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Abstract

The waters off the west coast of Scotland have long been known as an important area for a
large marine species. Understanding the relationship between environmental variables and their
distributionover timeis an important aspect for the implementatioicaiservation measures and
future developmentsiere, sighting dateollected by the Hebridean Whale and Dolphin Trust during
dedicated vessel surveys from 2003 to 20d&re used to identify the effect of year and different
environmentaVariableson theprobability of sighting commn dolphin(Delphinus delphis)basking
shark(Cetorhinus maximgsharbour porpoiséPhocoena phocoejaminke whalgBalaenoptera
acutorostratg and whitebeaked dolphifLagenorhynchus albirostrisYhe results of generalised
linear models suggest that year, depth, slope, and sedimerinys®me interactiorsgnificantly
affect the probability of sighting these speciBlse probability of sighting these species fluctuated
between the year&ommon dolphins were more likely to be sighted in areas of deeper water, with a
slightly less degree of slope and were there was an average of 39 per cent sand. Harbour porpoise
presence increased in areas of higher percentage mud and higher percedtage séere the
seabed was deeper and more sloped. Similarly, the probability of sighting a minke whale was
increased in areas of greater depth agceaterdegree otlope, and in areaghere sediment was
made up of lesper cent mud. The results indieahat basking sharks are present more often in
shallow water, where the seabis less sloped and where gediment is made up of a majority sand
and mud mix. Whitebeaked dolphins were more likely to be sightethe deep waters, where there
was a shitow degree otlopeand in areagvhere the sediment was made up of less percentage mud.

These patterngenerally have consistent biological explanations, often relating to the availability of

prey.



1. Introduction

A challenging but fundamental aspgeaf conservation is understanding the distribution and
richness of species that use a particular habitat. The marine environment is under pressure from
many human activities including fishing, tourisamdrenewable energy developmernitéanagement
strateges of the marine environment have been put in place to mitigate the impact of human
activities which includes implementing marine protected areas (MPAS) such as special areas of
conservation (SACs) (Defra, 2006). The implementation of effective conserragasures, such as
these, requires knowledge of habitat use and habitat preference at different spatial scales (Marubini
et al., 2009). Importantly, monitoring the distribution and abundance of species is necessary to
determine whether conservation oljees are fulfilled as a result of the implemented conservation
measures (Cafiadas and Hammond, 2008).

The marine environmerff the west coast of Scotland is essentiahabitat for many
species of megafauna including basking shé@letorhinus maximysnd cetacear(svhales,
dolphins and porpoisesBasking sharks are frequently sighted in theagiSouthall et al., 2005) and
harbour prpoise(Phocoena phocoeh&ave been identified as the most common cetacean species
on the west coast of Scotland (Ret al., 2003). Minke whald@laenoptera acutorostrajas
another commonly sighted spes (Macleod et al., 2004) andlér whales Qrcinus orcg are
known to inhabit these waters (Bolt et al., 2009) as well as \bkidted dolphind@genorhynchus
albirostris), common dolphins@elphinus delphisfWeir et al., 2009) and bottlenose dolphins
(Tursiopstruncatug (Cheney etl., 2012). Boh harbour prpoiseand bottlenosealphin are listed
on Annex |1 of the Eur op e astateslthatiSAGs mgst bel establithedt
in areas in which they occug@ropean Commissigi992). Data collected on the distribution of
these species are therefaracialto increase our understanding of the areas which these highly

mobile species use butsalto justify the continued implementation of MPAs.



In addition to understanding which species inhabit the wateméasssaryo understand the
relationship between species distribution and environmeatalblesin orderto identify habitat
prefererces ad use (Spyrakos et al., 2011). Depth has been identified as an environmental factor
related to the distribution of cetaceans and other marine mar(hed¢snan et al., 2007; Marubini et
al., 2009).The relationship between harbour porpoise and degthei waters off the west coast of
Scotland has received a moderate amount of research effort. Booth (2010) found that peak sighting
rates of harbour porpoise were observed at depths between 50m andril&&tudy which included
data from a larger are&rstchingoff the continental shelf, Ma@od et al. (2007) found harbour
porpoises were sighted most often in waters deeper than 60m. A further study, using a smaller study
area, found a similar relationship between depth and harbour porpoise distritigoe,a
preference was shown for habitats at depths between 50m and a@ubifii et al.,2009.
Goodwin and Speke (2008)provide additional evidence that harbour porpoise distribution is
related to depthandtheythatmost sightings occurred at depths between 50m and I0treffects
of depth on cetacean distribution may be due to the distributicetateamrey such as cephalopods
and fish, becausareas of deep watemay act to induce currents and upwelling wgealm influence
the spatial distribution of prey through aggregating effects or transport (Davisl&9d; Cafiadas
et al., 2005).It is likely that prey distribution and abundance has a strong effect on cetacean
distribution(Selzerand Payne, 1988yhich drives the observed relationship between cetacean
distribution and depth in the waters off the west coast of Scotland

Less is known about the depth preferences of basking sharks as they are less well studied and
understanding their distribution is neodifficult compared to cetaceafisckert andStewart 2001)
Thisisbecause, unli ke cetaceans, they don’t need
behaviour icomparativelyquite different (Southall et al., 2005). Research using satellite tagging
has revealed that basking sharks utilise a wide range of depths from Om to 1000m (Sims et al., 2003).

Although there is an increasing amount of recent research describing thm avhah basking



sharks are seen (e.g. Witt et al., 2012; Speedie et al., 3R081al et al., 2004here is a paucity of
literature describing their distribution specifically in relatiorbadhymetric variables.

The slope of the sead is another enviromental factor that has be&rund to influence
marine mammal distributio The encounter rate of botitese dolphins in the waters off the north
east of Scotlandhtreased in areas where thelmzhgradient was less steep (Bailey and Thompson,
2009). Booh (2010) found that harbour porpoise sightings and acoustic detection rates were much
higher in areas with a highly sloped seabed (up to a maximum angle of 6°). Consistent with this,
Embling (2010) found slope to be a significant predictdrigheracousic porpoise detection rates
and found that porpoise detection rates increased with increasing slope. It is thought that aseas with
highly sloped sdaed may increase cetacean sightings because sloped regions provide an area of
upwelling as cold, nutrientich water is forced to the surface (Kaiser et2005). This increases
productivity and prey densitieghichin turnattracts and supports larger numbafrpredators such
as cetaceans (Yen et al. 2004). Degpiie there have been studies which itfeed areas of high
porpoise derises with areas of shallow skeed slope (an angle of <0.5°). Ra8uryan and Harvey
(1998) conducted studyusing data collected from the waters off Washington Sti#\ andfound
thatthe highestlensities of porpoiseerein areas of very shallow slogese®ed The authors
attributed thicontrasing observation to the fact thattheir study area, areas siallow slope
coincided with areas of deep water which probably increased prey abunddriberafore cetacean
presencéRaumSuryan and Harvey, 1998).

Distance to land may act as a proxy for other features of the marine habitat such as salinity of
the water (Mann and Lazier, 2006) or areas of shelter and this variable has been used in studies
modelling habiat preference of cetaceans. Maxd et al. (2007) found that distance from the land
was the primary variable linked to the occurrence of minke whale, harbour porpoise and common

dolphinin the waters off the west coast of Scotland. Booth (2010) found thatydehisarbour



porpoise decreased steadily as distance to land increased and it was shown that the highest predicted
relative densities were in areas of up to 20km from land, indicating a strong inshore distribution.

Sediment type has also been identifesdan importargnvironmental factothat has been
linked to large marie species distribution. The sl is made up of a variety of sediment types that
can be broadly dided into mud, sand and gra€blk, 1980).Macleod et al. (2004) found that
minkewhale were more likely to be present in areas ofdrngland or mud sediment typdssimilar
trend has been observed with harbour porpoisesighting increaseah areas where mud was
between 20 per cent and 60 per d8&doth, 2010)These patterns kia been attributed to prey
availability as it is known thdtat fish, which are @ommonprey species of harbour porpoise,
inhabit muddy sediment types (Herr et al., 200%js suggests that the sediment type effects
cetacean distribution by prowd) suitable habitats for preso sediment type could therefore be a
predictor for the areas in which cetaceans are sighted. Prey populations could be measured directly
but this isrelatively difficult compared to studying bathymetric features and it hasfoaead that
the inclusion of prey data as explanatory variables does not always improve predictions of cetacean
habitatselection (Torres et al., 2008).

In order to generate models and understand the relationship between species distribution and
habitat préerence, reliable data needs to be collected. Dedicated surveys are rare because they are
expensive and time consuming to carry,sotprevious dbrts often use opportunistgighting data
collectedby observers on fishing vessels or on passenger féergsSpyrakos et al., 201l1opezet
al., 2004; Wiliams et &, 2006) or data collected from aerial photographs (e.g. Chilvers et al., 2005).
Although it is possible to generate models from such data, using data from dedicated surveys are
easier to angbe and the certainty of a consistent methodology is increased.

Research using dedicated survey data sets in the waters off the west coast of Scotland has
focused on a limited number of species. Common dolphin sightingsased ithe 1980s and 1990s

(Weir et al., 2001and further studies of this species indicated that as common dolpreased in



northrwestern Scotland, the numbersadifite beaked dolphinsave declined (Maatod et al., 2005).
Longer term studies (up to 9 years) using dedicated pefi@t have been carried out to model the
habitat preference and distribution of harbour porpoise (Marubini et al., 2009) and minke whales
(MacLeod et al., 2007) but these studies used data collected before 2000. There is a serious lack of
long term (> 5years) studies using more recently collected data on megafauna in the waters off the
west coast of Scotland as there are no published studies of this sort.

To ensure effective conservation and management of different species, it is not only
necessary taentify important habitat variables but also to determine the consistency of the patterns
over space ahtime (Booth, 2010).The Hebedn Whale and Dolphin Trust (HWDT) is a charity
that has been conducting dedicated research surveys in the watersaa$tlw@ast of Scotland for
10 years betwee2003 and 2012This current data set provides a rare opportunity to analyse data
over an extensive time scale that has been collected using a consistent methodology.

This study will add to knowledge spatiotemporadlistributions of marine megafauna in the
waters off the west coast of Scotland by using the most up to date sighting data collected by HWDT.
The aims of this study are to describe the distribution of five species of megafauna (basking shark,
common dolphin, harbour porpojseinke whale and whitbeaked dolphin) in the waters off the
west coast of Scotland in relation to year, depth, slope, distance to land and seabeatt bgubmigy
fulfilling the aims,important information about the agem which different species are more likely
to be presenwill be gained Findings fromprevious studies suggest that some of these factors will
have an effect on cetacean distribution (e.g. Marubini et al., 208&;eod et al., 200Bailey and
Thompson2009) sat is predicted that these factors will have an effect on the different species
distributions and at least some will be retained in the minimum adequate models generated. The lack
of studies on the distribution of basking shark in relation tarenmental variables make

predications of which environmental factors will influence their distribution diffidwit inferences



can be made based on cetaceans stusiesh suggest factors influencing the availability of prey

will affect basking sharkistribution.



2. Materials and methods

2.1. The study area

The study areéFigure 1)encompassed the waters of the inner and outer Hebrides on tleenwvest
coast of Scotl-a884d4 5 WUBLOS5(" BID44565 0e@amy has a complex
topography which includes deep sea lochs and several islands of varying size (Marubini et al., 2009).
The southern region is characterised by extensive areas with watered®@in depth but with

some steep sided channels particulalbge to the coastline, whereas in the north of the study site
the water is generally deeper with steep sided fjords (Ellet and Edwards, 1983). In addition to this
varied topographythe waters are on the boundary between cold temperate and warm temperate
waters which providea variety of potential habitats faetaceangMacLeod et al., 2007)Within

these waters, a tidal mafisws in a northwards direction from the Atlantic Ocean until it reaches
Scotland andhere is alsahe Scottish Coastal Curremwhich flows from the Irish Sea (Simpson et

al., 1979). The high nutrient load which flows into the region in these water currents allows for high
productivity in the area which provides potential suitable habitats for cetaceans and other large

marine vergbrates.

2.2. Survey Methods

Data were collected betweépril and October betwee2003 and 2012. Due to the surveys
being weather dependant there were sdaysduring this periodvhen data wrenot collected.
Despite this, during at least 5 months ofigvyear, data were collected. The survey routes were
limited by the constraints of the weather and location of safe anchorage points but the aim of the
survey was to cover theem as evenly as possible oen consecutive survey days.

Sightings andin situ environmentatiatawere collected by trained volunteers, under the
supervision of an experienced cetacean observer, from a 16m sailing vessel operated by the

Hebridean Whale and Dolphin Trust (HWD During the surveytwo observers were positionatl
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Figure 1. Majof the study area in the west coast of Scotland (black outline encloses the we
that were surveyed). Inset map: Western Isles of Scotland in relation to ti#oui€e: created

in ArcMap by Eryn Hooper.
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two fixed points on thetarboard and posidesof the vessel near the bow of the boat, 2m above sea
level. Observers scanned an area fr6fto 90° on their side using a combination of the naked eye
and 7 x 50 binoculars (Marine Opticron). When a cetaceas sighted, the vessel position, the
species name and number of individuals were directly recorded into a computer running the
International Fund for Animal Welfare (IFAW) softvaarLogger 2000 databaseeduse darge
scale spatial was used in thisdy, the vessel position was used as a proxy for the location of the
sighting. To avoid fatigueobservers changed sides after 30 minutes and were replaced by other
trained volunteers after an hour had lapsed.

Surveys were carried oattherunder sajlwhen the weather conditions permitted under
motor at an average speed of 6 knots. The vessel position was reeeedgd0 secondssing the
b o adlobaspositioningsystem(GPS and was automaticallgntered into the Logger 2000
database. Environmeaitdata including Beaufort sea state and sightability were recorded and entered
into the same database. Survey effgpe (acoustic survey effort, visual survey effort or survey

effort off) was also recorded whenever it changed.

2.3. Additional environme ntal data

Bathymetry data (seabed depth and slope) were sourcedigedesignated national data
centre at the University of EdinburgBI@INA) and imported usinylanifold System EDINA
provided the best coverage of the surveyed area and at the highest resolution available (average
depth and slope were calculated over a 200m x 200m Gedbed sediment data (percentage mud,
percentage gravel and percentage sand) were obtainedhieddmited Kingdom, Hydrographic
Office (UKHO) and the Marine European SedlHabitats (MESHIEuropean Nature Information

System EUNIS) modelandwasadded to the data set by the HWDT.
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Table 1 Summary of covariates usedthre analysisshowing details of information about the
covariate, the temporal or spatial resolution, the units used and the source of theaan

bold are the additional environmental variables used in the GLMs. See main text for acro

or abbreviations.
Covariate | Information Resolution Unit Source
Date/time Recordedn situ from vessel| Every 10 Day, month, In situ
GPS seconds year. Hours,
minutes,
seconds.
Vessel Recorded in siturbm vessel| Every 10 Latitude and In situ
position GPS seconds longitude
Sea state Recorded by observers Every 15 Beaufort scale In situ
minutes
Sightability Recorded by observers Every 15 | 0—5(where 1is In situ
minutes excellent and 5
is too poor to
survey
Distance Calculated in Manifold by At every Meters (m) Manifold
from land HWDT and imported into | GPS location systems
the dataset
Depth Depth of sea bed below seg 0.2 km Meters (m) EDINA
level. Imported using
Manifold
slope Change indepth over the 0.2 km Degrees (°) EDINA
200mof sea bed Imported
using Manifold.
Percentage| Imported using Manifold. Variable Percentage (%) UKHO /
mud MESH
EUNIS
Percentage| Imported using Manifold. Variable Percentage (%) UKHO /
gravel MESH
EUNIS
Percentage| Imported using Manifold. Variable Percentage (%) UKHO /
sand MESH
EUNIS

2.4. Data analysis

2.4.1. Pre-statistical analysis

Only data collected during visual search effort, in a Beaufort scale < 4, and where sightability

was <

by sea statéPalka, 1996and sightablity impacts the area of water that can be seen by observers.

4 were used f

or
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Only sightings of animals identified to the specie®ll@ere included in the analysBueto the
large data set, all species sighting data were pooled into 15 minute intervals. This gave a total
number of animals sighted in 15 minutes, with the corresponding observed environmental data.

In order to analysthe datathe total number of animals sighted were converted into binary
data. The encounter rate was categorised as either 0 or 1 which represented the absence or presence
of a species, respectivelpr each 15 minute interval. Thiseant that for each5 minute interval
the data set provided information about the presence or absence of the species, rather than the
absolute number of individuals seen.

The htitude and longitude of thaata point at the end eichl5 minute interval was used in
the amalysis for the position of the boat corresponding to the sighting data recorded during that 15
minutes. Tl latitude and longitudef the data point at the end of the 15 minute intemasd also
used to import the corresponding additional environmental dat

To account for the difference in survey effort, grid squares of 30 minutes latitude by 30
minutes longitude were used to divide the study area into 47 cells of approximately $16@6km
(Figure 3. This provided avay to count the total amount of eft (15 minute intervals) ano
calculate the proportion of 15 minute intervals in which species were seen.

Pivot tables irMicrosoft Excel were used to provide a summary of the presence and absence
of observed species in eath minute intervain eachgrid cell per year. The mean depth, mean
percentage slope, mean percentage mud, mean percentagewgdavelan distance from land were
calculated from the points at whielach sightingvas made. This resulted in a table of values that
summarised the prasee or absence of tpecies in each5 minute intervaby year, with the
average envonmental characteristiet the point at th end of the 15 minute intervéiased on the

values generated by the individual sightings. These values were useddoalyss
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2.4.2. Modelling
A common statistical method used to model large marine animal distribution and investigate
habitat preference is to use generalisegldimmodels (GLM) (e.g. Cafadetsal., 2005; Cafiadas and
Hammond 2008; Embling et al., 201@arubini et al., 2009). Sighting data such as this contains
presenckabsence data which results in reormal distributions. There isften a nodinear
relationship between species abundance and ecological variables such as depth (Oksanen and
Minchin, 20@). GLMs are therefore particularly appropriate lioge marine animalighting data
because they alo for norrnormal distributions and nelmear relationships (Spyrakos et al., 2011)
GLMs assume that data points are independent but line transeatssoften result in non
independent data. This is because animals are detected at sequential sampling points along a survey
route which means observations close in space or time are not random (Lennon, 2000). This results
in autocorrelation which occurs wiebservations measured at neighbouring locations or times are
more similar or less similar than randomly associated pairs of observations (Redfern et al., 2006).
Including autocorrelated data in the analysis increases the risk of a type | error (tth@rejes true
null hypothesis) so it is important to avoid using data of this type in the anddsingnn, 200y, It
is difficult to avoid autocorrelation in large marine animal survey designs but it needs to be
addressed when modelling the relatiopsbetween animal distribution and the environment (Keitt et
al., 2002).This problemhas been addressed here by categorising presence or absence of a species
using 0 @ 1 for each 15 minute interval, which removes sighting data that were made close in time
All analyses were carried out using the statistical package -Ri(&érsion 2.15.2, R core
development team, PB). Forthe five species selected to model, a GuMsfitted initially with all
the additional environmental variablgable 1).Binomid models were originally fitted but where
there was evidence that data were over dispersed, a quasibinomal model was fitted instead. In all
models year was treated as a fact@riablewhereas every other variable was assumed to be

continuous. The resultsd ananalysis of varianceANOVA) were used to establish the order in
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which variables were removed from the model. The model was then simplified by backward
deletion, removing variables that appeared to be of least importance first. Variables that had a
significant impaciat the 95% confidence intervalh the ability of the model to explain variation

were retained. The significant variables were then tested for pairwise interactions. If the interactions
weresignificant they were retained in the mod#his resulted in a minimum adequate model which

containedvariablesthat were significant at the 95% confidence interval.
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3. Results

Between 2003 and 2012 a total of 5064 hours of dedicated visual search effort (under
Beaufortscale4 and in conditions where sightability
area sampled in each year and the resulting overall effort per grid square pooled over the ten years of
surveys. The geographical area covesegapproximately 78500kfbut, as Figure 2 shows, effort
was not distributed evenly because of weather and logistical constraints. The amount of dedicated
visual search effort varied between the years with the least amount of effort (249 hours) in 2004 and
the most amount of effo(675 hours) in 2011.

15 different species of marine mammals and large fish were recorded theribg years of
surveys (Table 2 Observations of animals that were not identified to theispéevel were also
recorded and Tableshows that the abili of observers to identify animals to the species level was
not consistent over the yeaBasking shark, bottlenose dolphin, common dolphin, common seal,
grey seal, harbour porpoise and minke whale were all seen in every year. Rarely sighted species
included the humpback whale which was sighted once in 2006 and the striped dolphin which was
only sighted once in 2003. Relatively few sightings of killer whale were recorded (30 individuals)
and fewer still of sunfish (23 individuals). Whiséded dolphis were only seen in 2003 and 2004,
and have not been sighted during a dedicated survey since.

Once all sighting data had been converted antalue that represented the presence or
absence per 15 minute intervalvas apparent that the sightings for somecggshad been clustered
in time and presence per 15 minute intewas, as a result, relatively low. Five species that had
higherpresence per 15 minute intervetre chosen to be analysed in relation to environmental
factors using GLMs. These specieg&basking shark, common dolphin, harbour porpoise, minke

whale and whitébeaked dolphin.
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Figure 2. Map showing effort (15 minute intervals) spent in each grid cell (30 minute latitt
by 30 minute longitude)Shading represents effort as a percentdgetal effat for the 10
years of surveysSource: Created in ArcMap by Eryn Hooper.
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Table 2 Numbersof individuals recorded during dedicateédualsearches from 2003 to 2Q1&pecies in bold were analysed in relation to year and

environmental factors using GLMs.

Year
Species 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 Totals
Basking shark (Cetorhinus maximu$ 61 5 85 222 91 125 170 340 44 146 1289
Bottlenose dolphirfTursiops truncatus 11 6 5 22 7 20 14 2 1 3 91
Common dolphin (Delphinus delphis) 17 0 43 121 1207 213 423 314 695 165 3198
Common sealPhoca vituling 25 11 71 29 42 122 127 88 53 77 645
Fin whale (Balaenoptera physalyis 0 0 0 0 0 1 0 0 1 0 2
Grey Seal(Halichoerus grypus 45 22 83 123 150 148 215 99 141 101 1127
Harbour porpoise (Phocoena phocoena 279 122 418 375 686 702 529 454 523 197 4285
Humpback whale(Megaptera novaeangliae 0 0 0 1 0 0 0 0 0 0 1
Killer whale (Orcinus orcg 1 6 0 0 6 8 4 0 0 5 30
Minke whale (Balaenoptera acutorostrada 56 24 19 35 37 43 53 40 56 26 389
Rissos Dolphin(Grampusgriseug 27 0 7 3 21 14 20 0 15 2 109
Striped dolphin(Stenella coeruleoalba) 1 0 0 0 0 0 0 0 0 0 1
Sun fish Mola mola) 0 1 8 1 4 2 2 2 1 2 23
White Beaked dolphin(Lagenorhynchus albirostriy 0 0 0 18 53 68 82 30 118 11 380
White sided dolphin(Lagenorhynchus acuts 0 0 0 0 0 33 75 0 0 0 108
Shark 0 1 0 0 0 0 0 0 0 0 1
Turtle 0 0 0 0 0 0 0 0 1 0 1
Unidentified dolphin 1 7 4 15 26 3 1009 15 78 14 1172
Unidentified seal 18 27 31 31 37 65 89 69 89 27 483
Unidentified whale 1 0 0 1 0 0 4 0 1 1 8
Unknown species 3 1 5 8 14 11 10 12 6 4 74
Total of all sightings in each year 546 233 779 1005 2381 1578 2827 1465 1823 781

18



Figure 3. Map showing the areas in which basking sharks (black dots) common dolg
(yellow dots) minkewvhale (black crosses) harbour porpoise (red dots) and white bea
dolphin (white squares) were presest 15 minute interval, pooled over the 10 years ¢

surveys Source: created in ArcMap IBryn Hooper
19




3.1. Common dolphin

Common dolphin were th@ostfrequentlysighted dolphin in this survey area e31b8
individuals were sighted during dedicated search effort between 2003 and 2012. Sightings of
common dolphin covered most of the survey area with fewer seen further south (Figure 3). There
were no significant main effects of distance to land, percentagl or percentage gravel (TaB)e
The (binomial GLM) model that best captured common dolphin distribution included the main
effects of year, depth, slope and percentage sand and the interaction between year and percentage
sand and the interaction bewvedepth and percentage sand. This was because removal of any of
these main effects had a significant effect on the ability of the model to explain common dolphin
distribution (Table 3) and the inclusion of these two pairwise interactions resulted mfizaigly
better fitting model (Table 4).

Common dolphins were more frequently sighted in areas of deeper water (Figure 4). Figure 5
shows that there was extensive overlap in the degree of slope in areas where common dolphins were

present or absent.
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Percentage sand (%)

Although there is only a weak pattern, the average slope was slggglyhere common dolphins

were present (Figure 5). There was a large spread of percentage g@ngediment ithe areas that
common dolphins @re seen and the average percentagewasdimilarin the areas thaheywere
absent or present (Figure 6). The main effect of year was generally positive over the yearns except
2006 and2008 andalso in 2004 when no common dolphins were pre@ggtire 7). Overall the

presence per 15 minute intervatreased over the 10 years of surveying.

Inspection of the coefficients of the significant interaction between percentage sand and depth
show there was a small negative effect of percentage sahe effect of depth. The coefficients of
the interaction between percentage sand and year show that the effect of percentage sand varied fromn
year to year with a negative relationship in 2003, 2004 , 2005, 2007 and 2012 and a positive

relationship in all ther years.
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Table 3. Results of binomial or quasibinomial GLM testing the main effecieaf ancenvironmental

variables on the probability of sighting common dolphin, basking shark, harbour porpoisewmai&e

and whitebeaked dolphin, all to 3 significant figures. d.f. (degrees of freedpm)(-sjuared testF (F
test). Those in bold aggnificant. Significance p < 0.05, **p < 0.01, and ** < 0.001.

Species Environmental variable  Test statisticX /F) d.f. P value
Common dolphin Year 34.431 9 >0.001***
(Delphinus delphis Depth 63.412 1 >0.001***
Slope 8.106 1 0.004 **
Distance to land 1.009 1 0.315
Percentage mud 0.037 1 0.847
Percentage gravel 3.320 1 0.068
Percentage sand 4.446 1 0.035*
Basking shark Year 3.510 9 >0.001***
(Cetorhinus maximys Depth 3.963 1 0.047 *
Slope 16.308 1 >0.001***
Distance to land 0.082 1 0.774
Percentage mud 2.370 1 0.125
Percentage gravel 6.371 1 0.012 *
Percentage sand 0.536 1 0.465
Harbour porpoise Year 2.012 9 0.038 *
(Phocoena phocoeia Depth 5.061 1 0.025 %
Slope 30.762 1 >0.001***
Distance to land 0.206 1 0.651
Percentage mud 5.818 1 0.017 *
Percentage gravel 0.428 1 0.514
Percentage sand 4.863 1 0.028 *
Minke whale Year 2.090 9 0.031*
(Balaenoptera acutorostraja Depth 14.166 1 >0.001***
Slope 3.912 1 0.049 *
Distance to land 1.627 1 0.203
Percentage mud 4.478 1 0.035*
Percentage gravel 1.750 1 0.187
Percentage sand 1.954 1 0.163
White-beaked dolphin Year 3.145 9 0.001 **
(Lagenorhynchus albirostrjs Depth 53.865 1 >0.001***
Slope 53.085 1 >0.001***
Distance to land 0.499 1 0.480
Percentage mud 16.344 1 >0.001***
Percentage gravel 1.708 1 0.192
Percentage sand 1.147 1 0.285
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Table 4. Results of binomial or quasibinomial GLM testing fJar wise interactionsf year and
environmental variables on the probability of sighting common dolphin, basking shark, harbour
porpoise, minke whale and whiteeaked dolphinall to 3 significant figuresl.f. (degrees of freedom)

X 2 (-sguarned testf (F test). Those in bold asgrificant. Significance p < 0.05, **p < 0.01, and

*** p<0.001
Species Pairwise interaction of Test statistic  d.f. P value
environmental variables (X/F)
Common dolphin Year: depth 11.135 9 0.267
(Delphinus delphis Year: slope 6.384 9 0.701
Year: percentage sand 22.775 9 0.007 **
Depth: slope 0.001 1 0.972
Depth: percentage sand 6.134 1 0.013*
Slope: percentage sand 1.716 1 0.190
Basking shark Year: depth 0.429 9 0.919
(Cetorhinus maximys Year: slope 0.431 9 0.918
Year: percentage gravel 1.081 9 0.377
Depth: slope 2.390 9 0.123
Depth: percentage gravel 0.009 9 0.924
Slope: percentage gravel 1.177 1 0.279
Harbour porpoise Year: depth 0.907 9 0.519
(Phocoena phocoeia Year: slope 2.829 9 0.003 **
Year: percentage mud 3.188 9 0.001 **
Year: percentage sand 1.789 9 0.070
Depth: slope 0.579 1 0.447
Depth: percentage mud 1.457 1 0.229
Depth: percentage sand 0.744 1 0.389
Slope: percentage mud 0.003 1 0.958
Slope: percentage sand 1.757 1 0.186
Percentage mud: percentage sant 0.266 1 0.607
Minke whale Year: depth 1.083 9 0.376
(Balaenoptera acutorostraja  Year: slope 1.169 9 0.315
Year: percentage mud 3.592 9 >0.001***
Depth: slope 1.557 1 0.213
Depth: percentage mud 0.103 1 0.749
Slope: percentage mud >0.000 1 0.994
White-beaked dolphin Year: depth 1.272 9 0.252
(Lagenorhynchus albirostis  Year: slope 1.593 9 0.117
Year: percentage mud 0.892 9 0.533
Depth: slope 2.412 1 0.122
Depth: percentage mud 0.256 1 0.614
Slope: percentage mud 0.617 1 0.433
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3.2. Basking shark

A total of 1289 individual basking sharks were sighted during dedicated search effort
betweer?003 and 2012. The best (quasomial GLM) model for the distribution of basking sharks
included depth, slope, year and percentage gravel because removing these variables significantly
affectedthe ability of the model to explain basking shark presence (Table 3).The interactions
between theignificant main effects were tested but none significantly improved the ability of the

model to explain basking shark distribution (Tab)e

Basking sharks were more frequently sighted @aarof shallower water (Figurg. 8he
presence of basking gia also increased in areas where there was a less dégfepeoon the sea

bed (Figure R
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Figure 8. The averagémean)depth of the Figure 9. The averagémean)slope of the
water in which basking sharks were absent ar seabed in the areas where basking sharks we
present. Error bars represent standard error. absent and present. Error bars represent

standard error.
The sediment type also significantly affected the probability of basking shark presence (Table
3) and they were mollkely to be present in areas where there was a higher percentgqigeeifin
the sediment (Figure )0There was a significant effect of year on thesprnee of basking sharks

(Table 3 and year had a positive effect on all yeasept in 2004 and 201dhere the effect of year
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was negativgFigure 1). Presence per 15 minute intervahged from 0.005 in 2004 to 0.04 in

2006.
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3.3. Harbour porpoise

Overall the harbour porpoise was 8pecies that had the most individual sightings and was
recorded in every year during the 10 years of dedicated surveys (Table 1). However, once the
number of sightings had been converted into presence or absence in a 15 minute pnésesade
per15 mirute intervalwas much lower than less numerous spesigsh as the basking shark,
indicating thatharbour porpoissightings were clustered close in tinkeesence per 15 minute
intervalranged between 0.06 2004 to 1.12 in 2008 (Figude?). Thesignificant effect of year was
typically positive on the presence of harbour papavith the exception of yea2§04, 2009 and

2012 where the effect of year was negative.
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With the exception of distance to
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S 0 - harbour porpoise (Table 2).

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Year Harbour porpoise were

Figure 12 The change over the years in the proportion of 15 present more often in areas where

minute intervals in which aeast one harbour porpoise was sei the sediment tye had a higher

percentage mud {@ure 13) andlower percentage sand (Figut4).
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Figure 13. The averagémean)percentage mud in Figure 14. The averagémean)percentage sand in
the sediment of the seabed, in areas where harbor  the sgdlment of the seabed, in areas where harb
porpoise were absent and present. porpoise were absent and present.

Harbour porpoise were more often present in deeper water and were sighted at an average
depth of 67.4m (Figur&5). The main effect of slope was also significant and harbour porpoise were

sighted more often in areas where there waglaghidegree of slopg&igure16).
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The pairwise interactions between year and slope and year and percentage mud were significant
(Table 4) Inspection of the coefficients show tigenerally in most years there was a positive effect

of slope but in 2008 it was strgest and 2003 there wasegative relationship. Examination of the
coefficients of the interaction of year and percentage mud showed that there was a positive effect of
slope in all the years which increased over the years with the strongest effect in 2010 and the weakest

effect in 20009.

3.4. Minke whale

A total of 389 minkavhales were recorded during dedicated search effort. The number of
individuals recorded remained relatively consistent throughout the 10 years of surveys but the least
number of individuals were sighted in 2005 (Table 2).

The minimum adequate (quasibm@l GLM) model for minke whale distribution retained
the significant main effects of year, depth slope and percentage sand as well as the interaction of year
and percentage mud because removal of these significantly affected the model to explain minke
whae distribution (Table 3Table 4. Minke whale were more likely to be present in areas where

there is less mud in the sediméRigure 173 and in deeper waterBigure 19.
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The prolability of sighting a minke whale increased where there wasater degree of slope,

although Figurel9 shows that there was a lot of variation in the degree of slope in the sites that
minkewhales were seen. There was a change in sighting rates over the years with a sudden decline
from 2003 to 2004ndthe most negative effect of year wa005but generally after that the effect

of year was positive (Figur20).
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The significant interaction of year and percentage mud varied between the years but inspection of the
coefficients show that generally there was a negative effect of year on the effect percentage sand. In
2004, 2005, 2010 and 2011 there was a positivéior$hip between year and the effect of

percentagenudwith the strongest effect in 2005

3.5. White -beaked dolphin

No whitebeaked dolphins were recorded until 2006 after which a total of 380 individuals
sighted during dedicated surveys. The main effects of year, depth, slope and mud all significantly
affected the model to explain whiteeaked dolphin distribution (Teb3). Whitebeaked dolphins
were more likely to be sighted in areas of a shallower degree of slope (Eijyuide average gxeh
in which they were presemtas much deeper than in areas in which they were absent suggesting that

white-beaked dolphinprefer areas of deeper wateigére 22).
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Figure 22. The averagémean)degree of slope
in areas where white beaked dolphivere
absent and present. Error bars represent
standard error

Figure 21. The averagémean) degree of slope in
areas where whitbeaked dolphingvere absent and
present. Error bars represent standard error

White beaked dolphins were more likely to be seen in areas where there was lesshewshbed

sediment (Figure 230ver the years whatbeaked dolphin sightings generally increased with the
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highestpresence per 15 minute interwal2011 (Figure 24 Pairwise interactions were tested but
none were significant (Table 4) so the best (quasibinomial GLM) model for white beaked dolphin

distribution contained the main effects of year, depth, slope and mud.
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4. Discussion

15 large marine animals were identified in this study and harbour porpoise were the most
frequently sighted cetacean species in the area. This result is in agreement with previous publications
which showthat harbour porpoise are the most common and widadpetacean species in the shelf
waters around thgK (Reid et al., 2003and more specifically have been identified as most
abundant cetacean species in the waters of the west coast of Scotland (Booth, 2010).

Enough sighting data was collected to matleldistribution of five different large marine
species in respect to year and environmental variables. In studies such as these, it is important to
consider that although considerable effort was made to cover most of the study area, coverage of all
possble ranges and combinations of habitat variables was probably not achieved, which means that
the habitat preferences identified in this study are not absolute (MacLeod et al., 2007). Instead, the
distribution and habitat preferences identified here aativelto the ranges and combinations of the
habitats covered by the surveys.

In all the minimum adequate models for the different species, year, depth, slope and at least
one sediment type were a@ted. The probability of sightingach species was adted diffeently by

the variables tested; therefdlee models of each species will be discussed in turn.

4.1. Common dolphin

There was a strongffect of depth on common dolphin distribution and they were more likely
to be present in deeper waters. sTigiconsistent with studies of common dolphin in Galician \sater
where a higher abundance of common dolphin was found in areas of deepet.dzef al.,

2004). The average depth at which common dofphiere present was 89m which coincides with
the range of depths (4420m) in which common dolphins were found in the western Atlantic Ocean

(Jefferson et al., 2009). The apparent preferential use of deeper water may be due to the presence of
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available prey. Blue whitingMicromesistius poutasspis a main prey species of common dolphin
and are known to live in depths of 16000m although in summenonthsimmature blue whiting
are found in less deep waters (Bailey, 1982). The surveys were carried out between April and
October which would have caped data throughout the sumnmonthswhen immature blue
whiting were in water of depths <16080o this could provide an explanation for the preference of
common dolphin in the depths at which they were seen.

Importantly the interactions of percentagansl and year and the interaction of percentage
sand and depth were included in the minimum adequadielmio is known that over time, due to the
strong tidal currents in this aresedimentransportation occurs (Ellett and Edwards, 1983). This
might exphin the complicated interaction of year and percentage sand because in different years

sediment may have been in different areas.

4.2.Basking shark

The areas in which there was glhpresence of basking sharkgy(fe 3) was very similar to
what has beenfound 't udi es usi ng ol dwhichdesaibeareas withs . ‘Ho't
consistently high sighting raa@ave been identified in the areas between the islands of Coll and
Tiree (Speedie et al., 2009) which were $shene aream which most basking sharks were observed
in this study. The probability afightinga basking shark increased in areas of shallower water and
where there was a slightly less degree of slope. This may be explained by the way in which the
topogaphy of the sebed influences the availabiligf basking sharlprey. Basking sharks are ram
filter feederspreying onzooplankton, predominantly copepods, suclakanus finmarchicuandC.
helgolandicugSimsand Merrett 1997).They must filter larg amounts of plankton to sustain their
energetic needs, which requires them to stay in areas with high zooplankton concentrations
(Drewery, 2012). Tidal frontsvhich are areas where different water bodies naetassociated with

a high abundance of zolapkton (Sims & Quayle, 1998). Previous studies found that in areas where
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these tidal fronts are well defined there are relatively more annual sightings of basking sharks (Sims,
2008). Tidal fronts generally form in shallow coastal waf8mpson and Boers 1981) andhis
may be driving the patterns of basking shark distribution in shallower waters because of the
increased abundance of food available that can support larger numbers of basking sharks.
Interestingly, there was a higher presence of basking shark invéinees there was a slightly less
degree of slope but tidal fronts normally form where there is variable seagmgtaphy (Simpson
and Bowers, 1981) sbmay be expected that more sightings would be made in areas of a larger
degree of slope?erhaps inhis study area upwelling is influenced more by other variables not tested
such as tides or currents that are known to be unique to thi€Sangason et al., 1979).

Rather than inferring the presence of tidal fronts based on bathymetric featvweklibe
more appropriate to directly measure sea surface temperature (SST). SST can provide important
information about the location of tidal fronts (Simpson and Pingree, 1978) and the distribution of
basking sharks in relation to this environmental variablddcoe tested in future models if data was
made available.

Sighting data may not have been the most appromé@tdor studying the distribution of
basking sharks because of their surfacing behaviour. Basking sharks move horizontally in the water
columnin relation to the availality of food (Sims et al., 2003so in yearsvhere planktonvere
deepersighting data may give the impression that basking sharks were absent when in fact they
were just too deep to be sighted. It is also not known how maimg gfdpulation bask on the surface
of the water or how often this behaviour is exhibi8duthall et al., 2005 hereforethere isa
significant bias associated with sighting data of basking sleutkis possible that this bias may
explain the negativeffect of year in 2004 and 2011.

In recent years satellite tags, which track the movement of the animals over a long period of

time, have been utilised in trying to better understand baskar§ shovements and distribution
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(Witt et al., 2012)Although itis more expensive,atia from these sources, rather than sightings

be a better method to understand temporal and spatial patterns in relation to environmental features.

4.3. Harbour porpoise

The model that best explained harbour porpoise distribution included the main effect of year,
depth, slope, percentage mud and percentage sand as well as the interaction between year and
percentage mud and the interaction between year and slope. Thedesdltat ovethe ten years
studied there was significant tempdnaariation between the years. There wasctear pattern
between the yeardthough there was a peak in the presence of harbour porpoise in 2008.

Fluctuations in the number of harbourpoise sightings between years has been studied
previously in this area (Booth, 2010) and changes in climatic or oceanographic conditions have been
attributed to a change in harbour porpoise distribution (Stevick et al., 2008). Without investigating
the clmatic or oceanographic changes that occurred from year to year it isldifficdentify if
these could caugbe patterns shown in this study. Alternatively, it could be that the study area does
not encompass the whole effective range of the obseamxir porpoisesrhe fluctuations could
thereforebe explained by movement in and out of the study area. A study encompassing waters
much further south (Bay of Biscay, Spain) and further north than the study area (up to the Norwegian
and Icelandic coast®)und that harbour porpoise populations between these regions consisted of a
single population with no obvious ecological barrier to limit their dispersal (Fontaine et al., 2007). It
is possible that the movement of animals within a larger range thanghetudied could account
for the significant temporal effect of year.

The interaction between year and slope and year and percentage sand may be explained by
the different areas that were surveyed each year. In different years, the effect of slaperdage

mud may have had a different effect depending on the areas that were surveyed in each year.
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The average depth of 67m in which harbour porpoise were present is consistent with previous
studies that found an increase in harbour porpoise deteetiaepths between 50A1.50m (Booth,

2010; Marubini et al., 2009; MacLeod et al., 2007; Goodwin and Speedie, 2008). The effect of depth
on harbour porpoise presence could be explained by the availability of prey especially juvenile
whiting (Merlangius merngug, haddockMelanogrammus aeglefinygollock Pollachius

pollachiug and saitheRollachius virenspas theyform a major part of harbour porpoise diet (Santos

et al., 2004). These species inhabit waters shallower than 200m and it is specifically known that
whiting inhabit depths of between 40m and 20@ersohn et al., 2009) h€ depths that these fish
species inhabitnay be driving the observed distribution of harbour porpoise observed in this study
and could explain the importance of deptlmicreasing the probability dfarbour porpoise

presence.

Percentage mud and percentage sand both, singularly, had a sijmifieat on the
probability ofthe presence of harbour porpoi$ée result that harbour porpoise weresent in
areas with anverage of 38 per cent maohd36 per cent sankh the sedimeninay be explained by
the habitat required of harbour porpomey species. Whiting are known to prefer muddy sandy
sediments\(Veng,1986) and make up a large part of harbour porpoise diet (Santos et al. 2004). The
increased prey available in muddy sandy areas may be attracting larger numbers of harbour porpoise
andcould explain why harbour porpoisee more likely to be preseintareas of these sediment
types.

Distance to land has been previously identified as an important variable in explaining harbour
poripoise distribution (Booth, 2010) but this was not foumthis study. Booth (2010) suggested that
distance to land could act as a proxy for other unmeasured biologically significant features such as
salinity, upwelling occurring closer to the shore and sheltered areas. However, the results presented
here contast with these previous findings and suggest that distance to land does not have a

significant effect on harbour porpoise distributionjrmteed orany other species analysed.
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4.4. Minke whale

Sedimeninfluenced minke whale sightings ards is consistent with the findings of a study
on a smaller area of the western coast of Scotdretethe distribution of minke whal&as
strondy influencel by sediment type (Maebd et al., 2004). This could be linked to the presence of
prey because c&in preyspeciegequire certain habitat types. Sandeéehfnodytespp.) are a major
prey source for minke whale, making up between &% by weight of their diet in this studyear
(Pierce et al., 2004). Sandeee more available in the beginning bétsummer because juveniles
emerge from the seabed at the end of spring (MacLeod et al., 2004). Sandeel distribution is limited
by the availability of appropriate sediment types in which their eggs can develop which includes
coarse sand and gravel (Re4970). It has been found that there is a strong correlation between prey
availability and minke whale diet (Tamura and Fujise, 2002) so the association of sandeel with
habitat type may explain the patterns of minke whale distribution. The main effectsl afrsgravel
were not significant when removed from the model but minke whales were more likely to be seen in
areas where there was an average percentage mud of 26% which leaves the remaining average
sediment made up of about 74% gravel and sand mix. Urkieys were carried out between April
and Octobesoit is likely that their diet during the surveys consisted of sandeel (Tamura and Fujise,
2002) The habitat preference of sandeel cahlereforeindirectly explain minke whale distribution
and their préerence for areas of a lower percentage mud.

Depthand slope were both, singularigfluencedthe spatial distribution of minke whale in
this study. On the eastern coast of Scotland is has been observed that the ofajgtityngs
between 2001 and 26Mccurred at steeply sloped areas and at depths between 20m and 50m
(Robinson et al., 2009). The authors attributed this pattern in minke whale distribution to areas of
increased upwelling of nutrient rich currents caused by the steep slopes and ddpitseabed
(Robinson et al., 2009). In additiohhas been proposed that minke whale in the St. Lawrence

estuary, Canada, use currents caused by seabed topoduaply feeding (Lynas and S¢stre,
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1998). The same processes could be happening inateesiof this study area because more minke
whales were present in areas of greater degree of slopes and they preferred areas of deep water. It
would be expected that an increase in nutrient rich currents caused by the change in depth may
increase local mductivity that would provide enhanced feeding opportunities for marine predators
such as minke whale (Yen et al., 2004). The significant effect of depth and slope on minke whale
distributionfound heremay therefore be explained by the interaction of eddbpography with prey
availability.

Markedly, there was a strong negative effect of year in 2005 on the probability of minke
whale observations which coincided with a reported significant change in the ecosystem in the
waters of the west coast of Scatid in 2005 (Booth, 2010). Concurrentlyere was a strong
positive effect ofyear onthe presence dfasking sharks in 2008 reduction in salinity was
recorded from early 2005 to 2007 which suggests a reduced influence of water into the study area
from the Atlantic (Baxter et al., 2011). Although it is unclear why, this change in water movement
coincided with a regional change in available prey with a reduction in small schooling fish such as
sandeels and herrif@lupea harengysand an increase large zooplankton (Stevick et al., 2007).

The decline in sandeels and herring would have resulted in less available prey for the minke whale
which may explain this pronounced decline in the presence of minke whale during 2005. Sandeels
and herring rely oplankton as a main food source (Prokopchuk and Sentyabov, 2006; Christensen,
2010) so it could be reasoned that a reduction in these species may have reduced predation pressure
on zooplankton. This, in turn, could have provided a more abundant prey eefmuasking

sharks, resulting in the observed increase in their numbers in 2005. Further investigation into the
oceanographic changes that occurred during this time would allow for better conclusions to be drawn
about the reasons behind the marked chamgeinke whale and basking shatiktribution changes

in 2005.
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4.5. White -beaked dolphin

Notably, whitebeaked dolphins were first recorded in 2005 in this study. It is unlikely that
they wereabsentecause¢heywere reorded during 2004 and 2005 ddLeod et al., 2007). The
absence of whiteaked dolphins recorded in this study is more likely to be a reflection of the
change in survey effort over the years. Survey effort has increased to more northerly and westerly
waters in recent years, which is wherhite beaked dolphins are more often sighted (Figure 3). This
highlights one of the limitations of using data from an area so large because resources do not allow
total coverage of the area in every ydacreasingsurvey effort or by collaborating manata sets
would improve this.

Depth was identified as a significant predictor of white beaked dolphin presence and this is
consistent with previous studies conducted in this area which found that depth was the primary
variable linked to the occurrea ofwhite beaked dolphin (Ma&od et al., 2007)'hey were more
often sighted in areas to the west of the outer islands (Figure 3) which is refleateddreased
probability of presence with the shallowest slapeldeepest waters of all the species aredy
addition Macleod et al. (2007) identified distance to land as an important variable but this was not
found in this study. A possible reason that it was not found to be an important variable in describing
white-beaked dolphin distribution in this styicould be becaesof the time periods used. Masxhd
(2007) looked at data from June and Jalywo consecutive years whaethis study used data from
10 years and over a much longer period of the season-@gtdlber). It is known that during the
sumner there is a peak in whiteeaked dolphin sightings closer to the sH@anning et al., 2008;

Reid et al., 2003). Pooling the data from all the months may have meant that the effect of distance to
land appeared to not have an effect on whé&aked dolpim distribution because the effect of month

had not been considered. To test for this, further anaisisldbe carried out which includeseh

effect of month in the modelBata were available on Julian day so seasonal variation could have
been investigted but this is an area for further work.
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5. Conclusions

Effective conservation will depend critically on our understanding of the relationship
between the species and the habitats they use (Canadas and Hammondyiaa9&)yt the
environmental variables tested seem to have real biological reasons influencing the probability of
megafauna distributioand this knowledge can help identify important areas in the waters off the
west coast of Scotland.

Understanding that ye, depth, slope and sediment type effect the distribution of a range of
megafauna in the waters off the west coast of Scotland is higielyant today becauseith fossil
fuels depleting, there is ever more demand for energy from alternative souattendShas set a
target of producing 100 per cettits electricity requirements from renewable sources by 2020
(DECC, 2009) and the marine environment will no doubt play an important role in achieving this
ambitious aim. Proposals have been made toheseaiters of this study area for the production of
renewable energy\lexander et al., 2013) so background knowledge on the distribution of species
that inhabit the waters off the west coast of Scotlan@iparamount importance. The spatial and
temporalpatternddentified in this study, in combination with other studies, should be considered in

plans for future conservation measures and developments in these waters.
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