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Abstract

Cetacean Habitat Modelling in Skjalfandi, Eyjafjordur @hhrfijordur Bays,
North East Iceland.

The relationships cetaceans have with the co-occurnmgrommental variables of their
habitats have been widely researched by a number bbrautUtilising this information
habitat mapping and modelling of specific ‘hot spot’ area$ wegards to predicting high
suitability areas for cetaceans and therefore appteprreas for protection, has been
relatively understudied. This study examines the tempardl spatial distribution of three
cetacean specieBdlaenoptera acutorostrafdMegaptera novaeangliaendLagenorhynchus
albirostris) and their interactions with five environmental variallgepth, slope, aspect, SST
and chlorophylla) and three geographical variables (latitude, longitude &tdnd¢e from the
coastline) in Skjalfandi Bay, northeast Iceland. Wil this information, areas of high
suitability for the three species were then predictednéighbouring Eyjafjérour and
Oxarfjoréur Bays using a differing combination of environmentariables and PCA
(Principal Component Analysis) and ENFA (Ecological Midractor Analysis) modelling.
Whale watching boats, Geographical Information SystemsS)(GRemote Sensing and
Biological Mapping software were used to achieve thieas of high suitability for the three
species were predicted in the eastern areas of, Bgafjtand Oxarfjordur Bays (fixed
environmental variables); Skjalfandi Bay and the opert@eéhe north of the bay (non-fixed
environmental variables); central eastern and northwveésSkjalfandi Bay (combined
environmental variables); north, west and eastern @kjifand along the coastline of
Gjogurta (geographical variables) and northwest, centtasanthwest of Skjalfandi Bay and
the Gjogurta coastline (all variables combined). In pregjcareas of high suitability for
cetaceans in Skjalfandi, Eyjafjordur and Oxarfjordur Bagsre implementation of protected
areas to conserve and maintain cetacean species numliebe aided. Future protected
areas identified as being highly suitable for cetaceatishvein be able to sustain a larger
volume of managed eco-tourism largely benefiting NEal@ldue to this generated income.
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1. Introduction



1. Introduction

This study examines two modelling techniques and their aliditypredict areas of high
cetacean occurrence in three Bays (Skjalfandi, Oxarfjvand Eyjafjordur) in the North East

of Iceland.
1.1 Study Area - Skjalfandi Bay

Skjalfandi Bay has a width of 10 km at its base, to thehsandl a width of approximately 51
km between the points of Gjogurt4 and Tjornnesta, tadinth (figure 1.1). The length of the
bay is approximately 25 km with a maximum depth of 220 m &§&dsl, 2004).

Figure 1.1.Map of the study area of Skjalfandi Bay, located inNloetheast of Iceland
(Jonsson, 1996 modified by Cecchetti, 2006).

Two large rivers flow into the bay at its south endaB&pdafljot to the west side, with an
average flow of 95fts and Laxa i Adaldal to the east side, with an aveflageof 60nT/s.
The input of freshwater from the two rivers decreakessalinity in the bay. The sediment in
the Bay predominantly consists of gravel/sand on sldpesit occupying the majority of the
sea floor (Cecchetti, 2006). Skjalfandi Bay's bathymetrygénerally characterised by
shallow waters with a deepest point of 240 metres imohdawest close to Flatey.



Iceland is influenced by a number of currents includintgl gmlar water from the East

Greenland Current and Arctic Water of the East Ice@@iirrent from the north and to the
south, water from the North Atlantic Water of theninger Current (Gudmonsson, 1998).
The patterns of circulation in this area are influendsd its bottom topography, the

Greenland-Iceland and the Reykjanes Ridge to the weshardhh Mayen and Iceland-Faroe
Ridge to the east (figure 1.2) (Hunt and Drinkwater, 2005

Figure 1.2 The continental shelf surrounding Iceland which charass the topography of
Icelandic waters. To the west of Iceland are the @aeel-Iceland and the Reykjanes Ridge.
To the east lie the Iceland-Faroe Ridge and the Faaod4o the north the Kolbeinsey Ridge
and Jan Mayen (Hunt and Drinkwater, 2005).

The continental shelf in Iceland is understood to be ajppedgly 400 metres in depth
(Gislason, 2004).

The Irminger Current splits into two at the Greenlareldind Ridge where one branch flows
west and south to form a cyclonic circulation in theihger Sea and the other, smaller
current, flows around the northwest peninsula of Icelarfdrbeflowing eastward as the
North Icelandic Irminger Current. Three water masdedifterent origins characterise the

hydrographical conditions on the shelf north of Icelandese are the warmer and saline



Atlantic Water, cold low salinity Polar Water andtArctic Intermediate Water (figure 1.3)
(Olafsson, 1999).

2 32 24° 16’ 6

68

66°

64°

62°

60°

320 28 16’ ¢

Figure 1.3 Current circulation patterns surrounding Iceland (fralef@sson and Olafsson,
1991)

The Atlantic Water flowing into this region of the Noriceland shelf has important
consequences in terms of heat transport and primary piodlucto this area. Stratification
in the Atlantic Water permits sufficient mixing to repieh nutrients in the euphotic layer
(Stefansson and Olafsson, 1991).

In the NE region of Iceland, the phytoplankton spring blostarts in early April and lasts
about one month with a maximum in late April to the ibeopg of May. This is then
followed by a decrease until mid-May when fairly lowrsuer values are reached. Surface
salinity is important in controlling phytoplankton dev@toent. If the water entering this
region is of a higher salinity the bloom is delayed 8/\2eeks. However, the general pattern
remains the same (Gudmonsson, 1998).

The stability of the water column and the prevailing emvinental conditions are responsible
for the timing of the spring bloom in Iceland. Fluctuatide$ween ‘cold’ and ‘warm’ years



due to the different annual inflows of warm Atlantic erst control the degree of mixing
between the water layers. During ‘cold’ years the stghaf the water column limits the
admixture of deep water into the surface layer, whe'rgasn’ years lead to greater mixing
and stronger circulation patterns, preserving nutrientladoiity and enhancing primary
production (Gudmundsson, 1998; Cecchetti, 2006).

As the nutrients become exhausted, the bloom ends atmbtin@ass remains low throughout
the summer. However, in warmer years the end o$pineig bloom is not expected to occur
before the second week of June. The temporal variaitiopgmary productivity give rise to

food patchiness which in turn determines the distribution acatibn of top predators such

as marine mammals (Gudmonsson, 1998).

The sea around Iceland provides the main nursery and fead®agof capelin (the largest
pelagic stock in Icelandic waters) and supports a fisbefymillion tonnes. Hydrographical
conditions in this area, however, are the main cdmmgoplfactor in the distribution of

planktonic communities and thus the calanoid copepods whicktha main constituents of
the capelin diet in these waters (Astthorsson anth€is, 2003).

Calanusfinnmarchicus(40-60% of the total biomass in spring) dPskeudocalanuspp. are
common in Icelandic waters. However, the neritic cg®e Verruca stroemia Balanus
balanoides Temora longicornis Evadne nordmannand Podon leuckarti together with
Oithonaspp., are abundant in the fjords and not in the operrsvateth of Iceland, whereas
the reverse is true for the ophiuroid larvae and théicabopepodsMetridia longg C.
hyperboreusandC. glacialis(Astthorsson and Gislason, 2003).

Common fish species to Skjalfandi Bay are ad@ddus morhup capelin Mallotus villosus,
sandeelAmmodytespp.) and herringdlupea herangys Capelin is particularly important in
the marine ecosystem in Iceland as it provides an impoidad source for fish species such
as cod, Greenland halibuRé¢inhardtius hippoglossidesand for seabirds and marine
mammals (Cecchetti, 2006).

The migrating schools of juvenile capelin following tlethward currents (figure 1.4) in the
summer months provide a food resource for marine mam®igkifandi Bay is known to be
utilised by migratory species such as minke whalalaenoptera acutorostrajaand
humpback whalesMegaptera novaeanglidevhich also migrate northwards in the summer



to feed in the colder waters of the North Atlanticu(itl and Drinkwater, 2005; Cecchetti,
2006).

Figure 1.4. Location of migration patterns of capeliMdllotus villosu$ around Iceland.
Green shadow — adults feeding ground; green arrows — migratiges; blue shadow —
young capelin feeding ground; blue arrows — return migratioth; sleadow — breeding
ground; red arrows — spawning migration (from Hunt and Drinkuy&005).

Flocks of seabirds are often associated with marinemadsnfeeding on similar prey such as
krill (Euphausiaceaspp.), capelin and sandeel (Lilliendahl and Solmundsson, 1997).
Common seabird species in Skjalfandi Bay include: ganriedsqd bassara common
guillemot Uria aalge), cormorants Phalacrocorax carbpy razorbills @lca torda), puffins
(Fratercula arcticg, kittiwakes Rissa tridactylq and arctic ternsSternaparadisaed (Hunt

and Drinkwater, 2005).

Icelandic waters provide a migration route and feeding grdompproximately 18 species of
cetacean. The most common of these in SkjalfangiiBdude the minke whale (estimated at
56,000 individuals), humpback whale and white-beaked dolphiagehorhynchus
albirostris). Less common species are fin whal&al@enopteraphysalu¥, sei whales
(Balaenoptera boreal)s blue whales Balaenoptera musculiys white sided dolphin
(Lagenorhynchus acutyssperm whale Rhyseter macrocephalysorca whale Qrcinus

orca) and the harbour porpoisel{ocoena phocoefhd@Hunt and Drinkwater, 2005).



1.2 Whale watching

Whale watching is currently one of the fastest growirgas of the world tourism market,
with whale watching in Iceland alone being estimated talibectly worth over US$1.34
million per annum (personal comm., Asbjorn Bjorgvinssore Hiilsavik Whale Museum).
Since the first whale watching tour in 1955 (Hoyt, 1992) andItbernational Whaling
Commission’s (IWC) moratorium on commercial whalingasvenacted in 1986, whale
watching has become one of the most viable and sustainablef cetaceans. In 1995 the
country saw the first real establishment of whale hiaty with the generation of three
companies in Keflavik. In 2006 Iceland encountered 89,000 tourisfs38,000 of these
visiting the ‘whale watching capital’ of Husavik (figure 1.dixectly creating 70 jobs for six
months of the year (personal comm., Asbjérn Bjorgvins$be Husavik Whale Museum).

Over recent years whale watching has become increasmglgrtant in Iceland not only
through the generation of income from tourism but ineaasing public awareness of marine
mammals. Regular cruises allow scientists to uttheevessels as ‘platforms of opportunity’
for studying cetacean abundances and relationships with éheironments. In 1993, the
International Whaling Commission declared its desire tooerage the further development

of whale watching as a sustainable use of cetacean resoiW¢€, 1994).

The heightened desire to view marine mammals in tlaurral habitat is prompting a large
change in how society values whales. Many regions ofvitidd have now begun to view
whale watching as a sustainable alternative to whalingvelder, caution must be taken to
assure these efforts are not detrimental to the hedltindividuals or populations of
cetaceans. The continued view that ecotourism is benigature may risk the enforcement
of token whale-watching guidelines that may be counterpraductBy not fully
understanding the biological implication and relevancehete guidelines harm may be
inflicted by our desire to appreciate cetaceans (Willj#2082).

As some species of whale are endangered, threatenedlmn@rable due to humans past
exploitation and changes in ocean conditions, the impafcshort-term disturbances may be
exacerbated. Whale watching is concentrated in areagtioélchabitat required for specific

activities and is often competitive as vessel operateek $0 make the experience more



attractive by getting close to the cetaceans or by pwydhem. Therefore, the cumulative
effects of whale watching alone may give rise to corsd@mn risks (Lien, 2000).

Research has increasingly become focused on the efeedbtbe and disturbance from the
boats on marine mammals (Williams, 1999; Erbe, 2002; &¥illi, 2002). Research has
observed avoidance responses, attraction to the bakésed direction of swimming
(horizontal avoidance), shortened surfacing time, londjees (vertical avoidance) and
interruption and termination of feeding and travelling betavi(Erbe, 2002; Williams,
2002). Agonistic behavioural responses have also been recsudikdas slapping flukes or
pectoral fins on the surface of the water (Williams, 20@2havioural changes have been
noted in residents within 100 m distances from boats waithing avoidance strategies being
adopted depending on their sex, the number of boats atahabs(Williams, 1999). In
contrast to this whales have not shown avoidance bmirato boats in the range of 50 m or
less which has been attributed to a habituation to baadsdecrease in auditory sensitivity
due to temporary or permanent hearing loss (Erbe, 2002). &senmammals rely on
acoustics for communication and orientation a disturbarfcthis can affect the cetaceans’
ability to communicate, detect predators, navigate using emagatal sounds and
orientation (Erbe, 2002).

It is still unknown as to the importance of behavibuesponses and the biological effects
they have on cetaceans as no long term study has beeto adilate the effects on cetaceans
caused by whale watching from other environmental variahlgs &s climate change or prey

availability (Erbe, 2002).

1.3 Whale watching guidelines

Currently there is no legislation or legal framewankiceland regarding whale watching.
Vessels are not restricted in how close they are igednto approach the cetaceans and
therefore may place individuals under a large amourdtrefss. Studies have shown that
weakening guidelines, allowing boats to approach individuakeclthan 100 m, will yield
higher levels of disturbance (Williams, 2002).

Distance is very difficult to judge at sea, so boatsynbe violating whale-watching
guidelines unintentionally; however humans have a tendémcynderestimate distance,



therefore where whale watchers make an effort tamet00 m away from whales they may
be staying further away (Williams, 2002). The primary mansge tools used to date are
distance guidelines and restrictions; however, in somasaof the world, including Iceland,

these are only voluntary. It is thought that as th@ntg of people underestimate distances
on water, distance regulations may be a conservappeoach to managing boat/whale
interactions (Baird and Burkhart, 2000).

It has been suggested that respectful whale watching invele@s parallel approaches.
Leapfrogging is discouraged as speeding up to overtakehle wcreases the intensity of
cavitation noise. The increase in propeller rotation alsceases the engine noise to higher
frequencies, which would have greater potential for maskiognwunication signals.
Manoeuvring the boat directly ahead of the whale’s patnovement places the source of
masking noise in the most disruptive position (Richaragal, 1995).

14 Management

A suitable management goal may be to ensure that thdéitbehehale watching in terms of
economic and conservation values does not cause #&coslividuals or the population due

to excessive stress (Williams, 2002).

When there are large numbers of vessels pursuing anapglisyaching too closely, moving
too quickly and operating too noisily the natural perforrearaf wild marine mammals may
be interrupted. When these activities are containedmitie@ same areas for long periods of
time, become repetitive and/or persist in preventingctimapletion of natural life processes
they become a conservation threat (Lien, 2000). Wighlalkek of legislation and operating
guidelines enforced at present in Iceland it is becomingasingly apparent that this may be
happening. It is vital that precautionary approaches areicatetl in the management of
whale watching so that standards of operation are adoptethiéicted to prohibit activities
that may disturb the natural behaviour of whales. Thm@ach will ensure that the whale
watching activities in the region do not develop fastanttine knowledge of the impacts they
are causing (Lien, 2000). Establishing regulations for wivatehing will provide a basis for
managing human activities that will, or are likely &fect whale and dolphin populations
which occur in Icelandic waters so as to ensure tlogiservation and recovery (Lien, 2000).



Little information is available on the short and loegat impact of whale watching activities
on cetaceans. Management is faced with the challengeezding and enforcing regulations
which will allow whale watching to continue while mininmg the disturbance to the marine
mammals (Baird and Burkhart, 2000).

1.5 Problems for cetaceans

Environmental changes, natural and anthropogenic, are em@tiilf altering cetacean

habitats throughout the world’s oceans. Fisheries hagiertajor impacts in altering habitats,
biological processes and food webs in recent yearsdsirg activities offshore; oil and gas,
mineral extraction, transportation and recreation hdigurbed and damaged areas of

productive habitat for cetaceans (Lien, 2000).

Specific habitat requirements of cetaceans include awhiy of food, depth, temperature,
currents and lack of disturbance from predators or weakhaine mammals rely on these
habitats to provide areas for foraging and feeding, magaring for calves, maintaining
social groups and resting (Lien, 2000).

1.6 Marine Spatial Planning

Marine spatial planning can be defined as:

‘An integrated, policy-based approach to the regulaticemagement and protection
of the marine environment, including the allocation ofcep#hat addresses the
multiple, cumulative and potentially conflicting usestloé sea and thereby facilitates
sustainable development.’(MSPP, 2006).

Marine spatial plans should form the basis for cadl decision making processes on
development, resource exploitation, investment dewsind long term protection of the
valued environment (MSPP, 2006).

Iceland is a member of the OSPAR convention, Oslo and Eonvention for the Protection
of the Marine Environment in the Northeast Atlantic.idtthought that the 39 ‘marine
protected areas’ (defined as any maritime area under maeageinich results in some level
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of protection for at least a part of the ecosystentf) dfawhich regulate fisheries, may be
beneficial for cetaceans. However, any move to protethceans in these areas would
require surveys to determine habitat. Knowledge of theilelision and abundance of the
different species in this area should be collected and dgdlumefore this can go ahead
(Hoyt, 2005).

Breidafjordur, Skjalfandi and Eyjafjordur Bays in particulaould be considered by other
countries as nationally and internationally importaeicause of their resident whale
populations and therefore considered as candidates focimmtearks or biosphere reserves.
However, Iceland does not have the political procedurgdaire to designate these areas to
be protected habitats for cetaceans. With Iceland havinghegswhaling activities in 2003,
and minke whales having been taken near some of the aregaestion the possibility of
protection seems unlikely (Hoyt, 2005).

1.7 Cetaceans and environmental variables

Many factors may influence the temporal and spatial Higion and abundance of cetaceans
and these have been divided into three broad groups (Mey2201):

a) Environmental (physiochemical, climatological andrgemphological);

b) Biotic (prey, competition, reproduction and predatiamyg

¢) Anthropogenic (historical hunting, pollution, ship activitommercial/recreational

fishing, oil and gas production and seismic testing).

The environmental variables affecting cetacean movemeheiworld’s oceans can be

classed as one of two types; fixed or non-fixed.

1.7.1 Fixed parameters

i Depth

Water depth and seabed topography have been the focus ofomgnséudies in relation to

cetacean distribution due to the important role ofah#sysical environmental factors in the
productivity of an area. The more abrupt the depth chargéigiher the concentrations of
near-surface zooplankton and other organisms (MacLeod, 2001).
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The most significant environmental influence on the distidm of cetaceans is how the

environment affects the aggregation of prey species. loabe of benthic or demersal prey
species, physiography is detrimental in limiting distribatibrectly by depth, slope and type
of substrate. For other species, namely pelagic fistcapbdalopods, physiography plays the
role of inducing up-welling of nutrients, increased primargdoiction and aggregation of

zooplankton due to the convergence of surface waters (Caétaala2002).

A study by Cafadast al. (2002) focused on two delphinids, the bottlenose dolghinsfops
truncatug and the short-beaked common dolphelphinus delphisin the north eastern
Alboran Sea. From the collected data seven speciesdoftocete were examined with
relation to water depth and slope. A significant défese was found in the distribution of
each species; however this was mainly noticed with défh. species were then further
classified into two groups; shallow water species (sheaked common dolphin and bottle
nose dolphin) and deep water species (striped dolphin, Ridstp&in, long finned pilot
whale, sperm whale and beaked whale). Water depthsreckfey each group were areas
deeper than 600 m for the deep water group and areas rarmimghie shallower shore to
depths of 400 m for the shallow water group (Canatias, 2002).

The effect of topography on prey abundance, distributdod foraging strategy of the

humpback whale has been indirectly linked with the huanklwhale feeding distribution in

the Gulf of Maine. A correlation between the number hoimpback whales and the
concentrations of American sande@ih{modytes americanusvas found on the sandy sea
bed sediments of submarine banks (Pastred., 1986).

The depth and mean August sea surface temperatures weretdosigaificantly correlate

with the harbour porpoise frequency sighting in the sontBary of Fundy, Canada (Watts
and Gaskin, 1985). The association with the deeper waipréo 1000m) and increasing
number of porpoises was related to the availabilityhef Atlantic herring. Herring were
distributed at depths of 20-500m during the day and so the gme&for harbour porpoises
has been linked to the vertical distribution of her(atts and Gaskin, 1985).

A study by Hui (1979) assigned a depth and contour index (whpesented the percentage
change in depth in a sample area) to each dolphin sightihgn the genu®elphinusin the
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southern Californian Bight. A positive relationship waand between the distribution Bf
delphisand steep sea bed topography, due to the upwellings ingh@m@viding nutrients to
the surface creating productive areas (Hui, 1979).

In a study by Cecchetti (2006) examining the spatial and teahgstribution of cetaceans in
Skjalfandi Bay, North East Iceland it was found the distribution of minke whales was in
shallow waters, shallow and deep waters for humpbackewlaand shallow waters for white-
beaked dolphins. (Cecchetti, 2006).

il Slope

A number of studies have focused on the relationshipetdceans with another physical
parameter, the slope of the sea bed (Selzer and Payne DiB88et al, 1998; Kasamatset

al., 2000; Baumgartneat al, 2001; Canadast al, 2002; Jaquet and Gendron, 2002; Hastie
et al, 2004; Tetley, 2004; Yeet al.,2004; Panigadat al, 2005 and Walker, 2005).

Daviset al. (1998) found a significant difference among the 13 diffespetcies studied with
regard to bottom depth gradient. The group found in the stegqaebénts consisted of sperm
whales, Risso’s dolphins, striped dolphins and spinner dol@ndssignificantly differed
from Atlantic spotted dolphins which were found over thalleiwvest bottom depth gradient.
Other species studied occurred over bottom depth gradietite middle and overlapped the
values found for the other two groups (Dastisal, 1998).

Studies by Kasamatset al. (2000) used multiple linear regression analysis to disciinr
the sea floor slope type made a significant contributominke whale density in the years of
1982/1983 however not in 1989/1990. The study concluded that the segtyfle alone did
not have a consistently significant effect on thecamtrations of minke whales in the two
surveys, however, this feature combined with the assacigiatures of sea ice volume and
cold water intrusions may have influenced the minke whadériloition in these areas
(Kasamatseet al, 2000).

In a study conducted by Daws al (2002) sperm whales tended to occur along the lower
slope, Atlantic spotted dolphins were found on the contaeelf and along the shelf break,
bottlenose dolphins along the upper slope in water signtficaeeper than Atlantic spotted
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dolphins and Risso’s dolphins and short-finned pilot whalesiroed along the upper slope.
The enhanced presence of cetaceans along the slopin$tabyssal areas of the northern
Gulf of Mexico was thought to be due to collision of o®sale eddies with the continental
margin, which enhanced primary and secondary productivity,cedlyealong the upper
continental slope (Davis et al., 2002).

Foraging behaviour of bottlenose dolphin in NE Scotland besn shown to vary
significantly with seabed gradient. The model used irstbdy predicted that this behaviour
occurred more frequently over steep gradient sea bedewearshallow sea bed gradients. It
was thought that the occurrence of feeding behaviour steep gradients was due to prey
capture being more efficient in these areas or beadaassased numbers of large fish occur
within these areas. Steep seabed gradients may aati@ssbased to easily catch prey; these
areas may be used by fish to navigate during migrationngddian increase of individuals’
number and school size and dynamic features such adlingveand tidal currents due to the
steep gradients were also attributed to the distributiccetaceans in this area (Hasdteal,
2004).

Slope has been considered as a key factor to predictadremth cetacean diversity in order
to establish whether oceanographic features may be usedofservation management
purposes (Walker, 2005). A significant positive correlation =(p0.001) for cetacean
abundance and steeper slope was found in particular fohidafpecies such as striped
dolphin, short beaked dolphin, Risso’s dolphin, white-beakeohdglbottlenose dolphin and
two whale species; pilot whale and false killer whale.

Cecchetti (2006) concluded that the distributions of sigktper unit effort of minke whales,
humpback whales and white-beaked dolphins showed the highestances on steep slopes,
steeper and gentler slopes and steep slopes respectively.

ii Sediment type

Geomorphological variables such as sediment type lads@® been the focus of many
cetacean habitat studies and are thought to influenceeeetatistribution. Minke whales
have been studied in the Mingan Islands, Canada by étaald(2003) with respect to depth,
topography and substrate type. A strong correlation wasdfavith cetacean distribution and
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two types of geomorphology; sandy substrate and sandgsdwhich occurred in shallow
waters close to deltas. It was concluded that cetaceamsafundant in this area due to the
occurrence of two fish species, sand lareaifodytespp.) and capelinallotus villosus.
These species are strongly associated with sandyeets as the sand lance spends its entire
life cycle buried in sand emerging to feed and the capebs sandy banks to spawn. As
these two species constitute the preferred prey of minkdewhn this area abundances of
this whale species were high (Naetdal, 2003).

MacLeodet al. (2004) studied the distribution of minke whales off the ¢gIMull and found

a similar distribution to Naud et al. (2003), with spasaifts occurring throughout the
feeding season. In late summer and autumn minke whales ebserved exploiting deeper
waters with gravel sediments whereas during the springeany summer the whales
appeared in shallow waters with sandy-gravel substratas. pattern of distribution once
again reflected prey species distribution, in particatard eels (Ammodytes marinus) in the
early season and spawning herrin@supea harengysin the late season (MacLead al,
2004).

The minke whales in the southern outer Moray Firth haghdri occurrences in mainly
shallow waters with steep gradients, northerly facsmeats and sandy-gravel substrates. No
significant correlations to sandy-gravel sedimentsewleund during cetacean travelling,
enforcing that the habitat choice reflects the categbagtivity (Tetley, 2004).

1.7.2 Non-fixed parameters

i Sea Surface Temperature (SST)

One feature which can affect the physical and biologicalge®es occurring in the sea is the
temperature of the water (Selzer & Payne, 1988). Marinemadsn cetaceans in particular,
are greatly affected by heat loss by being immersed iarwhit order to survive, cetaceans
have developed ways to maintain body heat and energgndgd on thermoregulation to
ensure an efficient energy budget. Therefore, many speoiss adapted to certain

temperature regimes, can only occur in those areagyT2004).
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Cooler polar waters are known to be highly productive andghmgde high quality regions
for many top predators such as cetaceans and sea birgddib @Huntet al, 2000). Kelleret

al. (2006) found a direct positive relationship between temperaiod habitat choice in
Northern right whalesHuabalaena glacialisin the calving grounds of the North Atlantic. In
January and February the whales were seen to folldereiit movement patterns according
to two zones; EWS (Early Warning System) and the Flanet shore and to differing SST.
Differing SSTs in this area are due to the Gulf Strelamifg close to the Florida shore and
moving northerly more offshore causing temperatures irEtS to be higher than that of
the northern area. It was concluded that the GulfaBtrevas a thermal limit controlling the
distribution of right whales (Kellegt al, 2006).

A number of factors including; temperature, cold waterusibns, slope and sea ice
extension were considered by Katamagsal (2000) in the distribution of minke whales in
the Bellingshausen and Amundsen Seas in 1982/83 and 1989/90. Tég smnducted in
1982/83 yielded a larger abundance of minke whales in a \ardibtribution than in
1989/90. Although temperature was not found to be a signifieatarfinfluencing the whale
distribution, combined with the factors of sea-ice carat cold water intrusions it suggested
a possible positive correlation. This was due to the 1982/83yshaxeng a lower SST than
in 1989/90 with a greater extension of sea ice and modeveatler intrusions (Katamatsi
al., 2000).

Davis et al (1998) identified that the deep-diving species; Risso’'shilmlpsperm whales,
pygmy/dwarf sperm whales and unidentified beaked whaleis study occurred in water
with the steepest SST gradient. It is thought that esetkpecies are known to feed on squid
they may have been foraging along thermal fronts @&ssacwith eddy systems. These high
abundance areas are associated with cold-core eddiesrthahore productive than the
warmer oligotrophic surface water warm-core eddies (Detvad, 1998).

Short-beaked common dolphinBdlphinus delphisin New Zealand showed a seasonal
offshore shift in their distribution which appeared tocberelated to SST (Neumann, 2001).
D. delphis moved from a mean distance of 9.2 km from shore img@nd summer to a
mean distance of 20.2 km from shore in autumn. It wasthgg®ed that SST influenced the
distribution ofD. delphisprey which in turn affected their seasonal movementsirfidan,
2001).
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il Productivity/Chlorophyll —a density

Primary productivity is the key factor in determining thensfer of energy from the lowest
stage of the food chain, phytophagus plankton, up to thestlghel of predators including
cetaceans (Baumgartnetral, 2001; MacLeod, 2001; Tetley, 2004; Walker, 2005).

Chlorophyll-a concentration showed a significant correlation (p = 0.@@0inke whales, a
highly significant correlation (p = 0.003) for humpback wha@d no correlation for white-
beaked dolphin distribution in the Skjalfandi Bay Négland (Cecchetti, 2006).

A study on blue whales in the Northeast Pacific by Bigttewet al (2004) showed that the
arrival of blue whales off Point Conception in earlydwcoincided with substantial primary
productivity accumulating within and extending west from Swuthern California Bight.
The September peak of whale abundance in this regiomides with expected peak
euphausiid biomass, approximately seven months followingotiset of the cool water
upwelling season (February — May) and typical euphausiid spgwevents. Southern and
central California experienced a comparable influx of bldelas, owing to comparable
primary and secondary productivity levels. These phytoplankiooms and euphausiid
growth cycles were consistent with the seasonahgnoif peak blue whale abundance in this
region. It appears that during the 1997/1998 EIl Nifio event,rfangas maintained the
primary productivity necessary to support euphausiid aggregatimhghas grazing blue
whales (Burtenshawt al, 2004).

The relationship between food availability and cetacestnilsition has also been highlighted
by Littaye et al. (2004). Chlorophydl-concentration, derived from satellite imagery, was
compared with fin whale Balaenoptera physalyissightings in the north western
Mediterranean Sea. It was concluded that there waseat ccorrelation during springs
coinciding with high primary production, however in springshwow primary production
the whales movement was linked to short term producti@nts and to thermal fronts

aggregating zooplankton (Littaye al, 2004).
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ii Additional physical factors

There are additional factors which may affect cetacéstnlmition spatially and temporally;
one of these is the input of fresh water (Baumgaehat, 2001; Daviet al, 2002). Shialet

al. (1996) found that fresh water decreased the salinity astabareas and increased the
nutrient supply leading to an enhancement of primary prodiycin the coastal zone of the
river Lanyang His, Taiwan. Three types of water wdemniified, the water in the river mouth
with low salinity and high nitrate levels, the seaavawith a high salinity and lower nitrate
levels and the mixed water with an intermediate #glend high nitrate levels. These water
types were then compared with primary production ratesiaPy production rates were low
in estuarine water and high in sea water and mixed waker.high turbidity levels in the
river mouth were concluded to be limiting the phytoplanktomiidShiahet al, 1996).

Davis et al. (2002) examined the distribution of cetaceans in the eortlBulf of Mexico
regarding dynamic oceanographic features such as cyclodiardgityclonic eddies and the
influence of the Mississippi River delta. The low siies and nutrient availability of the
Mississippi River were linked to the enhancement of pym@roductivity and to the
occurrence of cetacean species over the continelofa@.sThe deeper waters beyond the
continental slope have been documented as foraging graondsperm whales taking
advantage of eddies in the transfer of riverine nutrients leence primary and secondary
production (Davigt al, 2002).

1.8 Aims

The aim of this research is to investigate the relatiqp between environmental variables
(EVs) and cetacean (humpback whale, minke whale and wrateetedolphin) distribution
in Skjalfandi Bay, NE Iceland. Utilising this relationshepitable prediction models will be
created to apply to this region and adjacent regiongfjgsdur and Oxarfjordur) to predict
areas of likely cetacean sightings. This informatiolhtiwen be used to assess the creation of

marine protected area designation and sustainable whalgcesutilization.
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Environmental variables examined include:

1. fixed parameters of;

0 depth,
o slope, and
o aspect

(sediment type will not be included due to lack of inforomayi

2. the non fixed parameters of;

sea surface temperature,
primary productivity,
latitude,

longitude, and

o O O O O

distance from the coastline.
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20



2. Methods
2.1 Cetacean Surveys

Cetacean sightings regarding the distribution and abundahcenarine mammals in
Skjalfandi Bay (figure 2.2) were recorded over a four mgmtod, the beginning of May
until the end of August, in 2007 (combined with previous years 2004-2006)

Habitat Suitability
Prediction Area

Figure 2.1 Map showing the study area (Modified from Cecchetti, 20D6&)a recorded in

the enclosed study area will be used to predict valudgienclosed habitat suitability
prediction area enclosed in red.

Whale watching vessels were utilised as platforms of oppibyt throughout the data
collection. Weather permitting, the whale watching comypdNorth Sailing’ permitted the
use of its vessels to record marine mammal sightings: f#ps were undertaken each day
(one in the morning, two in the afternoon and one in Ylemiag) lasting approximately three
hours. However, on average data was recorded once @ &day. One vessel, tBgossi
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Sor (figure 2.2) was utilised for the majority of the resbai@ standardize the methodology
used for data collection. However, if the number of peopléhe tour increased or the vessel
was unavailable, additional boadtsttfari andKnorrin (figure 2.2), also belonging to ‘North

Sailing’ were used. To observe the cetaceans cleadlyestimate distances from the boat to
the individual locations of the marine mammals, ostgons were undertaken from the roof

of the wheelhouses of each vesd@ttfari 4.5 m;Bjossi S613 m; Knorrin 2.70 m).

. Bjossi Sor
Kndarrin

Nattfari

Figure 2.2 Photograph of the ‘North Sailing’ whale watching vesg@€igrrin, Bjossi Sor
andNattfari) used as platforms of opportunity to collect sightings dftdtedata from 2004-
2007.

A volunteer from The Whale Museum in Hasavik and a mrebea were present to record the
sightings data. Sighting and effort data forms (Appendiere utilised to record data.
Sighting data comprised of; the species observednunaber of that species, the distance
from the boat, the GPS location, time of observatlmehaviour and potential presence of
calves. If there were any seabirds at the time of@meo their species was also noted down
as their presence alongside whales whilst they ackenigdnas been documented by a number
of authors (Gillet al, 2000; Yeret al, 2004). Effort data consisted of collecting GPS (Etrex,
Garmin) locations, headings, bearings and speeds d%eminutes. Also included in the
effort data was the weather condition, sea statayf®et Scale), wind speed and direction,
cloud cover and swell height and direction. Additionaddatluded dive times for the minke
whale Balaenoptera acutorostrafjaand the humpback whaléviégaptera novaeanglide
using a stopwatch and a Dictaphone (Mikomi ET 812A). Thisnedtl a recording of the dive
patterns of these species to be recorded along witlirdetion of each longer dive.

Sightings data (converted into Dbase |V files) waeorporated into study area maps created

with ArcView 3.3 software. A map of the study area &ja8andi Bay, Iceland was created
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from the world map available within the programme suppliethbyEnvironmental Systems
Research Institute (ESRI) and converted into a Meraaty projection. Archive sightings
data for 2004, 2005 and 2006 were also used to highlight the dismilaftthe three main

marine mammals in the bay; the minke whale, humpbackevdmal white-beaked dolphin.

2.2 Environmental Data

The environmental data in this study consisted of fixed;fixexl and geographical variables.
Fixed variables included depth, slope and aspect. Non-fixedbiesiancluded sea surface
temperature (SST) and chlorophgleoncentration. Geographical variables included distance
from the coastline and longitude/latitude. Data was plaut® the ArcView 3.3 software and

analysed using a Geographical Information System (GIS).

2.2.1 Fixed Variables

Depth data from the AQUA satellite recorded by the seMODIS (MODerate resolution
Imaging Spectroradiometer) was obtained for Skjalfandarfirour and Eyjafjordur Bays
and placed into a spreadsheet. The depth contour dathevasdanverted into an event theme

in ArcView 3.3; from this a grid theme was created t@te depth map of the three bays.

Slope and aspect data was extrapolated from the deptlaldzddy inserted into ArcView.
The ‘Spatial Analyst’ function allowed the data to beectly derived to produce slope and
aspect bathymetric maps of the three bays.

2.2.2 Non-fixed Variables

The Natural Environment Research Council (NERC) Eartbe@lation Data Acquisition and
Analysis Service (NEODAAS) at the Plymouth Marine Ledtory provided the satellite data
for SST and chlorophy#: concentration. Monthly composite images from May to
September, 2004, 2005, 2006 and 2007 were available as GeoTiffs gféemeced Tag
Image File Format) and were downloaded via the NEODAAS ieebs final composite of

all years combined was then created and used in the mappoesgro
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Images from AQUA recorded by the sensor MODIS (MODeregsolution Imaging
Spectroradiometer) were obtained at a resolution of 250Nising ArcView the images
were converted into a grid theme and then the digitalbeusnprovided by this process were
converted into true values (degrees Celsius and condenjrasing the following formulas
(provided by NEODAAS):

SST
Chl-a

where SST = Sea surface temperat?@ (
Chl-a = chlorophyll- a density ¢17)
DN = Digital number

2.2.3 Geographical Variables
Distance from the coastline was calculated by measthegstraight line distance from a
sighting to the coastline. Latitude and longitude weravddrusing a 1 km x 1 km grid

spanning the survey area. The latitude and longitude weredeetfor each corner of the 1

km x 1 km grid.

To utilise the data in Biomapper for Ecological Nidrector Analysis (ENFA), all files were
converted from grids to IDRISI files (figure 2.3).
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Figure 2.3 Flow chart depicting data manipulation and conversion, USl&g(modified from
Cecchetti, 2006).
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2.3 Data Analysis
2.3.1 Effort Analysis

Effort data was converted into Dbase IV files to beeitexd into ArcView to obtain vessel
tracks (figure 2.4) of the whale watching tours each day. @R#ions recorded every fifteen
minutes were joined together by a line and then overlail thiet ArcView maps to represent
vessel tracks. The total length of time (minutes) spermach survey each day was calculated
for all years (2004, 2005, 2006 and 2007). Utilising the previous 1 krkrm grid created in
ArcView an average length of time spent in each gridwal calculated (assuming that the
time spent in each cell was the same). This was se$ds/ dividing the total amount of

minutes spent for each trip by the total number of cells.

Sightings per unit effort (SPUE) was then analysedaloulate the number of sightings per

minute searching for each of the surveys based on tlefod calculation:

SPUE=n/k
where n is the total number of sightings ardd_the total amount of time spent on a survey.
2.4  Spatial Distribution of Cetaceans
To determine the spatial distribution of the cetaceanSkjalfandi Bay in relation to the
environmental variables maps were created of depth, asbmoe, and cetacean sightings in
order to visualise a pattern of distribution. Maps wels® areated with sightings and

temperature and chlorophyleomposites.

To aid visual analysis of the data, histograms of the emwviemtal variables (EVs) (fixed and
non-fixed) and geographical variables with each species eveated.

2.5 Statistical Analysis

Significant differences between species and the co-oegUEVs were examined statistically

using Minitab 13 software. Anderson-Darling tests wereoperéd to test for normality and
then followed by Kruskal-Wallis (as the data was nomap®tric and not normal in
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distribution) to identify significant differences betwespecies and the EVs. Correlations
with each EV and species were examined using Pearsomsl&mn Coefficient.

Individual variable data was then extracted to be plattedihe Biomapper 3 software.

2.6 Habitat Suitability Predictions

BioMapper 3 is a statistical and GIS tool which is desigoecreate habitat suitability (HS)
models and maps, through comparing species sightings withnder of EGVs. Being
centred on ecological niche factor analysis (ENRApdrmits the creation of HS models
without the need of absence data (Hireelal, 2004). All significant factors assumed to
affect the distribution of cetaceans in SkjalfandiyBvere placed into BioMapper 3.2 as
IDRISI files under ecogeographical maps (converted prewionsthe IDRISI extension of
ArcView). Sightings data was also placed into thevgaxfé as a workmap. Sightings data was
then booleanised to give values of O (absence) or 1 (mesednce the EGVs were placed
into the software they were normalised by box-cordf@amations to make each variable
overlayable to the next. Maps were then verified teckhfor discrepancies. If there were
none an ENFA was carried out.

ENFA summarizes all predictors into a number of urelated axes, like principal
component analysis (PCA) (Reuttet al, 2003) except in the case of axes that have
ecological meaning (Compton, 2004).

Marginality (M), the degree to which the mean of the species digtibdiffers from that of
the available conditions of the study area, is reptedeby the first axis. Marginality
coefficients were calculated for each species waitheEGV. With a positive marginality the
focal species is identified as preferring EGV condgidhat are higher than the average
available and vice versa for negative values (Hietedl, 2002). An overall marginality
value for all species sightings and EGVs was calculatigld larger values representing
species preference of habitats that differ from theaamee conditions available (Compton,
2004).

27



Specialisation valuess| for each species and the co-occurring EGVs were ¢hkunilated to
represent how the variance of the species distribudiffers from that of the available
conditions. With a higher value comes the requirenagt a more restricted range of each
species with regard to a given EGV (Compton, 2004). A hotgrance valueT the inverse
of specialisation) indicates that a species occuptetatively wide niche (Hirzedt al.,2002;
Compton, 2004).

Depending on species each EGV will vary in the amouimfofmation it explains per factor
(shown by marginality and specialisation coefficien&$ each EGV varies, individually
they will explain a proportion of the specialisationtioé focal species. Once the EGVs have
been computed as to the proportion of the specialisetiamich they contribute, McArthur’'s
broken stick model serves as a guide to select the nuofilfactors explaining the largest
amount of information and recommendations to be includéoeitdS map computation. The
map created is allocated a value of 0-100 for each cel, 10 being the cells with the
highest suitability (Compton, 2004).
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3. Results
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3.1 Effort

3.1.1 Sightings Per Unit Effort (SPUE) Analysis

The survey data included a total of 1,092 sightings with a totalber of survey minutes
equal to 43,335. Data relative to the monthly and yeailyegafor effort are shown itable
3.1.1.1

The months with the largest value for effort for stiidy years are July and August with
14,678 and 12,486 minutes respectively. The month with the lowesird of survey effort
for all years is September (2007 not included in this stwdif) an effort value of 781
minutes.

Table 3.1.1.1Survey effort for 2004, 2005, 2006 and 2007 summer research seBstims.
monthly and total effort data, expressed in minutes, ated for each year.

Total
Year Monthly Effort (minutes) Effort
May  June July  August September  (minutes)
2004 0 0 2630 2402 0 5032
2005 0 3050 4044 3380 781 11255
2006 1375 4300 3585 3508 0 12768
2007 2194 4471 4419 3196 - 14280
Total 3569 11821 14678 12486 781 43335

The months of May 2004 and 2005; June 2004 and September 2004 and 20@6|tnae st
effort with O survey minute values.

Throughout the four study periods the total number of sumewytes has increased from
5,032 in 2004 to 14, 280 in 200figlre 3.1.1.7).

Sightings per unit effort (SPUE) data were calculatedte minke whale, humpback whale
and the white-beaked dolphin combined and also for each indsgecies. Monthly values

are also reported to examine a finer temporal scalble3aand graphs relative to SPUE
analysis for the combined specig¢able 3.1.1.2; figure 3.1.1.Pand the individual species

(table 3.1.1.2; figure 3.1.1.3; figure 3.1.1.4; figure 3.1.).&re reported as follows.
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Table 3.1.1.2.Sightings per unit effort (SPUE) data. All tables ezkative to the research
period of 2004-2007, monthly values are provided.

a) Sightings per unit effort (SPUE) of the three spedizdgenoptera acutorostrata
Megaptera novaeangliaendLagenorhynchus albirostrjs

Year May June July August  September
2004 0.0000 0.0000 0.0243 0.0142 0.0000
2005 0.0000 0.0141 0.0188 0.0139 0.0127
2006 0.0240 0.0221  0.0187  0.0205 0.0000
2007 0.0228 0.0333 0.0351  0.0427 -

b) SPUE for the minke whalBalaenoptera acutorostrata

Year May June July August  September
2004 0.0000 0.0000 0.0179  0.0100 0.0000
2005 0.0000 0.0039 0.0119 0.0062 0.0038
2006 0.0065 0.0056 0.0064 0.0128 0.0000
2007 0.0100 0.0062 0.0070  0.0062 -

c) SPUE values for the white-beaked dolpbagenorhynchus albirostris

Year May June July August  September
2004 0.0000 0.0000 0.0030 0.0042 0.0000
2005 0.0000 0.0056 0.0049  0.0065 0.0051
2006 0.0073 0.0035 0.0028 0.0014 0.0000
2007 0.0059 0.0134 0.0167 0.0274 -

d) SPUE values for the humpback whislegaptera novaeangliae

Year May June July August  September
2004 0.0000 0.0000 0.0034  0.0000 0.0000
2005 0.0000 0.0046 0.0020 0.0012 0.0038
2006 0.0102 0.0126 0.0086  0.0063 0.0000
2007 0.0068 0.0136  0.0113  0.0091 -
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Figure 3.1.1.1 Monthly effort data for the three specieBalaenoptera acutorostrata,
Megaptera novaeangliae, Lagenorhynchus albirossightings during 2004-2007 research
seasons.
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Figure 3.1.1.2.Monthly sightings per unit effort (SPUE) for the thigeecies Balaenoptera
acutorostrata Megaptera novaeangliaéagenorhynchus albirostrjssightings during 2004-
2007 research seasons.
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Figure 3.1.1.3.Monthly sightings per unit effort (SPUE) for minke whéBalaenoptera
acutorostrata sightings during 2004-2007 research seasons.
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Figure 3.1.1.4.Monthly sightings per unit effort (SPUE) for white-bealdsdphin
(Lagenorhynchus albirostrjssightings during 2004-2007 research seasons.
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Figure 3.1.1.5Monthly sightings per unit effort (SPUE) for humpbackaleMegaptera
novaeangliaesightings during 2004-2007 research seasons.

3.1.2 Spatial distribution of cetaceans

Vessel tracks logged by the GPS coordinates show thef&tgalfandi Bay surveyed by the
whale watching vessels during the study period of 2004 — Z@fiitg 3.1.2.9). In the year
2004 vessel tracks dominate the northern part of the baglandshow a smaller number of

surveys in comparison with 2005-2007.
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Figure 3.1.2.1Vessel tracks showing the spatial effort relative seaech years 2004, 2005,
2006 and 2007 within the study area (modified from Cecchetti, 2006).

In 2005 there was a more evenly distributed survey area fbcnaely on the centre and
southern parts of the bay. The final years, 2006-2007, vesgel tracks surveying a wider

area of the bay covering the north, centre and sdytheras.

3.2 Sightings
3.2.1 Temporal distribution

The encounter frequency of the three cetacean spacladed in this study, the minke whale
(Balaenoptera acutorostrataBa), the humpback whaldlégaptera novaeangliadvin) and
the white-beaked dolphinégenorhynchus albirostrid.a) has increased from the year 2004
(89 sightings) to 2007 (569 sightings). The most common spawsier the study period
(2004-2007 combined) was the white-beaked dolphin with a total of 48tngjs, followed
by the minke whale with 346 sightings and then finally tlwenpback whale with 312
sightings figure 3.2.1.1).
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Figure 3.2.1.1Encounter frequency for the included species in the giglyed from 2004-
2007. Species included are the minke whBlgldenoptera acutorostratda), the humpback
whale (Megaptera novaeangliaeMn) and the white-beaked dolphinagenorhynchus
albirostris, La).

The number of white-beaked dolphin encounters increaseddnta of seven from 2006 to
2007; minke whale sightings remained relatively constant thraughe study period and
humpback whale sightings have increased steadily from-200%.

3.2.2 Spatial distribution

Table 3.2.2.1andfigure 3.2.2.1show the sighting frequencies and distributions of minke
whales, humpback whales and white-beaked dolphin encodrteighout 2004-2007.
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Table 3.2.2.1 Sighting frequencies of the three speci®&aléenoptera acutorostrata
Megaptera novaeangliaéagenorhynchus albirostisiuring the study period.

Year 2004 2005 2006 2007
May 0 0 32 83
June 0 43 94 166
July 61 74 63 156
August 29 46 71 164
September 0 10 0 -

Figure 3.2.2.1 Encounter distribution of the three speci@al@enoptera acutorostrata
Megaptera novaeanglia@and Lagenorhynchus albirostriswithin the study area for the
research period (2004, 2005, 2006 and 2007 combined) and for the foufnyedifeed from
Cecchetti, 2006).

A large area of the bay is occupied by the three spaududed in this study. The main areas
of cetacean sightings are in the central and soutireas of the bay. A yearly variation can
also be seen in the number and distribution of cetascea Skjalfandi Bay. Sightings are
focused to the northwest in 2004, south in 2005 and centvahylarger spatial coverage in

2006-2007.

Sightings relative to individual species are illustdatethe following section.
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Table 3.2.2.2Sighting frequencies for the minke wh&alaenoptera acutorostratir each
month of the study period 2004-2007.

Month 2004 2005 2006 2007
May 0 0 9 29
June 0 11 24 28
July 46 49 21 31
August 19 21 44 11
September 0 3 0

Figure 3.2.2.2Encounter distribution of the minke whd&alaenoptera acutorostratavithin
the study area for the research period (2004, 2005, 2006 and 2007 arabithdor the four
years (modified from Cecchetti, 2006).

Minke whales were encountered often and over a larg@akpadle (able 3.2.2.2andfigure

3.2.2.9. Temporally minke whales were distributed to the remth of the bay in 2004, over
a smaller spatial scale and to the south in 2005, chnime2006 and centrally with a higher
number of sightings located on the eastern side c&lf8kgi Bay in 2007. Moreover,

sightings were also reported in a closer proximity tosthere in 2005.
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Table 3.2.2.3 Sighting frequencies for the white-beaked dolgtagenorhynchus albirostris
for each month of the study period 2004-2007.

Month 2004 2005 2006 2007
May 0 0 10 31
June 0 18 16 76
July 7 18 10 74
August 10 20 5 135
September 0 4 0 -

Figure 3.2.2.3 Encounter distribution of the white-beaked dolpHiagenorhynchus
albirostris, within the study area for the research period (2004, 2005, 20D62@07
combined) and for the four years (modified from Cecch2®@6).

White-beaked dolphin sighting frequency and distribution wererally low and occupied a
central area of Skjalfandi Bayaple 3.2.2.3andfigure 3.2.2.3. In 2004 sightings were
concentrated in the north and eastern areas of thedbayever, from 2005-2007 sightings of
white-beaked dolphin covered a relatively similar spataleswith sightings being located in

central areas of the bay.
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Table 3.2.2.4Sighting frequencies for the humpback whalegaptera novaeangliador
each month of the study period 2004-2007.

Mn 2004 2005 2006 2007
May 0 0 13 23
June 0 14 54 62
July 8 7 32 51
August 0 5 22 18
September 0 3 0

Figure 3.2.2.4 Encounter distribution of the humpback whaldegaptera novaeangliae
within the study area for the research period (2004, 2005, 2006 and@®bihed) and for
the four years (modified from Cecchetti, 2006).

Humpback whale sightings are also often encountered@vel a large spatial scalalfle
3.2.2.4andfigure 3.2.2.4. Sightings in 2004 were low and concentrated in the @eatd
north areas of the bay; in 2005 they were focused in th#hwest areas of the bay over a
smaller spatial scale; 2006 covered the largest spati#d 8dth sightings relatively evenly
distributed throughout Skjalfandi Bay and in 2007 sightingsewcentral in the bay and

relatively evenly distributed over a large spatial scale.
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3.3 Environmental Variables
3.3.1 Fixed Parameters
a) Depth

The GIS layout of the GEBCO derived depth of Skjalfandy Band the further areas of
Eyjafiordur and Oxarfjordur is reportedfigure 3.3.1.1 The three bays are characterised by
shallower water along their western, central and aasteores. The shallowest area (0 — 94
m) of the study location lies to the northwest ofédflndi Bay and along the eastern and
northwest coastline of Eyjafjorour Bay. Shallow areas loa seen extending north from the
coastline separating Skjalfandi and Eyjafjordur and Skjdifand Oxarfjordur. In between
these areas of shallower water are areas of deeper (282 — 376 m).

Figure 3.3.1.1GIS layout of depth for Skjalfandi Bay and the extended éEyjafjorour and
Oxarfjoréur) to be used for habitat modelling (depth value scdBEBCO).

b) Slope

The GEBCO derived topography of the study and was modeligdsallustrated in a GIS
layout infigure 3.3.1.2 Skjalfandi Bay is characterised by a steep westernshatlower
eastern coastline, with a less steep southern shore dloe accumulation of sediments from
the two rivers flowing into the bay. For the extendeddamodelling area, ridges of steeper
slopes separating Skjalfandi Bay, Eyjafjordur and Ox&dtjo can be seen. Both Eyjafjordur
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and Oxarfjoréur are characterised by steeper slopes smtstern and eastern shores with
both bays once again having gentler slopes on their southeres due to the accumulation

of sediments from rivers flowing into them.

Figure 3.3.1.2GIS layout of slope for Skjalfandi Bay and the extehdeea (Eyjafjorour and
Oxarfjoréur) to be used for habitat modelling (slope datacgoGEBCO).

c) Aspect

Figure 3.3.1.3GIS layout of aspect for Skjalfandi Bay and the exterated (Eyjafjdrour
and Oxarfjordur) to be used for habitat modelling (aspectstatece GEBCO).
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The GIS layout of GEBCO derived aspect is illustrated gurg 3.3.1.3. Skjalfandi,

Eyjafiordur and Oxarfjordur Bays have predominantly noghead east facing slopes on
their western shores. To the eastern shores tlee thays have predominantly west and
northwest facing slopes. The steeper ridges extendingtfierwestern side of each bay can
be clearly seen and have predominantly northeast andfeeast) slopes. Between these

ridges are areas of less steep west and northwegj Flojes.

3.3.2 Non-fixed Parameters
a) Sea Surface Temperature (SST)

The GIS layout of the MODIS SSPQ) composite (combined monthly, May to September
and yearly, 2004-2007) is presented figure 3.3.2.1 The majority of the sea is
approximately &C with cooler temperatures of -0.3 %C4occupying the areas of river inputs
in Eyjafiordur and Oxarfjordur. Cooler areas of %5are also seen in Oxarfjprdur on the
eastern shore due to the dominant current in the bay gydnam the western shore to the
eastern shore. A warmer area of %6 7xtends from the south western shore to the north

eastern shore of Skjalfandi Bay.

Figure 3.3.2.1GIS layout of composite (MODIS) (combined monthly Mayep&mber and
yearly 2004 - 2007) sea surface temperatl@ for Skjalfandi Bay and the extended area
(Eyjafioréur and Oxarfjordur) to be used for habitat modellData Source NEODAAS.
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b) Chlorophyll-a

Chlorophylla ( glI'') concentration is depicted below in the GIS layouttte MODIS
composite (yearly and monthlyfigure 3.3.2.9. Higher concentrations of chlorophylare
shown in the southern and eastern inshore areas dfa®kijgBay and Oxarfioréur Bay with
values ranging from 2-4gl™. In Eyjafiordur Bay higher concentrations of chloroplaytire

shown on the central western shore with similaueslof 2-4 gl™.

Figure 3.3.2.2GIS layout of composite (MODIS) (combined monthly Mayep&mber and
yearly 2004 - 2007) chlorophyél-concentration (gI™') for Skjalfandi Bay and the extended
area (Eyjafjoréur and Oxarfjoréur) to be used for habitadetimg. Data Source NEODAAS.

3.4 Intraspecific associations with Geographical and Environmeal
Variables

This section describes the relationship the sightings peletfart data for each species has

with the co-occurring geographical and environmental data.Afgkerson-Darling test was

used to determine the normality of the data and is reportable 3.4.1

As the eight variables being examined had non-normallaisbns (p<0.05), non-parametric
statistics were chosen. The Kruskal-Wallis non-patameéest for variance was chosen to
examine the significant differences in the data bothtat-specific and intra-specific levels.
The Pearson product-moment correlation coefficient alss used to examine correlations

between the data sets.
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Table 3.4.1 Descriptive statistics (Anderson-Darling test) of thevieonmental and
geographical variables extracted from the sighting distions of all species, in ArcView.

Variable AD Pvalue St.Dev. Mean
Depth (m) 75.37 <0.05 81.05 79.92
Slope (degrees) 91.07 <0.05 32.30 53.78
Aspect (direction) 22.32  <0.05 113.70  159.40
SST (°C) 207.11 <0.05 2.02 5.48
chi( g™ 46.39 <0.05 0.46 0.66
Latitude (dec. degrees) 19.33 <0.05 0.10 66.17
Longitude (dec. degrees) 13.96 <0.05 0.28 17.52
Dist. to shore (km) 46.46  <0.05 16.17 16.68

Balaenoptera acutorostrata

The GIS layout of sightings per unit effort data for shady period (2004-2007) for minke
whales is shown ifigure 3.4.1 The areas with the highest SPUE values are to thbeaast

and the southwest of Skjalfandi Bay. In relationhte tlepth, slope and aspect variables, these
areas correspond with values of shallow depth and stelepers.

Figure 3.4.1 Map showing the distribution of minke whalBalaenoptera acutorostraja
sightings per unit effort in relation to a) depth (m), dlope (degrees) and c) aspect
(direction). Darker areas correspond to hotspots of sghtimodified from Cecchetti, 2006).
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The correlations between minke whale SPUE and the envirdamand geographical
variables are reported itable 3.4.2 combined with the Kruskal-Wallis test values.
Correlations are shown figure 3.4.2.

Table 3.4.2 Summary of statistical analysis performed using a) dé@aicorrelation b)
Kruskal-Wallis for the minke whale.
a) Pearson correlation to assess minke whkdaenoptera acutorostrajadistribution
correlations relating to the eight environmental parametCoefficient test (r) and p
value are shown.

Variable r p
Depth (m) 0.14 0.108
Slope (degrees) 0.06 0.522
Aspect (direction) 0.07 0.430
SST (°C) -0.05 0.608
Chi( g™ -0.21 <0.05
Latitude (dec. degrees) 0.18 <0.05
Longitude (dec. degrees) 0.22 <0.05
Dist. to shore (km) 0.10 0.260

b) Kruskal-Wallis to assess minke whal8afaenoptera acutorostrajadistribution
correlations relating to the eight environmental pararset@oefficient test (H),
degrees of freedom (DF) and p value are shown).

Variable H DF p
Depth (m) 91.64 89 0.403
Slope (degrees) 134.00 134 0.484
Aspect (direction) 134.00 134 0.484
SST (°C) 134.00 134 0.484
Chi( g™ 134.00 134 0.484
Latitude (dec. degrees) 35.52 12 <0.05
Longitude (dec. degrees) 25.51 21 0.226
Dist. to shore (km) 133.45 131 0.424
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Figure 3.4.2 Scatter plots for significant correlations betwebke tminke whale individual
survey SPUE values (2004-2007) and chloropaylbncentration, latitude and longitude. For
all correlations linear trend lines, their relative agpns and R value is shown.
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Significant correlations were observed between thehtisigs of minke whales and
chlorophyll-a concentration (r = -0.21, p<0.05), latitude (r = 0.18, p<0.05)@mgitude (r =
0.22, p<0.05). The Kruskal-Wallis test identified significdifferences in the minke whale
sighting distribution and their range of latitudes (H =525DF = 12, p<0.05).

Lagenorhynchus albirostris

White-beaked dolphin sighting per unit effort distributisrrepresented ifigure 3.4.3 The
SPUE for white-beaked dolphin varies from that of the minkale SPUE with there only
being one hotspot of high values in the northeast oflf8k@ Bay. This area of increased
sightings per unit effort once again correlates withasga of shallow water with steeper

slopes of a south to south easterly orientation.

Figure 3.4.3. Map showing the distribution of white-beaked dolphirggenorhynchus
albirostris, sightings per unit effort in relation to a) depth (rn), slope (degrees) and c)
aspect (direction). Darker areas correspond to hotspesiglifngs (modified from Cecchetti,
2006).
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A summary of the Pearson correlations and Kruskal-#/ailues for white-beaked dolphin

are shown irtable 3.4.3and correlations ifigure 3.4.4

The white-beaked dolphin sightings per unit effort corrdlatgh depth (r = 0.27, p<0.05)
slope (r = -0.36, p<0.05), latitude (r = 0.31, p<0.05) and distaocthe shore (r = 0.41,
p<0.05). There was a significant difference betweendhge of latitudes and the number of
white-beaked dolphin sightings over the study period (H Z3DF = 13, p<0.05).

Table 3.4.3 Summary of statistical analysis performed using a) dé@aicorrelation b)
Kruskal-Wallis for the white-beaked dolphin.
a) Pearson correlation to assess white-beaked dolpglageqorhynchus albirostr)s
distribution correlations relating to the eight enviremtal parameters. Coefficient
test (r) and p value are shown.

Variable r p
Depth (m) 0.27 <0.05
Slope (degrees) -0.36 <0.05
Aspect (direction) -0.06 0.558
SST (°C) 0.04 0.721
Chi( g™ -0.16 0.124
Latitude (dec. degrees) 0.31 <0.05
Longitude (dec. degrees) 0.12 0.246
Dist. to shore (km) 0.41 <0.05

b) Kruskal-Wallis to assess white-beaked dolphibagenorhynchus albirostis
distribution correlations relating to the eight environta¢ parameters Coefficient
test (H), degrees of freedom (DF) and p value are shown).

Variable H DF p
Depth (m) 83.73 70 0.126
Slope (degrees) 93.00 93 0.480
Aspect (direction) 93.00 93 0.480
SST (°C) 93.00 93 0.480
Chi( g™ 93.00 93 0.480
Latitude (dec. degrees) 32.72 13 <0.05
Longitude (dec. degrees) 14.67 18 0.684
Dist. to shore (km) 1.51 91 0.465
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Figure 3.4.4 Scatter plots for significant correlations between wigte-beaked dolphin
individual survey SPUE values (2004-2007) and depth, slope, lattodedistance to the
coastline. For all correlations linear trend linesjrthelative equations and R value is shown.
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Megaptera novaeangliae

The sightings per unit effort data for the humpback e/hakied from that of both the minke
whale and the white-beaked dolphin. Hotspots of high SPUlEeyavere located in the far
north and the western areas of Skjalfandi Beyu(e 3.4.95. At the hotspot in the north of the
bay there was deep water, generally steep slopes (reotke ghan in the western hotspot)
with south eastern orientation. At the locationtled western hotspot there was shallower

water, steep slopes and south westerly facing slopes.

Figure 3.4.5Map showing the distribution of humpback whaldegaptera novaeangliae,
sightings per unit effort in relation to a) depth (m), dlope (degrees) and c) aspect
(direction). Darker areas correspond to hotspots of sghtimodified from Cecchetti, 2006).

When tested for correlationsable 3.4.4and figure 3.4.69, humpback whale sightings per

unit effort correlated significantly with chlorophyl-concentration (r = -0.23, p<0.05)
latitude (r = 0.22, p<0.05) and longitude (r = 0.53, p<0.05).
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The humpback whale encountered significant differenceseast the sightings per unit
effort across a range of latitudes (H = 23.38, DF = 11, p<@@&)ongitudes (H = 62.85, DF
= 20, p<0.05)table 3.4.9.

Table 3.4.4 Summary of statistical analysis performed using a) dé@aicorrelation b)
Kruskal-Wallis for the humpback whale.
a) Pearson correlation to assess humpback wihegdptera novaeanglidaistribution
correlations relating to the eight environmental parametCoefficient test (r) and p
value are shown.

Variable r p
Depth (m) 0.17 0.077
Slope (degrees) -0.10 0.294
Aspect (direction) -0.10 0.313
SST (°C) -0.03  0.772
Chi( g™ -0.23  <0.05
Latitude (dec. degrees) 0.22 <0.05
Longitude (dec. degrees) 0.53 <0.05
Dist. to shore (km) 0.15 0.108

b) Kruskal-Wallis to assess humpback whaMe@aptera novaeangliaedistribution
correlations relating to the eight environmental pararseteoefficient test (H),
degrees of freedom (DF) and p value are shown).

Variable H DF p
Depth (m) 92.63 80 0.158
Slope (degrees) 113.00 113 0.482
Aspect (direction) 113.00 113 0.482
SST (°C) 113.00 113 0.482
Chi( g™ 113.00 113 0.482
Latitude (dec. degrees) 23.38 11 <0.05
Longitude (dec. degrees) 62.85 20 <0.05
Dist. to shore (km) 111.19 110 0.450
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3.5 Interspecific Differences

In summary it has been shown, from the GIS layoutsigiitings per unit effort for minke

whales, white-beaked dolphin and humpback whales, that differeas are favoured by
each species. There was not one area of high SPWiEsval which all three species were
located, however, white-beaked dolphins and minke whaleset¢hefound in the northeast

region of the bay.

A summary of the Pearson correlation and Kruskal-Walkst examining significant
correlations and statistical differences betweentkinee species combined is showmaible
3.5.1andfigure 3.5.1

It can be seen that all three species correlatefieignily with depth (r = 0.17, p<0.05), slope
(r = -0.20, p<0.05), chlorophy#- concentration (r = -0.14, p<0.05), latitude (r = 0.20,
p<0.05), longitude (r = 0.15, p<0.05) and distance to the ¢her6.25, p<0.05).

Table 3.5.1 Summary of statistical analysis performed using a) Bearcorrelation b)
Kruskal-Wallis test for the three species included instiiely.

a) Pearson correlation to assess minke whaddaenoptera acutorostratavhite-beaked
dolphin,Lagenorhynchus albirostrisnd humpback whaléegaptera novaeangliae
distribution correlations relating to the eight enviremtal parameters. Coefficient
test (r) and p values are shown.

Variable r p
Depth (m) 0.17 <0.05
Slope (degrees) -0.20 <0.05
Aspect (direction) -0.03 0.525
SST (°C) 0.01 0.878
Chi( g™ -0.14 <0.05
Latitude (dec. degrees) 0.20 <0.05
Longitude (dec. degrees) 0.15 <0.05
Dist. to shore (km) 0.25 <0.05

b) Kruskal-Wallis test to assess minke whd@eJaenoptera acutorostratavhite-beaked
dolphin, Lagenorhynchus albirostrisnd humpback whaléegaptera novaeangliae
distribution correlations relating to the eight environta¢ parameters Coefficient
test (H), degrees of freedom (DF) and p values are shown)

Variable H DF p
Depth (m) 189.06 105 <0.05
Slope (degrees) 237.28 175 <0.05
Aspect (direction) 237.28 175 <0.05
SST (°C) 237.28 175 <0.05
chi( g™ 237.28 175 <0.05
Latitude (dec. degrees) 74.48 14 <0.05
Longitude (dec. degrees) 66.98 22 <0.05
Dist. to shore (km) 235.68 169 <0.05
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Figure 3.5.1Scatter plots for significant correlations betweenrthinke whale, white-beaked
dolphin and humpback whale individual survey SPUE valuesiapth, slope, chlorophyé-
concentration, latitude and longitude and distance froencthastline. For all correlations
linear trend lines, their relative equations and R vaishown.

In combination minke whales, white-beaked dolphin and hunkplbdwles significantly

differed in their distribution over a varying number of dep(H = 189.06, DF = 105,
p<0.05), slopes (H = 237.28, DF = 175, p<0.05), aspects (H = 237.28,106b, p<0.05),
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SSTs (H = 237.28, DF = 175, p<0.05), chlorophyll-a concentafjpl = 237.28, DF = 175,
p<0.05), latitudes (H = 74.48, DF = 14, p<0.05), longitudes (H = 6@B85 22, p<0.05)
and distances to the shore (H = 235.68, DF = 169, p<0.05).

3.6 Habitat Modelling - Ecological Niche Factor Analysis (ENR) vs.

Principal Component Analysis (PCA).
The following section will examine the use of ecoladiniche factor analysis and principal
component analysis in producing habitat suitability mapscambination with the
environmental and geographical variables.

3.6.1 Balaenoptera acutorostrata

The ENFA and PCA models of the fixed environmental vargahbldised to predict minke
whale habitat suitability are shown figure 3.6.1.1 The areas of high suitability using the
fixed environmental variables of depth, slope and aspecinatke eastern areas of the
Skjalfandi, Eyjafjordur and Oxarfioréur Bays. The are®iarfioréur Bay is the largest area
of high suitability for the minke whale and their cozoing environmental variables. All
three high suitability areas correlate with steepepes of west — northwest aspect and
shallower water. Low suitability areas correspond stéep slopes with an east — northeast
facing aspect and deeper water to the west of Skjalf&Eyghafjordur and Oxarfjordur Bays.
The ENFA model has larger more clearly defined high bilitya areas in east Oxarfjordur
Bay than the PCA model. Areas of high and mediunability habitat are also much more
clearly defined in Skjalfandi and Eyjafjérour Bays in #FA model, however, the areas of

high suitability in both models are generally of a tamsize.

The area of high suitability habitat for the minke whaseng the non-fixed environmental
variables is much largefigure 3.6.1.9. Eyjafjorédur and Oxarfjordur Bays only have a small
area of high suitability on their west coasts (alssmall area on Eyjafjorour’s east coast),
whereas, SkjalfandBay has a much larger area (north, central and wdégijedicted high
suitability for the minke whale. These areas of highasility coincide with cooler water and
lower concentrations of chlorophyl- The areas of low suitability predicted using the non-
fixed environmental variables covers the majority of Egj@fjir and Oxarfjordur Bays and
the open sea to the north of Eyjafjorolihe areas of high suitability habitat predicted by the
ENFA model are much larger than the PCA model, howe¢herarea of low suitability to the
north of Skjalfandi Bay is also larger.
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When the fixed and non-fixed environmental variables arebemad and used to predict
areas of high habitat suitability for the minke whdigufe 3.6.1.3)the suitability map looks
very similar to that of just the fixed environmental aates figure 3.6.1.7. Once again the
areas of high suitability are to the east of thedlyays, however, their suitability is reduced.
Areas with the highest suitability habitat are in tleatcal eastern area of Skjalfandi Bay
(correlating with west — northwest facing slopes, shalloweater, medium to high
concentrations of chlorophydl-and cooler water). Areas of low suitability habitat the
minke whale are predicted along the western coastlitieedhree bays and also into the open
sea along the ridges separating the three bays cargelaith steep northeast — east facing
slopes, deeper water, low concentrations of chloroghghd cooler water. The ENFA model
has an increased number of medium habitat suitabiligsatempared with the PCA model

which has a larger number of high suitability areas.

The geographical variables of longitude, latitude and distemdbe coastline are used to
predict areas of high habitat suitability for minke vezainfigure 3.6.1.4 This map is very
different to that of the areas of high suitabilityngsboth fixed and non-fixed environmental
variables. Areas of high suitability are located inrthp western and eastern areas of
Skjalfandi Bay and along the coastline separating Skidifand Eyjafjorour (Gjogurtd).
These areas correlate with smaller distances toctiest and middling latitudes and
longitudes. Areas of low suitability include areas ofttivee bays with a very close and large
distance to the shore and higher/lower values foutiitand longitude. There are very small
differences in predicted high habitat suitability areasveen the two models. The clearest
differences are with the area of high suitabilitySkjalfandi Bay which is larger in the ENFA
than the PCA. Additionally, the coastline separatingal&gdi Bay and Eyjafjorour has a
higher suitability in the ENFA than the PCA model.

In combining the environmental and geographical variablesraral habitat suitability map
for the minke whale is representedfigure 3.6.1.5 The area of highest suitability (in both
models) is located to the northwest, central and seghof Skjalfandi Bay (correlating with
steep west — northwest facing slopes, shallower wateddlenito high chlorophyl&
concentrations, cooler SSTs, middling latitude and longitadd close proximity the
coastline). There is also an area of high suitabltigated along the coastline separating
Skjalfandi and Eyjafjérour. Areas of moderate suitabitigcupy the majority of all three
bays with areas of low suitability occupying the opea ® the north of Skjalfandi and
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b)

Figure 3.6.1.1a) ENFA model and b) PCA model of the fixed environmentalables
(depth, slope and aspect) for the minke wiBd&enoptera acutorostratddS — areas in red
which are of high suitability habitat for the minke walS — areas in white which are of
low suitability habitat for the minke whale.
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b)

Figure 3.6.1.2a) ENFA model and b) PCA model for the non fixed envirortalerariables
of chlorophylla concentration and SST for the minke whBdaenoptera acutorostratddS
— areas in red which are of high suitability habitat fer thinke whale, LS — areas in white

which are of low suitability habitat for the minke whale
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b)

Figure 3.6.1.3a) ENFA model and b) PCA model of the combined fixed and non fixed
environmental variables for the minke wh&lalaenoptera acutorostratadS — areas in red
which are of high suitability habitat for the minke wdalS — areas in white which are of

low suitability habitat for the minke whale.
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b)

Figure 3.6.1.4a) ENFA model and b) PCA model of the geographic variafiéggude,
longitude and distance from the coastline) for the miwkele Balaenoptera acutorostrata.
HS — areas in red which are of high suitability habitattf@ minke whale, LS — areas in
white which are of low suitability habitat for the minkdale.
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b)

Figure 3.6.1.5a) ENFA model and b) PCA model for the combined geographiablas
(latitude, longitude and distance from the coastline) andronmental variables (depth,
slope, aspect, chloropdland SST) for the minke whakalaenoptera acutorostratddS —
areas in red which are of high suitability habitat foe tinke whale, LS — areas in white
which are of low suitability habitat for the minke whale
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Oxarfjordur Bays. The largest difference between the A£BRd PCA models is that of the
area of high suitability in Oxarfjordur Bay. In the ENfodel the entirety of Oxarfjoréur
Bay is of medium habitat suitability, however, in tREA model there is a band of high

habitat suitability which closely follows the easteaastline.

3.6.2 Lagenorhynchus albirostris

The ENFA and PCA models of the fixed environmental vargabldised to predict white-
beaked dolphin habitat suitability are showrfigure 3.6.2.1 As for the minke whales, the
areas of high suitability are in the eastern arealeoSkjalfandi, Eyjafjiordur and Oxarfjordur
Bays. The area in Oxarfjordur Bay is the largest afdzdgh suitability for the white-beaked
dolphin and the corresponding environmental variables. A#ethhigh suitability areas
correlate with steeper slopes of west — northwest agpecshallower water. Low suitability
areas correspond with steep slopes with an east — asttlaging aspect and deeper water to
the west of Skjalfandi, Eyjafjordur and Oxarfjordur Bayae ENFA model has larger more
clearly defined high suitability areas in east Oxarfjorday Bhan the PCA model. Areas of
high and medium suitability habitat are also much naearly defined in Skjalfandi and
Eyjafjorour Bays in the ENFA model, however, the arefakigh suitability in both models

are generally of a similar size.

The area of high suitability habitat for the white-behkdolphin using the non-fixed
environmental variables is once again very lardigufe 3.6.2.9. Eyjafjorour and
Oxarfjoréur Bays only have a small area of high suitighiln their west coasts (also a small
area on Eyjafjiorour’'s east coast), however, Skjalf&aly has a much larger area (north,
central and west) of predicted high suitability for theite-beaked dolphin. These areas of
high suitability coincide with cooler water and lowamncentrations of chlorophydi- The
areas of low suitability predicted using the non-fixed emrmental variables covers the
majority of Eyjafjordur and Oxarfjordur Bays and the opea ® the north of Eyjafjérdur
The areas of high suitability habitat predicted by the ENtodel are slightly larger than the
PCA model, however, the area of low suitability to mleeth of Skjalfandi Bay is also larger.

When the fixed and non-fixed environmental variables arebgmad and used to predict
areas of high habitat suitability for the white-beakegkol figure 3.6.2.3, once again, the
areas of high suitability are to the east of thedlyays, however, their suitability is reduced.
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Areas with the highest suitability habitat are in tleatcal eastern area of Skjalfandi Bay
(correlating with west — northwest facing slopes, shalloweater, medium to high
concentrations of chlorophydl-and cooler water). Areas of low suitability habitat the
white-beaked dolphin are predicted along the western aguastiithe three bays and also into
the open sea along the ridges separating the threecbagdating with steep northeast — east
facing slopes, deeper water, low concentrations of cplyfba and cooler water. The ENFA
model has an increased number of medium habitat suitadibtys compared with the PCA
model which has a larger number of high suitability arsasilar to that of the minke
whale).

The geographical variables are used to predict areas of higtathsuitability for white-
beaked dolphin ifigure 3.6.2.4 This map is different to that of the areas of highaspility
using both fixed and non-fixed environmental variables (akancase with minke whales).
Areas of high suitability are located in north, westend eastern areas of Skjalfandi Bay and
along the coastline separating Skjalfandi and Eyjafjo{@jogurta). These areas correlate
with smaller distances to the coast and moderatkudas and longitudes. Areas of low
suitability include areas of the three bays with a vdoge and large distance to the shore and
higher/lower values for latitude and longitude. There arg small differences in predicted
high habitat suitability areas between the two moddio(in the case of the minke whale).
The clearest differences are with the area of higtalsility in Skjalfandi Bay which is larger

in the ENFA than the PCA and also, the coastline s@pgr&kjalfandi Bay and Eyjafjorour
has a higher suitability in the ENFA than the PCA nhode

In combining the environmental and geographical variablesraral habitat suitability map
for the white-beaked dolphin is representediganre 3.6.2.5 The area of highest suitability
(in both models) is located to the northwest, centradl southwest of Skjalfandi Bay
(correlating with steep west — northwest facing slogbsllower water, middle to high
chlorophylla concentrations, cooler SSTs, middling latitude and todgi and close
proximity the coastline). There is also an area of sigitability located along the coastline
separating Skjalfandi and Eyjafjorour. Areas of mediuitability occupy the majority of all
three bays with areas of low suitability occupying therosea to the north of Skjalfandi and

Oxarfjordur Bays.
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b)

Figure 3.6.2.1a) ENFA model and b) PCA model of the fixed environmentalables
(depth, slope and aspect) for the white-beaked dolplgigenorhynchus albirostrigdS —
areas in red which are of high suitability habitat fa White-beaked dolphin, LS — areas in
white which are of low suitability habitat for the whibeaked dolphin.
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b)

Figure 3.6.2.2a) ENFA model and b) PCA model of the non-fixed environiaderdriables
SST and chlorophyl: and for the white-beaked dolphinagenorhynchus albirostriddS —
areas in red which are of high suitability habitat far White-beaked dolphin, LS — areas in
white which are of low suitability habitat for the whibeaked dolphin.
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b)

Figure 3.6.2.3a) ENFA model and) PCA model of the combined fixed and non-fixed
environmental variables (depth, slope, aspect, SST and phidka) for the white-beaked
dolphin, Lagenorhynchus albirostriddS — areas in red which are of high suitability habitat
for the white-beaked dolphin, LS — areas in white whichoftew suitability habitat for the

white-beaked dolphin.
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b)

Figure 3.6.2.4a) ENFA model and b) PCA model for the geographic varialiéggude,

longitude and distance from the coastline, for the widaked dolphinLagenorhynchus
albirostris. HS — areas in red which are of high suitability habitat tfee white-beaked
dolphin, LS — areas in white which are of low suitabitigbitat for the white-beaked dolphin.
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b)

Figure 3.6.2.5a) ENFA model and b) PCA model for the geographic varia@iégude,
longitude and distance from the coastline) and the envirot@heariables (depth, slope,
aspect, chlorophyth and SST) for the white-beaked dolphirggenorhynchus albirostris.
HS — areas in red which are of high suitability habitattfe white-beaked dolphin, LS —
areas in white which are of low suitability habitat fiee white-beaked dolphin.
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The largest difference between the ENFA and PCA modelhat of the area of high
suitability in Oxarfjordur Bay. In the ENFA model thetigety of Oxarfjordur Bay is of
medium habitat suitability, however, in the PCA mod®ré is a band of high habitat
suitability which closely follows the eastern coamli The suitability areas, low and high, are
in more clearly defined areas in the ENFA model thathenPCA model.

3.6.3 Megaptera novaeangliae

The habitat models of the fixed environmental variablessatiito predict humpback whale
habitat suitability are shown firgure 3.6.3.1 The areas of high suitability are once again in
the eastern areas of the Skjalfandi, Eyjafjordur amcarfiprdur Bays. The area in
Oxarfiordur Bay is the largest area of high suitabilfy humpback whale and the
corresponding environmental variables. All three highability areas correlate with steeper
slopes of west — northwest aspect and shallower water.suitability areas correspond with
steep slopes with an east — northeast facing aspect gmet destter to the west of Skjalfandi,
Eyjafiordur and Oxarfjordur Bays. The ENFA model has largasre clearly defined high
suitability areas in east Oxarfjordur Bay and to themof Eyjafjioréur Bay than the PCA
model. Areas of high and medium suitability habitat @s® much more clearly defined in
Skjalfandi and Eyjafjorour Bays in the ENFA model, howetlee areas of high suitability in

both models are generally of a similar size.

The area of high suitability habitat for the humpbackale using the non-fixed
environmental variables is once again very lardigufe 3.5.3.9. Eyjafjorour and
Oxarfjordur Bays only have a small area of high suitighdi their west coasts (also a small
area on Eyjafjorour’s east coast), however, once &jgidfandiBay has a much larger area
(north, central and west) of predicted high suitabftitythe humpback whale. These areas of
high suitability coincide with cooler water and lowamncentrations of chlorophydi- The
areas of low suitability predicted using the non-fixed emrmental variables covers the
majority of Eyjafjiordur and Oxarfjordur Bays and the opea ® the north of Eyjafjérdur
The areas of high suitability habitat predicted by the ENtodel are slightly larger than the
PCA model, however, the area of low suitability to nieeth of Skjalfandi Bay is also larger.

In figure 3.6.3.3when the fixed and non-fixed environmental variables are cwdband
used to predict areas of high habitat suitability for hoenpback whale the areas of high
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suitability lie to the east of the three bays, hoevetheir suitability is reduced (similar to the
minke whale and the white-beaked dolphin). Areas with thikesigsuitability habitat are in
the central eastern area of Skjalfandi Bay (cotirejawith west — northwest facing slopes,
shallower water, medium to high concentrations of clnbyti-a and cooler water). Areas of
low suitability habitat for the humpback whale are prestl along the western coastline of
the three bays and also into the open sea alongdidpesrseparating the three bays correlating
with steep northeast — east facing slopes, deeper watecdncentrations of chlorophydl-
and cooler water. The ENFA model has an increased nuafibeedium habitat suitability
areas compared with the PCA model which has a larger nuaibgigh suitability areas
(again similar to that of the minke whale and white-bealaghin).

Geographical variables are used to predict areas of highahahitability for humpback
whale infigure 3.6.3.4 Areas of high suitability are located in north, westand eastern
areas of Skjalfandi Bay and along the coastline seipgr Skjalfandi and Eyjafjorour
(Gjogurta). These areas correlate with smaller digtsrio the coast and middling latitudes
and longitudes. Areas of low suitability include areathefthree bays with a very close and
large distance to the shore and higher/lower valueltibude and longitude. There are very
small differences in predicted high habitat suitabilityagreéetween the two models (also in
the case of the minke whale and white-beaked dolphin). Theesledifferences are with the
area of high suitability in Skjalfandi Bay which is largethe ENFA than the PCA and also,
the coastline separating Skjalfandi Bay and Eyjafjoi@as a higher suitability in the ENFA
than the PCA model.

The combination of environmental and geographical variablegrentiabitat suitability of
the humpback whale is representedigure 3.6.3.5 The area of highest suitability (in both
models) is located to the northwest, central and seghof Skjalfandi Bay (correlating with
steep west — northwest facing slopes, shallower wateddlenito high chlorophyl&
concentrations, cooler SSTs, middling latitude and longitadd close proximity the
coastline). There is also an area of high suitabltigated along the coastline separating
Skjalfandi and Eyjafijérour. Areas of medium suitabiligcapy the majority of all three bays
with areas of low suitability occupying the open seathe north of Skjalfandi and
Oxarfjordur Bays. The largest difference between the/&nikd PCA models is that of the
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b)

Figure 3.6.3.1a) ENFA model and b) PCA model of the fixed environmentalables
(depth, slope and aspect) for the humpback whdkgéptera novaeanglideHS — areas in
red which are of high suitability habitat for the humgbavhale, LS — areas in white which
are of low suitability habitat for the humpback whale.
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b)

Figure 3.6.3.2a) ENFA model and b) PCA model of the non-fixed environiaderdriables

SST and chlorophykk for the humpback whalévVlegaptera novaeanglidaeHS — areas in red
which are of high suitability habitat for the humpbackaleh LS — areas in white which are

of low suitability habitat for the humpback whale.
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b)

Figure 3.6.3.3a) ENFA model and b) PCA model of the combined fixed andfixed

environmental variables (depth, slope, aspect, SST and phigk@) for the humpback
whale (Megaptera novaeanglideHS — areas in red which are of high suitability haldoat
the humpback whale, LS — areas in white which are of $ontability habitat for the

humpback whale.
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b)

Figure 3.6.3.4a) ENFA model and b) PCA model of the geographic varialaigide,
longitude and distance from the coastline for the haoblvhale legaptera novaeanglide
HS — areas in red which are of high suitability habtatthe humpback whale, LS — areas in

white which are of low suitability habitat for the hunagk whale.
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b)

Figure 3.6.3.5a) ENFA model and b) PCA model for the geographic varia@iégude,
longitude and distance from the coastline) and the envirotaheariables (depth, slope,
aspect, chlorophylh and SST) for the humpback whaldgaptera novaeanglideHS —
areas in red which are of high suitability habitat fee humpback whale, LS — areas in white
which are of low suitability habitat for the humpbachkale.
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area of high suitability in Oxarfjordur Bay. In the ENfodel the entirety of Oxarfjoréur
Bay is of medium habitat suitability, however, in tREA model there is a band of high
habitat suitability which closely follows the easteoastline. The suitability areas, low and
high, are in more clearly defined areas in the ENFA@hthan in the PCA model.

3.6.4 All Species Combined

The habitat models of the fixed environmental variablessetil to predict the habitat
suitability of the three species (minke whale, white-bdattelphin and humpback whale)
habitat suitability are shown iigure 3.6.4.1 The areas of high suitability lie once again in
the eastern areas of the Skjalfandi, Eyjafijordur amcarfiprour Bays. The area in
Oxarfjoréur Bay is the largest area of high suitabifity all species combined and their
corresponding environmental variables. All three highasility areas correlate with steeper
slopes of west — northwest aspect and shallower water.suitability areas correspond with
steep slopes with an east — northeast facing aspect gmet destter to the west of Skjalfandi,
Eyjafiordur and Oxarfjordur Bays. The ENFA model has lamere clearly defined high
suitability areas in east Oxarfjordur Bay and to themof Eyjafjioréur Bay than the PCA
model. Areas of high and medium suitability habitat @s® much more clearly defined in
Skjalfandi and Eyjafjorour Bays in the ENFA model, howetlee areas of high suitability in
both models are generally of a similar size and inlaiocations.

The area of high suitability habitat for the minke whalbite-beaked dolphin and humpback
whale using the non-fixed environmental variables is vamye {igure 3.6.4.9. Eyjafjorour
and Oxarfjordur Bays only have a small area of highability on their west coasts (also a
small area on Eyjafjorour’'s east coast). Once agkjalfandi Bay has a much larger area
(north, central and west) of predicted high suitabftitythe humpback whale. These areas of
high suitability coincide with cooler water and lowamcentrations of chlorophy#i- The
areas of low suitability predicted using the non-fixed emrmental variables covers the
majority of Eyjafioréur and Oxarfioréur Bays and the opea 8 the north of Eyjafjéréur
The areas of high suitability habitat predicted by the ENtodel are slightly larger than the
PCA model, however, the area of low suitability to nieeth of Skjalfandi Bay is also larger.

In figure 3.6.4.3when the fixed and non-fixed environmental variables are cwdband
used to predict areas of high habitat suitability for tiree species combined, the areas of
high suitability are to the east of the three baysyawer, their suitability is reduced. Areas
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with the highest suitability habitat are in the centeastern area of Skjalfandi Bay
(correlating with west — northwest facing slopes, shalfoweater, medium to high
concentrations of chlorophydl-and cooler water). Areas of low suitability habitat the
three species are predicted along the western coastlihe three bays and also into the open
sea along the ridges separating the three bays cargelaith steep northeast — east facing
slopes, deeper water, low concentrations of chloro@hghd cooler water. The ENFA model
has an increased number of medium habitat suitabiligsatempared with the PCA model

which has a larger number of high suitability areas.

The geographical variables used to predict areas of higitahauitability for minke whale,
white-beaked dolphin and humpback whale combined are preserfigdren3.6.4.4 Areas

of high suitability are located in north, western anst&a areas of Skjalfandi Bay and along
the coastline separating Skjalfandi and Eyjafjorour (Gjftuirhese areas correlate with
smaller distances to the coast and middling latitudedaamgitudes. Areas of low suitability
include areas of the three bays with a very close argkeldistance to the shore and
higher/lower values for latitude and longitude. There arg small differences in predicted
high habitat suitability areas between the two models. dibarest differences concern the
area of high suitability in Skjalfandi Bay which is largethe ENFA than the PCA and also,
the coastline separating Skjalfandi Bay and Eyjafjoréas a higher suitability in the ENFA
than the PCA model.

The combination of environmental and geographical variablegrentiabitat suitability of
the combined species are representdjime 3.6.4.5 The area of highest suitability (in both
models) is located to the northwest, central and seghof Skjalfandi Bay (correlating with
steep west — northwest facing slopes, shallower wateddlenito high chlorophyl&
concentrations, cooler SSTs, moderate latitude and latggiand close proximity to the
coastline). There is also an area of high suitabltigated along the coastline separating
Skjalfandi and Eyjafijérour. Areas of medium suitabiligcapy the majority of all three bays
with areas of low suitability occupying the open seathe north of Skjalfandi and
Oxarfjoréur Bays. The largest difference between the ABRd PCA models is that of the
area of high suitability in Oxarfjordur Bay. In the ENfodel the entirety of Oxarfjérdur

78



b)

Figure 3.6.4.1a) ENFA model and b) PCA model of the fixed environmentalables
(depth, slope and aspect) and for the minke whale, hwkpbhale and white-beaked
dolphin. HS — areas in red which are of high suitability tadbi.S — areas in white which are
of low suitability habitat.
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b)

Figure 3.6.4.2a) ENFA model and b) PCA model of the non-fixed environiaderdriables
SST and chlorophyld for the minke whale, humpback whale and white-beaked dolpt3n.
— areas in red which are of high suitability habitat,L&reas in white which are of low

suitability habitat.
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b)

Figure 3.6.4.3a) ENFA model and b) PCA model of the combined fixed and non-fixed
environmental variables (depth, slope, aspect, SST andophidl-a) for the minke whale,
humpback whale and white-beaked dolphin. HS — areas in red watecbf high suitability
habitat, LS — areas in white which are of low suitapliabitat.
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b)

Figure 3.6.4.4a) ENFA model and b) PCA model of the geographic varialaigide,
longitude and distance from the coastline for the minkaley humpback whale and white-
beaked dolphin. HS — areas in red which are of high slityababitat, LS — areas in white
which are of low suitability habitat.
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b)

Figure 3.6.4.5a) ENFA model and b) PCA model of the geographic variafiéggude,
longitude and distance from the coastline) and the envirot@heariables (depth, slope,
aspect, chlorophyth and SST) for the minke whale, humpback whale and whitkebea
dolphin. HS — areas in red which are of high suitability tadabi.S — areas in white which are
of low suitability habitat.
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Bay is of medium habitat suitability, however, in tREA model there is a band of high

habitat suitability which closely follows the easteaastline.

The individual variable marginalityM), specialisation$) and toleranceT| values are shown
in table 3.6.4.1 a The minke whale has higher marginality values for sigype= 0.58),
aspect M = 0.51) and distance to the coastlibd £ 0.52); the white-beaked dolphin, slope
(M = 0.57) and distance to the coastling £ 0.50) and the humpback whale, aspé&tt<
0.50). When all three species are combined higher averagesvafislope N = 0.53) and
aspect (M = 0.50) were preferred. Specialisation values twghest for SST, chlorophyai-
concentration, latitude and longitude for the minke wh&e 109.98, 60.21, 182.61 and
346.50 respectively), the white-beaked dolph# 5 83.37, 56.53, 187.15 and 324.12
respectively) and the humpback what=89.72, 49.19, 172.79 and 326.06 respectively).
The species combined also had high specialisation valudgs 86.08 for SSTS = 54.08 for
chlorophylla concentrationS = 175.75 for latitude an8 = 326.06 for longitude. Tolerance
values were the highest for depth, slope, aspect andhahista the coastline for the minke
whale T = 0.29, 0.31, 0.99 and 0.21 respectively), white-beaked dolphir0(32, 0.30, 1.06
and 0.24 respectively) and the humpback whéle 0.33, 0.54, 1.10 and 0.25 respectively).
Once again this was also the case when the speciesomi@ned and tolerance values for
depth, slope, aspect and distance to the coaslline((32, 0.42, 1.03 and 0.24 respectively)

were high.

When the environmental variables were grouped together anddpinto the ENFA models
marginality and specialisation values are high for alugnogs with the highest being all
variables for the minke whalé&i(= 1.35,S = 404.01), white-beaked dolphiM(= 1.33,S=
412.35) and the humpback whaM € 1.30,S= 231.27) (able 3.6.4.1 . This was also true
when the species were combinddl £ 1.39,S = 270.89). Tolerance values remained low for
all species and all groupings with the lowest toleraradee being with the minke whale and
white-beaked dolphin and all variabl&s= 0.002).
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3.7 Summary

¥ Survey vessel tracks show dominance in the northertyop&kjalfandi Bay in 2004;
a more evenly distributed survey effort with focus andbntral and southern areas of
the bay in 2005 and a wider coverage of the north, ceartchoutherly areas of the
bay in 2006 and 2007.

#¥ Sighting frequencies of all three species increaseah 2604-2007, with the most
common species being the white-beaked dolphin with a tdtdl3é encounters.
Minke whales were sighted 346 times and humpback wBaRs$imes over the study
period.

¥ The months with the largest survey effort in the per2@@4-2007 were July and
August. September was the month with the lowest sweffeyt. Sighting locations of

all species varied temporally and spatially over the fear gtudy period.

#¥ The minke whale sighting locations were distributed ®® ibrthwest of Skjalfandi
Bay in 2004; over a smaller spatial scale and to the soB05; centrally in 2006
and centrally with a larger number of sightings ondhstern side of Skjalfandi Bay
in 2007.

¥ White-beaked dolphin sighting locations were fewer thannintke whale and the
humpback whale and were distributed centrally in the bay004 sightings were
concentrated in the north and eastern areas of thewbareas, from 2005-2007
sightings covered similar locations in the centrabarof the bay.

#¥ Humpback whale sighting locations covered the largesiassatale over the study
period. There were fewer different sighting locatiam2004 focused in the central
and northern areas of the bay; in 2005 sighting locatiars wver a smaller spatial
scale in the southwest areas of the bay; 2006 sightowgsexd the largest spatial scale
with a generally even distribution throughout SkjélfiaBdy and in 2007 sightings
were centrally distributed in the bay over a largeiapstale.
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/¥ The SPUE data for the minke whale showed hotspots indhieeast and southwest
of Skjalfandi Bay corresponding to areas of shallowewand steep slope3he
white-beaked dolphin SPUE showed a hotspot in the nortlofélse bay once again
corresponding to shallow water and steep slopes. Hurkplhales SPUE showed
hotspots in the far north and western areas of @kjdifBay in areas of deep water
and steep slopes (to the north) and shallow water vadpsslopes (in the west).

#¥ Minke whale sightings significantly correlated with atdphyll-a concentration
(negatively), longitude (negatively) and latitude (posltiveThere was a significant
difference in the number of minke whale sightings @vesinge of latitudes.

¥ Significant correlations were found between the whiaked dolphin sighting
locations and depth (positive), slope (negative) latitudeitfpesand distance to the
shore (positive). Similar to the minke whale, there wasignificant difference in the
number of white-beaked dolphin sightings over a randatibddes.

#¥ The number of humpback whale sightings significantlyrelated with chlorophyla
concentration (negatively), latitude (positively) andgibimde (negatively). Moreover,
a significant difference was found between the numbé&umpback whale sightings

over a variety of latitudes and longitudes.

/¥ When all species were combined, correlations were foutidthe number of minke
whale, white-beaked dolphin and humpback whale sightingsleye, glistance to the
shore and latitude. However, in combination the threeisp@liffered significantly in
their number of sightings over a variety of depthgtudes and longitudes.

#¥ Habitat suitability maps generated by ENFA and PCA diffeslightly in areas of
predicted high and low habitat suitability.

¥ Using both models the areas of high habitat suitatftitythe minke whale, white-
beaked dolphin and humpback whale were very similar.hbiiepot areas predicted
utilising the fixed environmental variables were the eastggas of Skjalfandi,
Eyjafiordur and Oxarfjordur Bays; non-fixed environmentalialsles — Skjalfandi
Bay and the open sea to the north of the bay; combineidoemental variables —
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central eastern Skjalfandi and to the northwestkdlfandi; geographical variables —
north, western and eastern Skjalfandi and along tastlwe of Gjogurta; all variables
combined — northwest, central and southwest of Skjalf8ayj and along the

coastline of Gjogurta.

/¥ Differences between the two modelling approaches includemtitms of high
suitability areas for each species and the three speciabined, differed slightly on
the combined environmental factor map and the overall comhlgregraphical and
environmental variable map. On the combined environmentadblarmaps of the
individual species and the species combined, the area atimexlitability in the
eastern area of Oxarfjordur Bay altered to high suitgbilOn the combined
environmental and geographical variable suitability mapsndividual species and
the three species combined there is an addition ofraHagitat suitability band along
the eastern coastline of Oxarfjordur Bay. There ase &vo new areas of high
suitability shown to be located in Eyjafjorour Bay andhe northwest of Eyjafjorour
Bay. The high suitability areas in Skjalfandi Bay dee larger and more clearly
defined.

¥ When the species are combined they differ from the geehabitat available within
the study areaM = 1.33). The species are highly specialis8d (270.89) in their
preference of habitat and do not occur in great numbersiawehabitat suitability
areas [ = 0.004).

¥ Separately, the minke whale preferred higher average valustope; the white-
beaked dolphin of slope and distance and the humpback whalgpect. All three
species individually were highly specialised in their prefees of certain values of
SST, chlorophylla concentration, latitude and longitude.
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4. Discussion
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In this following section the relationships between tinee species observed in this study
and the environmental variable investigated will be discussednjunction with the habitat
modelling approaches produced through ENFA and PCA modelling.

4.1 Analysis of Cetacean Distribution with Eco-geographical vaables

The results of the study show that with respectdpesthe median value for all species was
similar at 77-78 degrees. Slope has been shown in a nwhkardies (Allen et al., 2001;
Hastie et al., 2004) to be one of the most importactofa in determining sightings of
cetaceans, as steeper slopes induce upwelling and verbigaty iwithin the water column.
This drives nutrient rich water to the surface and emes food availability in the topmost
water layers. With increased food availability cetacedike the minke whale and the
humpback whale have an optimal opportunity and have to dxfess energy in their
foraging. The white-beaked dolphin may also take advantagtheofsteeper slopes to

aggregate their prey and also lessen their energy expenckquired to feed.

The summer season is important to the minke whale l@dhuampback whale in terms of
behavioural activity as they migrate to the Skjalfandy Bo feed, so their distribution in the
bay is closely linked to prey distribution and foragingigb{lAllen et al., 2001; Hastie et al.,
2004). In this study it was found that when the species w@mbined there was at least one
species, most likely the humpback whale (the specids tive largest range across of the
range of slope), that differed from at least one otpecigs in its preferred slopes. A larger
number of minke whale sightings were recorded to thedaskjalfandi Bay corresponding
to the west - northwest facing slopes, whereas humplvaelles preferred the northeast —
east facing slopes to the west of Skjalfandi Bay. Hawehese correlations were not

significant.

It was concluded by Kasamatsu et al. (2000) that the sibihe seafloor alone did not have
a consistently significant effect on the concentrai of minke whales, however, when
combined with sea ice volume and cold water intrusionakenivhales were significantly
affected. White-beaked dolphin correlated significantly wgitipe however, this correlation

was negative.

This relationship runs contrary to a number studies (Davial., 1998; Walker, 2005;
Cecchetti, 2006) that found white-beaked dolphin numbers to lat@rrsignificantly and

90



positively with slope gradient. It is possible thattims study shows that white-beaked
dolphin are avoiding competition with the other speciewviodle and dolphin found in the
Bay by using lower sloping areas to feed. As white-beakézhofocan feed at the surface on
widely dispersed prey, they may not be as heavily retianprey accumulation due to slope
effects, as opposed to the humpback whales and minkesmmalever have been shown to
forage in areas of concentrated prey (Cecchetti, 2006pmersomm. Mike Tetley, 2007).
Another explanation may be that the high number oterbeaked dolphin in this study has
biased the inter-specific correlations between slopletla® three species and has caused this
result to become significantly negatively correlated.

Throughout the four year study period the humpback whasefowand in the deepest depths
of up to 212 m, with the minke whale and the white-beakedhdolpreferring shallower

water of up to 190 m and 193 m respectively. It was identifiatl at least one species, most
likely the humpback whale, significantly differed irs ipreferred range of depths than the
other species. A significant positive correlation wasnfl between white-beaked dolphin in

this study and depth.

As has been mentioned previously, slope is consideredeasf the most important factors in
nutrient distribution and availability and therefore, retedao some extent the distribution of
the cetaceans in Skjalfandi Bay. As upwelling currergsnat limited to any one depth range
this was assumed to be the reason that no correlatsnfound in the case of humpback
whales and minke whales as these species were distribuéz a variety of depth ranges.
Studies conducted in previous years have found humpbaclesvi@lbe correlated with

feeding along continental shelves that are less than 200depth (Clapham, 2002; Dietz et
al., 2002). Moreover, Weir et al. (2001) reported minke vghalecupying habitats in near
coastal waters, rarely being located in deeper waters.

This study covers a small spatial scale and only thetab@aters of the inner continental
shelf. It is therefore important to take this into acctotmat previous studies have been
conducted over a much larger scale, incorporating the emméihslope, shelf and plain. As
there is only a small depth range and spatial scale edvarthis study, correlations and
relationships with depth may not be clearly identifiabléendividual species. However, when
the species are combined there was a significant posibikrelation with depth could be seen
(Cecchetti, 2006).
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Chlorophylla concentration on the east side of Skjalfandi Bay waserved to be higher
than on the west side of the bay. Humpback whale=leted negatively with chlorophydi-
concentration and this can be identified in the sightaigibution, with the majority of the
sightings being located in lower concentrations of dgbyll-a. A significant negative
correlation was also found between the number of mmikale sightings and chlorophyl-
concentration in disagreement with their sightingdridution. This difference in sightings
distribution may again not be due to chloropta/toncentration alone but could be due to a
niche strategy to avoid resource competition betweertvibespecies. Additionally as the
data used was a composite dataset of four years, thgrenohdave been a large enough
scale range to identify changes in the chloropaytlencentration When the species were
combined, a significant negative correlation with chlorophydbncentration was identified.
However it was found that the species did differ ireithpreference for specific
concentrations of chlorophydl- Chlorophylla concentrations were highest in the south of
the bay due to the riverine input and estuarine ciraratat is known to maintain primary
productivity (Yen et al., 2005). The circulation of SkjaHanBay is known to be
anticlockwise which may provide an explanation as to wigre are high chlorophyd-
concentrations to the east of the bay. Work conductedtéfarson and Olafsson (1991)
suggests that the greater silicate content brought tedaeby rivers may be involved in
diatom growth. Therefore, the silicate matter cdrbg the river flowing into Skjalfandi Bay

may have caused chlorophglieoncentrations to be higher on the eastern sideedbay.

Once again, SST did not vary greatly in the bay due todlbere of the composite dataset
and thus no correlations were found between this varmfdethe number of sightings of
minke whale, white-beaked dolphin and humpback whale. These lveavever, at least one
species which differed significantly from at least onbeotspecies in terms of its SST
preference. Temperature, combined with the factors ateeaver and cold water intrusions
has been identified to cause a possible positive cdoeléetween minke whales in the
Bellingshausen and Amundsen Seas (Katamatsu et al., 20f0@ver previous studies have
shown correlations with minke whales and SST (Tetley, 2004)

The species with the largest sighting range was the backpwhale, followed by the minke

whale and then the white-beaked dolphin. Both individual ispeand the three species
combined, significantly correlated positively with latitudénis could have been caused by
other factors e.g. depth, slope, aspect, SST, chlorogloghcentration and distance to the
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shore in combination with the latitude and therefore loocait reference to these variables,
acting on the species rather than the latitude alore rdlationship the sighting distributions
have with latitude will also be influenced by the facttthizere were more sightings

concentrated within as opposed to outside the bay. Moretherthree species combined
differed significantly in their preferred latitude. Tlssmost likely due to their preferences of
specific values of the other eco-geographical variablelsw&der, 2003). This theory will be

relevant in the case of longitude. Minke whales and Hatip whales had a significant

positive correlation with longitude resulting from tleetf that there were more sightings for
these species on the western side of the Bay thaneomdastern side of the Bay. This
corresponds with steeper northeast — east facing slopes.

All three species preferred to be within a close proxinatthe coast at a range of 2 km to 41
km. Distance from the coastline is a function of teetth of water and also the steepness of
slope. As the distance from the coastline decreaseshdllower the water and steeper the
slopes become. Skjalfandi Bay is characterised by a aviele of steep slopes following the
Bay’'s shape. This topography will maximise the likelihoddiwelling and vertical mixing,
leading to high nutrient levels in this area (Cecch2®@6). As the steeper slopes are located
close to the coastline cetaceans utilising the increasatrient levels or the slope for prey
aggregation will be located within a close proximity te fnore. This appeared to be the case
in this study since the white-beaked dolphin and all threeiespeombined, were positively
correlated with distance to the coastline. Schweder (2de8jified distance to the shore as
the most important factor in the model with the latgasge of high suitability for the minke
whale occurring within Scottish waters. However in thiadg showed no significant
correlation with the number of sightings of this specalone and their distance from the

coastline.

4.2 Habitat Modelling

Cetaceans are mobile and their movements are langéemced by food availability and
eco-geographical factors. This causes them to move betgvekcells as well as in and out
of the study area. It was not possible to include theildlision of potential prey distribution
as a variable since this information was not readugilable. Prey itself is mobile and
mapping its distribution would need additional specific susvétymay influence the position
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of the core areas for minke whale, white-beaked dolphinhermpback whale predicted by
the models (Schweder, 2003).

Models generated from this study have predicted areas ofshigdibility where previous
studies have found high abundance of the three speciese Tdreas include the eastern
coastline of Skjalfandi Bay and in the area locateat te Flatey Figure 1.1).

The overall marginality value for all species and alliables show that when the species are
combined they differ from the average habitat availabliwithe study area. All three
species prefer higher average values of all eco-geographigables than is available in the
modelling area with particularly high values for slope aspect. When the species are
combined, they are highly specialised in their preferedelbitat, in relation to that which

is available to them.

From the ENFA modelling and the predicted marginalisatgpecialisation and tolerance
values it has been identified that the species mostyliéelbccur in the three Bays is the
humpback whale. This is due to this species having thestowwarginality value and
therefore possessing habitat requirements that are tbesialar to those that occur in the
three bays. They have the the lowest specialisaduey having a less restricted range with
respect to the eco-geographical variables than the otlterspecies. They also have the
highest tolerance value, occupying the widest niche eftlthee species. The minke whale
showed higher need for different average conditions alodvar need for specific EGVs.
Conversely, the white-beaked dolphin showed a lower needifferent average conditions
but a higher need for specific EGVs. From this analgstein be assumed that humpback
whales are more likely to occur in the three Bays dudeir marginality, specialisation and
tolerance values. This has been observed by Cecchetti (206)ncreased numbers of
humpback whale sightings compared to white-beaked dolpdimarke whale during 2006.

It must be noted that ENFA and PCA models do not repatsdme type or scale of
predictions and therefore, cannot be directly comparé¢ @ach another. Both ENFA and
PCA models were successful in identifying areas of higitdiasuitability (e.g. the eastern
area of all three Bays and the area near to Flateydsand low habitat suitability (e.g. the
western areas of the three Bays) for the minke whalate-beaked dolphin and the

humpback whale, relative to current knowledge of distion of these species in Northeast
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Iceland. Small differences were found between theigied areas of high suitability and
low suitability for both the models and all of the Spes@nd eco-geographical variables. The
main differences between the two models were in thdetil and definition. ENFA models
were more sensitive to changes and therefore, changesdoedifferent variables included
in the model were more detailed but less defined. Howavehe case of PCA modelling,
high habitat suitability areas are more defined but Bssiled. This is supported by
Mandleberg (2004) who found differences in predicted aredseen modelling techniques
(PCA, ENFA, GARP and GLM). However, when these weoenpared statistically, no
significant difference was found between them. In i&stt this study and the studies by
Mandleberg (2004) and Hirzel et al. (2001) found GLM predistiom be generally more
accurate than those obtained by ENFA when modellingtaavispecies with predetermined
habitat preferences. Moreover, a study completed by Bsogd al. (2004) identified GLM
predictions of the distribution of a forest bird spet¢eebe more accurate than those predicted
by using the ENFA model.

These models predict areas of absence and occurrenegeandeful for the implications of
environmental impact assessment and ecotourism. Wheas af absence are predicted,
cetaceans are less likely to be affected through humeerference due to their low
probabilities of occurrence. Predicted areas of hightdiakuitability and therefore high
presence can be useful in assessing the future expansico+wigism (e.g. whale watching)
into Eyjafijordur and Oxarfjordur Bays.

4.3 Variable Inclusion

Another difference between the two modelling approachapparent when considering eco-
geographical variable inclusion. ENFA modelling weightsimbiut variables, so that less
important variables are given a lower weighting andrdaute less to the final model. PCA
modelling involves the user in the selection of differenmbmations of variables. The
choice of input variables can therefore dramaticaljuence the predictions (Mandleberg,
2004). By examining the different combination of variabfebath ENFA and PCA models it
is apparent that this has an effect on the suitabiiity size of predicted areas for all three
species and the species combined. This was noted in a lsyu®¢hweder (2003) who
examined the use of PCA models to predict occurrenceef@ceans off the west coast of
Scotland using depth, slope, aspect, chlorophyll-a concemsat®ST, longitude, latitude
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and distance from the coastline as variables. It wasladed that the best models produced,
included different variables for different species. Meapthat the success of the model was
dependent on the suitability of the combination of \deia included and that a sufficient

number of parameters examined.

To reduce bias in the models produced by ENFA and PCA theecbbieco-geographical
variables is very important. Only the variables thatrapresentative of the niche occupied
by the species should be included (Mandleberg, 2004). In tnily,sthe majority of the
surveyed grid cells covered a narrow range of latitudes #wrrgh the minke whale, white-
beaked dolphin and humpback whale may occur in otheudast within the study area.
Mangleberg (2004) identified that the inclusion of latitud@ies of the variables that results
in biologically erroneous but statistically valid modeRhis illustrates the importance of
including only well-sampled variables in predictive modelsl &amat a model with high
predictive accuracy may not produce a biologically séagbkediction of occurrence. ENFA
has also been identified as over-predicting the digidh of a focal species relative to other
models such as GLMs (Zeniewski et al., 2002; Brotons eP@04). However, Hirzel et al.
(2001) demonstrated that ENFA can be robust in terms opleasize and with respect to
data quality.

4.4 Modelling suitability

The sightings data used for this study was collectedegntfirom Skjalfandi Bay and then
used to predict areas of high suitability based on sineita-geographical features of the
neighbouring bays of Eyjafjordur and Oxarfjordur. Althoughiedels take into account the
similar eco-geographical variables, the modelling of thisaadoes not incorporate the
differences in alternate variables such as human aesivéind riverine inputs. Eyjafjorour
Bay has larger settlements than Skjalfandi Bay anthaslocation of the large town of
Akureyri (16,000 inhabitants). There are three main rivempaits into the Bay from the
rivers Eyjafjardara, Fnjoska and Horga. Oxarfiordur imuch less populated area with one
small village (170 inhabitants) and a small glacial river rdadékulsd entering from the
south (personal comm.. Asbjorn Bjérgvinsson, The Husaviklgvkluseum). To accurately
predict areas of high cetacean occurrence these addit@riables must be taken into

account.
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4.5 Limitations and Bias

During this study a number of limitations were encountefée. first factor that needs to be
addressed is that of survey effort. Longer survey time gesvihe opportunity for a higher
number of potential sightings. Differing numbers of survbgéveen years and between
months will also have influenced the number of sightif@aution must be taken when
comparing and discussing monthly and yearly data. Effooutfhout the survey is also not
uniformly distributed. It was found that effort is incsed during a sighting event and less at
the beginning and the end of the survey (Robbins and M&€@0Q). This was prevalent in
the surveys at the end of the day and when the posifitheowhales had already been
assessed (Cecchetti, 2006).

The Husavik Whale Museum is comprised of seasonal résstaff that change regularly
with each season and year. Each volunteer hasaahtfbackground and a varying existing
knowledge of cetaceans. To ameliorate this problem assfpossible, standardised methods
have been established to ensure that the chance ofabthsrrors being made in the

collection of data are kept to a minimum.

Using platforms of opportunity is a recognised way of extlhg cetacean sightings
occurrence (Robbins and Mattila, 2000). It is also recogritsadthere are limitations and

advantages in using whale watching vessels to collect data.a@iantages have been
discussed previously (see Introduction) so this sectidrfagiis mainly on the limitations of

this survey method.

The principal limitation of this method is that only prese data is collected as opposed to
the systematic collection of data concerning presendeabsence. Whale watching boats
necessarily visit areas with history of high cetacpesence as opposed to exploring new
areas. This is to guarantee a high probability of sightamglsin order to provide satisfaction

to paying tourists. Areas that have not been previouslioeg represent high effort areas

with no guarantee of a sighting. This is illustrated by area adjacent to Flatey Island.

Habitat modelling predicted this area to have a high slittababitat and therefore increased

likelihood of cetacean occurrence. However, this is seetoo far a distance to travel in

relation to the time available in the whale watching tour
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Another limitation of using whale watching vessels tdemblcetacean sightings is that of the
number of surveys that can be undertaken in one day. Iguibé season of May there are
fewer tourists than in the busy season of July. Thesefore influences the number of
surveys that are undertaken in one day. In the early mouphto two surveys were
undertaken daily and in the busier summer months up tausmeys a day were undertaken.
With the increased number of surveys in the Bay thereldvbave been an increased
likelihood for cetacean sightings. This has been adedess much as is possible by

standardising across space by using SPUE data.

Different species of whale are also viewed differemtiyterms of viewing priority. The
cetacean that is prized by boats servicing tourists ihtimepback whale as it is often the
most interesting of the cetaceans in the Bay to sbsétumpback whales were recorded
more often than the more elusive species such as the mirde and over longer durations
(Robbins and Mattila, 2000; Cecchetti, 2006).

Iceland has highly variable weather conditions the lieeld of viewing cetaceans is highly
dependent upon this. More suitable weather (i.e. sunny almd) dor whale watching
naturally occurs in the busier tourist seasons and metaceans may therefore be sighted
and therefore recorded (Cecchetti, 2006).

4.6 Research Significance and Future work

The recording and modelling cetacean distribution in thes af northeast Iceland is very
important in aiding the development and management obegsin already established in
this area. This approach has also helped to identifyi-spdcies core habitat ‘hotspots’,
which may be of high conservation priority and whictenfoccur in the region of prominent
habitat features such as steeper slopes (Worm et al.,. 208385 of identified high suitability
for cetacean occurrence will ultimately aid in the kiemlge and implication of marine

protected areas in Iceland.

To continue study this area a number of changes to thellngdd the data would be useful.
Mandleberg (2004) usedtastingdataset restricted only to grid cells that had been surveyed
on multiple occasions and noticed the apparent prediefdity of the models improved.

Therefore, this indicated th&gstingdata with stricter absence criteria is more accumata
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‘hard to detect’ species such as the harbour porpoiskisioase, a more accurate dataset was
achieved by not assigning a grid cell to the absence catagtays it had been surveyed at
least three times. However, as the survey threshakdfurther increased to five surveys per
grid cell, models showed a decrease in accuracy. Thirisuéable to a reduction in the
number of grid cells in thdesting dataset. These results are consistent with those of
Schweder (2003) who found PCA models of harbour porpoiseibdison peaked in
accuracy when cells had been surveyed at least thres. thrlarger dataset would be needed
to investigate if it included cells surveyed five and temes or more to further increase

predictive accuracy.

To implement the predictive models from this study, and&fn must be made at which
point dependent upon the habitat suitability range the epe&dll be considered to be present
or absent. For example if the model predictions of hsghiability areas were used in
designating a special area of conservation to prote@ndangered species, overestimating
areas of potential occurrence might be preferable dhderestimating locations of sightings.
A lower threshold of suitability may be chosen. Hoemrvif the objective were to be
beneficial to ecotourism then only the highest ardababitat suitability may be desired
(Mandelberg, 2004).

Due to the lack of information on sediment type and plisiribution these variables could
not be included in the model predictions. Should this bat@me available, future analysis
could be conducted of these variables and added to this andlyfurther increase the
accuracy of the predictive models. Moreover, as giglktivere not collected in Eyjafjorour
and Oxarfjordur Bays the predictive models cannot be validduture surveys undertaken
in these areas could allow the success of the modedsiped in this study to be analysed.

Hooker and Gerber (2004) highlighted that when establishing maeserves breeding

grounds and feeding grounds combined with migratory routesdl@utonsidered. Since

these areas constitute essential areas for theyliie of many migratory species. Skjalfandi
Bay has been suggested by Hoyt (2005) as an important feedimgdgand is a possible

location for the designation of a marine protected.afde idea for creating a conservation
area in this location has not been actioned. This stbhesefore may be instrumental in
highlighting areas for designating such a protection programme
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4.7 Conclusion

This study has highlighted the relationships existing betwibeee cetacean species, the
minke whale Balaenoptera acutorostrafjathe humpback whaléVlegaptera novaeangliae
and the white-beaked dolphibggenorhynchus albirostrisand co-existing eco-geographical
variables in Skjalfandi Bay. Minke whales and humpback eghalere identified to
significantly correlate with chlorophyll-a concentratjolatitude and longitude, whereas,
white-beaked dolphin significantly correlated with deptaps, latitude and distance to the
shore. In combination all three species correlated wlibpe, latitude and distance to the
shore. Using the sightings information and the eco-gebgral variables in this area the
ENFA and PCA models predicted areas of high suitabiliising the fixed environmental
variables in the eastern areas of Skjalfandi, Eyjafjorand Oxarfjordur Bays; non-fixed
environmental variables — Skjalfandi Bay and the opencstd@tnorth of the Bay; combined
environmental variables — central eastern Skjalfandi tanthe northwest of Skjalfandi;
geographical variables — north, western and eastern &igalind along the coastline of
Gjogurtd; all variables combined — northwest, central andhsvest of Skjalfandi Bay and
along the coastline of Gjogurta.

The models produced by this study have helped to identify @csno benefits and a marine
protected area and would be invaluable in establishing a cetgretection scheme in
Skjalfandi Bay. Further research should include sedingd, prey distribution, riverine
input and human activities. In this way more accurate rsadaly be created to contribute to

the understanding of cetacean occurrence in this area.
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