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ABSTRACT In France, the first marine national park was set up in 2007 in the Iroise Sea, western Brittany,
encompassing several Special Areas of Conservation (SAC). The park is resident to 1 of only 3 gray seal
colonies in France. The at-sea habitat use of gray seals in the marine park is poorly understood and direct
interactions with human activities are expected. We investigated habitat selection of gray seals within the
marine park to provide spatial planning recommendations to local conservation management. We obtained
data from 19 seals tracked between 2010 and 2013. We used generalized linear models to investigate their
habitat selection using distance to haulout, distance to shore, bathymetry, tidal current, and sediment type as
explanatory variables. The tracked individuals spent 67% of their time within the boundaries of the marine
park. We investigated return trips to focus on habitat selection within the Iroise Sea. The deviance explained
by the final model was 76%. Distance to haulout explained 47% of the deviance (seals selected short
distances), bathymetry explained 40% (with bimodal selection for waters shallower than 50m or deeper than
150m), distance to shore explained 6% (selected distances less than 40 km), current explained 5% (selected
weak currents), and sediment explained 2% (selected rocky areas). Habitat selection was concentrated in
shallow waters located in the main archipelago of the marine park. The map of selected habitat will help
identify potential conflicts of space use between seals and human activities such as fishing and leisure
activities. This study has an important ecological and management value. It is the first of its kind in a marine
park in France, and one of the few studies of gray seals at the periphery of their range. � 2015 The Wildlife
Society.
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The establishment of Marine Protected Areas (MPAs) is an
important tool for the conservation of marine biodiversity.
By aiming to protect species’ habitats and regulating
anthropogenic activities where necessary (Hooker and
Gerber 2004), the designation of MPAs is a common
approach for the management and conservation of marine
mammals (Gormley et al. 2012). In Europe, MPAs are
designated as Special Areas of Conservation (SAC) within
the Natura 2000 framework to protect habitats used by
species listed in Annex II of the EuropeanHabitats Directive
(European Commission, http://ec.europa.eu/environment/

nature/legislation/habitatsdirective/index_en.htm, accessed
23 Jun 2015). The gray seal (Halichoerus grypus) is one of
these species.
A combination of developments in satellite telemetry and

statistical methods have allowed the study of spatial use to
predict habitat selection of marine mammals to aid space
planning (Ca~nadas et al. 2005, Bailey and Thompson 2009).
Generally, the distribution of use by a population or an
individual is shaped by the spatial distribution of the
resources required by the animals and their selection of these
resources. Johnson (1980) defines selection “as the process by
which an animal actually chooses a resource or habitat.”
Different habitats are not equally available, and the existence
of habitat selection is signified by habitat use greater than
would be expected, proportional to the availability. Available
distribution tells us in what proportion the different
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environmental covariates occur in the set of all available
resource units. In quantifying habitat selection, we can
identify habitat that is particularly highly utilized. For central
place foragers, such as pinnipeds and seabirds, the need to
periodically return to their terrestrial haulouts or colonies
also shapes their observed use (Orians and Pearson 1979).
Such accessibility constraints need to be considered when
estimating habitat availability (Matthiopoulos 2003).
Gray seals live in temperate and sub-polar waters. Three

distinct stocks are identified in the northwest Atlantic,
northeast Atlantic, and Baltic Sea. In the northeast Atlantic,
the gray seal core population is located around the United
Kingdom, with an estimated number of 104,200 seals
(Special Committee on Seals [SCOS] 2013). In that region,
gray seals move between colonies throughout their life cycle
(McConnell et al. 1992, Vincent et al. 2005). In France, gray
seals are at the southern-most limit of their range with lower
abundances (a few hundred individuals) and there are only 2
breeding colonies located in Brittany, west France (Vincent
et al. 2005). The study colony is located in the Iroise Sea
(Fig. 1). In 2000, 98 (95% CI: 75–175) seals were estimated
to use the area seasonally, and this number has increased by
around 7% per year over the last 2 decades (Gerondeau et al.
2007). Surveys of haulout counts highlighted that the peak
number of gray seals in this area occurs during the molting
period from January to March and the abundance is lowest
during the breeding season from October to December
(Vincent et al. 2005). Pup production in the area is very low,
at generally less than 10 pups per year. Females are mainly
observed in the Iroise Sea during the summer when they

build up their energy reserves for the breeding season
(Gerondeau et al. 2007). Telemetry data show that some
seals move to England, Wales, and the Channel Islands to
breed (Vincent et al. 2005). Gray seals are considered
opportunistic and generalist predators, consuming a variety
of demersal and pelagic fish (Austin et al. 2006). However,
they show seasonal and regional diet variation (Hammond
et al. 1994, McConnell et al. 1999, Breed et al. 2006, Beck
et al. 2007). In the Iroise sea colony, fecal analyses revealed
that the 3 main gray seal prey species are wrasse (mostly
Labrus bergylta; 50.6%), conger eel (Conger conger; 20.7%),
and sea bass (Dicentrarchus labrax; 11.9%; Ridoux et al.
2007). These fish species are abundant in the kelp forest
(Laminaria spp.) of the Iroise Sea. An SAC was created in
2002 in this area, and encompassed within a larger marine
natural park in 2007.
Annex II of the European Habitats Directive and French

legislation of marine national parks requires the seal colony
in the park to be monitored. A number of management
actions are directed toward human activities that are known
to have direct or indirect negative effects on the seal
population. Recent management plans in the marine park
focus on seals’ at-sea habitat selection because direct
interactions with fisheries are expected (e.g., bycatch
interaction with seal depredation and resource competition).
The objective of this study was to characterize habitat
selection of gray seals in the marine park of the Iroise Sea in
France to help environmental managers identify areas where
there may be overlap between habitat selection and
anthropogenic activities.

Figure 1. (A)Map of all seal movements (travel and return trips) in 2010–2013 from their capture site in the Iroise Sea marine park, France and (B) magnified
map of the marine park area (dotted lines) showing return-trip tracks only, from the haulout sites located in the Iroise Sea. The main capture site is also shown
(star).
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STUDY AREA

The marine park of the Iroise Sea covers an area of 3,550 km2

at the western point of Brittany, France (Fig. 1B). It includes
an archipelago of small islands characterized by shallow areas
and numerous tidal reefs. Seals haul out (rest on land) on the
tidal rocks year-round, whereas islands permanently emerged
are only used during breeding (Oct–Dec) and molting
(Jan–Mar) periods. Human activities taking place in this area
include commercial fishing, sediment extraction, kelp forest
exploitation, and recreational activities such as sailing,
angling, seal watching, scuba diving, and jet-skiing; these are
all monitored and regulated, particularly to protect the
marine park wildlife, including gray seals. We chose a
rectangular study area encompassing seal locations
(47.63–48.828N, 5.37–4.228W)within which environmental
data were available (Fig. 2).

METHODS

Telemetry data from 19 sub-adult and adult seals tracked
with global positioning system (GPS) satellites and
transmitted via the global system for mobile communications
(GSM) were used to model habitat selection within the
marine park. We used generalized linear models (GLMs) to

model seal habitat selection to understand the importance of
both continuous and categorical predictors. Previous studies
have shown that gray seal space use at-sea is influenced by a
wide range of environmental covariates such as depth
(Sj€oberg and Ball 2000, Aarts et al. 2008), sediment type
(Aarts et al. 2008), and distance to haulout (resting on land;
Thompson et al. 1996). We followed Matthiopoulos
(2003,2011), Aarts et al. (2008), and Hirzel and Le Lay
(2008) in defining habitat as a contiguous region in
environmental space, whose attributes represent biotic and
abiotic environmental variables to study the habitat
preferences of gray seals from the marine park.

Data Collection
Telemetry tracks.—Individual movements of seals were

tracked outside the breeding season using Fastloc GPS/GSM
tags (Series 900 GPS Fastloc; Wildtrack Telemetry Systems
Ltd., Leeds, United Kingdom) produced by the SeaMammal
Research Unit (SMRU) at the University of St. Andrews
(McConnell et al. 2004). Seals were captured under licences
N810/102, 11/873, and 13/422 delivered by the French
Ministry of Environment. Seals were caught in the water
surrounding haulout sites with hoopnets, then anesthetized
with Zoletil (Vibrac, Carros, France) at an intramuscular dose
rate of 0.5mg/kg body weight (Baker et al. 1990), and
weighed. Tags were glued to the fur of the neck using a quick
setting epoxy resin. The tracking period, therefore, extended
from the beginning of the summer (Jun) until the following
molt period (Jan–Feb; Table 1).
The tags used a wet/dry sensor to determine whether the

seal was hauled out, swimming at the surface, or diving
(below a chosen depth threshold, here 1.2m). A haulout
event started when the sensor was continuously dry for more
than 10minutes and ended when it was continuously wet for
40 seconds. We filtered locations to eliminate those that led
to unrealistic swim speeds (>2m/s; McConnell et al. 1992).
On average, tags transmitted 42.3� 19.3 filtered GPS
locations per day. To reduce sampling bias (between areas
where the seals spend more time diving or out of the water),
we interpolated all GPS locations every 20minutes using
straight-line interpolation.
Return trips and control points.—We defined 2 categories of

trips from the telemetry data: travel and return trips (sensu
McConnell et al. 1999) based on whether the departure and
destination haulout was the same (return trip) or different
(travel trip; Fig. 1). We modeled habitat selection of seals in
or around the marine park by including tracks of return trips
from haulout sites located within the marine park (no return
trip from other haulout sites extended to this marine area).
We used only at-sea locations to study marine habitat
selection by discarding all locations obtained while the wet/
dry sensor showed the seal was hauled out. Telemetry data can
be spatial and temporally autocorrelated (Aarts et al. 2008),
which can be problematic for the model selection because
autocorrelation can artificially inflate the degrees of freedom
in data, resulting in over-parameterized models. We
addressed this serial autocorrelation by systematically
sampling the data (Lesage et al. 2004, Aarts et al. 2008),

Figure 2. Study area including real track points selected every 200min (in
black) and associated random points (in gray) for gray seals in the Iroise Sea,
2010–2013.

Huon et al. � Gray Seal Habitat Selection 1093



selecting 1 in every 10 locations for each individual
(corresponding to 1 location every 200min). Habitat selection
analyses investigating both continuous and categorical
predictors typically infer selection of habitats by comparing
measured environmental characteristics of used points,
represented by telemetry locations, to those of random points
that represent available habitats (Johnson et al. 2006, Lele and
Keim 2006, Aarts et al. 2008). This represents the use-
availability design (Keating and Cherry 2004). The random
points were created locally within the study area using the
package sp with R v 2.14.2 (R Core Team 2012). Typically,
the number of random points varies between 1 and 5 times the
number of telemetry locations (Pearce and Boyce 2005,
Wakefield et al. 2011). In this study, we chose the number of
random points to be twice the number of telemetry locations
(Fig. 2) to balance the restricted size of the study area with an
appropriate density of points.
Environmental data.—Based on previous studies of seal

habitat preference (Aarts et al. 2008, Bailey et al. 2014), we
used 3 environmental variables to identify habitat preference
(see Figs. S1, S2, S3, available online at www.wildlifejournals.
org). We obtained bathymetry data from the Service Hydro-
graphique et Oc�eanographique de la Marine (SHOM)
database, at a spatial resolution of 100m. Tidal current data
were available hourly from the Previmer database (Lecornu and
DeRoeck 2009). These data were obtained from theMARS2D
Iroise model, one of the northeast Atlantic models, at a spatial
resolution of 250m. We used a 4-month tidal current mean,
corresponding to the seasonal tracking duration (Jun–Sep).
This allowed the quantification of the tidal current strength in
space irrespective of instant tidal phases (ebb, slack, or rising
tide). Tidal current data had the least spatial extent and,
therefore, the study area was limited by this variable (see Study
Area). Sediment data were obtained from the Mapping
European Seabed Habitat (MESH) project and included
outputs of the MESH_EUNI model, which predicted seabed
habitat types as polygons. The MESH_EUNI model was

based on different environmental layers with spatial resolutions
from 100m to 250m. Sediment types were based on a
simplified Folk classification system (Folk 1954) and limited to
the most dominant types: rock, mud, sand, gravel, coarse
(gravel and mud), and mixed (gravel and sand) sediments
(Fig. S3). We calculated distance to shore as the straight-line
distance to the closest point along the coast or the archipelago
using the ArcGIS (Environmental Systems Research Institute,
Inc., Redlands, CA) Nearest function. We used distance to
haulout, defined as the geodesic distance between each location
and the last haulout site used by the seal, to describe
accessibility to the environment (Aarts et al. 2008).We created
a 250-m-resolution raster to calculate the distance from an
animal’s location to their associated haulout site.

Data Analysis
We used variance inflation factors (VIF) to assess multi-
collinearity between the environmental variables. Multi-
collinearity is considered to be important when the VIF value
is higher than 10 (Kutner et al. 2004). If 2 variables had VIF
values higher than 10, we created 2 distinctive models, each
including 1 of those 2 variables.
We fitted generalized linear models (GLMs) in R (R Core

Team2012) to thedata using a binomial family argumentwith
a logit link function to estimate the parameters of an inverse-
logit selectionmodelbasedonseal locationsand randompoints
(Johnson et al. 2006). On average, the selection of return trips
gave 8,477� 4,412 locations per seal (Table 1), although we
did not include intra-individual variability in the analysis. We
used telemetry locations and random points as the response
variable, taking the values 1 and 0, respectively. We added
quadratic terms to the model for bathymetry and tidal current
covariates because we expected the response to these terms to
be non-monotonic. We treated sediment type as a factor
variable, using coarse-sediment as the reference level.
We selected the best model based on the lowest Akaike’s

Information Criterion (AIC; Akaike 1973) value and

Table 1. Details of gray seals fitted with global positioning system–global system for mobile communications (GPS–GSM) tags in the Iroise Sea marine
park and tracking duration. This table only shows seal data included in the present study; 2 more seals did not spend enough time in the study area to be
included.

Seal Sex Mass (kg) Nose-flipper length (cm) Capture date Tracking duration (days) Number of filtered track points

B 17 M 74 138 16 Jun 2010 34 2,427
B 18 F 137 182 16 Jun 2010 20 1,398
B 19 M 211 200 19 Jun 2010 15 1,093
B 20 M 74 149 15 Jul 2010 81 570
B 21 M 108 153 16 Jun 2011 181 12,785
B 22 M 86 157 16 Jun 2011 178 12,374
B 23 M 129 173 18 Jun 2011 172 9,005
B 24 M 124 181 19 Jun 2011 205 7,657
B 25 F 74 137 19 Jun 2011 153 9,155
B 26 F 68 145 19 Jun 2011 214 14,845
B 27 M 152 182 20 Jun 2011 221 13,178
B 29 M 186 185 09 Jun 2012 211 7,623
B 30 M 117 170 10 Jun 2012 158 10,481
B 32 F 114 158 12 Jun 2013 236 9,704
B 33 M 210 202 13 Jun 2013 218 10,861
B 34 M 119 169 14 Jun 2013 206 14,131
B 35 M 148 187 14 Jun 2013 161 9,539
B 36 M 62 136 16 Jun 2013 170 7,274
B 37 M 70 139 18 Jun 2013 201 6,975
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considered models with an AIC difference less than 2 to be
equivalent (Burnham and Anderson 2002). We calculated
the deviance explained by the selected model and calculated
the part explained by each covariate with the prediction
function of the GLM, providing an index of the importance
of each covariate in the chosen model. We plotted predicted
values from the selected model using ArcGIS to show areas
of habitat selection. We created a regular prediction grid of
10�3 degrees resolution covering the spatial extent of the
analysis.

RESULTS

We caught and tagged 21 seals in the marine park between
2010 and 2013, of which 19 were included in the analyses
(Table 1). Tracking duration for each seal ranged from 15 to
236 days (159� 56 on average), transmitting a total of
142,567 speed-filtered GPS locations. From these, we
calculated 326,054 interpolated locations. Sixty-seven
percent of these locations were return trips from the study
area. Of the 218,456 return-trip locations, 128,882 were
at-sea locations and were kept in the analysis.
We did not detect multi-collinearity between covariates; all

VIF values were lower than 3. Model selection resulted in 2
models with an AIC difference of less than 2. Both models
explained 76% of the deviance in the data so we considered
the performance of these models equivalent. We selected the
most parsimonious model, with only the quadratic term for
current being dropped (Table 2). The proportion of deviance
explained by the covariates was distance to haulout (47.2%),
bathymetry (21.8%), quadratic term of bathymetry (17.7%),
distance to shore (6.6%), tidal current (5.0%), and sediment
type (1.7%). Habitat selection declined with increasing
distance to haulout (Fig. 3A, Table 3). The predicted
probability of occurrence was 0.86 in areas located within
200m of the haulout sites, decreasing to 0.02 for distances
farther than 40 km. A bimodal pattern in selection was
evident with higher selection for waters shallower than 50m
and deeper than 150m (Fig. 3B). Seals selected areas that
were a short distance from the shore (Fig. 3C). Tidal current
had a negative influence on the habitat with selection values
declining from 0.008m/s for a tidal current speed lower than
0.031m/s to 0.003m/s for a tidal current speed higher than
2m/s (Fig. 3D). Gray seals selected rock, mixed, and coarse
sediments as opposed to mud. The presence of sand did not
have any influence (Table 3).
Habitat selection was highest in shallow waters of the

marine park archipelago around tidal areas where gray seals
currently haul out, and in the bay of Brest along the northern
mainland coast where rocky areas are found (Fig. 4). Low
habitat selection was observed outside the marine park
boundaries.

DISCUSSION

This is the first study of gray seal habitat selection in France,
at the southernmost limit of the species’ European range.
Our study focused on the marine park of the Iroise Sea where
the number of seals has increased during the last 20 years at a
rate of 7% per annum (Gerondeau et al. 2007). We described

current gray seal habitat selection at a colony level to inform
local managers on spatial planning as they assess overlap with
commercial and leisure activities.
Distance to haulout accounted for the largest part of the

deviance explained in the model (47.2%). Seals selected areas
located within 40 km from the last haulout site used. Almost
all track points were located within this distance to haulout
site and the tracked individuals spent 67% of their time
within the boundaries of the marine park. Gray seals
are central place foragers and spend the majority of their time
close to the haulout sites (McConnell et al. 1999). As part of
the core North Sea gray seal population, at Abertay and the
Farne Islands, Aarts et al. (2008) also describe a negative
influence of the distance to haulout on the seals’ habitat
preference with a decrease after tens of kilometers from
haulout, although seals moved farther offshore than in our
study (hundreds vs. tens of km). McConnell et al. (1999)
calculated that on average 43% of all seals’ time from the
same colonies was spent within 10 km of the haulout sites.
Gray seals in the Baltic Sea also spend most of their time
within the vicinity of their haulout site (Sj€oberg and Ball
2000), with a preference for short distances to haulout
(10–15 km).
There is a small colony of about a hundred gray seals in the

marine park compared to 104,200 in the North Sea (SCOS
2013) and 350,000 in the northwest Atlantic (Thomas et al.
2011). The Iroise sea is home to 127 fish species, including
sea wrasse, the main component of seal diet around France
(Ridoux et al. 2007). This represents almost all species found
along the French coast of the Atlantic Ocean and the English
Channel (Raffin 2003) and is, therefore, often described as
an area of strong biodiversity (Hily and Jean 1997). The
oceanography in the Iroise Sea is a complex system. This is a
shallow area with high hydrodynamics (Muller et al. 2009)
because of topographical irregularities and the presence of
strong tidal currents. These currents create thermal fronts

Table 2. The 3 candidate models of seal habitat selection
(use_availability_selection) for gray seals in the Iroise Sea marine park,
2010–2013 with Akaike’s Information Criterion (AIC) values and deviance
explained. We considered the model with an asterisk the most
parsimonious among the 2 competing models (DAIC< 2).

Models AIC DAIC

Deviance
explained

(%)

�Use_availability_selection� distance to
hauloutþ
bathymetryþ (bathymetry)2þ distance
from shoreþ
factor (sediments)þ current

8,723.0 1.7 76

Use_availability_selection� distance to
hauloutþ
bathymetryþ (bathymetry)2þ distance
from shoreþ
factor
(sediments)þ currentþ (current)2

8,721.3 0.0 76

Use_availability selection� distance to
hauloutþ
bathymetryþ distance from shoreþ
factor (sediments)þ current

8,926.2 204.9 76

Huon et al. � Gray Seal Habitat Selection 1095



with high biological production (Birrien et al. 1991, Muller
et al. 2009). The Iroise Sea is used by a number of migratory
top predators (basking sharks [Cetorhinus maximus], long
finned-pilot whales [Globicephala melas]; Hily and Gl�emarec
1999). However, no published information is available
regarding the seasonal or annual fluctuations of the
abundance of non-exploited fish species, including wrasse.
Still, potentially high prey availability combined with low
seal density (compared to the core population in the United
Kingdom) may lead to a low degree of intraspecific
competition in the marine park, allowing the seals to forage
efficiently close to their haulout sites. High prey availability
would explain differences in selection (notably selection for

foraging near shore) between seals around the United
Kingdom and France.
We found a bimodal response of the seal’s habitat

selection for bathymetry, accounting for 39.5% of the
deviance explained. Due to the seals’ selection of at-sea
areas located within 40 km of their haulout sites, they also
showed a propensity to stay in depths shallower than 50m,
reflecting the bathymetry available in the study area. Gray
seals are described as benthic feeders (Thompson et al.
1991) and show varying depth preferences. In the northeast
Atlantic, they typically have dive depths between 10m and
50m (Tollit et al. 1998) and up to 80m (Tollit et al. 1998,
Aarts et al. 2008). In the northwest Atlantic, they dive in

Figure 3. Effect of environmental factors on gray seal spatial selection in the Iroise Sea, 2010–2013: (A) distance to haulout (m), (B) bathymetry (m), (C)
distance from shore (m), and (D) tidal current (m/s). Dotted lines indicate 95% confidence intervals for model prediction.

Table 3. Parameter estimates of the variables determined to affect gray seal habitat selection in the Iroise Sea marine park, 2010–2013, and parameter
confidence limits (2.5% and 97.5%) based on 95% confidence levels. Sediments coefficient values are relative to the reference of coarse sediments.

Variable b Coefficient P-value 2.5% 97.5%

Intercept 4.719 �0.001 4.48 4.95
Distance to haulout (m) �1.374e-4 �0.001 �1.43e-4 �1.32e-4
Bathymetry (log) (m) �0.053 �0.001 �0.059 �0.046
Bathymetry2 (m) 3.760e-4 �0.001 3.24e-4 4.28e-4
Distance from shore (m) �4.909e-5 �0.001 �6.148e-5 �3.69e-5
Current (m/s) �0.641 �0.001 �0.852 �0.426
Sediments
Mixed sediments 0.678 �0.001 0.506 0.852
Mud �0.772 �0.001 �1.13 �0.415
Rock 0.229 0.005 0.070 0.387
Sand �0.033 0.702 �0.021 �0.426
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deeper waters on the Canadian continental shelf (Breed
et al. 2006). The depths selected by gray seals in the Iroise
Sea agreed with those of other gray seal colonies in the
northeast Atlantic. However we also highlighted that
seals selected water deeper than 100m in this study.
Most seals’ locations within the marine park were located in
the intertidal area or in the shallow water around the
haulout sites, but track points from 2 individuals were also
located above a deeper canyon located west of the
archipelago and the island of Ushant, influencing the
model output.

Distance to shore accounted for 6.6% of the deviance
explained andhad a negative influence on thehabitat selection.
Distance to shore was included in themodel in addition to the
distance to haulout sites because in the Iroise Sea, seals can use
the proximity of the shore to take advantage of the high
productivity created by thermal fronts (Muller et al. 2009).
Our results showed a negative influence of tidal currents,

accounting for 5.0% of the deviance explained. This contrasts
with a study of harbor seals (Phoca vitulina; Zamon 2001,
2003) using telemetry data, which showed an aggregation of
seals near areas with topographic relief and strong current,

Figure 4. Habitat selection of gray seals within the Iroise Sea marine park, France, 2010–2013.
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highlighting foraging site fidelity. Currents may allow
greater and more predictable prey availability for predators.
We, therefore, expected a positive influence of the tidal
current.
Sediment type explained 1.7% of the deviance. The

sediment types most selected by gray seals were rock, mixed,
and coarse sediments, located around haulout sites within the
kelp forest. Hily and Jean (1997) showed a high prey
biodiversity around boulders located within kelp and a lower
biodiversity on sediment types of mud or sand. Moreover,
wrasse, the main gray seal prey in the Iroise Sea (Ridoux et al.
2007), are located in rocky areas. A main component of gray
seal diet in the North Sea are sandeels (Ammodytes marinus;
Ammodytes tobianus; Prime and Hammond 1990, Hammond
et al. 1994, Brown et al. 2012) that are primarily found on
sandy sediments; in this core area, gray seals show an
avoidance for mud (Boulcott et al. 2007, Aarts et al. 2008).
Several studies on gray and harbor seal ecology using

telemetry data to characterize space use and habitat
selection have been subject to small sample sizes of tagged
individuals and, therefore, vulnerable to potentially unbal-
anced sampling (Lesage et al. 2004, Cronin et al. 2013).
Even studies that rely on large sample sizes (e.g.,
Matthiopoulos et al. 2004) manage to observe only a small
proportion (e.g., <0.001%) of the population of individuals
for a small part of their lives (e.g., <10 months), and the
structure of the sample varies by age and sex depending on
the ease of capture and tagging. In these large data sets, such
issues of representativeness can be addressed by the use of
mixed effects models (Aarts et al. 2012), which partition the
variability in the data according to the type of individual.
Assuming that the age and sex structure of a population is
known, the predictions of such mixed effects models can be
appropriately reweighted to generate a more representative
map of space use. However, our sample size was too small to
allow even simple levels of disaggregation to take place.
Because of the small size of the colony, our sample size
represented a relatively large proportion of the population
(around 20%). Therefore, we assumed that our sample of
animals was representative of the underlying population and
we did not account for individual variability. Between-
individual variation can arise. For example, we observed that
2 seals selected deep areas, probably causing the bimodal
distribution of the selected bathymetry in the model. For
studies such as ours where animals had different tag
durations, the number of locations each individual made to
the analysis was dissimilar. This could have resulted in
biased sampling, meaning the estimated variation in habitat
selection may have been underestimated. Therefore, our
conclusions regarding habitat selection need to be
interpreted with care. It may, therefore, be useful to
address the between-individual variability by introducing a
random effect for individual seals.

MANAGEMENT IMPLICATIONS

The marine park of the Iroise Sea was the first one to be set
up in France. This is the first study of gray seal habitat
selection within this marine park, and in France as a whole.

We identified that gray seals selected habitat close to the
shore, and particularly close to their haulout site. They also
selected shallow bathymetry and rock sediment. This habitat
corresponds to an environment with high biological
productivity, including high availability of their main prey,
wrasse. Maintaining such habitats within the marine park
would, therefore, benefit gray seals and help maintain
“favorable conservation status,” a requirement for Annex II
species under the European Habitats Directive. The gray
seals in the park can potentially be negatively affected by a
number of direct and indirect human activities. A number of
recreational activities, such as seal watching, snorkeling, and
spear fishing occur around the gray seal haulout sites in the
Iroise Sea and are known to lead to increased interactions
between visitors and seals. Commercial activities are also
permitted in the marine park. The largest impact from these
is expected to come from the indirect and direct interactions
of fishery activities with seals. Incidental bycatch have been
reported, particularly in gillnet fisheries, killing mostly
juvenile seals (C. Vincent, Universit�e de La Rochelle,
personal observation). Fishermen in the marine park are
increasingly reporting depredation by seals (seals stealing fish
in the nets leading to commercial loss). Moreover, gray seal
habitat can be deteriorated by sediment extraction and kelp
harvesting. The results of our study can be used for spatial
planning in the marine park when managing human
activities that have direct or indirect impacts on the gray
seal colony, i.e., having direct interactions with this species or
contributing to habitat deterioration.
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