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INTRODUCTION

Information about the habitat use of small cetaseianessential in order to assess
their conservation status. A recent review regarditisso’s dolphinsGrampus
griseus(Bearziet al., 2010) reported that only limited information exiahd for the
majority, these are all for waters outside NW Ew@pearziet al, 2010). Large-scale
studies within European waters did not yield maightsigs and suggest a relatively
low abundance for Risso’s dolphins, especially aastal habitats (e.g. Wedt al.,
2001; Canadast al.,2002; SCANS-II 2008; Paniga@a al., 2009).

Risso’s dolphins have an apparent preference fep défishore waters and continental
slopes, but may inhabit coastal areas around oréslands and narrow continental
shelves (e.g. Baird 2009; Bear al, 2010). In UK waters, Risso’s dolphins are
recorded year-round and are most common off thet&kedsles. They are also
present around Orkney and Shetland (close to theiegd known northern limit of
distribution), in the Irish Sea, western and somuthkeland and western English
Channel, but they are rare in the North Sea (\&tedl.,2001, Reicet al.,2003; Evans
et al, 2003; O’Cadhlaet al., 2004, Baines and Evans 2009). Based on both
opportunistic and dedicated studies, it appearsttiey are most abundant between
May and October, preferring slopes of 50 — 100mtli€W/eir et al., 2001; Evanst
al., 2003; Reidet al., 2003; Baines and Evans 2009). Risso’s dolphins Hzeen
reported in Welsh waters (Baines and Evans 2008)paevious preliminary studies
showed the occurrence of this species off Bardsleand (de Boeet al.,2002). Based
on incidental sightings records from Bardsey Isl@i76 — 2005), this species occurs
here primarily during the months of July to Octoisth additional sightings recorded
in April (de Boer 2005). Apart from an area off tiMest coast of Scotland (1992—
1997; Atkinsonret al.,1997; Dolman and Hodgin#)is issu¢, hardly any studies have
taken place in UK waters and current informationtlom population size and habitat-
use is therefore very limited.

The main objectives of this study were (1) to eatgnthe population size of Risso’s
dolphins off Bardsey Island using mark-recaptusheques (De Boeet al, 2013);
and (2) to study habitat-use in relation to finals@ceanographic features. This work
provides preliminary information on the habitat-usie Risso’s dolphins and will
benefit future studies, along with the developnaraffective conservation measures
for this species throughout the region.
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MATERIALS AND METHODS

Study Location

Cardigan Bay is a large shallow embayment on tis¢ side of the St. George’s
Channel entrance to the semi-enclosed Irish Sei BHse Lleyn peninsula in Wales
is orientated northeast/southwest and is some 4ihkiength, ending in a headland
adjacent to deeper water. Bardsey Island (with dsimss of 2.6 km by 1 km) is
situated off the tip of the Lleyn Peninsula in therthern part of Cardigan Bay at
52°45.36'N and 004°47.17'W and is separated by 8sydSound (approximately 3
km wide; Figure 1). There are strong tidal eddiest exist in the waters surrounding
Bardsey Island which have currents of order 3'nfHliott et al., 1995).
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Figure 1. Cardigan Bay and Bardsey Island located off theyihlPeninsula. The
observation points (A-D) and ranges are shadedaadap in places. Drawn isobaths
include 10m, 20m, 30m and 50m.

Cardigan
Bay

Land-Based Survey Design

A standardised scan sampling system was used,ngelsip study harbour porpoise
(Phocoena phocoehaluring the summer months between 2001 and 200&ugy
area (85° to 120°) was slowly scanned using 7 Ni&0On binoculars for a period of
10 minutes (de Boer and Simmonds 2002; Pierpoit820Whenever possible,
simultaneous observations were carried out from ddaservation points which varied
in height and survey area (Figure 1). A series®Gaminute ‘snapshots’ were produced
for each sampling segment, detailing the locatibdadphins sighted. Points A and B
(both at 17 m height; -5.0 m during spring tideyeveituated at the southern tip of the
Island, with point B overlooking waters with expeosuo prevailing wind and wave
action and containing complex bathymetric featuresereas point A overlooked a
leeward habitat. The higher points (C-D) were s@idaat heights of 38m and 60m
respectively (-5.0 m during spring tide) and wereated on the northern part of the
Island. Point C overlooked the waters in Bardseyn@lowith strong tidal streams and
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partly overlapped with the area covered from p8inPoint D overlooked the eastern
part of the Sound but also partly overlapped with area covered from point A. The
survey area covered from points B and C includeal &neas of each approximately
90° in size, totaling 170° — 200°.

Observers switched scanning every 10 minutes awdddanged platforms every 3 —
4 hours to create a more spread out observer effbd following information was
collected with each sighting: radial distance (ggieticule binoculars), bearing (using
the built-in compass in the binoculars — these vireguently checked and calibrated),
surfacing direction, group-size, presence of calasl juveniles. Distinctive
behaviours were noted separately. For each 10-m#ean the Beaufort sea state (0 —
4) and tidal state were recorded. Optolyth teleeso30) were used to aid group-
size estimation and to distinguish juveniles andvesa All dolphin encounters
(whether they were a new sighting for any one dayere re-sightings from previous
scans) made during each 10-minute scan were refedleas Scan Sightings (SS).

Data Analysis

We mapped the positions of all sightings (SS) udwegring, radial distance and
observation height. The observation ranges wereri@tied for each platform. This
was used to estimate the actual survey area withbaarvation range of <2400 m for
the lower platforms and <3600 m for the higherfplahs. Land areas and those sea
areas not covered were excluded. Because the cfamsighting cetaceans decreases
with distance, we estimated that the optimum d#tafthe area up to which sightings
were most reliably seen) for the lower platformssve®00 m (75% of all sightings
occurred up to this distance) and for the highatf@ms this was 3000 m (88% of all
sightings).

A grid with a resolution of 300 x 300 m was pregharghe chosen grid-size was
checked on the accuracy of the distance and aaggein order to ensure that the grid-
size (300m) was larger than distance/angle ertornak found that bias in distance
estimations or bearing readings became profoun@0f3 for the higher platforms
when the distance was > 2500 m and for the lowatfggims this was 1800 m. Only
few sightings occurred at such distances (27 oft@n sightings) and when plotting
these sighting positions they appeared to be outlidlevertheless, the bias in
estimated sighting positions is expected to bequmod even at shorter distances
(especially when errors were made in both distaaro# bearing measurements). In
some cases, this could therefore cause estimagiding positions to fall into a
neighbouring grid cell. However, due to the pretiary character of these analyses,
and bearing in mind the low number of grid celledist was decided to not make the
grid-size larger or increasing the grid-size deeman distance from the observer.
For the total of 607 grid cells (54.61 Kmthe amount of survey effort was calculated
(including areas that overlapped). We interpolatehn depth from Acoustic Doppler
Current Profiler (ADCP) surveys provided by the Wénsity of Bangor (Elliotet al.,
1995). Four tidal phases were defined: The HighaV@iW) phase was defined as
one hour before and after HW and Low Water (LW) wmmsilarly defined. Ebb was
defined as 1.5 hours after High Water until 5 HteraHW; and flood as 5 hrs before
HW until 1.5 hrs before HW.
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The slope for each grid cell was calculated Bgaf — Dmin)/DlI whereDnax is the
maximum depth in a quadraim,, is the minimum depth in a quadrant addthe
distance in meters between the points of maximumh @mimum depth of the
guadrant, and expressed in units of meters pexdanddat al.,2002).

Sightings (SS) were entered into a Geographic m&ion System (GIS) and the
abundance (number of dolphins per scan pep)krfor each grid cell within the
survey area was calculated. From this, the totahdbnce for different areas or tidal
phases was calculated by adding up the abundadicesnfor the different grid cells.
Using positive scans (those scans during whichtdiodpwere sighted), we studied the
relation with oceanographic features: water deptf), Slope (m kmt), tidal state
(relative to High Water, HW), current speed () and direction. Chi-squared tests
were used to investigate whether the observed nuwibsightings and abundance
index differed from expected according to depth almbe. For depth and slope the
following classes were defined: depth 0 — 10, D21 — 30, 31 — 40, 41 — 50, 51 —
60, 61 — 70; and 71 — 80; slope 0 — 10, 11 — 20; 30, 31 — 40, 41 — 50, 51 — 60.
These classes were defined in order to have irffisample size in each of the
classes, given the restriction in chi-square tdss requires all expected frequencies
to exceed 5. A comparison was made between thé deypt seabed slopes recorded
during flood and ebb tides using Mann-Whitney-Udes

RESULTS

Abundance and Group-Size

A total of 155 scans (25.83 hrs) were made durifgchv Risso’s dolphins were
sighted 297 occasions involving 555 animals (TabJe The highest number of
individual dolphins seen within one scan was 38thataverage was 3.65 (SD 4.84,
= 155). Dolphins were sighted at an average distaicl849.7m (SD 831.3; range
332.0 - 4649.7m).

Table 1. Summary of effort (scans and hours) and informatanRisso’s dolphin
Scan Sightings (SS), number of individuals (Indjilythe land-based surveys.
Effort

Year Month Number of scans (Iﬁ(?)
(hrs)

70
2001 Aug — Sept 1378 (229.7) (117)

47
2002 Aug — Sept 943 (157.2) (62)
2003 July — Sept 1479 (264.5) (8)
2004 July — Sept 1537 (359.0) (i)

158
2005 July — Sept 2641 (440.2) (328)
2006 Sept 775 (129.2) (22)
Total July — Sept 9291 (1548.5) égg)
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The abundance was calculated as the number of idelgper scan/kA) sighted in
each of the grid cells. Figure 2 shows the coreasarehere dolphin abundance
exceeded 0.25 dolphins (per scanfkmiThere are two main ‘core areas’ with
relatively high dolphin abundance (>0.25): Box 4 {ihe west and northwest of the
Island) and Box 2 (to the north of the Island witlardsey Sound). In addition, two
smaller areas to the east of the island also shdwgtddolphin abundance. The total
abundance in Box 1 was 35.39 dolphins and in Bth2was 15.86 dolphins.
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Figure 2. Abundance of Risso’s dolphins (dolphins per scanf)kfor each grid cell.
The position of scan sightings are shown as cirelégh the size of each circle
indicating the number of individuals.

O Juveniles

O] Calves
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Mean group size
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Figure 3. Grid cells with mean group-size for Risso’s dofghi The positions of
calves (dotted dots) and juveniles (crossed dogsqlao shown.
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Proportion of positive scans and number of sighting S
per tidal state (relative to High Water)
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Figure 4. Proportion of positive scans (positive scans sl state/total number of
positive scans) and proportion of scan sightings @@r tidal state/total SS). Tidal
state is presented as the number of hours +/- Wigter (HW).
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Figure 5. Risso’s dolphin abundance (dolphins per scaif)kduring flood (A) and
ebb (B) in the core areas (black dotted Boxes) ianctlation to tidal eddies (grey
dotted Boxes) during flood (C) and ebb (D). Arrowslicate the direction and
strength of the currents where the size of theva(teft bottom corner) corresponds to
1m s, Information regarding currents and eddies weréveld from Neil (2008).
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The mean group size per scan for Risso’s dolphwesaged 2.11 (SD 1.34, n = 96,
range 1-6) with the highest group size measureBardsey Sound (Figure 5). All
calves (except for one) were found to the westh& Island (Box 1), whereas
juveniles were observed all around the island (feid).

Tidal Cycle

Risso’s dolphins sightings appeared to be cormtlateth the tidal state with
significantly more sightings made during floogf € 112.27, df = 3p<0.001). The
highest proportion of positive scans was made dudiV-3.5 hrs, at the peak of the
flood phase, during which also the majority of $ighs were made (Figure 4). During
ebb the highest proportion of positive scans wagevad HW+5 hrs, with the majority
of sightings made at HW+4.5 hrs (Figure 4).

During flood, the dolphins were particularly abuntito the west/northwest of the
Island (Box 1) and sightings were also made tostheheast and in Bardsey Sound.
During ebb they were mostly abundant to the norththe Island (Box 2) with
additional sightings to the East (Figure 5a andTie total abundance in Box 1
during flood was 32.26 dolphins and during ebb was 11.89 dolphins.

Proportion of Risso's dolphins in relation to
depth (m) and Slope (m km-1)

0.400
0.350
0.300
0.250
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0.000 -

& Depth (m)
B Slope (m km-1)

Proportion of dolphins
(SS/effort)
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Depth (m) & Slope Category (m km-1)

Figure 6. Proportion of Risso’s dolphins (scan sightings it effort) in relation to
depth (m) and slope (m ki

Depth and Slope

The majority of dolphins were sighted in waterswesn 30-40 m (59%) with a mean
water depth of 32.72 m (SD 8.%8= 280, range 13.60-57.40 m) and a mean slope of
23.79 m kntt (SD 9.68,n = 291, range 4.72-42.45 m KmFigure 6). Dolphin
abundance was not distributed uniformly througtclalises of depthA= 35.43, df =

5, p<<0.001) and slopgi(= 17.57, df = 4, p=0.001). The mean depth for thyrigk
cells where dolphins occurred was 32.22 m duriagd!(SD 8.38n =176) and 30.47

m during ebb (SD 12.4% = 39). The mean slope for those grid cells wheilplins
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occurred during flood was 22.29m Kn§SD 9.03,n = 175) and during ebb this was
28.40 m knt (SD 9.31,n = 51). There was no significant difference to pmefe
depth class 30-40 m during ebb or flood. Howevete was a significant preference
for steeper slopes during el € 2819.5n = 226, p<0.0001).

DISCUSSION

Risso’s dolphins were mainly sighted in waters vétmean depth class of 30—40 m.
However, this was expected as most of the availablgtat is 30-40 m depth. The
dolphins were also observed in waters as shallow as Similar observations with
Risso’s occurring in shallow waters were reportéfd\W Scotland (<30 m; Gilet
al.,, 1997) and off the Canary Islands (<20 m; Ratial, 2011). Risso’s dolphins are
usually found in deeper waters. Across the Meditezan Sea, they are sighted in
waters around 1000m depth (Cafadgal.,2002; Gannier 2005; Bearzi al.,2010)
and in less deep waters of the continental sloafndepth 638m; Praca and Gannier
2007). Risso’s dolphins off the Azores are moreguently sighted in waters of 600 m
(Pereira 2008), whilst most dolphin sightings ofb8and occurred in <200 m depth
(Weir et al.,2001). In this study, the dolphins preferred thaseas with slopes of 20
— 30m km' and this is less-steep than reported for deepeersiaEor example,
Baumgartner (1997) defined the slope class of 41.802.5 m 1.1 ki as highly
preferred in offshore waters (Gulf of Mexico). leap waters of the Mediterranean
Sea, Cafladast al. (2002) reported a preference for slopes exceedthgn km.
Other studies (Mediterranean and Azores) also corthie preference for steep slopes
(Gannier 2005; Praca and Gannier 2007; Azzekhal.,2008; van Geedt al.,2008;
Moulins et al.,2008; Airoldiet al.,2010, Bearzet al.,2010).

Our observations indicate that relatively shallogastal waters (up to 50 m) with
consequently less-steep slopes may also offerbdeiifaraging habitats for Risso’s
dolphins. The majority of calves were recorded oxB where lower current speeds
may offer a preferred habitat for nursery groupsgared to areas with fast flowing
waters (Bardsey Sound) where the risk for mother aalves to become separated is
greater. Similar findings have been documenteg@poise calves in Welsh waters
(Pierpoint 2008). There have been few studies ofaceans foraging in
island/headland wakes. Johnsttral. (2005a) reported on fin whaleBglaenoptera
physalu$ and minke whalesB( acutorostrata that exploited a tidally driven island
system in the Bay of Fundy. Pierpoint (2008) reparon foraging porpoises in a
headland/island system in Wales. Similarly, porpodensities were found to be
significantly greater during flood in an island weakystem (Johnstast al.,2005b). In
the Moray Firth (Scotland), bottlenose dolphins vgbd fine-scale foraging
movements within a narrow channel (Bailey and Theomp2010). In Alaska the
abundance of humpback whal®édegaptera novaeangliagppeared to be related to
tidal influences near headland wake systems (Chetinmt al, 2011). Like any other
headland/island system, Bardsey has residual ettthesre formed on either side of
the island (northwest and southeast eddies) ddioog and ebb (Elliotet al., 1995;
Neil et al., 2007). At fine spatial scales, small-scale eddird fronts appear to
enhance the primary productivity and it is recogdisthat these features may
concentrate prey (e.g. Simagtal.,2002; Zamon 2003). It seems therefore likely that
the areas of upwelling and eddies in Bardsey watansinfluence the availability of
nutrients, retention of plankton and aggregation fish that may attract prey
(Baumgartner 1997; Krus al.,1999; Yenet al.,2004).
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The diet of Risso’s dolphins consists primarily cgphalopods (Wurtet al., 1992;
Clarke 1996; Kruset al., 1999). Risso’s have been observed predating ocopuost
(Octopus vulgarisoff the Canary Islands in shallow waters (<20Rnjz et al, 2011)
and off Scotland they predominantly take lesseomas Eledone cirrhosgAtkinson
and Gill 1996; Santost al.,1994). The lesser octopus was also found in thaaths
of Risso’s stranded in Wales (Merrett 1998) andtlsenn England (Clarke and Pasco
1985). The lesser octopus is especially commonomesin the summer (July —
September) during the peak spawning period anchdurbffshore in October —
December (Boyle 1986). It is therefore likely tktz dolphins in Bardsey waters were
also targeting lesser octopus. It is worth notimag the presence of local beds of horse
mussel Kodiolus modiolusclose to Bardsey may attract squid and octopusafédm
and Simmonds 2008).

The area where dolphins were most abundant dutwegfibod phase (Box 1)
corresponded to a western eddy formed during fiogure 5c, d). The high current
speeds in Bardsey waters indicate that large vaduoievater are transported along
and into the eddy during flood and then slow dowrd airculate, effectively
concentrating prey into the eddy region and formanguitable foraging location for
dolphins during flood. The ebb-eddy, which is apmately positioned over a
shallow sand bank to the Southeast (Neill 2008)pably does not offer suitable
foraging conditions for Risso’s dolphins. The dafghfavoured the Sound during ebb
and where large upwellings (slick domes of watertloa surface) were consistently
seen. In addition, the narrowness of Bardsey Sauag concentrate prey. Marine
predators can then focus their foraging effortssoch locations to improve efficiency
and reduce energetic costs (Bailey and Thompsod)201

Many large marine predators use vast areas of tkany but typically concentrate
their activities in smaller, localised biologicaltspots for periods of time (Johnstein
al., 2005b). The tidal eddies in Bardsey waters enhdmedoraging efficiency for
Risso’s dolphins by aggregating their prey in admtable manner during different
tidal phases in localised areas. Such static battyerfeatures may form the initial
basis for identifying potentially critical habitafisr Risso’s dolphins within relatively
shallow coastal systems.
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