(s) or 
bark(s), open-mouth displays, physical aggression (bites) 

Nuzzling A seal touching the muzzle or any other part of another seals 
body, using its muzzle 

Locomotion A seal walking or running  
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period (from the 30th of January to the 28th of February 2020), with 
experiments conducted on 19 of the days. A total of 18 experiments 
tested the impact of car motor noise played back from the land side (6 for 
each noise level) and 17 of motor boat noise played from the seaward 
side of the colony (6 for low and 6 medium level, 5 of high) (Fig. 1). In 
total, 369 individuals (190 car exposures and 179 boat) from 35 
different groups were assessed. Groups mainly consisted of adult females 
(n = 231) and pups (n = 113), while subadult males (n = 9) and year
lings (n = 16) were relatively rare in our target groups. 

3.1. Avoidance of the noise source 

According to the generalized linear mixed-effects model performed 
to investigate the variation in the number of seals in a focal group during 
the 22-minute experiment, no significant interaction was found between 
the phase time (i.e. t0, t10, t12 and t22) and the type of stimulus (i.e. car or 
boat motor noise, p = 0.876). Similarly, no interaction was found be
tween the phase time and the playback level (i.e. low, medium and high, 
p = 0.719). However, the phase of the experiment alone had a significant 
effect on the variation of the number of individuals in the focal group (p 
= 2.787.10− 11). There was a significant reduction in the number of in
dividuals during the noise exposure phase (i.e. playback phase, from t10 
to t12) for both car motor (p = 0.018) and boat motor noise (p = 0.0005) 
playbacks and regardless the noise level (Fig. 4). In contrast, no signif
icant variation was observed during the pre- and post-playback phases 
(Fig. 4). Some groups showed a large number of individuals leaving the 
area during motor noise exposure, in particular for the three experi
ments conducted from the land side with a low sound level (Fig. 4). 
Lastly, there was no interaction between the phase time and the timing 
of the experiment (i.e. ‘early’ or ‘late’ experiment, p = 0.401). 

3.2. Behavioural response to noise exposure 

The response of 369 individuals was investigated and scored using an 
ethological scale ranging from 0 to 4. The responses of the seals to the 
playback experiments were diverse with a slight predominance of the 
second level of the ethological scale i.e. prolonged look towards the 
noise source, change of posture (e.g. lying down to sitting) and signs of 
alertness for both car and boat motor noise exposures (Fig. 5). The 
CLMM revealed significant differences in seals' response depending on 
the type of stimulus broadcast (p = 0.037). More vigilance reactions 
(responses 1 or 2) were reported in seals exposed to car noise while more 
individuals moved away from the noise source (responses 3 or 4) when 
exposed to boat motor noise (Fig. 5). No effect of noise level exposure on 

seals' behavioural response was reported (p = 0.832) (Fig. 5). 

3.3. Behavioural modification during noise exposure 

The activity budget of 187 adult females and 56 pups was compared 
between the two phases (last 2 min of pre-playback and the 2 min of 
noise playback). Although present, sub adult males and yearlings rep
resented a very small part of our population sample (14 and 8 in
dividuals respectively) and were therefore excluded from this analysis 
due to sample size restrictions. 

In general, we found no significant interaction between the two 
variables ‘Phase’ and ‘Age/sex category’ (except for the for medium- 
level playback of boat noise - Table 2) meaning that mothers and pups 
responded similarly to the broadcasted noise. Response patterns were 
consistent between playbacks from sea side and from land side: we 
observed a significant reduction in time spent sleeping (in average 17% 
to 18% decrease for car motor noise exposures, 24.8% to 45% decrease 
for boat motor noise – all noise levels) and reductions in nursing time 
(5.9% to 19.8% decrease for car noise, 15.4% to 31.8% decrease for boat 
noise - all noise levels; Table 2). Conversely, females and pups spent 
more time awake (13.8 to 26.3% increase – all noise levels), vigilant (7.6 
to 31.2% increase – all noise levels) or in locomotion (2.1 to 4.6% in
crease – all noise levels). There was no variation in ‘agonistic interac
tion’ and ‘nuzzling’ behaviour. We identified a more pronounced 
increase in vigilance by mothers to the medium-level playback of boat 
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Fig. 4. Number of individuals within the focal groups throughout each of the 3 phases of the playback experiments, for car motor noise and boat motor noise 
exposures. Stars indicate the results of the pairwise analysis of estimated marginal means following the linear mixed effects model performed on playback phases and 
the associated p-value (Significance code: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘NS: not significant’ 1). 
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noise (+26.6%) compared to pups (+7.6%). Low level playbacks from 
land side appeared to induce time budget modifications for more ac
tivities compared to higher levels, however degree of behavioural 
modification is comparable among levels (see ‘sleep’ and ‘vigilance’ in 
Table 2). For boat noise playbacks, results were relatively consistent 
among intensity levels (Table 2). 

3.4. Behavioural modification following noise exposure 

In total 164 individuals (101 for car noise and 63 for boat noise) were 
followed both during the 10 min of pre-playback and the 10 min of post- 
playback. As before, yearlings and subadult males were poorly repre
sented (13 individuals out of the 164) and thus removed from analysis. 
The final dataset included a total of 151 individuals: 92 for car noise (79 
females and 13 pups) and 59 for boat noise (44 females and 15 pups). 
Linear mixed effects models performed for each set up (car or boat motor 
noise and low, medium or high level) revealed no significant change in 
seal's activity budget between pre- and post- playback periods, except in 
one case: a 11.2% decrease in the nursing time in medium-level sea-side 
experiments (equivalent decreases for females and pups). In all other 
configurations, there was no differences in the time budget between pre– 
and post–playback periods. 

4. Discussion 

In this study we experimentally assessed the behavioural response of 
Cape fur seals on land to the broadcasting of airborne noises from two 
common human sources in their environment (i.e. car and boat motor 
noise) from the direction the seals would normally experience it. In 
pinniped breeding colonies, one of the most severe consequences caused 
by a disturbance (natural or anthropogenic) is animal stampedes during 
the peak breeding season. These events lead to the disruption of the 
group's structure (harems, territories), a resulting increase in the energy 
expenditure of the animals which are already weakened during this 
period, but also to an increase of pups' mortality by separating mother- 
pup pairs or by trampling pups (Birtles et al., 2001; Mattlin, 1978). 
Unlike studies showing that human presence can cause stampedes on 

colonies (Andersen et al., 2012; Barton et al., 1998; Burleigh et al., 2008; 
Holst et al., 2011), we did not observe such reactions during our noise 
playback experiments at Pelican Point. However, we observed that a 
significant number of animals that left the noise exposure area during 
the playback experiment (Fig. 4) settled down a few metres further, 
outside the focal group (either on the side or the back of the group). 

Avoidance of the noise broadcast area was the same regardless of the 
intensity level of noise broadcast and regardless of the stimulus (car 
motor noise broadcast from the land side or boat motor noise broadcast 
from the sea side). It suggests that a low- or high level of car or boat 
motor noise was disruptive and elicited a physical movement of seals on 
land. Even if these reactions are less energy-consuming than a stampede, 
it inevitably leads to a disruption of seals' baseline behaviour such as 
nursing or resting, disruption of social interactions and it can lead to the 
temporary separation of a pup from its mother, resulting in a loss of 
energy to reunite, and stress (Riedman, 1990). Some experiments 
showed stronger animal escapes during playback, especially during land 
side car noise playbacks at a low intensity level (Fig. 4). This is likely due 
to individual variations in temperament, with seals being more nervous 
and fearful in these particular groups (Harding et al., 2019). Indeed, the 
stress expressed by one individual of the group can be spread to other 
individuals of the group. Such allelomimetic behaviour (or behaviour 
synchronization) has been shown in group-living species (rodents, 
sheep, kangaroos, etc.), and is a way to increase collective vigilance and 
awareness of a danger (Briefer, 2018; Hare et al., 2014; McDougall and 
Ruckstuhl, 2018; Pays et al., 2009). In addition, even though we could 
only focus on the morning hours, these experiments revealed that the 
avoidance reaction of seals to motor noise did not seem to vary with the 
time of day. This behaviour may not be influenced by the number of 
boats or cars the animals have experienced earlier in the morning. 
Further investigations would be interesting to perform throughout the 
day but so far this suggests a potential lack of habituation of these ani
mals to this type of disturbance, despite both sounds being common in 
their environment. 

The reaction of Cape fur seals' to the 2-min noise exposures were 
variable among individuals: responses were distributed across the four 
categories of the ethological scale but a large proportion of the seals 

Table 2 
Comparison of adult females' and pups' activity budgets between the pre-playback and the playback phases. Stars indicate the significance of the linear 
mixed effects model (Significance code: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘NS’ 1). An increase of the activity during the playback (PRE < PB) is indicated in 
dark grey and a decrease (PRE > PB) in light grey. The intensity of the variation is expressed in percentage of time spent in this activity for both females and 
pups, except for the sea side/medium level where a significant interaction was found and thus results are given separately for pups and adult females. 

Car motor 
noise  Sleep Awake Vigilance Nursing Agonistic 

interaction Nuzzling Locomotion 

Low  
(Nfem = 41,  

Npup = 10) 

** 
PRE > PB 

- 17.0% 

** 
PRE < PB 

+ 13.8% 

*** 
PRE < PB 

+ 17.6% 

PRE > PB NS NS 

*** 
PRE < PB 

+ 4.6% 

Medium  
(Nfem = 36,  

Npup = 12) 

** 
PRE > PB 

- 18.0% 

NS 

*** 
PRE < PB 

+ 14.8% 

PRE > PB NS NS 

* 
PRE < PB 

+ 2.3% 

High  
(Nfem = 39,  

Npup = 5) 

*** 
PRE > PB 

- 17.4% 

NS 

*** 
PRE < PB 

+13.6% 

NS NS NS NS 

        
Boat motor 

noise  Sleep Awake Vigilance Nursing 
Agonistic 

interaction 
Nuzzling Locomotion 

Low  
(Nfem = 30, 

Npup = 5) 

*** 
PRE > PB 

- 45.0% 

*** 
PRE < PB 

+ 24.8% 

*** 
PRE < PB 

+ 19.1% 
NS NS NS 

** 
PRE < PB 

+ 2.6% 

Medium  
(Nfem = 26,  

Npup = 12) 

*** 
PRE > PB 

- 24.8% 

* 
PRE < PB 

+ 15.8% 

Phase x SocCat * 
Fem: + 26.6% 

Pup: + 7.6% 

** 
PRE > PB 

- 15.4% 
NA NA 

* 
PRE < PB 

+ 3.3% 

High  
(Nfem = 15,  

Npup = 12) 

*** 
PRE > PB 

- 34.3% 

*** 
PRE < PB 

+ 26.3% 

*** 
PRE < PB 

+31.2% 

*** 
PRE > PB 

- 31.8% 
NS 

* 
PRE < PB 

+ 1.5% 

*** 
PRE < PB 

+ 2.1% 
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were reported to insistently look towards the noise source, to change of 
posture and to show signs of alertness for both car and boat motor noise 
experiments (predicted probabilities from the CLMM for score ‘2’ close 
or higher than 0.4, Fig. 5). The variability of responses among in
dividuals can be explained by both intrinsic and extrinsic factors. 
Indeed, factors such as body size, condition, sex, personality (i.e., 
intrinsic characteristics) or environmental context, repeated measures 
and multiple stressors (i.e., extrinsic factors) were reported to affect the 
response of animals to anthropogenic noise (Ellison et al., 2012; Gomez 
et al., 2016; Harding et al., 2019). In our experiments, we did not notice 
any obvious link between the reaction of seals' and their age or sex, but 
some individuals seemed more fearful than others, likely associated to 
different individual experience with human activities or innate person
ality differences. It would be interesting to determine which biological, 
environmental or behavioural factors can affect their responsiveness to a 
disturbance. In comparison, Australian fur seals showed more homo
geneous reactions to boat motor noise (Tripovich et al., 2012). 
Compared to car-noise playbacks, experiments conducted from the sea 
side with boat motor noise resulted in generally stronger responses, with 
more strong reactions such as retreat or escape from the source noise and 
fewer individuals with mild responses like reaction or only looking to
wards the loudspeaker. This suggests that, at equal noise levels, seals 
may consider boat noise heard from the sea more threatening than land- 
based car noise. This can be explained by a phenomenon of familiar
isation: seals may be less used to hearing such amplitudes from the sea 
side and therefore have stronger reactions. Seals might perceive the 
noise from the seaside more threatening than from the landside as they 
cannot escape in the water knowing the threat comes from the seaside. 

The third part of the study, comparing the activity budget of adult 
females and pups before noise exposure (control phase) and during noise 
exposure, showed much more homogeneous results among groups and 
individuals. Besides some variations, we found similar results between 
the three levels of amplitude (low, medium and high) and between the 
two set-ups: sea-side and land-side experiments. We found a significant 
increase in energetically costly behaviours: time spent awake, vigilance 
and locomotion for both females and pups, to the detriment of vital 
activities such as resting and nursing that decreased considerably during 
the playback phases. We found no significant statistical differences in 
terms of time budget between females and pups and we did notice a 
general reaction pattern in mother-young pairs. The start of the play
back generally resulted in the cessation of nursing because the pup was 
looking towards the source of the noise or because the mother changed 
posture, i.e. standing up. Generally, pups tended to move first (either for 
fear of the noise or because stopping suckling encouraged them to move 
around), causing the females to also move to follow their young. The 
increase in vigilance in females could thus be linked to the direct 
disturbance caused by the noise but could also sometimes be due to the 
displacement of her pup that moved away from the noise. Increased 
vigilance and locomotion were also indirectly related to conspecifics' 
movement within the group and to resulting conflicts for space. Similar 
findings were reported in Australian fur seals with individuals being 
more alert, spending more time engaged in agonistic interactions and 
resting significantly less during noise exposure (Tripovich 2012). A 
modification of the activity budget due to exposure to anthropogenic 
noise has been observed in other marine species such as killer whales 
Orcinus orca (Williams et al., 2006), the harbour porpoise Phocoena 
phocoena (Pirotta et al., 2014), the Florida manatee Trichechus manatus 
(Miksis-Olds et al., 2005) or the European spiny lobster Palinurus elephas 
(Filiciotto et al., 2014). 

We have shown evidence of an effect of a noise disturbance on Cape 
fur seals. Moreover, our findings are probably an underestimate of the 
real intensity of the disturbance. Indeed, the time budgets reported here 
came from only individuals present during the entire observation period 
(22 min). The most sensitive animals left the observation area during the 
exposure and thus their activities could not be monitored. So, we studied 
seals that are likely the least bothered or the least anxious individuals in 

the face of this environmental disturbance. 
Even if anthropogenic noise does not cause en masse fleeing of ani

mals, we showed that their natural activities are modified and the 
acoustic disturbance could result in animals dedicating less time to 
biologically important behaviours e.g. feeding and/or resting. Never
theless, the comparison of the activity budget between the pre- and the 
post-playback phases revealed that animals returned to their normal 
activities as soon as the noise exposure ended and thus the disturbance 
appeared to be limited to the duration of the noise exposure only. Such 
rapid behavioural recovery was also reported for seals exposed to noise 
from military and aeronautical exercises (Holst et al., 2005; Stewart, 
1981, 1993) or exposed to human presence through tourist activities 
(Engelhard et al., 2002; Kovacs and Innes, 1990). In line with what has 
been discussed earlier, it should be noted that these observations could 
not be carried out on individuals who left the study area during the 
experiment, and therefore the assessments of the behavioural recovery 
of some individuals - potentially the most fearful - could not be included. 

Our experimental approach might have induced some variabilities in 
the behavioural responses of tested seals. Within the focal group, seals 
were not exposed to the exact same noise level, so the animals on the 
forefront received higher levels of noise compared to those from the 
back or from the side (more distant to the noise source). So, it is likely 
that we are underestimating the impact of noise on these seals. Another 
feature to consider is that seals might react more strongly when facing 
the physical presence of an approaching car or boat as in addition to the 
sound component (i.e., engine noise) they are also exposed to the visual 
component. However, in our experimental design, we were aiming to 
measure only the acoustic component of such disturbance, and we could 
assess that such acoustic disturbance is impacting seals' behaviour. 
Finally, we exposed seals to an engine noise recorded in the near-field 
(within 50 cm) which may have been subject to acoustic interference 
patterns and consequently sound different to engine noise recorded at 
greater distances in the far-field. As a result, the motor noise played back 
to seals may have been different to what they would normally experi
ence and could have resulted in different behavioural responses to those 
seen during natural settings. 

This study is among the first to show the impact of anthropogenic 
airborne motor noise on the behaviour of a pinniped species. Such dis
turbances cause a significant avoidance phenomenon in Cape fur seals, 
increasing energetically costly activities such movements and 
decreasing resting and the nursing of new-born pups. Despite the ani
mals' responses being limited to the period of disturbance and their rapid 
recovery post disturbance (at least from a behavioural point of view), 
the noise pollution generated by the presence of these vehicles could 
potentially represent an indirect threat to the condition of the fur seals' 
health and the survival of the young. In addition, exposure to noise 
pollution may cause other indirect and non-visible effects on animals 
such as stress-related changes in their body chemistry and physiology 
(Erbe et al., 2018; Wright et al., 2007). Finally, since Pelican Point is a 
site highly frequented for tourist and recreational activities, these dis
turbances are numerous and are repeated throughout the day, resulting 
in a potential cumulative effect. It would be interesting to pursue this 
study and explore the effect of repeated noise disturbances on groups of 
Cape fur seals. There could be a potential tolerance phenomenon where 
animals may be less likely to respond to the noise stimulus, or on the 
contrary a sensitization effect which would lead to a worsening of their 
reactions over time (Bejder et al., 2009). For these reasons, it is 
important that boats (tour boats and recreational boats) as well as cars 
respect an approach distance and speed limit that will minimise the 
noise near the colony and thus mitigate their impacts on the Cape fur 
seal population at this site. 
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