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Abstract
The protection of marine megafauna within Europe is rather fragmented. Developing conservation measures for highly mobile species presents definite
challenges, particularly due to the many knowledge gaps. Recent studies have
shown that these gaps can be filled in by Platforms of Opportunity (PO)
which create low-cost approaches. However, the number of wildlife tour operators actively collecting PO data related to distribution and relative abundance of marine fauna remains limited. In this study, we investigated whether
effort-corrected data on marine megafauna facilitated by a wildlife tour operator afforded robust long temporal data (2011-2015). Sightings data, collected
in the wider Mount’s Bay area (southwest Cornwall, UK), along with a GPS
application, were collected to accurately record survey effort. In addition, radial sighting distances and detection curves were computed to explore the robustness of the data. Density maps of marine megafauna indicated that encounters occurred throughout the area in all three seasons but the temporal
distribution was significantly different with numbers peaking in autumn.
Odontocetes were mostly recorded during autumn, basking shark (Cetorhinus
maximus) and ocean sunfish (Mola mola) were more abundant during summer and leatherback turtles (Dermochelys coriacea) were recorded occasionally. Our data showed that this shallow coastal environment is particularly
important as a nursing area for harbour porpoises (Phocoena phocoena).
Risso’s dolphins (Grampus griseus) showed a high semi-residency pattern for
adults with calves within one core-habitat. As such, the study provides important spatial and temporal baseline data that are essential for the protection
of marine megafauna through the development of an ecological network of
marine protected areas within UK waters. Although, data facilitated by wildlife
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operators have certain shortcomings we highlight that the protocols developed here secured efficient and precise data. Such collection protocols can be
implemented on a larger scale, ultimately enhancing research monitoring efforts and marine ecosystem management.
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1. Introduction
Large marine megafauna such as marine mammals, seabirds, turtles, large pelagic fish and sharks are important top-predators in marine environments, yet
they remain poorly understood. They typically range over vast areas of ocean,
but concentrate their activities in smaller, localised regions so-called “hotspots”,
for periods of time [1]. However, relatively little is known about marine
megafauna in these hotspots as these species are generally studied on a largescale during surveys that typically provide a single “snapshot” of their distribution [2]. The coastal waters off Southwest England and those waters extending
further offshore are believed to provide important habitats for marine megafauna [3]-[10]. The English Channel is a heavily human impacted marine environment with resources benefiting a variety of industry sectors, particularly those of
fisheries [11]. Marine megafauna are much exposed within this busy marine
channel and are likely to be at a higher risk of a multitude of anthropogenic
threats, such as those previously described for cetaceans: incidental by-catch in
fishing gear, exposure to pathogens and pollutants, collisions with shipping vessels, and underwater noise [12]. Recent studies off the southwest peninsula of
the UK (including Cornwall) have afforded some insights into the distribution of
short-beaked common dolphin (Delphinus delphis) [13] [14]. Others report on
opportunistic or short-temporal studies of harbour porpoise (Phocoena phocoena) and bottlenose dolphin (Tursiops truncates) [15] [16] [17] [18]. However, no long-temporal datasets are available for marine megafauna within these
waters. The basking shark (Cetorhinus maximus) is poorly studied and believed
to seasonally aggregate within the region with the southwest of the UK identified
as one of three hotspots in UK waters [10] [19] [20]. The ocean sunfish (Mola
mola) is also relatively little known and is most commonly sighted during summer [3] [5] [21]. The widely dispersed leatherback turtle (Dermochelys coriacea)
is believed to regularly occur in UK waters but in relatively small numbers [7]
[8] [10] [22].
The protection of marine megafauna within Europe is rather fragmented. The
EU Habitats Directive describes both habitats and species that are to be protected, based on which Special Areas of Conservation (SAC) can be designated.
All cetacean species occurring in Europe are listed in Annex IV of the Directive,
requiring strict protection, and the harbour porpoise and bottlenose dolphin are
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also listed in Annex II for which SACs can be designated. Basking sharks are
classified as “Endangered” in the northeast Atlantic by the International Union
for Conservation of Nature (IUCN) but they are not listed as Annex II or IV
species, and its protection is limited to national legislation. Cetaceans and basking sharks are both listed as UK Biodiversity Action Plan target species and as
Priority Marine Features. The Ocean Sunfish has not been evaluated by the
IUCN, and is not covered by European protective or UK legislations. Leatherback turtles are listed on Appendix 1 of the Convention on the International
Trade in Endangered Species of Flora and Fauna (CITES) 1975, Appendix II of
the Bern Convention 1979, Appendix I and II of the Bonn Convention 1979 and
Annex IV of the EC Habitats directive. Marine Conservation Zones (MCZs) are
now being designated for nationally important habitats and species in territorial
and UK offshore waters [23] and all these different protected sites are contributing towards an international ecologically coherent network of Marine Protected Areas (MPAs). In order to identify suitable protection areas for marine
megafauna, up to date information is essential about their fine-scale distribution
and their interactions with the physical and biological environment. However,
well-designed systematic surveys are often restricted to short periods in time and
are not designed to study the fine-scale distribution patterns in high density areas [24]. Recent studies have shown that such “knowledge gaps” can be filled in
by so-called Platforms of Opportunity (PO—for example a ferry or a cruise vessel; e.g. [25] which create low-cost approaches [26] [27]). However, the routes for
these platforms are not determined by the research design and basic statistical
design requirements are compromised [28]. Nevertheless, relating animal sightings to effort can often be used directly to infer relative distributions (e.g. [25]
[26] [27]). A PO can also be that of a wildlife tour operator (WTO), which typically determines the track line in situ, often according to prevailing environmental conditions (e.g. [29]). These platforms are in the position to collect more
accurate visual and behavioural data when approaching animals and confirm
species, gender or group size [30]. For some time, recommendations have been
made supporting the development of systematic data collection protocols to secure the collection of high quality data from WTOs (i.e. whale-watch; [31] [32]
[33] [34] [35]). However, to date, the number of WTOs actively collecting data
related to distribution and relative abundance of marine fauna such as cetaceans
remain limited. Nowadays, most data collected from WTOs consist of opportunistic sightings only and when effort data is not collected, the type of data
analysis is much reduced [25]. Survey effort provides the much needed information to identify high density areas and can even improve designing future dedicated research surveys [36] [37]. However, temporal and spatial effort information is often not adequately recorded by WTOs [34]. WTOs may typically visit
locations where they believe they have a better chance of finding animals and as
such the sighting rates of species will be relatively high. They may also change
their course and speed to increase the time spent in the vicinity of the animals
during each trip. Few studies have analysed effort-corrected data facilitated by
DOI: 10.4236/ojms.2018.81005

78

Open Journal of Marine Science

M. N. de Boer et al.

WTOs by using the vessel’s Global Positioning System (GPS) track as an indication of effort [38] [39]. In the Pacific, special software was recently produced to
facilitate systematic data recording from large whale-watch vessels with an option to upload GPS tracks to determine the distance and area covered by the
vessels [40].
In this study, we investigate whether regularly collected (effort-corrected) data
on marine megafauna facilitated by a WTO afford robust long temporal data
(2011-2015). This data, collected from a sailing catamaran in the wider Mount’s
Bay area off Penzance in Cornwall, allow for the fine-scale examination on the
occurrence and distribution patterns of marine megafauna. As such, these new
insights provide important baseline data on areas of high density beyond the
resolution of most studies and management considerations.

2. Materials and Methods
2.1. Study Area
The study was undertaken between between 49˚55'N - 50˚08'N, and 5˚22'W 5˚45'W off southern Cornwall (Figure 1) between 2011 and 2015. The study area
is wind exposed and tidally dominated precluding regular boat surveys at certain
times of the year and as such creating a challenging environment for data collection. The area includes the Mount’s Bay region, a coastal habitat following the
southerly coastline and stretching out towards the Runnelstone Reef (off Land’s

Figure 1. Map of the Wider Mount’s Bay area in Cornwall, UK. The black lines show inshore sectors (A1-E1 & A2) and offshore sectors (A2-E2). Grey lines show isobaths (10-60
m water depth). The survey area with 300 × 300 m grid cells is shown in light grey. Inset:
location of Mount’s Bay relative to the UK. The positions of Penzance (PZ); Land’s End
(LE); Runnestone Reef (RR), Inner Mount’s Bay (IMB), Tater Du (TD) and Lamorna
Cove (LC) are also shown.
DOI: 10.4236/ojms.2018.81005
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End) beyond which the water depth drops sharply to > 60 m (Figure 1). Broadscale tidal data from Admiralty Charts show that water is driven around this
headland reef by the tidal current as it enters and exits the western Channel
during a semi-diurnal tidal regime [41]. Tidal range varies from between 1.5
(neap tide) - 5.5 m (spring tide).

2.2. Data Collection
Marine fauna data were collected during boat surveys (platform of opportunity)
operated by Marine Discovery Penzance, a commercial tour operator offering
marine wildlife watching tours within Mount’s Bay (Cornwall). The data were
collected from the SV Shearwater II (SW II), a sailing catamaran which occasionally uses 2 × 9.8 hp four-stroke Tohatsu outboard engines (these were replaced in 2014 by 2 × 20 hp four-stroke Tohatsu outboard engines). Boat surveys
took place every year between mid-March/early April to late October/
mid-November. During passenger trips, systematic surveys were conducted by
two experienced observers (e.g. captain and one dedicated crew) following
“random transects”, where the boat would stay on a randomly chosen straight
line until the end of the transect section. This was usually determined by a
sighting of marine megafauna (whale, dolphin, basking shark, turtle, ocean sunfish, seal and seabird of interest). Whilst on this line (“on effort”), the following
environmental data were collected: position, course, speed, swell height, visibility and Beaufort sea state (BSS). During 2011-2013 the environmental data were
updated for each trip and with every sighting. From 2014 onwards, environmental data were updated when conditions changed. GPS positions were obtained every minute as well as at sighting positions (plotting approximate position where the animal was first seen) using a Garmin GPS (GPSMAP76CSx).
When a sighting was made (marking the end of a random transect section) the
vessel would subsequently leave the track (i.e. “off-effort”) and commenced data
collection, i.e. estimated sighting position, species ID (graded as definite, probable, possible, or “dolphin sp”/“whale sp”), heading of animal(s), behaviour and
group composition. Effort would be resumed once the boat began travelling
along the next randomly selected transect course to continue searching for independent groups or individuals (i.e. spatially and/or temporally separated to
prevent the same individuals becoming resampled [42].
A minimum group size was assessed visually and recorded for each encounter.
A group of dolphins was defined as any number of individuals observed moving
in the same general direction, engaged in the same activity or in apparent close
association [43]. It was not always possible to assess if the same individuals/
groups were recorded on a subsequent survey within the same day and as a consequence some animals/groups may have been re-sampled. Starting on 8 April
2011, research trips were carried out when weather and sea conditions permitted. On average 205 trips per year were achieved. The vast majority of trips carried out were of 3 hours duration, although in the peak season there were weekly
DOI: 10.4236/ojms.2018.81005
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4 hour trips and daily evening 2 hour trips. The geography of the Mount’s Bay
area favoured some areas to be sheltered from prevailing south westerly weather
conditions whilst other areas were surveyed less often, particularly in early
spring and autumn. Where feasible, routes were selected to at least achieve equal
survey coverage of the inshore waters (5 km from the south coast). Those offshore waters (between 5 - 10 km from the coast) were covered less regularly.

2.3. Data Analysis (Effort-Corrected)
Marine fauna data collected in slight BSS 0 - 4, moderate and good visibility (≥1
km) and low swells (≤2 m) were used for data analysis. All effort data collected
in visibility of <1 km, in swell heights exceeding 2 m or in BSS ≥ 5 were removed
and associated sightings downgraded to incidental status. GPS positions (sightings and effort) were imported into ArcGIS version 10.2.1 (with the following
coordinate system: Transverse_Mercator, Central_Meridian: −5.0, Latitude of
Origin: 49.833, Linear Unit: Meter, Geographic Coordinate System: GCS_WGS_
1984). A grid with a resolution of 300 × 300 m was created, and cells with a survey effort < 10 km were excluded. The latitude and longitude were assigned to
the centre of each grid cell when determining the mean water depth. The index
of abundance (“relative abundance”) was measured and expressed as the number
of individuals per 100 km survey effort (ind 100 km−1). In addition, a grid with a
resolution of 1200 × 1200 m was created to plot the species richness within the
study area. Bathymetry data (average seabed depth) were sourced from the
Channel Coast Observatory data [44] at one meter resolution and covered those
depths up to 30 m. This data was combined with General Bathymetric Chart of
the Oceans data [45] at a resolution of 30 arc seconds (1 km) for the Celtic Shelf.
In order to create a geotiff depth file a number of steps were followed. Initially
the GIS contour extraction tool was used to extract contours from a 30 sec
GEBCO. These contours were used alongside data collected from a course depth
survey conducted onboard the MV Shearwater II and using a depth sounder to
collect spot depths. The spot depths were corrected to chart datum and used to
increase the accuracy of the GEBCO contours. Local knowledge of the depths of
certain wrecks and topographic features was also used. The combination of these
three elements allowed an accurate vector file to be created with contours at −1,
−5, −10, −20, −30, −35, −40, −45, −50, −55, −60, −65 and −70. The vector file
was then loaded in the program GRASS (version 6.4.3) in order to convert it to a

geotiff. The vector to raster tool was used to create raster contours after which
the interpolation tool r.surf.contour was used to create the Depth file. The Depth
file was then checked for accuracy against an Admiralty Chart [46].

2.4. Detectability, Sea State and Survey Speed
The ability of an observer to sight the animal is negatively affected by increasing
distance between the animal and the observer and similarly by the BSS. Using
data collected in 2015 regarding two positions, (1) the initial boat position (plotted
DOI: 10.4236/ojms.2018.81005
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as soon as a sighting was made) and (2) the estimated sighting position, we
computed the radial and perpendicular distances for those cetacean species with
a high enough sample size. We next studied the effect of distance on the detectability of sightings by plotting an accumulation curve which shows the proportion
of total number of sightings up to a given distance [24]. This allowed us to estimate the “inflection point”, which is the point marking the distance at which
there is a change from constant to declining detection rate with distance (the
point where the increase changes from linear increase to a curvilinear increase).
This point represents the distance beyond which sightings are likely to be missed
by the observer. Since small cetaceans are notoriously difficult to observe with a
high BSS, we determined which BSS followed a similar accumulation curve and
could therefore be pooled for analysis (i.e. which of the higher BSS needed to be
excluded to reduce bias in the ability of detection). Finally, the effect of survey
speed on the detectability of sightings was also explored using accumulation
curves.

2.5. Temporal Patterns
We employed statistical tests using the statistical package PASW for windows
(SPSS, Inc., version 21). For data analyses, we used meteorological seasons as
spring (March through May), summer (June through August) and autumn
(September through November). For seasonal statistical analysis a Chi-squared
test of independence was used to assess the relationship between species index of
abundance and season. A post hoc Pearson residuals analysis was carried out for
Chi-squared significant values to determine which season explained the lack of
independence. When sample size was small, a p-value approximation procedure
was computed from a Monte Carlo test with 10,000 replicates within the Chisquared protocol [47]. We adjusted the counts for all taxa and species by using
the index of abundance per season. We then rounded the numbers to derive
standardized counts and analyses were carried out in SPSS (Inc., version 21).

2.6. Spatial Patterns
Firstly, potential differences in data collected over the five survey years were
studied by segregation of the relative abundance of marine megafauna per grid
cell by survey year. To determine whether species were randomly distributed
throughout the years, a one-sided Kolmogorov-Smirnov goodness-of-fit test was
used to check if the relative abundance of a species differed from a uniform distribution (i.e. all years were expected to have the same relative abundance). Next,
the study area was divided into ten geographically distinct sub-regions; (1) inshore sub-regions within approximately 5 km from the coast (A1-E1); and (2)
offshore sub-regions between approximately 5 and 10 km from the coast (A2-E2;
Figure 1). While these regions are connected to each other, they could be easily
identified from the boat and furthermore presented distinctive areas of marine
megafauna habitat that differ in terms of their seabed topography, their proximity
DOI: 10.4236/ojms.2018.81005
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to the coast and their connection with the deep waters of the Celtic Sea (to the
West of the study area). To identify areas of high density of marine megafauna,
kernel density estimation grids were produced in ArcGis 10.2.1 using the Spatial
Analyst tool “Kernel Density” to examine the relative densities of different species across the study area. Cell size for the kernel density estimation was set at 50
m and the search radius was set to 1000 m (Euclidean distance) to limit searching to surrounding grid cells only. The smaller cell size selected for the kernel
density estimation was found to best relate to the resolution of the habitat variables and our fine-scale analysis. The selected value of 50 m was appropriate
considering the error on the majority of sighting position estimates. The relative
size and form of the kernel density estimate is dependent on the total number of
locations and their distribution. To compensate for the large differences in the
amount of survey effort we therefore treated the inshore sectors separately from
the offshore ones. By determining the smallest possible area containing user specified percentages of the locations, the kernel grid was divided into percentage
volume contours for 95%, 75%, 60% and 50% intervals. This means that the area
within the 50% contour represents areas with highest sightings (‘core habitats’)
and the 95% contour almost the entire range. The kernel contours (especially the
larger ones) will extend onto land areas and thereby mask the coastline making
the distribution maps difficult to read. In order to avoid this, the kernel contours
are placed underneath the land layer on all maps. The resulting kernel density
maps were visually assessed in order to identify any high density regions [48].

3. Results
3.1. Detectability, Sea State and Survey Speed
We studied the effect of distance and BSS on the number of porpoises, common
dolphins and Risso’s dolphins (Grampus griseus) by plotting accumulation
curves which showed the proportion of total number of sightings within a given
distance. As expected, the inflection point based on perpendicular distance (iperp)
and radial distance (irad) differed between species (Figure 2(a)). The smaller cetaceans had lower inflection points for both perpendicular and radial distances
compared to the larger Risso’s dolphin (Table 1). From Figure 2(c) it is evident
that for porpoises, the BSS2-3 followed a similar accumulation curve but for
BSS4 this differed (inflection point is 33m, much lower than BSS0-3; Table 1).
For common dolphins, we found a similar curve for BSS 2-3, and this also differed for BSS4 with a corresponding lower inflection point (79 m; Figure 2(d);
Table 1). For Risso’s dolphin data, BSS0-4 all showed similar curves although
the inflection point was difficult to define for BSS4 but this was comparable to
the curve for BSS2 (Figure 2(b)). The sighting rate for cetaceans reduced especially with speeds of >8 knots and <2.1 knots (Figure 2(e)). The maximum
speed measured was 15 knots, although this speed was rarely reached and was
generally up to eight knots (92.3% of all effort). It was decided to not include
survey speeds of <2 knots for cetaceans and to exclude those speeds > 12 knots.
DOI: 10.4236/ojms.2018.81005
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Figure 2. Accumulation curves plotted using different sightings data: (a) data based on
both perpendicular and radial distances for harbour porpoise (HP), common dolphin
(CD) and Risso’s dolphin (RD); (b) perpendicular distance data collected during different
sea states for Risso’s dolphin; (c) harbour porpoise and (d) common dolphin; and (e) data
in relation to survey speed (in knots) for cetaceans, basking sharks and sunfish.

Specifically slow speeds (<2 knots) can best be regarded as those times when the
operator was with marine fauna or passing slowly along coastal features. The
accumulation curve for sharks in relation to survey speed showed a pronounced
“kink” at 4.7 knots, however beyond this speed, sharks continued to be detected
at a linear increase up to a speed of 8.1 knots. It was therefore decided to include
slower survey speeds (1 knot) for sharks as (voluntary) speed restrictions apply
when in vicinity of this species. On the basis of the outcome of these investigations, and in order to increase sample size, we decided to use data for porpoises
and common dolphins collected at BSS0-3; ≥ 2 knots survey speed; swell ≤ 2 m;
visibility ≥ 1 km (Filter 1). For Risso’s and bottlenose dolphins we filtered for
BSS0-4; ≥2 knots; swell ≤ 2 m; visibility ≥ 1 km (Filter 2) and for basking sharks
for BSS0-4; ≥1 knots; swell ≤ 2 m; visibility ≥ 1 km (Filter 3; Table 2). No distance measures were taken for sunfish, but due to their small size we adopted filter 1 and data concerning other cetaceans were filtered using Filter 2 (Table 2).
The sample size of turtle sightings was low and since these were recorded close
inshore during times when the vessel was travelling with slower survey speeds
we adopted filter 3 (Table 2). After filtering procedures, a total of 738 marine
megafauna sightings were removed, the majority involving porpoises and sunfish.
DOI: 10.4236/ojms.2018.81005
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Table 1. Details on inflection points based on perpendicular sighting distances (km) for
different species during different sea state (ss) conditions.
Inflection point based on perpendicular distance iperp

Species

ss = 0 - 1

ss = 2

ss = 3

ss = 4

Harbour porpoise

141

90

117

33

Common dolphin

239

243

202

79

410

355

410

355

410a

355a

410a

355a

Risso’s
dolphin
Bottlenose
dolphin

a. Sample size not sufficient to compute detection curves, therefore assumed to be comparable to similarsized Risso’s dolphin.

Table 2. Summary of the number of boat trips, survey effort and mean survey speeds
between 2011-2015 from Shearwater II. Three different filtering settings are shown for
different species groups: small species (harbour porpoise HP, common dolphin CD, sunfish SF), large species (bottlenose dolphin BND, Risso’s dolphin RD, minke whale and
baleen whales) and basking shark and turtle (sea state (SS); Good/Moderate visibility;
survey speed in knots and swell in meters).
Boat
trips

Mean
survey
speed
(knots)

203

5.73

6240.6

3834.9

4640.0

5056.4

208

6.13

6647.7

3766.5

5122.9

5470.2

208

5.67

6984.8

4507.9

5926.8

6018.5

205

6.21

7530.5

5050.9

6523.7

6617.9

203

6.06

7218.9

4879.1

6008.5

6110.7

1027

5.96

34622.5

22039.3

28221.9

29273.7

Survey period

08 April-2
October 2011
18 March-17
November 2012
17 March-17
November 2013
8 April-30
October 2014
2 April-25
October 2015
2011-2015

Effort (km)
Effort (km) Effort (km) Filter
All effort Filter 1: SS 0 - 3; Filter 2: SS 0 - 4;
3: SS 0 - 4;
speed ≥ 1;
(km)
speed ≥ 2;
speed ≥ 2;
swell ≤ 2
swell ≤ 2
swell ≤ 2
BND, RD,
HP, CD, SF
Minke whale,
Shark, Turtle
Baleen whale

3.2. Effort and Sightings
A total of 1027 surveys (boat trips; Table 2) were carried out between 8 April
2011 and 25 October 2015 representing 34622.5 km. A total of 2369 sightings of
approximately 12,819 individuals were made of the following species, including
harbour porpoise, short-beaked common dolphin, bottlenose dolphin, Risso’s
dolphin, common minke whale (Balaenoptera acutorostrata), humpback whales
(Megaptera novaengliae), a probable sei whale (Balaenoptera borealis), a probable dwarf sperm whale (Kogia sima), basking shark, blue shark (Prionace glau-

ca), oceanic sunfish and leatherback turtle. The Beaufort Sea State (BSS) during
the observations ranged from 1 to 6. The observation effort was split across BSS
0 (10.65%), BSS 1 (11.97%), BSS 2 (12.11%), BSS 3 (32.71%), BSS 4 (19.28%),
DOI: 10.4236/ojms.2018.81005
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BSS 5 (11.46%) and BSS 6 (1.82%) with a total of 13.28% of effort occurring
during BSS ≥ 5. Most effort (in favourable conditions; Table 3) was conducted
in 2014 (21.79%), closely followed by 2015 (20.89%), 2013 (20.21%), 2012
(19.24%), 2011 (17.88%). The harbour porpoise was by far the most frequently
observed species (n = 762; filter 1), followed by the sunfish (n = 380; filter 1),
Table 3. Summary of marine fauna sightings made between 2011 and 2015 from the
Shearwater II during different effort-filters (effort-filters 1 - 3, Table 2). The abundance
index for all marine megafauna is based on the maximum amount sightings made during
favourable conditions (as per effort-filter 3, Table 2).
Species

2011
S

2013

Ind/100 km

S

Ind/100 km

S

Ind/100 km

10.274

117 (361)

9.584

202 (1051)

23.315

9 (108)

2.328

3 (14)

0.273

3 (31)

0.523

Common dolphin 39 (526)

13.716

27 (796)

21.134

37 (1048)

23.248

Harbour porpoise 105 (394)
Bottlenose
dolphin
Risso’s dolphin

2 (9)

0.194

5 (55)

1.074

1 (6)

0.101

Minke whale

2 (2)

0.043

0 (0)

0

2 (2)

0.034

Large baleen
whale

1 (1)

0.022

0

0

0

0

Kogia sp.

0

0

0

0

0

0

Basking shark

8 (8)

0.158

37 (38)

0.695

71 (103)

1.711

Blue shark

0

0

0

0

1 (1)

n/a

Ocean sunfish

45 (50)

1.304

94 (106)

2.814

141 164)

3.638

Leatherback turtle

1 (1)

0.026

7 (7)

0.186

2 (2)

0.044

All megafauna

260
(1235)

24.424

416 (1907)

34.862

559 (2948)

48.982

Species

2014
S

2015

2011-2015

Ind/100 km

S

Ind/100 km

S

Ind/100 km

11.760

197 (1045)

21.418

762 (3,445)

15.631

15 (177)

2.713

2 (20)

0.333

32 (350)

1.240

Common dolphin 39 (632)

12.513

57 (1594)

32.670

199 (4596)

20.854

Harbour porpoise 141 (594)
Bottlenose
dolphin
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2012

Risso’s dolphin

6 (30)

0.460

56 (475)

7.905

70 (575)

2.037

Minke whale

7 (10)

0.153

6 (7)

0.117

17 (21)

0.074

Large baleen
whale

1 (1)

0.015

2 (2)

0.033

4 (4)

0.014

Kogia sp.

1 (1)

0.015

0

0

1 (1)

0.003

Basking shark

10 (12)

0.181

9 (9)

0.147

134 (169)

0.577

Blue shark

0

0

0

0

1 (1)

0.003

Ocean sunfish

28 (32)

0.634

72 (76)

1.558

380 (428)

1.942

Leatherback turtle

1 (1)

0.020

0

0

11 (11)

0.050

All megafauna

337
(1860)

28.106

514 (3788)

61.990

2086 (11,738)

40.097
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common dolphin (n = 199; filter 1) and basking shark (n = 134; filter 3), however the common dolphin was the most abundant species owing to the large size of
the groups observed (Table 3). The inshore sectors (A1-D1) received the majority of effort (94.2%; effort-filter 3) compared to the remaining sectors (A2 and
E1) and those sectors located further offshore (B2-E2). The inshore sectors
A1-B1 had 8,500 km effort coverage (filter 3), C1 had 6550 km and the coverage
of D1 was lower (4165 km). The effort within E1 & A2-D2 covered only between
200 - 400 km and the overall coverage within E2 was the lowest (<10 km). Similar findings were made when comparing the effort coverage using the other filters (filters 1-2).

3.3. Species Diversity
A total of 12 species of marine megafauna were recorded including cetaceans (8
species, n = 8), sharks (n = 2), turtle (n = 1), and large pelagic fish (n = 1). The
megafauna community consisted mainly of odontocetes (66.0% of all megafauna
sightings) which in turn were dominated by porpoises (71.7% of all odontocete
sightings), small delphinids (18.7%) and large delphinids (9.6%). However, in
terms of individuals, small delphinids dominated the odontocete community
(representing 51.2% of the individuals). Sunfish formed 23.6% of the megafauna
community, closely followed by sharks (8.3%). Mysticetes and turtles were in the
minority presenting only 1.3% and 0.7% of the community. The diversity was at
its highest in 2014 and during the month of August (n = 10; Figure 3). Species
richness exceeded six species within sectors A1, B1 and D1 (Figure 4).

3.4. Spatial and Temporal Patterns
Most survey effort was carried out in summer, particularly in July (24.95% of all
effort) and August (25.94%). Using the indices of abundance calculated for all
marine megafauna (filter 3) it was evident that these varied significantly over the
survey years (χ2 = 29.130, p < 0.001). Their abundance peaked in 2015 (61.99 ind
100 km−1) and was significantly lower in 2011 (24.42; Figure 3). Seasonally, the
pattern of marine megafauna distribution was significantly different (χ2 =
44.547, p < 0.001) with numbers peaking in autumn (69.86 animals 100 km−1).

(a)

(b)

Figure 3. Species Diversity The number of species observed together with the yearly (a)
and monthly (b) indices of abundance for all marine megafauna measured as the number
of animals 100 km−1 during favourable survey conditions.
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Figure 4. Species Richness-The number of species counted within each
1200 × 1200 m grid cell.

Cetaceans were mostly recorded during autumn and less frequently during
spring (χ2 = 39.537, p < 0.001), and similar findings were made for odontocetes
(χ2 = 39.735, p < 0.001) and mysticetes (χ2 = 9.834, p = 0.007). Sharks however
were more abundant during summer and to a lesser degree in spring (χ2 = 8.950,
p = 0.011). Sunfish were more abundant during summer and least abundant
during spring (χ2 = 39.901, p < 0.001). The spatial pattern of all marine megafauna was distributed significantly different (χ2 = 44.547, p < 0.001) with the relative abundance peaking in sector B1 (104 ind 100 km−1). Kernel methods were
used to analyse spatial clustering in the sightings data within the inshore sectors
(A1-D1). From the kernel density percent volume contours it is evident that marine megafauna showed two high density areas with one area spanning both D1
and C1 and the other spanning A1-C1 (Figure 5). The 50% kernel volume contour for all marine megafauna within the inshore waters involved a total core
area of 21.2 km2.

4. Finding per Species
4.1. Harbour Porpoise (Phocoena phocoena)
The harbour porpoise was observed in all months (March-November; Figure
6(a)) and was the most frequently recorded species with 762 sightings (3445 individuals) including 970 calves (defined as an animal less than one metre in
length; [49]. The abundance of porpoises peaked in 2013 (23.3 animals 100
km−1) but in 2012 this was significantly lower (9.6; χ2 = 10.828, p = 0.029; Figure
6(c)). Porpoises were observed predominantly within the inshore regions
(Figure 7) with the majority occurring in sector B1 (28 porpoises 100 km−1).
One large area within 2 - 3 km from the coast, spanning sectors A1-B1 and another spanning C1-D1 can be regarded as high density core areas where porpoises
regularly occur (50% of all observations; Figure 7(b)). The 50% kernel volume
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Figure 5. Sightings of marine megafauna (a) and kernel density utilisation
grids plotted for inshore sectors (b). Densities are presented in percentiles
(50%; 60%; 75%; 95%). Sighting locations are indicated by small circles relative to group-size.

contour for porpoises within these inshore waters involved a total area of 17.7
km2. Porpoises were mostly seen solitarily but also in small groups (mean = 4.52;
SD 4.38; range 1 - 40).
Most sightings were made in summer but in autumn they were frequently encountered in larger groups (autumn: 36.8% of all sightings involved groups > 5
individuals; summer: 27.7%; spring: 3.5%). In summer, large groups of up to 20
individuals were observed in feeding areas. In autumn the groups in feeding
areas occasionally reached up to 30 - 40 animals. This is reflected in the abundance index of porpoises which was significantly higher in autumn (29.44 ind
100 km−1) compared to summer (13.54 ind 100 km−1) and spring (2.44 ind 100
km−1; χ2 = 47.689, p < 0.001).
Porpoises were either observed travelling (51.8% of all records) or foraging
(46.7%). Other behaviours observed included resting/logging (1.1% of all
records), socialising (2.6%), breaching (n = 1) and courtship (n = 1). During
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Figure 6. The indices of abundance as the number of individuals per 100km
effort calculated for different species per survey month (a) (b) and per survey year (c) (d); Harbour porpoise (HP), Common dolphin (CD); Bottlenose dolphin (BND), Basking shark (SHARK), Sunfish (SF), Risso’s dolphin
(RD), minke whale (MINKE) and leatherback turtle (TURTLE). Information on survey effort is depicted as percentage of survey effort for each survey month (a).

foraging the porpoises were often associating with diving gannets (Morus bas-

sanus, 37.9% of all foraging records).
On 9 May 2015 an adult porpoise was encountered with what appeared to be a
new born calf. The calf was swimming erratically making regular directional
changes. The calf propelled half its body length vertically out of the water showing clear foetal folds. The mother was close by at all times, whilst slowly surfacing at regular intervals during which the calf moved erratically around her. This
was the first time a calf had been recorded this soon after birth.

4.2. Short-Beaked Common Dolphin (Delphinus delphis)
Common dolphins were seen from April to November (Figure 6(a)) and they
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Figure 7. Sightings of harbour porpoise (a) and kernel density utilisation
grids plotted for inshore sectors (b). Densities are presented in percentiles
(50%; 60%; 75%; 95%). Sighting locations are indicated by small circles relative to group-size.

were the third most frequently sighted with a total of 199 sightings (4596 individuals). At least 1113 young (juveniles and calves) were recorded accounting for
24.2% of all dolphins. The species was most abundant within the inshore sectors
and specifically in sector B1 (0.82 ind km−1) but significantly less abundant in A1
(19 dolphins 100 km−1). Common dolphins were occasionally observed in large
groups offshore (B2-C2, Figure 8(a)). The dolphins used several core areas, the
largest of which were situated within B1-C1 (Figure 8(b)). The 50% kernel volume contour for common dolphins within these inshore waters involved an
area of 16.1 km2. Common dolphins showed no yearly variations with similar
sighting distributions between 2011 and 2014 however their abundance significantly peaked in 2015 (32.67 dolphins 100 km−1; χ2 = 15.658, p = 0.004). Common dolphins were usually recorded in large active groups (mean 23.21; SD
29.47; range 1 - 250). For the majority these dolphins were recorded in active
foraging groups (59.8% of all sightings) and were often accompanied by
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Figure 8. Sightings of common dolphin (a) and kernel density utilisation
grids plotted for inshore sectors (b). Densities are presented in percentiles
(50%; 60%; 75%; 95%). Sighting locations are indicated by small circles relative to group-size.

feeding (diving) gannets (29.2%), particularly from 2012 onwards. Other cetacean species that associated with common dolphins during feeding frenzies included harbour porpoise (n = 3), Risso’s dolphins (n = 2) and minke whale (n =
1). The mean group-size of dolphins was the highest in autumn (25.02) compared to summer (22.88) and spring (10.8). The seasonal distribution of common dolphins showed a significant pattern (χ2 = 138.144, p < 0.001), with the
highest numbers recorded in autumn (34.26 animals 100 km−1).

4.3. Risso’s Dolphin (Grampus griseus)
The Risso’s dolphins were seen from April-November (Figure 6(b)) on 70 occasions (575 individuals) involving 160 young. The Risso’s dolphins used one larger core area overlapping sectors A1-B1 and a smaller (low density) area in sectors C1 (Figure 9) and were most abundant in A1 (3.81 ind 100 km−1; Figure 9).
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Figure 9. Sightings of Risso’s dolphin (a) and kernel density utilisation grids
plotted for inshore sectors (b). Densities are presented in percentiles (50%;
60%; 75%; 95%). Sighting locations are indicated by small circles relative to
group-size.

Further offshore the species was recorded on two occasions. The 50% kernel volume contour for Risso’s dolphins within sectors A1-B1 involved a total area of
6.8 km2. Whereas their numbers were low during the first four years they significantly increased in numbers in 2015 (Figure 6(d); 7.9 animals 100 km−1; χ2 =
523.080, p < 0.000). Risso’s dolphins showed no seasonal pattern between 2011
and 2014, however their numbers peaked in spring (3.56 ind 100 km−1) but less
so in autumn (0.21; χ2 = 15.529, p < 0.001). Risso’s dolphins were seen in groups
ranging between 1 and 30 dolphins (mean 8.11; SD 8.73) with larger groups in
spring (mean 9.24) and summer (mean 7.89). They were associating with common dolphins in July (n = 2). The dolphins were mainly travelling (57.1% of
records), feeding (32.5%) or socializing (10.4%). One severely malnourished and
wounded Risso’s dolphin was observed over several days in August 2015.
Risso’s dolphins that showed recognizable marks (nicks and/or scars on body
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and dorsal fin) were included to the photo-identification database. By the end of
the survey period, the catalogue held 110 recognisable (‘marked’) individuals. Of
these, 10 were photographed on both sides, 60 on left and 40 on right sides only.
This means that an estimated minimum of 70 (assuming all 40 right sides correspond to the 60 left sides) and a maximum of 110 (supposing that all left and
right sides are from different animals) dolphins occurred in Mount’s Bay during
the survey period. During 2015 alone, a total of 66 photo-matches were made
involving 21 individuals over 85 days (26 May 2015-18 August 2015). In 2015, a
total of 16 recognisable adults were accompanied by young. Of these, three were
very young calves which were re-sighted fairly regularly. One adult was observed
within Mount’s Bay in 2012 and subsequently re-sighted in 2015 (1125 days
later) with a new calf.

4.4. Common Bottlenose Dolphin (Tursiops truncatus)
A total of 32 sightings were made of bottlenose dolphins involving 350 animals
including 83 young. The dolphins were mainly encountered < 1.5 km from the
coast. They were mostly abundant in A1 (5.51 ind 100 km−1; Figure 10). The
species also occurred in sector B2 which involved a large offshore group of at
least 60 dolphins observed on 20 September 2014 at 5.5 km from the coast. The
core areas for bottlenose dolphins overlapped with those for Risso’s dolphins
(Figure 10) but the 50% kernel volume contour for bottlenose dolphins was
slightly smaller (5.5 km2).
The index of abundance for the dolphins peaked in 2014 (2.71 animals 100
km−1) but was much lower in 2012 (0.273; χ2 = 76.295, p < 0.001). Bottlenose
dolphins were mostly seen in small groups of 4 (mode) but groups of up to 11
dolphins were recorded inshore (median 10.5; SD 10.15; range 1 - 60). The dolphins were mainly observed travelling (59%) or socializing (40%), especially
when in larger groups (mean 12.5). The mean group-size was the highest in autumn (16.6) compared to summer (9.65) and spring (7.6). Bottlenose dolphins
were significantly more abundant in autumn (2.53 ind 100 km−1; χ2 = 9.955, p =
0.007).

4.5. Ocean Sunfish (Mola mola)
The ocean sunfish was present from May-October (Figure 6(b)) and was the
second most frequently recorded species with 380 sightings (428 individuals).
They were mainly encountered solitary but small groups (2 - 4) were occasionally recorded. The size of the disc was estimated to be ≤60 cm (83.7% of all
records) but sizes up of 80 - 90 cm were recorded (n = 20). Sunfish mainly occurred within the inshore regions and most specifically within D1 (2.52 ind 100
km−1) with a lowest abundance index measured for sector A1 (1.0 ind 100 km−1).
They were occasionally encountered further offshore (B2-D2) or within sector
E1 (Figure 11). Two core areas within 2.5 km from the coast were identified
from the kernel density plot: one spanning sectors A1-C1 and one closer inshore
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Figure 10. Sightings of common bottlenose dolphin (a) and kernel density
utilisation grids plotted for inshore sectors (b). Densities are presented in
percentiles (50%; 60%; 75%; 95%). Sighting locations are indicated by small
circles relative to group-size.

occurring in D1 (Figure 11). The 50% kernel volume contour for sunfish involved a total area of 13.1 km2. The sunfish were usually observed basking at the
surface (52% of all records) or were actively travelling (35.0%). The numbers of
sunfish peaked in 2013 (3.64 animals 100 km−1; χ2 = 35.594, p < 0.000) and during summer (June, August and September) but they were the least abundant
during spring (χ2 = 39.901, p < 0.001).

4.6. Basking Shark (Cetorhinus maximus)
Basking sharks were recorded in April-September and November (Figure 6(b)).
Basking sharks mostly occurred within sectors A1-D1 but also further offshore
(in A2, B2 and D2) with the highest counts made in B2 (Figure 12). The core
area for basking sharks was mainly located close inshore, spanning sectors
A1-D1 (Figure 12) with the 50% volume contour involving an area of 12.6 km2.
Some aggregations of feeding sharks (3 - 7 animals) were observed up to 5 km
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Figure 11. Sightings of sunfish (a) and kernel density utilisation grids plotted for inshore sectors (b). Densities are presented in percentiles (50; 60; 75;
95%). Sighting locations are indicated by small circles relative to group-size.

offshore. Basking sharks were recorded on 134 occasions (169 individuals) with
their numbers peaking in 2013 (1.70 animals 100 km−1; χ2 = 136.030, p < 0.000).
Basking sharks were usually encountered as solitary animals (mean 1.26; SD 0.84;
range 1 - 7) but in August sharks occasionally aggregated in groups (3 - 7 sharks).
Sharks were mainly feeding just below the surface (87.4% of all records) or
were travelling (8.9%) or breaching (3.7%). In early august 2013, courtship-like
behaviour was observed involving two sharks (estimated to be 5 and 8 m in
length). The sharks were swimming nose to tail and circling each other (behaviour indicative of courtship [50]. Sharks were for the majority estimated to be
between 4-6m in length (68% of all records) but larger animals (7 - 8 m length)
were also relatively frequent (15.3%) and equally also smaller sharks < 4 m
(16.7%). Associations with other species were rarely observed but occasionally
involved resting seabirds (Larus sp.) on the water. Sharks were most abundant
during summer (0.77 ind 100 km−1) and less so in autumn (0.17) and
spring(0.33; χ2 = 8.950, p = 0.011).
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Figure 12. Sightings of basking shark (a) and kernel density utilisation grids
plotted for inshore sectors (b). Densities are presented in percentiles (50%;
60%; 75%; 95%). Sighting locations are indicated by small circles relative to
group-size.

4.7. Other Species
Leatherback turtles were recorded in July-August with a total of 11 sightings involving solitary animals (Figure 13). They were believed to be foraging based on
their surfacing behaviour (repeated short dives of 5 minutes and generally remaining within the same area). One turtle was observed basking in an area with
feeding porpoises and diving gannets. Another turtle was found foraging in vicinity of ocean sunfish.
One blue shark was recorded in July 2013, involving a relatively small shark (2
m length) which was nosing a floating glass bottle.
Minke whales were recorded on 17 occasions (9 adults and 12 juveniles) and
were observed from May-September (Figure 6(b)). One adult and calf was recorded in late September whereas the remaining records involved either solitary
adults or juveniles (mainly solitary or in pairs). Minke whales were mainly observed within sectors B1-E1 but also occasionally offshore (sectors C2-D2;
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Figure 13. Sighting positions of leatherback turtle, common minke whale,
Sei whale, humpback whale, Kogia sp. and blue shark.

Figure 13). The whales were either travelling (55.6% of records) or feeding
(44.4%). Minke whales were more abundant in later years (2014-2015) and specifically in summer (χ2 = 7.997, p = 0.018).
Large mysticetes were sighted in summer, including three solitary humpback
whales (July-August) and one (probable) Sei whale in August (Figure 13).
During, the study period, after arriving back in Penzance Harbour on 11 October 2011, Marine Discovery staff were alerted to the presence of a small porpoise-sized cetacean swimming in Penzance harbour. Photographs later confirmed that the animal was a dwarf sperm whale (Kogia sima) a first record for
UK waters (Figure 14). During dedicated surveys on 1 August 2014, another

Kogia whale was sighted (sector C1; Figure 13). The animal was briefly seen
logging and surfacing in close proximity to the vessel (30 m distance) before
descending vertically (a typical surfacing behaviour of Kogia whales; [51]).

5. Discussion
Data collected from wildlife operators need to be interpreted with caution, for
example an inherent problem with WTOs is the unavoidable interaction between vessel and animal [52]. For example underwater noise output from engines during the encounter spent in close proximity to animals and the number
of vessels involved may result in behavioural responses or avoidance of high
vessel impact areas [53]. It is therefore important when interpreting WTO data
to consider information regarding the specific local legislation and vessel conditions [34]. The present data were collected using a relatively small platform, a 10
m long sailing catamaran which occasionally used 2 × 20 hp outboard engines.
The operator had previously (2007-2010) used an ex-River Thames RIB (inboard
440 hp diesel). Although, the RIB was able to cover a larger area, the sailing
catamaran was more environmentally friendly (less fuel consumption) and had
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Figure 14. Photographs of the different marine megafauna species encountered during the survey period: Harbour porpoise (A); Common dolphin
(B); Common bottlenose dolphin (C); Risso’s dolphin (D); Basking shark
(E); Blue shark (F); Ocean sunfish (G); Leatherback turtle (H), Northern
minke whale (I); Dwarf sperm whale (J).

less underwater engine noise output. The data were collected from a WiSE accredited operator who abides by appropriate Codes of Conduct “developed to
promote safe and sustainable watching of marine megafauna and focus on ways
to help minimize any unintentional disturbance to wildlife” [54].
Our findings showed that the radial distance to which we can assume that the
number of sightings remained constant could be determined from the detection
curves. As expected the accumulation curves for small cetaceans (porpoises and
common dolphins) differed to those for larger dolphins, consistent to findings
with land-based data [24]. It was evident that for small cetaceans, the BSS0-3
followed a similar accumulation curve. Consistent to other studies, and in order
to increase sample size, it was decided to pool BSS0-3 for small cetaceans [13]
[14]. Previous studies have shown that higher sea states (BSS > 2) may significantly reduce the chances of sighting porpoises [24]. Indeed, the inflection
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points of BSS3 (based on perpendicular distance) were smaller for porpoises
compared to those measured for BSS0-1, whilst this was not the case for larger
species such as the Risso’s dolphin (Table 3). The vessel often approached feeding gannets because cetaceans were likely to forage in association. Consequently
the search effort increased after detecting such feeding aggregations. Only the
latter part of our dataset includes information on whether foraging seabirds
alerted the observer to the presence of cetaceans. By building up this type of information, it will be of interest to explore how this affected the detection curve
for small cetaceans. Also group-size can influence the probability of detection
(i.e. larger groups are often more easily detected) and this was indeed evident in
the accumulation curves computed with a function of perpendicular distance
against group-size (data not shown).
Overall, the relative smoothness of the accumulation curves showed that the
present data are robust for future fine-scale habitat modeling studies. We recommend that studies like these will benefit from being able to select only those
sightings with distances up to a certain inflection point for small cetaceans during different sea states or other variables [24].

5.1. Harbour Porpoise (Phocoena phocoena)
Porpoises were by far the most regularly encountered species and their relative
abundance peaked in 2013 and 2015 with a sharp increase in numbers during
late summer and early autumn. Similar results have been reported previously
[17] although other studies reported numbers peaking in late winter and early
spring [10] [16] [55]. The present study showed that 36.8% of all sightings involved > 5 individuals and group-sizes occasionally reached up to 30 - 40 individuals in autumn. Those areas with the highest abundance of porpoises were
located 2 - 3 km from the coast with highest counts in B1. Although, further habitat studies are needed, it is evident from the bathymetric contours that the
study area has relatively uneven bottom topographies and these together with
localized tidal flow probably offer favourable feeding grounds [18].
Such localized hotspots also best explain our observations of temporary aggregations of larger groups of porpoises foraging in small areas, most dominantly in autumn. Occasional aggregations of larger groups (10 - 20) have been reported elsewhere and specifically in connection with localised tidal flow [56] [57].
In UK waters, the main calving season is from March-August [58]. The percentages of new born calves peaked in Danish waters during July (11.5% 23.8%) and August (18.2% - 23.5%; [59]). In our study the percentages of calves,
calculated as means across the years, were higher (July: 28.67%, August: 29.53%)
with the majority of calves occurring < 2 km from the coast. Porpoise calves
(Figure 14) were recorded within the Inner Mount’s Bay area (A1) from August
onwards and the highest ratios calf: adults were found within sectors B1-C1
during July-August. Our findings highlight that the wider Mount’s Bay area is an
important nursing area for porpoises. Although a number of SACs have been
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identified for which the harbour porpoise is listed for Natura, it has been difficult to clearly identify important sites for this species. Guidance from the European Commission (EC, 2000) stated that it is possible to identify areas that represent crucial factors for the life cycle of this species, using the following basis
for site selection: (a) the continuous or regular presence of the species (although
subjected to seasonal variations); (b) good population density (in relation to
neighbouring areas); and (c) a high ratio of young to adults (in relation to
neighbouring areas). A selection of five SACs in England and Wales and one
SAC in Scotland have been identified as suitable areas for porpoise protection
and these were recently submitted to the European Commission for approval
[23] [60]. None of the proposed sites include the Western Approaches of the
English Channel. They also do not reflect on ratios of young to adults as such
data is often not available, especially not over larger spatial scales or longer periods. We recommend that effort-related WTO data can supply valuable information on the much needed ratios of young to adult porpoises.

5.2. Short-Beaked Common Dolphin (Delphinus delphis)
The common dolphin (Figure 14) occurred in large groups in April-November
and was most abundant off Lamorna (sector B1). These dolphins occur yearround in the Western Approaches of the English Channel with the highest
numbers reported in winter [13]. The seasonal distribution for common dolphins showed a significant pattern with the highest relative abundance recorded
in autumn. This is consistent with findings for the Celtic Sea, Irish Sea and off
the West Scottish coast where the abundance generally peak in autumn [64].
When comparing the sighting rates (number of schools per 100 km effort) this
was found to be ten-fold lower (1.4 in autumn; this study) than reported during
a winter study further offshore (10.9 [13]). A winter inshore movement of
common dolphins using data collected from a PO (ferry) has been reported in
the English Channel and Biscay, with a 5-fold increase (0.02 in 1996 to 0.11 in
2006) in wintertime occupancy in the western Channel [27].
Common dolphins become frequently by caught in fishing gear and their interactions with fisheries were monitored in the Western approaches in two subsequent winters [14]. A localised decline of dolphins in this winter hotspot has
been apparent since 2007 [14] and is also reflected in the annual number and
bycatch proportion of stranded common dolphins in southwest England during
winter. These strandings increased in the late 1990s and peaked in 2004 and then
gradually declined thereafter [65] [66]. This annual variation in numbers of
common dolphins (evident in both strandings and effort-related boat surveys;
[14] [16] [66]), together with direct mortality through bycatch and taking into
account recent climate-driven range-shifts [27] [67] may best explain the decrease in common dolphin numbers in this area since 2005 [14]. Our data show
that since 2011, the relative abundance of common dolphins has steadily been
increasing in summer although a small dip in abundance was noted in 2014.
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Again, this is reflected in the UK stranding numbers of common dolphins which
also showed an increase with more than twice the amount of strandings in 2011
compared to that of 2010 and remaining at comparable levels until 2014 [68]
[69]. It will be of interest to explore this apparent increase further by understanding the fine-scale, albeit patchy distribution of these dolphins using future
habitat modelling studies [70].

5.3. Risso’s Dolphin (Grampus griseus)
A marked increase in Risso’s dolphin sightings occurred in 2015 with larger
numbers occurring in spring and summer and especially within A1-B1. Prior to
2015, Risso’s dolphins were occasionally recorded, similar to findings from previous studies [17] [55]. Fragments of cuttlefish (mantle with beak and arm mass
eaten) were observed floating within the surrounding location of Risso’s displaying foraging behaviour. In 2016, a dolphin was observed eating a cuttlefish at
the surface (D. Jones, pers obs.). Risso’s have been observed predating on octopus (Octopus vulgaris) off the Canary Islands in coastal waters (<20 m; [74]) and
off Scotland they predominantly take lesser octopus (Eledone cirrhosa; [75]).
Both the lesser octopus and cuttlefish remains were also found in the stomach of
a Risso’s dolphin stranded in southern England [76]. Cuttlefish typically spend
the winter in deep water and move into shallow coastal waters to spawn from
early spring to mid-summer, followed by mass adult mortality [77]. In late autumn, the juvenile cuttlefish migrate from inshore nursery grounds to deeper
water in the western Channel and beyond [78]. The latter could explain the lack
of Risso’s sightings from late September onwards. Risso’s dolphins utilize a large
home range, with re-sightings of the same individuals moving from Welsh into
Cornish waters [79].
The population size, based on the total number of (photo) identified individuals sighted over our study period, is estimated between 70 - 110 dolphins. Comparisons of photo-ID catalogues from other hotspots may add valuable information and add to our understanding of the wide-scale movements of Risso’s
throughout the region and possible connections between different parts of the
meta-population. A total of 16 different calves were photographed during the
survey period representing 14.5% of photographed individuals. This is slightly
higher compared to a study in Wales [79]. The sheltered conditions of Mount’s
Bay may offer a preferred habitat where the risk for mother and calves (Figure 14)
to become separated by fast flowing tides is much lower. Furthermore, it has
been shown that dynamic features within relatively shallow coastal systems may
enhance the foraging efficiency for Risso’s by aggregating their prey in a predictable manner [24]. More research is needed to explore this at a fine-spatial
scale within the Mount’s Bay area.

5.4. Common Bottlenose Dolphin (Tursiops truncatus)
Bottlenose dolphins were the least encountered dolphin species. The core area of
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bottlenose dolphins overlapped with that of Risso’s dolphins (A1-B1). They occurred mainly in small groups (Figure 14) that were travelling close inshore
(<1.5 km from the coast) which is in line with previous studies (2006-2009 [55],
2008-2009 [17]). A study focusing on incidental records reported by the public
(1991-2008) showed that bottlenose dolphins were the most frequently sighted
cetacean [18]. This is most likely due to their near-shore occurrence but also
their long distance travels. A group of bottlenose dolphins was once tracked
from Porthleven to Fowey for 7.5 hours during which the dolphins were estimated to have traveled just under 50 nmiles (De Boer, pers obs). Bottlenose
dolphins also used a large home range with individuals moving from Cornish
into Welsh waters [15].
Of interest is a sighting made at a distance of 5.5 km from the coast which involved at least 60 bottlenose dolphins, believed to be from the ‘offshore stock’.
The ‘inshore’ bottlenose dolphins (<1.5 km from the coast) were typically traveling in much smaller groups (group-size 4 - 16). Photographs revealed that inshore sightings involved the same individuals who appear to spend some time
within the region and then to areas further afield [80]. Other studies also showed
that inshore bottlenose dolphins can move extensively but remain close inshore
within a rather narrow band [81]. It is unknown if the present inshore pods mix
with the larger offshore pods. A study off Northwest Ireland reported on distinct
inshore and offshore bottlenose dolphin communities [82]. With coastal ecosystems under increasing anthropogenic pressure, the inshore bottlenose dolphin
communities face significant risks. The Mount’s Bay area likely forms a key part
of the home range of the inshore community of bottlenose dolphins [80]. We
recommend that further research into habitat-use and the degree of interchange
between inshore and offshore populations is needed in order to monitor and
maintain the status of both inshore and offshore populations adequately.

5.5. Ocean Sunfish (Mola mola)
The ocean sunfish was typically encountered inshore and most specifically
within region D1. The majority of sunfish were estimated to have a disc size < 60
cm (83.7%) indicating they were young (adult sunfish reach up to 3 - 4 m; [61]).
Our observations are consistent with records from the western English Channel
(off Plymouth) and from the Irish Sea where sunfish are <1 m [3] [6]. Sunfish
were present in May-October with the highest relative abundance measured for
summer, a pattern which was also apparent in other studies [3] [6] [17] [21].
The study by [3] reported that sunfish were found annually in warmer inshore
waters and productive fronts, presumably for foraging.
Of interest were the observations of great black-backed (Larus marinus) and
herring gulls (L. argentatus) associating with sunfish (2.4% of all records; Figure
14). These gulls were pecking parasites from the sunfish which were basking on
their sides [62]. Ocean sunfish were also occasionally observed breaching (13.4%
of all records) which may decrease parasite load [63]. Our observations support
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previous studies on sunfish being active in coastal, temperate seas during summer [3] [6]. It has also been suggested that the increased presence of smaller,
young sunfish in coastal waters may be owing to local current regimes carrying
them further inshore than adults [3]. Or represent a seasonal migration with individuals moving inshore from deep water overwintering sites to following the
seasonal abundance of gelatinous prey [21] [61]. It will therefore be of interest to
relate our sunfish records to the presence of the numerous compass jellyfish
(Chrysaora hysoscella) and barrel jellyfish (Rhizostoma pulmo) which were also
regularly recorded in the summer months.

5.6. Basking Shark (Cetorhinus maximus)
Basking sharks were most abundant in the western part of the study area close
inshore (sectors C1-D1). The English Channel offers a suitable habitat for basking sharks throughout the year, but their presence is concentrated in the Western Channel [10]. Observations of basking sharks are highly seasonal throughout
their range, with most sightings reported in coastal seas in summer [10] [71].
Previous surveys showed a peak number of sightings around May-June, with a
drop as summer progressed to autumn [20]. Since 2005 however this trend
seems to have been altered, with high inter-annual variability becoming evident
and an overall trend towards a later influx of shark sightings in the region [72].
This matches our own observations of basking shark relative abundance peaking
in summer, with a smaller peak in June and the highest peak in August. Our
findings also confirmed a high level of variability between the survey years with
numbers significantly peaking in 2013 but remaining low in later survey years
(into 2016-2017; D. Jones, Pers Obs). A similar but earlier decline in sightings
was recorded following a peak in 2007 from land-based observations carried out
at Land’s End [9].
Basking sharks when feeding may form loose aggregations when individuals
feed on the same discrete patches of plankton [71] and this best explains that
sharks were encountered either singly, in pairs or small groups (3 - 7, in August).
Our observation on behaviour indicative of courtship matches records of social
behaviour, so-called ‘close-following’, that has been recorded for sharks between
5 - 8 m length in southwest England [73]. We observed breaching sharks (Figure
14) in April (n = 1), May (n = 1), July (n = 1) and August (n = 2). Breaching is
thought to be most prevalent during the proposed mating season in UK waters
(May-June, [73]). The breaching of female sharks has been suggested to serve as
a signal of receptivity to male sharks [73]. Other behaviours indicative of courtship (close approaches such as bumping or synchronised parallel swimming)
were not observed during the present study.

5.7. Other Species
Minke whales were generally encountered solitary or in pairs and predominantly
in B1. The whales were feeding in shallow waters and were often accompanied
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by shearwaters (Puffinus sp.; Figure 14) and diving gannets. Such associations
are well known and have previously been reported involving minke whales and
fin whales (Balaenoptera physalus) during winter and spring further West off the
Scilly Isles [55]. There appears to be a general pattern of minke whales moving
into coastal areas and particularly in late summer, but overall there is little
knowledge regarding their offshore seasonal distribution [83] [84].
Three humpback whales and one probable Sei whale were observed in summer. Other baleen whales incidentally noted outside the survey period included
bowhead whales (Balaena mysticetus) in May 2016 [85] and fin whales in August
2017 (D. Jones, pers obs).
Leatherback turtles (Figure 14) were encountered in summer (July-August; n
= 11) which match previous studies [86]. Records of leatherback turtles inferred
from public sighting records also showed a seasonal pattern in their distribution,
with numbers increasing during summer and declining during late autumn and
winter [7]. The vast majority of leatherback turtles have been recorded in the
Western Channel [10]. A steady increase in the number of live and dead leatherback turtle strandings has been noted in UK waters since 1970 [7]. This
trend is likely to reflect increasing awareness for marine vertebrates, but may, in
part, reflect an increasing number of this species in the North Atlantic [7]. As
suggested by [8] it seems likely that this is a response to the changing distribution and abundance of gelatinous prey [87]. The turtles in the present study were
believed to be foraging. Although, no direct association with jellyfish was visible
at the surface, this has previously been reported off Cornwall [22].
To our knowledge no other Kogia whale sightings have been documented at
sea off Cornwall. The whale was probably a dwarf sperm whale as the position of
the dorsal fin appeared to be more centrally-placed rather than positioned posterior to the mid-point of the back as is the case for pygmy sperm whales (Kogia

breviceps; [88]. Few sightings & strandings of pygmy sperm whales have been
reported in the Bay of Biscay and the English Channel [4] and recently, a pygmy
sperm whale was found stranded on Angelsey (north Wales) in 2014 [89].

5.8. Conclusions
The western (English) Channel has been identified as a hotspot of biodiversity
for megafauna [10]. It is therefore not surprising that the study area, which lies
within this hotspot, holds a great diversity with twelve marine megafauna species
recorded over the study period (excluding seals and seabirds). Particularly, the
coastal waters showed the highest species richness, i.e. Inner Mount’s Bay (A1),
off Lamorna (B1) and the Runnelstone reef (D1). Equal survey coverage of the
inshore waters was not achieved and this was mainly due to weather conditions
and time constraints. Despite this potential bias, seasonal trends in occurrence
were clear for several species. Density maps of marine megafauna indicated that
while encounters may occur throughout the area and in all three seasons, the
temporal distribution was significantly different with numbers peaking in autumn.
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Odontocetes were mostly recorded during autumn and less frequently during
spring, whilst both sharks and ocean sunfish were more abundant during summer and least abundant during spring. Our data furthermore showed that the
shallow coastal areas were particularly important as a nursing area for porpoises.
Furthermore Risso’s dolphins showed a high semi-residency pattern for adults
accompanied by young calves mainly within one core habitat (Inner Mount’s
Bay). Although, data facilitated by WTOs have certain shortcomings (e.g. [34]),
we highlight that the data collection protocols developed for this study secured
efficient and precise data. We further recommend that collection protocols like
this one could be made available to other WTOs and ultimately be implemented
on a larger scale, requiring minimal investment [34] [90]. Ultimately, when
pooling these data they can also be used to enhance management and research
monitoring efforts and this is especially true for areas where long temporal baseline data are lacking and where funding for dedicated surveys is limited (e.g.
[90]).
The spatial and seasonal distributions of the species documented here are
most likely linked to dynamic oceanographic variables. For example, porpoises
[18] [24] [39] [56] [57], Risso’s dolphins [24], minke whales [37] [91], ocean
sunfish [3], basking sharks [20] [71] and leatherback turtles [5] [7] have been
reported in adjacent waters to associate with frontal zones, topographic and bathymetric features suggesting that these features play an important role in the
fine-scale distribution of marine megafauna. We further recommend that the
next step is to explore the underlying biological and physical processes that form
this biodiversity at a fine spatial scale. Information on local habitat use by cetaceans often is carried out over relatively short durations (1 - 3 years; [17] [18])
and long temporal baseline data are critically needed for integration into meta-analyses that seek to elucidate important environmental forces and potential
spatial conservation strategies [10].
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