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Abstract Beaked whales are cryptic and diffi-
cult to study species, often distributed in deep off-
shore waters and only briefly visible at the surface.
A diverse range of cetacean species has been docu-
mented in the Bay of Biscay, including several spe-
cies of beaked whales. However, little is known about
how persistent their presence is. Citizen science data
collected during ferry-based surveys between 2006
and 2018 were analysed to investigate how encounter
rates varied across space and time, and their drivers
for beaked whale species. Approximately 244,400 km
were surveyed, and there were 419 encounters with
beaked whales recorded including Cuvier’s beaked
whales, (n=260), Northern bottlenose whales
(n=19), Sowerby’s beaked whales (n=13), and
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True’s beaked whales (n=1). Generalized Addi-
tive Models revealed that encounters were generally
more frequent in the southern bay, on northern fac-
ing slopes, with all species except Sowerby’s showing
a preference for both deep waters and shallow shelf
waters. Animals were recorded in each of the eight
surveyed months, suggesting that beaked whales may
be present year-round, with increased encounter rates
in summer months. This study is the first to indicate
that beaked whales may persist in this area through-
out the year, which is key information for appropriate
management.

Keywords Beaked whales - Conservation - Bay of
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Introduction

Due to consistent over-use of marine resources in
recent decades, conservation is paramount to safe-
guard the environment for present and future genera-
tions (Lester et al., 2009; Roff & Zacharias, 2011).
Research is essential for effective conservation, espe-
cially concerning species abundance and distribution
parameters which are key for informing appropri-
ate management (Arcangeli et al., 2016; Laran et al.,
2017).

Globally, cetaceans (whales, dolphins, and por-
poises) are under threat (Hammond et al., 2013). In
Europe, cetacean conservation has been a topical
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issue especially since the implementation of the Habi-
tats Directive and Marine Strategy Framework Direc-
tive (Hammond et al., 2013; Laran et al., 2017).
Whilst there are previous studies that provided foun-
dations for a diversity of observations and recommen-
dations to support cetacean conservation in Europe,
key research gaps remain (Hammond et al., 2009,
2013; Laran et al., 2017; Rogan et al., 2017; Matear
et al., 2019). Insufficient knowledge regarding habitat
preference and cetacean distribution impedes man-
agement and limits effective conservation (Kiszka
et al., 2007). This partly reflects aspects of cetacean
ecology, but also logistical limitations such as off-
shore surveys being expensive (Barlow & Gisiner,
2006; Arcangeli et al., 2016; Hooker et al., 2019).

Widespread geographies hinder cetacean man-
agement and research efforts because conservation
boundaries are normally tied to administrative lim-
its, which cetaceans do not adhere to (Spitz et al.,
2012). Beaked whales (Family Ziphiidae) are widely
regarded as the least known cetacean families (Cox
et al., 2006; Rogan et al., 2017). Extensive dive times
and relatively short periods at the surface, combined
with a preference for deep offshore waters results in
a paucity of knowledge about these cryptic animals,
which can greatly inhibit effective conservation
(Johnson et al., 2004; Schorr et al., 2014).

Beaked whales are a diverse family with at least
23 species over six genera classified, and further spe-
cies being recently described (Cox et al., 2006; Rogan
et al., 2017; Hooker et al., 2019; Yamada et al., 2019;
Carroll et al., 2021). The diversity of beaked whales
is credited to their selection of deep-ocean environ-
ments, which is exploited by relatively few other
mammalian species (Claridge, 2006). However, this
habitat preference represents a considerable logisti-
cal challenge for researchers (Johnson et al., 2004;
Claridge, 2006; Tyack et al., 2006; Spitz et al., 2011;
Schorr et al., 2014). Consequently, species-specific
in situ field studies are often lacking, with stranding
and whaling data representing a significant propor-
tion of current knowledge (Faerber & Baird, 2010;
Arcangeli et al., 2016; Hooker et al., 2019). How-
ever, this leaves considerable data gaps with respect
to beaked whale distribution, habitat-use, behaviour,
and broader ecology.

There is significant concern regarding the con-
servation of beaked whales due to a multitude of
issues, including bycatch, entanglement, trawling,
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overfishing of prey, ship-strike, chemical pollution,
noise, climate change and habitat disruption, such as
marine development and tourism (Spitz et al., 2011;
Ketten, 2014; Arcangeli et al., 2016; Laran et al.,
2017; Matear et al., 2019). These threats may result
in lethal and nonlethal responses leading to stranding
(Parsons et al., 2008). Mass strandings, often caused
by anthropogenic noise, are widely considered the
predominant threat to beaked whales (Johnson et al.,
2004; Parsons et al., 2008; D’Amico et al., 2009;
Tyack et al.,, 2011; Arcangeli et al., 2016; Rogan
et al., 2017; Hooker et al., 2019). Thus, there is a
need to better understand beaked whale distribution
and ecology to support effective management and
conservation planning.

The Bay of Biscay is a deep-water gulf with com-
plex topography and hydrography, known to sup-
port a diversity of cetacean species including several
species of beaked whales (Weir et al., 2004; Kiszka
et al., 2007; Spitz et al., 2011, 2012; Matear et al.,
2019). It also experiences high levels of commer-
cial vessel traffic, with major shipping lanes running
through the Bay (OSPAR, 2019). However, these ves-
sels provide “platforms of opportunity” for research-
ers, allowing regular access to offshore waters. This
has resulted in an increased availability of sightings
data from previously difficult-to-access sites, includ-
ing data on the occurrence of beaked whales (Evans
& Hammond, 2004; Moura et al., 2012). Previous
studies have highlighted the Bay of Biscay as a suit-
able habitat for beaked whales, including Cuvier’s
beaked whales (Kiszka et al., 2007), Northern bottle-
nose whales (Hyperoodon ampullatus) and Sowerby’s
beaked whales (Matear et al., 2019), and occasion-
ally True’s beaked whales (Weir et al., 2004; Rob-
bins et al., 2019). However, little is known about the
seasonality of these species in the Bay of Biscay, or
whether they may be present year-round.

The aim of this study is to examine spatio-temporal
patterns of beaked whale occurrence within the Bay
of Biscay. We used a 12-year citizen-science dataset
traversing the Bay to model counts of beaked whale
sightings in regard to spatial, temporal, and environ-
mental variables. These results are important for not
only furthering our understanding of beaked whale
geographic distribution and seasonality, but also the
drivers behind such patterns. This information is par-
ticularly relevant given increasing levels of shipping
traffic in this area.
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Materials and methods
Study site

The Bay of Biscay is located in the north-eastern
Atlantic Ocean, stretching in a curve from north-
west France to north-west Spain. The eastern area
is coastal and relatively shallow, with bathymetry
increasing to 5000 m at the shelf break to the west
(Certain et al., 2008). The southern bay features a
narrow continental shelf, characterised by numerous
narrow, steep-sided, deep-sea canyons; whereas the
shelf widens in the northern reaches of the Bay and
is intersected by coastal inlets and estuaries (Lavin
et al., 2003). There are marked seasonality in the
hydrodynamic features of the Bay, with alternation
between winter mixing and summer stratification
driving high phytoplankton biomass in the spring
and a secondary autumnal peak, followed by lagged

Fig.1 Survey effort aboard
the Pont-Aven and Cap
Finistere. Gaps in survey
effort exist due to ferries
following a schedule where
the same stretch of water

is crossed during times of
darkness

Latittude

3
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peaks in zooplankton (Lavin et al., 2003). Addition-
ally, the Bay is home to a considerable diversity of
fish species (~200 demersal and benthic fish spe-
cies), with spring marking the spawning season
of small pelagic fish such as sardine and anchovy
(Lavin et al., 2003).

Two ferries (MV Pont-Aven & MV Cap Fin-
istére) operated by Brittany Ferries were used as
platforms of opportunity to collect data on the
occurrence of beaked whales. The Pont-Aven
travels between Portsmouth (UK)—Santander
(Spain)—Plymouth (UK)—Roscoff (France)—Cork
(Ireland)—Plymouth—Santander—Portsmouth
(Fig. 1), with a full cycle taking 7 days. The Cap
Finistere travels between Portsmouth—Santander—
Portsmouth—Bilbao (Spain)—Portsmouth (Fig. 1),
with a full cycle also taking 7 days.

Data collection followed established methods
(Matear et al., 2019; Robbins et al., 2019, 2020) in

Vessel
—— Cap Finistere
— PontAven

Bay of Biscay

5.0 25 0.0
Longitude
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the form of two protocols, which are summarised
below.

Distance sampling protocol

Data on environmental conditions (e.g. sea state or
precipitation), vessel location (‘effort’ data), and
sightings data on cetacean occurrence were collected
from the bridge of the Pont-Aven (21.6 m height) at
the front of the vessel, with a team of four trained
observers following distance sampling methodologies
outlined in Robbins et al. (2020). Data were collected
from March to October between 2006 and 2017, for
as long as daylight hours allowed for one return cross-
ing approximately once per month, between Plym-
outh—Santander—Portsmouth only.

Surveys were conducted by four surveyors. Two
surveyors were on watch, with one on the port side
and the other on the starboard side. The starboard
surveyor scanned from 90° off the starboard side to
10° to port, whilst the port surveyor scanned from
90° off the port side to 10° to starboard (20° overlap
to increase sighting potential). Surveyors on watch
used the naked eye to scan, with binoculars to sup-
plement and for identification of species. Scan cycles
were from side to side then near to distant. The third
surveyor recorded the sightings and effort data. Only
sightings collected by surveyors on watch were
recorded, other observations were classed as “inci-
dental sightings”. The fourth surveyor was on a rest
break. Surveyors followed a 30-min rotation period,
with 30/60 min breaks recommended after long
observation periods. Surveys were conducted from
dawn to dusk, weather and route stage permitting, and
data were only collected in good weather conditions
(i.e. data were not recorded above sea state 6, or in
poor visibility).

When a cetacean was sighted, the time, sighting
number, watch number, GPS location, reticle dis-
tance, angle, eye distance, species code, certainty,
school size, calve number, cue, behaviour, animal
heading, observer code and comments/mixed group
were documented. Effort readings were recorded
every 30 min, along with environmental records. Data
recorded included time, effort, watch number, GPS
location, speed, vessel course, sea state, swell, pre-
cipitation, glare, visibility, observer codes and com-
ments. All surveyors received ORCA training prior
to surveys, and survey teams consist of experienced
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observers that have surveyed on other ferry routes.
Data for sightings and effort were entered into pre-
prepared data sheets and afterwards the survey was
logged into a Microsoft Excel spreadsheet for colla-
tion with other ORCA data.

Wildlife officer protocol

Data were collected by one or two seasonal ‘Wildlife
Officers’ across the full cycle of the routes of each
of the Cap Finistere and Pont-Aven between 2014
and 2018. Two trained observers were on-board the
Pont-Aven constantly from approximately the end of
March—early July each year. There were two trained
observers on the Cap Finistere between late March
and the end of June, reducing to one trained observer
and one less experienced ‘trainee’ until late Septem-
ber. In 2016 both ships entered dry dock, with the
Pont-Aven for three weeks in May, and the Cap Fin-
istere for two weeks in April.

Wildlife Officer surveys occur most days, but for
shorter periods than distance sampling surveys. They
are conducted from the open decks, Deck 10 on the
Pont-Aven (24.1 m height), and 10 on the Cap Fin-
istere (22.1 m height). Surveys were conducted from
the starboard side on the Cap Finistere, and could be
conducted from either both, or one of the port and
starboard sides of the Pont-Aven, often depending
on wind direction and glare, with the side with more
favourable conditions chosen. Environmental condi-
tions (sea state (Beaufort), swell height (in metres),
glare, precipitation and GPS positions) were recorded
at 30-min intervals at minimum, or whenever condi-
tions changed. Details of sightings (location, species
identity if known or highest known classification,
number of animals, behaviour, distance, and position
in relation to the vessel) were recorded for all ceta-
cean, seal, and shark species; however only beaked
whale species are included here. Data were collected
on various models of Microsoft Surface tablets run-
ning Logger 2010 software, with GPS position col-
lected by Canmore GT-730FL USB dongle every
second.

Wildlife Officers also perform public engagement
roles on-board, and therefore may be distracted by
passengers during surveys; however, with two observ-
ers and the additional survey effort of passengers,
minimal missed encounters beyond those normally
anticipated at sea are expected.
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Table 1 R packages used Task Packages References
in GAMs of beaked whale
encounters Distance calculation geosphere Hijmans (2019)
Processing dplyr Wickham et al. (2020)
Encounter rate calculation raster Hijmans (2020)

Figure creation

GAM analysis
Model checking

ggplot2, marmap, mgcv

mgcViz, mgev

Wickham (2016), Pante and
Simon-Bouhet (2013), Wood
(2017)

mgcy Wood (2017)

Fasiolo et al. (2018), Wood (2017)

Data processing

All data were used initially, except effort records
where sea state was not recorded, and associated
sightings during those periods. Distances of effort
tracks were calculated using the geosphere pack-
age (Hijmans, 2019; see Table 1 for data process-
ing packages) in R software (R Core Team, 2020).
Encounter rates per 100 km were calculated with:

(n Encounters/effort (km)) x 100 €))

For maps of encounter rate, cells with less than
45 km effort (1st quantile) were removed as there
was a single sighting on the northern slope of the
Bay of Biscay with little effort which caused high
encounter rates; however there was minimal data to
identify this area as important.

Environmental covariates which have been found
to influence beaked whale occurrence in previous
studies (Cafadas et al., 2002; Tepisch et al., 2014;
Arcangeli et al., 2016) were assigned to each track
line using the centroid: mean depth (obtained from
GEBCO at approximately 500 m resolution), slope
(value calculated QGIS, with GRASS plugins),
aspect (calculated with GRASS). Sightings were
assigned to each effort line by vessel name, proto-
col type (Wildlife Officer or distance sampling), and
date/time.

As beaked whales are cryptic species and can
be difficult to visually identify (Hildebrand et al.,
2015), records were prioritised where species iden-
tification certainty was ‘definite’ and survey con-
ditions were favourable (below sea state 3). This
allows a more accurate representation of encoun-
ter rate, given worse conditions reduce detection
probability (Buckland et al., 2001; Kizska et al.,

2007), and that lower certainties may introduce
false-positive records. When removing any animals
encountered in conditions above sea state 2, and
only accepting those classed as definitely assigned
the correct species identification, there were three
encounters with Northern bottlenose whales (six
animals), 107 encounters with Cuvier’s beaked
whales (215 animals), six encounters with Sow-
erby’s beaked whales (13 animals), and 61 encoun-
ters with 101 animals not identified to species level
which were confidently identified as beaked whales.
Due to small sample sizes of all but Cuvier’s beaked
whales in this subset, we retained all sightings
regardless of identification certainty or conditions
for analyses. However, all analyses of Cuvier’s
beaked whale encounter rates use this subset to
maximise accuracy based on the most reliable data
available.

Modelling

Generalized Additive Models (GAMs; Wood, 2006)
allow for non-normal response data, such as count
of animals, to be related to the predictor variables
using non-parametric smooths, and were created
with the mgev package (Wood, 2017) for R (R Core
team, 2020) with the number of encounters as the
response. The explanatory variables initially con-
sidered for inclusion in models were mean depth
(hereafter depth), mean slope (hereafter slope), mean
aspect (with penalized cubic regression splines; here-
after aspect), year, month, latitude, and longitude.
Circadian patterns were not investigated as the ves-
sels followed approximately the same schedules, and
the time suitable habitat was passed is likely to be
within a few hours. Depth and slope were correlated
(= 0.59 Spearman correlation) and therefore slope
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was not included in the models. Similarly, depth was
correlated (0.75) with latitude, and therefore depth
was retained, and latitude was modelled as a bivariate
term with longitude.

Response data possessed large numbers of zeroes,
resulting in a left-skewed distribution. Data distribu-
tions were investigated, and negative binomial, Pois-
son, Gaussian, Tweedie, and scaled t GAM families
were tried. For all species, the scaled t family which
deals with heavy tailed data (Wood et al., 2016) per-
formed best, judged on diagnostic plots (QQ-Plots,
histograms, residuals versus fitted values, fitted val-
ues versus observed values; (Zuur and Ieno 2016).
The double penalty approach (Marra & Wood, 2011)
was adopted, which introduces an extra penalty to
remove terms from the model and used Restricted
Maximum Likelihood (REML) estimation to select
smoothness. Knots (k) of smooths were varied up
to k=7 for all univariate terms, and up to k=15 for
bivariate smooth of longitude and latitude to avoid
overfitting. Diagnostic plots, and the percentage of
deviance explained were used to quantify each mod-
el’s goodness of fit. Four optimal models were used
for inference, for overall beaked whales, Cuvier’s

52°N Cork

Effort (km)
8000

5 6000
4000
2000

48°N

Latittude

46°N Bay of Biscay

44°N

10°W 8w 6°W 4w
Longitude

beaked whales, Sowerby’s beaked whales, and North-
ern bottlenose whales.

Results

Between 2006 and 2018, 244,395 km were trav-
elled whilst on effort (Fig. 2A), 96,565 km of
which occurred in conditions better than sea state 3
(Fig. 2B). The distance surveyed was similar between
vessels, with 124,745 km on-board the Cap Finistere,
and 119,650 km on-board the Pont-Aven. Of the
total effort, 190,394 km was undertaken by Wildlife
Officers across 841 days, and 54,001 km by distance
sampling teams over 217 days. Effort was relatively
evenly distributed across the route, with a slight
increase in the Southern regions of the Bay of Bis-
cay. Effort increased considerably from 2014 when
Wildlife Officers were introduced (Fig. 3A). The
majority of survey effort occurred between April and
September, with minimal effort in March and October
(Fig. 3B).

There were 419 encounters with 816 beaked
whales, with a mean group size of 1.95 (£1.13

Effort (km)

3000

Latittude

2000

1000

Bay of Biscay

44N

10°W W 6°W
Longitude

Fig. 2 Distribution of survey effort along ferry routes in the Bay of Biscay, English Channel and Celtic Seas, under A all conditions;
B sea states lower than 3. Contour lines show depth changes at 100, 250, 1000 and 2500 m
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SD). Of these encounters, 260 included Cuvier’s
beaked whales, 19 Northern bottlenose whales, 13
Sowerby’s beaked whales, and one included True’s
beaked whales. Animals in 130 encounters were not
able to be identified to species level. The majority
of Cuvier’s beaked whales were identified with high
confidence (72.7%), followed by Sowerby’s (53.8%);
however, certainty in identification was considerably
lower for Northern bottlenose whales (21.1% classed
as ‘definite’; Supplementary material Fig. 1).

All beaked whales

When beaked whales were not split into separate spe-
cies, a mean encounter rate of 0.195 (£0.0264 SE)
per 100 km was calculated. The final scaled-t distri-
bution model retained a 2-way smooth of longitude
and latitude (P <0.001), and 1-way smooths of month
(P<0.001), year (P<0.001), aspect (P<0.001),
and depth (P<0.001), and explained 11% deviance
(Fig. 4; see Table 2 for significance of variables for
each modelled species). Encounter rate increased in
summer months, and generally increased throughout
the study period, albeit with considerable inter-annual
variation. Animals preferred northern-facing slopes
and both shallow waters <1000 m depth, and deeper
waters > 3000 m. Beaked whales were constrained
to areas of the transect in the Bay of Biscay (Fig. 5),
with the exception of three sightings in the English
Channel for which species identification was either

unknown (e.g. generic beaked whale) or recorded
with low confidence.

Cuvier’s beaked whales

Cuvier’s beaked whales were encountered on average
0.069 (+0.0067 SE) per 100 km. The final scaled-t
distribution model retained a 2-way smooth of lon-
gitude and latitude (P <0.001), and 1-way smooths
of year (P<0.001), aspect (P<0.001), and depth
(P<0.001), with month becoming penalized with
little effect. The model explained 10.7% deviance.
Cuvier’s beaked whales were predominantly encoun-
tered in the southern Bay of Biscay close to sub-sea
canyons, and in a small area of the northern slope
(Fig. 6). Northern-facing slopes were preferred, as
were a mixture of shallow depths (<1000 m) and
deeper waters (>4000 m). Encounters appear to
have broadly increased since 2006, with inter-annual
changes including a decrease between 2009 and 2012,
and since 2016.

Northern bottlenose whales

Northern bottlenose whales were encountered at
a mean rate of 0.0059 (£0.001 SE) per 100 km.
The final scaled-t distribution model retained a
2-way smooth of longitude and latitude (P <0.001),
and 1-way smooths of month (P<0.001), year
(P<0.001), aspect (P<0.001), and depth (P <0.001),
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Table 2 Summary of

) Longitude * Month Year Aspect Depth

explanatory variables Latitude

identified as significant

i(JP <](an01}1) ';)y GAMs of All beaked whales v v v v v

caked wha'e encounters in Cuvier’s beaked whales v - v v v

the Bay of Biscay
Northern bottlenose whales v v v v v
Sowerby’s beaked whales v v v - v

and explained 11.3% deviance. Northern bottlenose
whales were only recorded in proximity to canyons
on the approach to Santander, and not on the east-
ern route to Bilbao (Fig. 6B). Preference was evident
for northern-facing slopes, whereas depth prefer-
ence varied with peaks in shallow waters <1000 m,
and>3500 m. There was an increase in encounters
during summer months, and generally throughout
the study period, with inter-annual variation causing
some reductions between 2008 and 2012, and since
2016.

Sowerby’s beaked whales
Sowerby’s beaked whales were encountered at a mean
rate of 0.0044 (+0.001 SE) per 100 km. The final

scaled-t distribution model retained a 2-way smooth
of longitude and latitude (P<0.001), and 1-way

@ Springer

smooths of month (P=0.026), year (P<0.001),
and depth (P<0.001), with aspect being penalized
out of the model. The model explained only 5.55%
deviance. Patterns in the occurrence of Sowerby’s
beaked whales were less clear compared to other spe-
cies, with a weakly informative model. Encounters
appeared marginally more likely later in the year, and
have been increasing over the years. Animals were
less likely to be recorded in deeper waters. Encoun-
ter rates were highest in a small area of the northern
slopes, but more widely spread in the southern areas
(Fig. 6C).

True’s beaked whales
Represented by a single sighting, habitat prefer-

ences of True’s beaked whales were not modelled;
although the group of four individuals was sighted
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at approximately 3000 m depth, and 44.05416 N,
3.92118 W (Fig. 6D). Details of this sighting have
been previously published in Robbins et al. (2019).

Discussion

This study aimed to use citizen science data to inves-
tigate spatio-temporal patterns in beaked whale
occurrence within the Bay of Biscay. Overall, beaked
whales were regularly observed in all months sur-
veyed (i.e., March to October), indicating likely year-
round presence within this area and a particular peak
in sightings during the summer months. Aspect and
depth were identified as significant environmental
variables, with beaked whales typically preferring
northern-facing slopes in both shallower (<1000 m
depth) and deeper waters (> 3000 m). However, there
were some species-specific variations to these general
patterns (Figs. 7, 8, 9).

The Bay of Biscay is characterised by weak oce-
anic anticyclonic circulation, poleward-flowing slope
current, coastal upwelling, northward direction of
the Mediterranean waters, shelf circulation, and
cross-shelf transport. These features exhibit seasonal
fluctuations (Forest et al., 2006); however, there is
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conflicting evidence regarding the seasonal move-
ments of beaked whales. Laran et al. (2017), sug-
gested that beaked whales have limited seasonal vari-
ations, whilst Giorli & Neuheimer (2016) proposed
that beaked whales may seasonally migrate to opti-
mise prey capture, evidenced through the increased
strandings of Cuvier’s beaked whales along select
parts of the Irish coast during spring and summer. In
the present study, significant seasonal patterns were
observed for overall beaked whale sightings, as well
as at the species-level for Nothern bottlenose whales
and Sowerby’s beaked whales, with a strong peak in
sightings during the summer months. The Bay of Bis-
cay experiences coastal upwelling during the summer
and early autumn (Lavin et al., 2003), which may lead
to increased prey availability and thus drive this peak
in whale sightings.

Regardless, beaked whales were observed in
all months surveyed, representing 75% coverage
throughout the year. Additonally, Cuvier’s beaked
whales did not show seasonal variation, with
encounter rates being relatively stable throughout
the year, regardless of month. Therefore, it seems
likely that beaked whales are present in the Bay of
Biscay year-round, with the Bay having particu-
lar significance during the summer months when
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prey availability may be higher (Spitz et al., 2018).
Unfortunately, winter survey effort was not possi-
ble; however, this would be an important avenue

for future research to confirm year-round presence
and allow study of any seasonal variation in spatial
occurrence.
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Previous studies have demonstrated relationships
between beaked whale spatial distribution and physi-
cal environmental features such as depth, aspect, and
slope (Davis et al., 1998, 2002; Cafiadas, et al., 2002;
Claridge, 2006; Kiszka et al., 2007; Azzellino et al.,
2008; Arcanglei et al., 2016; Rogan et al., 2017). Our
findings align with this and show more sightings in
the southern Bay of Biscay, which is characterised by
offshore canyon systems. In comparison, the northern
Bay of Biscay appears to contain habitat that is less
favourable to beaked whales, being characterised by
a wide shelf and several estuaries, which are the main
fluvial inputs into the basin and result in variable
salinity—which has been found to influence beaked
whale presence in other studies (Hazen et al., 2011).
Thus, the spatial distribution of beaked whales within
the Bay of Biscay reflects the underlying physical fea-
tures of this region. However, it is worth remember-
ing that the primary driver of beaked whale distribu-
tion is likely prey availability, which is linked to these
physical features as well as more transient and sea-
sonal environmental variables (Cafiadas, et al., 2002;
Kowarski et al., 2018).

It is generally accepted that beaked whales pre-
fer deeper waters due to their foraging behaviours
and diet preference (Cafadas, et al., 2002). Analy-
sis of stomach contents in previous studies alludes
to a diet of prey species that are found below 200 m
and do not vertically migrate (MacLeod et al., 2006;
Schorr et al.,, 2014). However, whilst most beaked
whales are considered teutophagic in the Bay of Bis-
cay (Spitz et al., 2011), Sowerby’s beaked whales are
documented to primarily feed on fish (Waring et al.,
2001; MacLeod et al., 2003). These fish are widely
reported to exhibit vertical migration which may
impact the depth at which Sowerby’s beaked whales
are encountered (Kowarski et al., 2018); thus, poten-
tially explaining our sightings of beaked whales in
shallower waters. Future studies aimed at improv-
ing understanding of beaked whale foraging ecology
within the Bay of Biscay would be beneficial for fur-
ther explaining animal distribution patterns.

Studies of beaked whale distribution and ecology
are often restricted due to challenging logistics and
the financial cost of offshore fieldwork. The current
study was able to overcome this to a degree by using
a combination of monthly citizen science surveys and
daily employee surveys (i.e., Wildlife Officers) con-
ducted from platforms of opportunity, representing

@ Springer

a considerable amount of survey effort and leading
to a substantial number of sightings of these cryptic
animals. Although the utilisation of such platforms
comes with some caveats, for example limited con-
trol over the survey area, this study still illustrates
the usefulness of these methods. Similarly, the use
of citizen scientists and Wildlife Officers as observ-
ers also comes with potential limitations; the former
may be relatively inexperienced when compared with
professionals, but are extensively trained and act
as dedicated observers; whereas the latter may have
greater experience, but are surveying on publicly
available open-decks and have a primary job of public
engagement. This may result in some missed detec-
tions and consequently lower encounter rates, due to
overlooked animal cues or distractions. Conversely,
by engaging passengers with the process of search-
ing for animals, Wildlife Officers may actually benefit
from extra eyes being available, as well as the invalu-
able benefit of educating members of the public on
whale ecology and marine conservation. Indeed, the
number of beaked whale encounters increased mark-
edly from 2014 onwards (i.e., the year that Wildlife
Officers began collecting effort-related data which
were included in this study); even when accounting
for increased survey effort, this still represents an
increase in detections and thus the effectiveness of
using Wildlife Officers. Previous work has modelled
occurrence of other cetacean species collected by citi-
zen scientists on these same vessels and found that
relationships were comparable to those found by pro-
fessional scientists (Robbins et al., 2020); however,
it would be prudent to perform similar comparisons
with the wildlife officer datasets. Regardless, the con-
siderable efforts of these observers provide a wealth
of data that would be otherwise unobtainable.

In conclusion, the Bay of Biscay appears to be an
area of relevance for beaked whales, as suggested
by previous studies (Kiszka et al., 2007; Spitz et al.,
2011; Matear et al., 2019). Our findings strengthen
the knowledge of beaked whale spatial distribution
within the Bay of Biscay, but also add an important
temporal component by illustrating seasonal pat-
terns in occurrence and the likelihood of year-round
use of this region. Given the numerous anthropo-
genic threats faced by beaked whales (Garcia-Bardn
et al.,, 2019) and the expanding presence of human
activities within the Bay, future research focusing
on addressing the paucity of winter survey effort in
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this area would be beneficial. It is crucial to under-
stand not only where these animals occur, but also the
relevance of temporal scales with regard to diurnal,
seasonal, and long-term occupancy patterns to inform
successful management decisions.
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