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Abstract

The effects of anthropogenic disturbances due to
ecotourism activities on a grey seal (Halichoerus
grypus) colony were assessed during breeding and
pupping seasons at White Strand Beach, located in
the Great Blasket Island, southwest Ireland. The
proportion of animals that were vigilant, resting,
and flushing from the beach, and the abundance of
seals hauled out on the beach were assessed as a
function of approaching ferries, presence of tour-
ists on the beach, time of day, season, group size,
and environmental covariates. Vessels approach-
ing within 500 m and the presence of tourists on
the beach separately showed the strongest influ-
ence on the proportion of grey seals entering the
water, as well as an increase in vigilance and a
decrease in resting behaviour. Tidal state, together
with group size, time of day, cloud cover, and
wind direction, also showed a significant effect
on grey seal behaviour. The results of this study
have highlighted the need for a strict code of con-
duct for tourists and boats in the area to reduce the
effects of disturbance. In the absence of a manage-
ment plan for the Special Area of Conservation
(SAC), recommendations are presented on best
practices for ecotourism based on these results,
with the aim of reducing disturbances of grey
seals in the Blasket Islands SAC.
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Introduction

Marine wildlife-oriented tourism, including seal
watching, has experienced rapid growth in recent
decades (Hoover-Miller et al., 2013; Granquist &
Sigurjonsdottir, 2014; Oqvist et al., 2018). While
ecotourism ostensibly aims to promote conserva-
tion (Le Boeuf & Campagna, 2013; Larm et al.,

2018), its actual impacts on wildlife and popula-
tions must be assessed, especially during criti-
cal stages of the life cycle (Curtin et al., 2009;
Granquist & Sigurjonsdottir, 2014). The occur-
rence of vessels and tourists in the vicinity of seal
haulout sites has previously been shown to trig-
ger changes in behaviour in a number of pinniped
species, increasing the display of vigilance and/or
flushing behaviours and, hence, reducing resting
and nursing times in grey (Halichoerus grypus;
Fabricius, 1791; Curtin et al., 2009), harbour
(Phoca vitulina; Andersen et al., 2012; Osinga
et al., 2012; Granquist & Sigurjonsdottir, 2014;
Lozano & Hente, 2014; Karpovich et al., 2015;
Mathews et al., 2016; Cates & Acevedo-Gutiérrez,
2017), harp (Pagophilus groenlandicus; Kovacs
& Innes, 1990), Weddell (Leptonychotes wed-
dellii; van Polanen Petel et al., 2008), and fur
(Arctocephalus  forsteri; Boren et al., 2002;
Cowling et al., 2015; Back et al., 2018) seals as
well as sea lions (Otaria byronia; Pavez et al.,
2011, 2014).

The grey seal is found in continental shelf
habitats along North Atlantic coasts (Sayer et al.,
2018). Their distribution varies throughout the
year, with the seals spending time offshore while
foraging and returning to haulout sites during
crucial periods of their life cycle (Bonner, 1990;
Lyons, 2004; O Cadhla et al., 2013). In Ireland,
critical haulout periods occur from November
to April and from September to December, cor-
responding to moulting and breeding seasons,
respectively (Cronin et al., 2007, 2011).

The global as well as the Irish grey seal popula-
tions show increasing population trends (Bowen,
2016; Morris & Duck, 2019). Pup surveys carried
out between 2009 and 2012 estimated the Irish
population at ca. 7,284 to 9,365 (O Cadhla et al.,
2013). More recently, counts carried out along
the Irish coasts over the month of August in 2017
and 2018 using aerial thermal imaging reported
3,698 grey seals. This is 25% more than numbers
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recorded during the 2011 and 2012 surveys and
the highest recorded to date in Ireland, showing an
increasing trend of 3.8% per year since 2011/2012
(Morris & Duck, 2019). As with all marine mam-
mals, grey seals are protected in Ireland, listed
under Annex II of the European Union’s Habitats
Directive (92/43/EEC); therefore, its population is
subject to monitoring programmes, and its habi-
tats must be considered for designation as Special
Areas of Conservation (SACs).

Grey seals show high philopatry and breeding
site fidelity (Pomeroy et al., 2000; Sayer et al.,
2018). They gather at haulout sites, on which they
are highly dependent, to rest after long periods
of foraging at sea and to carry out essential life
functions (i.e., mating, breeding, and moulting;
Bonner, 1990; Lyons, 2004; O Cadhla et al., 2013).
Anthropogenic disturbances have been shown to
trigger changes in behaviour, such as seals entering
the water, and increased locomotion and vigilance,
leading to higher stress levels and heart rates, and
cumulative energetic expenditure (Jansen et al.,
2010; Young et al., 2014; Karpovich et al., 2015;
Back et al., 2018).

The effects of disturbances could be particu-
larly detrimental to breeding seals and their off-
spring. As capital breeders, lactating grey seals
rely on stored fat reserves while nursing (Pomeroy
etal., 1999; Shuert et al., 2020; Twiss et al., 2020),
and a reduction in the time they spend resting due
to disturbance would increase this already high
energetic demand (Curtin et al., 2009; Karpovich
et al., 2015; Shuert et al., 2020). Similarly, a
decrease in nursing time due to disturbance would
lead to a poor condition of the pup at the time of
weaning—a factor that determines their survival
(Hall et al., 2001). Furthermore, the bond between
mother and pup at the time of birth allows for sub-
sequent recognition of the pup in case of separa-
tion (Fogden, 1971). Flushing behaviour triggered
by anthropogenic disturbances will potentially
prevent bonding, consequently leading to aban-
donment and starvation of the offspring (Kovacs
& Innes, 1990; Osinga et al., 2012; Robinson
et al., 2019). Therefore, constant exposure to
tourism activities might compromise the fit-
ness of individuals in these exposed populations.
Assessing impacts of ecotourism on seal behav-
iour can identify whether restrictions or limita-
tions should be enforced to reduce the effects of
disturbance (Andersen et al., 2012; Granquist
& Sigurjonsdottir, 2014; Bishop et al., 2015;
Cowling et al., 2015; Back et al., 2018).

The grey seal colony in the Blasket Islands
SAC has been well studied in regard to popula-
tion dynamics, foraging behaviour, and haulout
patterns (Cronin et al., 2011; Jessopp et al., 2013),
but no study to date has assessed the impact of

anthropogenic disturbances on the colony during
pre-breeding, breeding, and mating seasons. This
study focussed on collecting grey seal behav-
ioural and abundance data by direct observations
of individuals hauled-out ashore under different
levels of disturbances to assess whether there
are significant effects of ecotourism activities on
grey seals’ behaviour. During the tourist season,
tour companies operate in the area, with up to
five different ferries making several trips to the
island daily, where groups of tourists land and
approach the colony. Since the main human dis-
turbances to wildlife currently taking place in the
Blasket Islands SAC are thought to be caused by
approaching vessels and the presence of tour-
ists (M. Pérez Tadeo & J. O’Brien, pers. obs.),
the behaviour and variation in the abundance of
hauled-out seals were investigated as a function
of those variables. In addition, season, time of
day, seal group size, and different environmen-
tal variables were also included in the analysis
since these might potentially influence grey seals’
response to disturbances (Andersen et al., 2012;
Cowling et al., 2015; Back et al., 2018).

A higher proportion of grey seals displaying
vigilance behaviour was expected during eco-
tourism activities such as approaching vessels
and tourists walking on the beach. Conversely, a
lower proportion of seals resting and lower num-
bers of seals hauled-out were expected under the
same conditions compared to undisturbed condi-
tions. The abundance of seals hauled out on the
beach and their behaviours were also expected to
change over time and as a function of environ-
mental conditions, with more individuals resting
ashore in the morning and during low tide con-
ditions. A major aim of the present study was to
help in devising recommended best practices to
minimise anthropogenic disturbances on the grey
seal colony during pre-breeding, breeding, and
pupping seasons in the Blasket Islands SAC.

Methods

Study Area

The Blasket Islands SAC (Co. Kerry, south-
west Ireland; Figure 1) is one of the ten differ-
ent designated SACs for grey seals along the
Irish coast (O Cadhla et al., 2013). It is a small
archipelago composed of six main islands host-
ing one of the largest colonies for this species
in the country during breeding and pupping sea-
sons (O Cadhla et al., 2013). The present study
was carried out in White Strand Beach, located
in the Great Blasket, the biggest of the islands,
which has the largest concentration of individu-
als. This beach has been previously identified as
a breeding and pupping site, with mothers and
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Figure 1. Grey seal (Halichoerus grypus) colony and observation location in White Strand Beach; main area occupied by
tourism and ferry routes to the main island in the Blasket Islands Special Area of Conservation (SAC), Co. Kerry, Ireland.

pups hauled out on the beach (National Parks &
Wildlife Service [NPWS], 2014). Different sites
around the islands are used by grey seals through-
out the year (NPWS, 2014), with Beginish and the
Great Blasket containing the highest pup numbers
during the breeding season—from late September
to December but peaking during September and
October (Cronin et al., 2007). Although pups have
previously been seen on White Strand Beach,
no pups were observed during the current study,
although pups were observed in adjacent small
sandy coves and inlets, as well as on the other sur-
rounding islands. The area had an estimated popu-
lation size of ca. 1,099 to 1,413 (15.09% of the
total Irish population) with 314 pups born in 2011
(O Cadhla et al., 2013).

During the last few years, from April to October,
this location has been increasingly subject to tour-
ism activity. The tourist season overlaps with the
early part of the breeding season, which is the
most sensitive time in terms of potential impacts
of disturbances. Tourists access the island by boat,
which is located 4 km offshore. There are three
main ferry routes to the island (Figure 1), with
companies operating daily throughout the tourist
season. Ten different tour vessels were observed

in the area during the study period with up to
five different tour vessels recorded in the same
day. Each tour vessel arrived at the small dock,
located at approximately 350 m from the colony,
several times per day. Furthermore, before and/or
after landing, ferries also passed by the colony as
part of the tour at a distance as close as 100 m.
Additionally, there is a hostel on the island in
operation during the tourist season from which
people can approach the colony at any time of the
day. Currently, there are no warning signs for the
public or measures to control people accessing
areas that large numbers of animals are using.

Data Collection

Preliminary observations were carried out on
6 September 2018 to develop an ethogram of grey
seal behaviour for use in the present study (Table 1;
adapted from Haller et al., 1996; Granquist &
Sigurjonsdottir, 2014). Grey seal behaviour was
recorded using a variation of classic scan sam-
pling techniques (Altmann, 1974), recording the
colony located in White Strand Beach at irregu-
lar intervals or when specific events (i.e., tourism
activities) took place. Behavioural sampling was
conducted during two consecutive years—from
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Table 1. Ethogram containing mutually exclusive behavioural patterns recorded for grey seals (Halichoerus grypus)
hauled out on the beach, their descriptions, and the average proportion of seals + SD engaged in each behaviour during the

preliminary observations (adapted from Haller et al., 1996; Granquist & Sigurjonsdottir, 2014)

Behaviour Subtype  Description % seals
Rest Seal still, lying on the beach with head down or up with eyes closed 67.72 £ 1391
Vigilance Seal still, lifting the head or with head up, eyes open and alert, occasionally ~ 17.74 + 14.44
moving its head from side to side
Comfort Seal performing different movements, including scratching, weight shifting, 934 +2.23
stretching, and rolling in one location
Locomotion Seal changing location but not rushing into the water or apparently 232+ 147
approaching another seal, including movements on the beach, going outside
the water, or going towards the water
Flush Seal quickly entering the water 0.31+0.75
Mating Male and female seals having physical contact with each other and adopting 141+£098
copulatory position
Interaction Approach  Male seal moving towards another male seal 0.13+0.32
male-male Chase Male seal moving towards another male that is escaping
Escape  Male seal moving away from another male that is chasing him
Aggressive/ Male seals displaying agonistic behaviour, including threat position, roaring,
fighting  and/or neck extended or having physical contact with each other
Other Same interactions as above but regardless of the sex of the individuals (not 1.04£1.26
interactions two males) or when sex is unknown

7 September to 3 October 2018 (8 d) and from
23 April to 19 September 2019 (20 d). Disturbances
were already recorded during the first day of sam-
pling (7 September 2018). Therefore, samples
recorded on 8 September 2018 were used as a
control since no anthropogenic disturbances (i.e.,
vessels or tourists) took place during the entire day.
Unfortunately, since days without disturbances
were not common over the course of the study,
control data only represent a low proportion of the
total samples, a factor that should be improved in
future similar studies. Fieldwork was carried out
when environmental conditions allowed access to
the island and behavioural recording to take place.
Fieldwork was carried out during six different trips
to the island, with each trip lasting between 3 and
7 d (2 trips in 2018 and 4 trips in 2019). The study
period covered part of the pre-breeding, breeding,
and pupping seasons, and tourism activity was still
occurring during both years.

The general approach was that data collection—
including recordings of behaviour, number of grey
seals hauled-out, disturbance type, and environ-
mental conditions—was carried out throughout the
day. Early morning observations were conducted at
an average sampling interval of 47 min and began
when no anthropogenic disturbances of any kind
were present (generally between 0600 and 1030 h)
nor had taken place since the end of the previous
day (i.e., boats had not yet returned to the island and
tourists had not visited the beach since the previous

evening). Observations of the grey seal colony
under tourism activity conditions mainly took place
from 1030 to 1700 h. Scans were conducted every
time a vessel was approaching, whenever it changed
distance category (Table 2), or when walking tour-
ists were observed on the beach. Each scan was
recorded under one single disturbance category,
except on two occasions (0.44% of the samples)
when tourists were on the beach while a vessel was
approaching (samples were coded as disturbance
level 6). Scans were also conducted at an average
sampling frequency of 1 h 33 min after disturbances
had taken place (Table 2) to assess whether there
were changes in the behaviour and the abundance of
seals hauled-out over time. Sampling timing could
not be standardized as it depended on environmen-
tal conditions (e.g., absence of precipitation) and
logistic issues when arriving/leaving the island.
Therefore, we tried to ensure that the timing for
data collection early in the morning and the interval
following disturbances was as random as possible
to reduce the possibility of bias. A Poisson GLMM
with a logarithmic link function was used to assess
when disturbance would revert to O after a distur-
bance took place.

A total of 451 (2018: n = 78; 2019: n = 373)
behavioural samples of the grey seal colony were
conducted across 28 d in 2018 (8 d) and 2019
(20 d). There was an average effort of 9.8 + 6.7
and 18.7 + 10.4 samples recorded per day in 2018
and 2019, respectively.
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Table 2. Categories for different disturbance levels due to ecotourism assigned to different circumstances

Disturbance level  Disturbance type

Control

AN R WD = O

After disturbances

No disturbance: Samples recorded during an entire day on which no disturbances took place

No disturbance: During the morning before disturbances or at least 3 h after disturbances took place
Vessels approaching the island at a distance of 1 to 1.5 km from the colony

Vessels approaching the island at a distance of 750 to 1,000 m from the colony

Vessels approaching the island at a distance of 500 to 750 m from the colony

Vessels approaching the island at a distance of 250 to 500 m from the colony

Vessels passing along the beach occupied by the seals at a distance < 250 m from the colony
Tourists walking on the beach occupied by the seals at a distance < 100 m from the colony

Immediately after disturbances end, up to 3 h after disturbances had taken place

After arriving at the study site, a camera (Canon
77D, 100-400 mm Sigma lens or Nikon Coolpix
P900 on Manfrotto 128 RC tripods) was set up on the
top of the cliff surrounding the beach at a distance far
enough to avoid disturbances but adequate to record
the colony (on average 100 m). Vessels approach-
ing the island were spotted using Opticron 10 x 42
binoculars, and distance to the colony at the start of
the scan sample was recorded using a laser range-
finder (Leica Rangemaster 900, 7 x 24). Samples
were only recorded when vessels were approaching
or travelling parallel to the beach and not when ves-
sels were moving away from the colony. If a vessel
changed distance category after scanning the colony,
this was recorded with the colony then scanned a
second time. Recordings were carried out by scan-
ning the colony from one end to the other using one
of the cameras listed above.

Similar methodology has been widely used pre-
viously in pinniped behavioural studies focussed
on assessing anthropogenic disturbances caused by
tourism on various pinniped species (Boren et al.,
2002; van Polanen Petel et al., 2008; Granquist &
Sigurjonsdottir, 2014; Cowling et al., 2015; Back
et al., 2018). Video files were backed up and coded
at the end of each day for subsequent statistical anal-
ysis. For each sample recorded, all the grey seals
hauled out on the beach were counted to extract
abundance data, and each seal was assigned a single
behavioural category following the ethogram previ-
ously generated: rest, vigilance, comfort, locomo-
tion, flush, mating, and other interactions (detailed
in Table 1). Afterwards, the percentage of seals
displaying each behaviour was calculated for each
sample. The level of disturbance experienced by
the colony during each recording was classified on
a scale ranging from 0 to 6 (lowest to highest level
of disturbance, respectively) as defined in Table 2.
Whenever tourists were at a distance within 100 m
from the colony, they were recorded as being on the
beach. Vessels passing by or approaching the colony
were classified into four categories: (1) small ferries,

(2) small vessels, (3) slow-approaching rigid inflat-
able boats (RIBs), and (4) fast-approaching RIBs.
Small ferries and vessels were always recorded as
approaching the colony at a constant speed; RIBs
that were at a constant speed or that slowed down
when passing by or approaching the colony were
classified as slow-approaching; and RIBs that
increased speed when passing by or approaching the
colony were classified as fast-approaching.

Environmental conditions, such as precipitation,
wind speed and direction, cloud cover, and tempera-
ture, were obtained for each observation from the
online weather service provided by the Norwegian
Meteorological Institute and the Norwegian
Broadcasting Corporation (https://www.yr.no/place/
Ireland/Munster/Great_Blasket_Island). Tidal phase
was determined from the tide and current prediction
software WXTide32 (Hopper, 2000) and categorised
into slack low, ebb, slack high, and flood (following
O’Brien, 2013). The variables time of day (catego-
rised into morning, afternoon, and evening), date,
and season (pre-breeding and breeding) were also
recorded. Season was defined as pre-breeding when
no pups nor mating behaviour had been observed
yet on the island. A breeding category started to
be assigned when pups and/or mating behaviour
were observed on the island and until the end of the
fieldwork for that year as fieldwork finished while
the breeding and pupping seasons were still taking
place during both years. Seal counts were as accu-
rate as possible and carried out by the same person.
However, to minimise potential errors, each video
file was analysed three times when a large number
of seals were lying on the beach (> 300) and/or the
spacing between them was reduced (37% of the sam-
ples). In this case, the average abundance of individ-
uals counted was used for subsequent analysis.

Statistical Analysis

Data analysis was carried out using the statistical
RStudio package, Version 3.6.2 (R Core Team,
2019).Due to the high variation in grey seal numbers
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hauled-out between samples (from 0 to 1,145 with
an average of 267 + 249 seals), behavioural data
recorded were converted into proportions to allow
for later comparison and analysis. The abundance
of seals recorded was presented as the number of
individuals hauled-out during each sample.

To assess the effect of different explanatory
variables on the vigilance, flushing, and resting
behaviours, and on the abundance of grey seals
hauled-out, a Generalised Linear Mixed Models
(GLMMs) approach utilising a Laplace approxima-
tion was applied using the package ‘Ime4’ (Bates
et al., 2015). Since proportion data ranging from 0
to 1 were modelled as a function of the covariates
when assessing the seal’s behaviour, three binomial
GLMMs (which can be used for proportional data;
Zuur et al., 2009) for each response variable (i.e.,
proportion of grey seals displaying vigilance, flush-
ing, and resting behaviours) were fitted with a logis-
tic link function. The explanatory variables initially
included in the binomial models as fixed effects
were the continuous variables group size (number
of seals hauled out on the beach), wind speed, cloud
cover, and temperature as well as the factors season,
level of disturbance (Table 2), wind direction, tidal
state, time of day, and vessel type. Due to the high
correlation between level of disturbance and time
of day, two different sets of GLMMs were fitted
for each response variable (Acevedo-Gutiérrez &
Cendejas-Zarelli, 2011): the first one focussed on
assessing the influence of level of disturbance, and
the second one focussed on the effects of season and
time of day. The rest of the covariates were included
in the initial model for both sets. A third model
was fitted separately for each behaviour to assess
the expression of vigilance, flushing, and resting
behaviours of grey seals as a function of vessel type.
This model included group size, time of day, and
wind speed as continuous variables and vessel type,
level of disturbance, and tidal state as factors.

The absolute abundance of grey seals hauled
out on the beach was modelled using a Poisson
GLMM with a logarithmic link function. The
explanatory variables initially included in the
Poisson model as fixed effects were the continu-
ous variables wind speed, temperature, and cloud
cover, as well as the factors season, level of dis-
turbance (Table 2), wind direction, tidal state, and
time of day.

To account for potential pseudoreplication
among samples, scans were nested into sampling
days and included as random intercepts in all the
above models. Backwards model selection was
applied: nonsignificant variables were dropped
one at a time using the drop1 function, and models
were compared based on the Akaike Information
Criterion (AIC) and the anova function. Together
with the assessment of multicollinearity and

overdispersion, model validation was conducted
by visual exploration of residual plots following
Zuur et al. (2010) and Zuur & Ieno (2016).

Results

Overall Behaviour of Grey Seals Hauled-out
Grey seals were most commonly recorded dis-
playing resting (66.8 + 22.3%) and vigilance
(20.1 = 17.2%) behaviours. Due to their preva-
lence, an increase in vigilance would often lead to
a decrease in resting and vice versa. These behav-
iours were followed by comfort movements (6.7 +
4.2%), flushing into the water (3.5 £ 12.5%), loco-
motion (1.8 + 4.5%), and interactions, including
fighting, approaching, and mating (1.1 +2.2%).

Effect of Disturbance Level

The selected GLMMs fitted to model the proportion
of grey seals displaying vigilance, flushing, and rest-
ing behaviours included level of disturbance due to
ecotourism activities and tidal state as common
covariates (Supplementary Appendix I, Equations 1,
2, and 3; supplementary appendices are available in
the “Supplemental Material” section of the Aquatic
Mammals website: https://www.aquaticmammals-
journal.org/index.php?option=com_content&view=
article&id=10&Itemid=147). Wind speed was also
included in the models assessing the proportion of
individuals vigilant and flushing, group size when
assessing vigilance and resting, and cloud cover
when assessing the proportion of resting individu-
als. The nested random factors scan and sampling
day were included in all the models.

Level of disturbance had a strong influence on
all the behaviours assessed. The proportion of grey
seals displaying vigilance behaviour increased sig-
nificantly with higher disturbance levels, showing
the highest response under disturbance levels 4,
5, and 6 (Figure 2A; Table 3). Average proportion
(= SD) displaying vigilance behaviour was 16.5 +
10.0, 25.8 + 14.8, and 30.6 + 19.4% of grey seals,
respectively. The proportion of seals flushing into
the water was strongly influenced by disturbance
levels 5 and 6 (Table 3), leading to a significant
increase of seals entering the water (3.8 +9.2 and 8.5
+20.5% of seals flushing, respectively). Conversely,
disturbance levels 5 and 6 led to a reduction in the
proportion of seals resting (Figure 3A; Table 3),
with 61.7 £ 20.6 and 52.4 + 26.4% of seals resting
under disturbance levels 5 and 6, respectively. The
proportion of seals vigilant after disturbances had
taken place was significantly different from the pro-
portion of seals under undisturbed conditions (i.e.,
control data; Figure 2A; Table 3).

Tidal state was also a significant factor, with a
lower proportion of grey seals vigilant during ebb
and slack low tide conditions (Figure 2B; Table 3)
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Figure 2. (A) Observed (grey) and predicted from the selected model (dark grey) proportion of grey seals displaying vigilance
behaviour vs level of disturbance; and (B) observed (grey line) and predicted from the selected model (black line) proportion
of grey seals displaying vigilance behaviour vs number of seals hauled-out for each tidal state.

Table 3. Significant results for the most supported GLMM assessing the proportion of grey seals displaying vigilance,
flushing, and resting behaviours in response to level of disturbance and tidal state. Group size was also included for vigilance

and resting behaviours and cloud cover for resting.

Vigilance behaviour Flushing behaviour

Resting behaviour

Predictor
variables Est SE z p Est SE z p Est SE z P
Intercept -2.68 046 -587 <0.001 -997 155 -643 <0001 123 048 2.55 001
Disturbance
level*
0 0.87 0.40 2.17 <0.05 -- -- -- -- -- -- -- -
1 0.89 042 209 <0.05 -- -- -- -- -- -- -- -
3 1.04 043 240 <0.05 -- -- -- -- -- -- -- -
4 1.46 041 357 <0001 - -- -- - -- - -- --
5 1.88 0.40 465 <0001 381 146 262 <001 -090 045 -199 <005
6 1.85 0.40 458 <0001 404 145 279 <001 -106 045 -233 <005
After 0.93 041 224  <0.05 -- -- -- -- -- -- -- -
disturbance
Tidal state*
Slack low -0.37 0.09 -428 <0.001 - - -- - 0.36 0.11 328 0.001
Flood -- - -- -- 124 040 306 <001 -- -- - --
Slack high -- - - -- 146 050 293 <001 -- -- - --
Group size  -1.59e-032.05e-04 -7.78 <0.001  -- -- - -- 1.75e-032.52e-04 693 <0.001
Cloud cover - -- -- - - - -- -- -0.01 1.86e-03 -341 <0.001

*Control data was the reference category for disturbance level and ebb for tidal state.
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of disturbance; and (B) observed (grey) and predicted from the selected model (black) proportion of grey seals resting vs
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and a significantly higher proportion of seals flush-
ing under high tide conditions (Table 3). In con-
trast to the proportion of vigilant seals, resting
increased significantly under ebb and slack low
tide conditions (Figure 3B; Table 3). Seal group
size also showed a significant influence, with an
inverse relationship between the proportion of vigi-
lant seals and group size (Figure 2B; Table 3) and,
therefore, an increase in the proportion of seals rest-
ing with a higher number of individuals hauled-out
(Figure 3B; Table 3). The proportion of seals rest-
ing decreased with higher cloud cover (Table 3).

Effect of Time of Day

Due to the strong correlation between disturbance
level and time of day, a second set of GLMMs were
fitted to assess the proportion of grey seals vigilant,
flushing, and resting as a function of time of day as
a common covariate for all the models. Season was
also included when assessing vigilance and flushing,
wind direction when assessing vigilance and rest-
ing, and cloud cover and group size when assessing
vigilance. Time of day was a significant factor, with
lower levels of vigilance during the morning and
evening times and lower levels of flushing behav-
iour during the morning (Table 4). Conversely,
a higher proportion of seals were resting during
the morning. Wind from the west, northwest, and

southwest resulted in a higher proportion of seals
displaying vigilance and, therefore, in a lower pro-
portion of seals resting (Table 4). Season also had a
significant effect, with a higher proportion of seals
vigilant during the pre-breeding season.

Effect of Type of Vessel

GLMMs were also fitted to assess the vigilance,
flushing, and resting behaviours of grey seals
hauled out on the beach as a function of vessel type.
Fast-approaching RIBs showed the strongest effect
on the proportion of seals displaying vigilance,
flushing, and resting behaviours, with an increase in
vigilance and flushing among seals, and a decrease
in resting behaviour (Table 5). Slow-approaching
RIBs also showed an effect on vigilance and rest-
ing behaviours. The proportion of vigilant seals
increased significantly when vessels approached at
a distance of 500 m from the colony (disturbance
level 4), showing the highest response when ves-
sels passed along the colony at a distance closer
than 250 m (disturbance level 5; Table 5). The
proportion of resting seals significantly decreased
under disturbance level 5 conditions.

Since the conditions after disturbances had
taken place did not seem to strongly influence
the vigilance, flushing, and resting behaviours of
grey seals in comparison with conditions of no
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Table 4. Significant results for the most supported GLMM assessing the proportion of grey seals displaying vigilance,
flushing, and resting behaviours in response to time of day. Season was also included for vigilance behaviour, and cloud
cover, wind direction, and group size for vigilance and resting behaviours.

Vigilance behaviour Flushing behaviour Resting behaviour
Predictor
variables Est SE z P Est SE z P Est SE z 14
Intercept -1.44 0.18 -806 <0.001 -6.15 050 -1227 <0.001 0.61 0.18 336 <0.001
Time*
Evening -043 0.14 -305 <001 - - - - -- -- -- --
Morning -0.26 009 284 <001 -147 038 -390 <0.001 041 0.11 382 <0.001
Season* - - - - -- -- -- --
Pre- 0.28 0.14 197 <005 -- -- -- -- - -- - -
breeding
Cloud cover 001 1.68e-03 3.15 <001 -- -- -- -~ -5.58e-03 1.75e-03 -3.19 0.001
Wind
direction*
Northwest ~ 0.47 0.22 2.10 <0.05 -- -- -- -0.53 024 -2.19 <005
Southwest  0.48 0.23 208 <0.05 -0.58 025 -231 <005
West 0.81 0.24 339  0.001 -- -- -- -- -0.74 026 -281 <001
Group size -2.70e-03 2.22e-04 -12.16 <0.001 -- -- -- -- 249e-03 24904 999 <0.001

*Afternoon was the reference category for time of day, breeding for season, and east for wind direction.

Table 5. Significant results for the most supported GLMM assessing the proportion of grey seals displaying vigilance,
flushing, and resting behaviours in response to vessel type and group size. Level of disturbance and tide conditions were also
included as covariates when assessing vigilance and resting behaviours.

Vigilance behaviour

Flushing behaviour

Resting behaviour

Predictor
variables Est SE z P Est SE z p Est SE z )4
Intercept -1.37 070 -197 <0.05 -1.97 249 079 ns 020 079 025 ns
Vessel type*
Slow-appr. RIB 0.71 0.31 229 <005 -- -- -- -- -0.75 037 -204 <005
Fast-appr. RIB 0.75 0.30 246 <0.05 2.60 1.24 209 <005 -085 036 -236 <0.05
Disturbance
level*
4 0.49 0.22 226 <005 -- -- -- -- -- - - -
5 0.94 0.22 434 <0.001 -- -- -- -- 052 026 -199 <0.05
Tidal state*
Slack high - - - -- -- -- -- -- -1.03 035 -291 <001
Slack low -0.30 0.15 -202 <005 -- -- -- -- -- - - -
Group size -7.07e-04 3.60e-04 -196 <005 -2.75e-03 1.26e-03 -2.18 <005 -- -- -- --

*Small vessel was the reference level for vessel type, 1 was the reference level for disturbance level, and ebb was the
reference category for tidal state.
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Table 6. Significant results for the selected GLMM assessing the number of grey seals hauled-out in response to level of

disturbance, tidal state, time of day, wind speed, and direction

Predictor variables Est SE t )4
Intercept 4.72 0.81 5.85 <0.001
Disturbance level*

4 -0.55 0.21 -2.61 <001

5 -0.54 0.19 -291 <0.01

6 -0.59 0.17 -3.37 <0.001

After disturbance -0.99 0.23 -4.35 <0.001
Tidal state*

Flood -0.68 0.16 -4.28 <0.001

Slack high -1.04 0.18 -5.88 <0.001

Slack low 045 0.16 291 <0.01
Time*

Evening 0.82 0.21 3.86 <0.001

Morning 0.85 0.15 5.88 <0.001
Wind speed 0.15 0.06 243 <0.05
Wind direction*

North -1.77 0.83 -2.14 <0.05

*0 was the reference category for disturbance level, ebb for tidal state, afternoon for time of day, and east for wind direction.

anthropogenic disturbances (Table 3), this was
not explored in further detail. Results showed
that behavioural samples recorded from 4 h after
disturbances were not significantly different from
the pre-disturbance conditions (Supplementary
Appendix II, Table A); therefore, a disturbance
level of 0 was assigned to these samples.

Effects of Ecotourism Activities on the Number of
Grey Seals Hauled-out

The highest single abundance estimate of grey
seals hauled-out was 1,145 individuals. The high-
est average group size was 546 + 243 seals under
disturbance level 1. This was followed by (in
decreasing order) disturbance level 3: 418 + 234;
disturbance level 0: 412 + 288; control data: 366
+ 124; disturbance level 4: 333 + 271; disturbance
level 5: 238 + 166; after disturbances conditions:
228 + 167; disturbance level 2: 209 + 178; and
disturbance level 6: 183 + 197 seals.

The GLMM fitted to assess the number of grey
seals hauled-out (Supplementary Appendix I,
Equation 4), as a function of level of disturbance,
season, tidal state, cloud cover, time of day, wind
speed, and direction, showed a strong influence
of disturbance levels 4, 5, 6, and after distur-
bances, leading to a reduction in the number of

seals. Time of day also showed a strong influence,
with a significantly higher number of seals hauled
out during the morning and the evening time
(Table 6); and the number of seals decreased sig-
nificantly under flood and slack high tide condi-
tions (Table 6). Wind speed showed a significant
effect, and a lower number of seals were hauled-
out with wind from the north.

Discussion

Our findings show that the grey seal colony in the
Blasket Islands SAC was affected by ecotourism
activities, especially by the presence of tourists on
the beach and vessels passing along the colony.
Approaching vessels at a distance between 250
and 500 m also resulted in a significant effect.
These activities led to a reduction in the abun-
dance of seals hauled-out, an increase in the pro-
portion of individuals vigilant and rapidly enter-
ing the water, and a reduction in the proportion of
resting individuals.

Several studies that focussed on the abundance
of pinniped species at haulout sites and their
behavioural responses to anthropogenic activities
also identified the presence of pedestrians in the
vicinity of the colonies together with approaching
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vessels as the main causes of disturbances
(e.g., Jansen et al., 2010; Andersen et al., 2012;
Granquist & Sigurjonsdottir, 2014; Pavez et al.,
2014; Cowling et al., 2015; Mathews et al., 2016;
Osterrieder et al., 2017; Back et al., 2018; Corral
et al., 2018). In similar studies, the presence of
walking tourists in the vicinity of fur seals reported
a response distance of 30 m (Boren et al., 2002),
while harbour seals responded at between 50 and
260 m (Andersen et al., 2012; Osinga et al., 2012).
Studies have also assessed the response distances
of pinnipeds to approaching vessels. Australian
sea lions (Neophoca cinerea) responded at a short
distance of 15 m (Osterrieder et al., 2017), while
other studies variously reported Australian fur
seals (Arctocephalus pusillus) were significantly
disturbed by approaching vessels between 25 and
75 m (Back et al., 2018), or identified 30 m as the
significant response distance (Boren et al., 2002;
Cowling et al., 2015). In contrast, previous stud-
ies reported harbour seals responded to vessels at
a much longer range of between 100 and 830 m
(Johnson & Acevedo-Gutiérrez, 2007; Jansen
et al., 2010, 2014; Andersen et al., 2012; Young
et al., 2014; Matthews et al., 2016), similar to the
500 m identified in this study. This wide scope
in response distances might suggest interspecific
differences in behavioural responses and/or the
effect of approaching pattern (i.e., speed, noise,
and vessel type; Andersen et al., 2012). Therefore,
both species and the site-specific factors must be
considered when devising conservation and man-
agement plans (Cowling et al., 2015).

Time of day showed a significant effect in our
study, with a lower display of vigilance and flush-
ing behaviour and a higher proportion of grey seals
resting during the morning and evening time. These
times also correspond with larger numbers of seals
hauled-out. However, as tourism activities took
place mainly from 1030 to 1700 h (categorized as
“afternoon”), caution must be taken when interpret-
ing these results as this might be due to or partially
explained by disturbances. Northwest, west, and
southwest wind resulted in a significant increase
in the proportion of seals vigilant and a decrease
in resting. Seals would be relatively sheltered from
west and southwest wind due to the morphology
of the site. However, this result could be explained
by the seals detecting human smell (Fogden, 1971)
due to the presence of tourists on top of the cliff
surrounding the beach where seals haul out.

Tidal state also played an important role as
grey seals were less vigilant and rested more
under ebb and slack low tide conditions, a higher
proportion of them flushed into the water under
flood and slack high tide conditions, and a higher
abundance of them were hauled-out under low
tide conditions, similar to Acevedo-Gutiérrez

& Cendejas-Zarelli (2011). Since the beach was
only partially covered during high tide condi-
tions and provided enough space for the seals to
haul out, this relationship between seal behav-
iour and abundance with tidal state might be par-
tially explained by food availability in the area
(Patterson & Acevedo-Gutiérrez, 2008). The com-
bination of disturbances and the waves breaking
on the shore could explain the increase in vigilant
and flushing seals observed during slack high and
flood tide conditions.

As predicted, our study confirmed an inverse
relationship between group size and vigilance
behaviour. This effect of group size, known as
the many-eyes hypothesis (Rieucau & Martin,
2008), has been demonstrated in other pinnipeds
(Cowlingetal.,2015), as well as several other spe-
cies such as starlings (Sturnus vulgaris; Powell,
1974) and antelopes (Damaliscus pygargus and
Aepyceros melampus; Dalerum et al., 2008).

Vessel type was also a significant factor. The
presence of RIBs led to a higher proportion of
grey seals becoming alert and entering the water
in comparison with small vessels and ferries.
Although individuals’ behavioural response might
also be influenced by previous experience as well
as the conditions prior to disturbances, previous
studies have also found vessel type to influence
flushing behaviour in pinnipeds, with cruise ships
and kayaks triggering the greater response in har-
bour seals (Young et al., 2014; Mathews et al.,
2016) and power and tour vessels in sea lions
(Osterrieder et al., 2017). We found that vessel
speed did not affect vigilance and flushing behav-
iours, similar to Jansen et al. (2010) for harbour
seals. However, Lozano & Hente (2014) found the
vessel’s wake to cause greater disturbance than
the vessel itself, suggesting that vessel speed is a
relevant factor that should be regulated.

Haulout sites are vital for pinniped species,
including grey seals, as they allow them to rest,
give birth, reproduce, and socially interact (Bonner,
1990; Lyons, 2004; O Cadhla et al., 2013). This
study was carried out in the main haulout site for
grey seals in the Blasket Islands SAC. Here, the
strongest flushing response was observed when
tourists were present on the beach and vessels were
approaching at a distance closer than 500 m, result-
ing in more time spent at sea. Together with the
increase in alertness and lower resting times, such
disturbances might have adverse consequences for
the fitness of this species, potentially via higher
levels of stress, heart rate, and energetic expenditure
(Jansen et al., 2010; Young et al., 2014; Karpovich
etal.,2015; Back et al., 2018).

These consequences could be intensified during
the breeding season. As capital breeders, grey seals
undergo a period of high energetic demand while
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relying solely on stored fat reserves (Pomeroy
etal., 1999; Shuert et al., 2020; Twiss et al., 2020).
To optimise energy expenditure during this crucial
period, grey seals must balance the time engaged
in different activities, including nursing. There is
a positive correlation between nursing time and
body condition (Engelhard et al., 2002), which is
known to determine grey seal pup survival during
the first year of life (Hall et al., 2001). Recent
work on lactating grey seals (Shuert et al., 2020)
revealed how individual differences in stress man-
agement are a significant factor influencing the
time spent resting vs vigilant and, hence, overall
energy expenditure. Tourism activities might trig-
ger an increase in stress levels (Karpovich et al.,
2015), preventing an adequate balance between
the time spent in different activities and also
resulting in a higher energy expenditure, which
ultimately could adversely affect the success of
the offspring (Pomeroy et al., 1999).

Grey seal pups are born on land, and the first
hour after giving birth is crucial for establish-
ing a strong bond, which will allow the mother
to recognise the pup by calls and olfactory cues
(Fogden, 1971; McCulloch & Boness, 2000;
Robinson et al., 2015, 2019). Mother—pup separa-
tion could increase inconsistent suckling and allo-
suckling (Fogden, 1971), adversely affecting the
survival of the offspring (Robinson et al., 2015,
2019). Pups are unable to swim for the initial 18-
to 21-d nursing period (Fogden, 1971; Pomeroy
et al., 1999; Lyons, 2004), and this inability to
follow the mother also makes them vulnerable to
disturbances. Ecotourism activities might force
the mothers to leave the beach where they have
hauled out, impeding bonding and causing sepa-
ration between mother and pup, ultimately lead-
ing to abandonment (Granquist & Sigurjonsdottir,
2014; Lozano & Hente, 2014; Karpovich et al.,
2015; Mathews et al., 2016; Oqvist et al., 2018)
and starvation, one of the main causes of pup
mortality (Baker & Baker, 1988). Furthermore,

the flushing behaviour of adult seals triggered by
ecotourism activities could lead to physical inju-
ries in pups (Back et al., 2018).

Grey seals show high site fidelity to their
breeding haulout sites, returning to these sites to
breed (Pomeroy et al., 2000; Sayer et al., 2018).
White Strand Beach in the Great Blasket Island
seems to be the preferred haulout site of this
colony. Although White Strand Beach has been
previously reported as a breeding site (NPWS,
2014), no pups were observed on the beach during
the study period. The seals were found to use and
breed on smaller islands located nearby and in
more remote locations around the island such as in
coves and small inlets. While inaccessible to tour-
ists, these sites might be more exposed to storms,
even getting completely flooded under high tide
conditions (M. Pérez Tadeo, pers. obs.), which can
lead to pup mortality.

Whether grey seals would habituate to tour-
ism activities was beyond the scope of this study.
However, as it was carried out across two consecu-
tive years and different months, and tourism has
been taking place for several years, habituation
seems unlikely. Some authors reported habitua-
tion of fur, grey, and harbour seals subject to dis-
turbances (Boren et al., 2002; Bishop et al., 2015;
Cates & Acevedo-Gutiérrez, 2017). Apart from
leading to an unnatural reaction that could adversely
affect these species’ survival in the long term (Boren
et al., 2002; Bejder et al., 2009), other researchers
found not only a lack of habituation (Andersen et al.,
2012), but also an increase in pinnipeds’ response
after long-term exposure to tourism disturbances
(Corral et al., 2018). Long-term human activities
could ultimately result in habitat displacement,
forcing them to search for areas that might present
lower productivity (Becker et al., 2011) or be less
suitable for resting and breeding than the Blasket
Islands. Management actions are needed as tourism
increases in the Blasket Islands SAC to ensure the
welfare of this species and to avoid the displacement

Table 7. Recommendations aimed at avoiding grey seal disturbance due to ecotourism activities in the Blasket Islands SAC

Disturbance type

Recommendations from April to October (pre-breeding/breeding/mating seasons)

Vessels passing
along the colony

distance they should remain.

Reduce speed when approaching the colony.
Remain at least 250 m from the colony; markers should be in place so tour boats are aware of at what

Make guides on tour boats and on the island available for tourists and tour vessel operators to ensure

compliance.

Walking tourists

Avoid the part of the beach occupied by the seals, remaining at a distance > 100 m from the colony.

Avoid all kinds of interactions. Providing food, touching, or following the seals should be strictly

forbidden.

During breeding season, avoid using the beach. Seal-watching should only occur from the top of the

cliff surrounding the beach.
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of the colony as this is one of the most important
breeding sites for grey seals in Ireland.

Based on the results of this study, recommen-
dations on best practices aimed at avoiding grey
seal disturbance due to ecotourism activities in
the Blasket Islands SAC are presented in Table 7.
Similar recommendations have been presented
for different colonies where anthropogenic distur-
bances were also of concern. With special emphasis
during breeding and nursing periods, these include
reducing the speed and approaching distance of ves-
sels to the colony; restricting access to the colony
by land or sea; and providing signage, education,
and public awareness as well as long-term monitor-
ing programmes for different pinniped species such
as grey and harbour seals (e.g., Curtin et al., 2009;
Jansen et al., 2010; Granquist & Sigurjonsdottir,
2014; Lozano & Hente, 2014; Young et al., 2014;
Granquist & Nilsson, 2016; Mathews et al., 2016;
Cates & Acevedo-Gutiérrez, 2017).

Overall, these results confirm the urgent need
to implement a code of conduct on best practices
for ecotourism that is designed specifically for this
particular area and species with the aim of minimis-
ing anthropogenic disturbances at a local scale. At a
larger scale, this research provides reliable informa-
tion to improve conservation plans for this species
which are required to be devised under Natura 2000
designations across Europe (e.g., Habitats Directive
92/43/EEC; Birds Directive 2009/147/EC).
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