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Abstract 
 

Cetacean Habitat Modelling in Skjálfandi, Eyjafjörður and Öxarfjörður Bays,  
North East Iceland. 

 
 
The relationships cetaceans have with the co-occurring environmental variables of their 

habitats have been widely researched by a number of authors. Utilising this information 

habitat mapping and modelling of specific ‘hot spot’ areas with regards to predicting high 

suitability areas for cetaceans and therefore appropriate areas for protection, has been 

relatively understudied. This study examines the temporal and spatial distribution of three 

cetacean species (Balaenoptera acutorostrata, Megaptera novaeangliae and Lagenorhynchus 

albirostris) and their interactions with five environmental variables (depth, slope, aspect, SST 

and chlorophyll-a) and three geographical variables (latitude, longitude and distance from the 

coastline) in Skjálfandi Bay, northeast Iceland. Utilising this information, areas of high 

suitability for the three species were then predicted in neighbouring Eyjafjörður and 

Öxarfjörður Bays using a differing combination of environmental variables and PCA 

(Principal Component Analysis) and ENFA (Ecological Niche Factor Analysis) modelling. 

Whale watching boats, Geographical Information Systems (GIS), Remote Sensing and 

Biological Mapping software were used to achieve this. Areas of high suitability for the three 

species were predicted in the eastern areas of, Eyjafjörður and Öxarfjörður Bays (fixed 

environmental variables); Skjálfandi Bay and the open sea to the north of the bay (non-fixed 

environmental variables); central eastern and northwest of Skjálfandi Bay (combined 

environmental variables); north, west and eastern Skjálfandi and along the coastline of 

Gjögurtá (geographical variables) and northwest, central and southwest of Skjálfandi Bay and 

the Gjögurtá coastline (all variables combined). In predicting areas of high suitability for 

cetaceans in Skjálfandi, Eyjafjörður and Öxarfjörður Bays future implementation of protected 

areas to conserve and maintain cetacean species numbers will be aided. Future protected 

areas identified as being highly suitable for cetaceans will then be able to sustain a larger 

volume of managed eco-tourism largely benefiting NE Iceland due to this generated income.
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1. Introduction 
 
This study examines two modelling techniques and their ability to predict areas of high 

cetacean occurrence in three Bays (Skjálfandi, Öxarfjörður and Eyjafjörður) in the North East 

of Iceland. 

 

1.1  Study Area - Skjálfandi Bay 

 

Skjálfandi Bay has a width of 10 km at its base, to the south and a width of approximately 51 

km between the points of Gjögurtá and Tjörnnestá, to the north (figure 1.1). The length of the 

bay is approximately 25 km with a maximum depth of 220 m (Gíslason, 2004). 

 

 
Figure 1.1. Map of the study area of Skjálfandi Bay, located in the Northeast of Iceland 
(Jónsson, 1996 modified by Cecchetti, 2006). 
 
Two large rivers flow into the bay at its south end, Skjálfandafljót to the west side, with an 

average flow of 95m3/s and Laxá í Aðaldal to the east side, with an average flow of 60m3/s. 

The input of freshwater from the two rivers decreases the salinity in the bay. The sediment in 

the Bay predominantly consists of gravel/sand on slopes, to silt occupying the majority of the 

sea floor (Cecchetti, 2006). Skjálfandi Bay’s bathymetry is generally characterised by 

shallow waters with a deepest point of 240 metres in the northwest close to Flatey. 

�
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Iceland is influenced by a number of currents including cold polar water from the East 

Greenland Current and Arctic Water of the East Icelandic Current from the north and to the 

south, water from the North Atlantic Water of the Irminger Current (Gudmonsson, 1998). 

The patterns of circulation in this area are influenced by its bottom topography, the 

Greenland-Iceland and the Reykjanes Ridge to the west and the Jan Mayen and Iceland-Faroe 

Ridge to the east (figure 1.2) (Hunt and Drinkwater, 2005���

�

�
Figure 1.2. The continental shelf surrounding Iceland which characterises the topography of 
Icelandic waters. To the west of Iceland are the Greenland-Iceland and the Reykjanes Ridge. 
To the east lie the Iceland-Faroe Ridge and the Faroes, and to the north the Kolbeinsey Ridge 
and Jan Mayen (Hunt and Drinkwater, 2005). 
 
The continental shelf in Iceland is understood to be approximately 400 metres in depth 

(Gíslason, 2004). 

The Irminger Current splits into two at the Greenland-Iceland Ridge where one branch flows 

west and south to form a cyclonic circulation in the Irminger Sea and the other, smaller 

current, flows around the northwest peninsula of Iceland before flowing eastward as the 

North Icelandic Irminger Current. Three water masses of different origins characterise the 

hydrographical conditions on the shelf north of Iceland. These are the warmer and saline 
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Atlantic Water, cold low salinity Polar Water and the Arctic Intermediate Water (figure 1.3) 

(Olafsson, 1999). 

 

 
 
Figure 1.3 Current circulation patterns surrounding Iceland (from Stefánsson and Ólafsson, 
1991) 
 
 
The Atlantic Water flowing into this region of the North Iceland shelf has important 

consequences in terms of heat transport and primary production into this area. Stratification 

in the Atlantic Water permits sufficient mixing to replenish nutrients in the euphotic layer 

(Stefansson and Olafsson, 1991). 

 

In the NE region of Iceland, the phytoplankton spring bloom starts in early April and lasts 

about one month with a maximum in late April to the beginning of May. This is then 

followed by a decrease until mid-May when fairly low summer values are reached. Surface 

salinity is important in controlling phytoplankton development. If the water entering this 

region is of a higher salinity the bloom is delayed by 2-3 weeks. However, the general pattern 

remains the same (Gudmonsson, 1998). 

 

The stability of the water column and the prevailing environmental conditions are responsible 

for the timing of the spring bloom in Iceland. Fluctuations between ‘cold’ and ‘warm’ years 
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320 240   160 60 
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due to the different annual inflows of warm Atlantic waters control the degree of mixing 

between the water layers. During ‘cold’ years the stability of the water column limits the 

admixture of deep water into the surface layer, whereas ‘warm’ years lead to greater mixing 

and stronger circulation patterns, preserving nutrient availability and enhancing primary 

production (Gudmundsson, 1998; Cecchetti, 2006). 

 

As the nutrients become exhausted, the bloom ends and the biomass remains low throughout 

the summer. However, in warmer years the end of the spring bloom is not expected to occur 

before the second week of June. The temporal variations in primary productivity give rise to 

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

as marine mammals (Gudmonsson, 1998).  

 

The sea around Iceland provides the main nursery and feeding area of capelin (the largest 

pelagic stock in Icelandic waters) and supports a fishery of 1 million tonnes. Hydrographical 

conditions in this area, however, are the main controlling factor in the distribution of 

planktonic communities and thus the calanoid copepods which are the main constituents of 

the capelin diet in these waters (Astthorsson and Gíslason, 2003). 

 

Calanus finnmarchicus (40-60% of the total biomass in spring) and Pseudocalanus spp. are 

common in Icelandic waters. However, the neritic species Verruca stroemia, Balanus 

balanoides, Temora longicornis, Evadne nordmanni and Podon leuckarti, together with 

Oithona spp., are abundant in the fjords and not in the open waters north of Iceland, whereas 

the reverse is true for the ophiuroid larvae and the arctic copepods Metridia longa, C. 

hyperboreus and C. glacialis (Astthorsson and Gíslason, 2003). 

Common fish species to Skjálfandi Bay are cod (Gadus morhua), capelin (Mallotus villosus), 

sandeel (Ammodytes spp.) and herring (Clupea herangus). Capelin is particularly important in 

the marine ecosystem in Iceland as it provides an important food source for fish species such 

as cod, Greenland halibut (Reinhardtius hippoglossides) and for seabirds and marine 

mammals (Cecchetti, 2006).  

 

The migrating schools of juvenile capelin following the northward currents (figure 1.4) in the 

summer months provide a food resource for marine mammals. Skjálfandi Bay is known to be 

utilised by migratory species such as minke whales (Balaenoptera acutorostrata) and 

humpback whales (Megaptera novaeangliae) which also migrate northwards in the summer 
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to feed in the colder waters of the North Atlantic (Hunt and Drinkwater, 2005; Cecchetti, 

2006). 

 

 
Figure 1.4. Location of migration patterns of capelin (Mallotus villosus) around Iceland. 
Green shadow – adults feeding ground; green arrows – migration routes; blue shadow – 
young capelin feeding ground; blue arrows – return migration; red shadow – breeding 
ground; red arrows – spawning migration (from Hunt and Drinkwater, 2005). 
  
Flocks of seabirds are often associated with marine mammals feeding on similar prey such as 

krill ( Euphausiacea spp.), capelin and sandeel (Lilliendahl and Solmundsson, 1997). 

Common seabird species in Skjálfandi Bay include: gannets (Sulsa bassana), common 

guillemot (Uria aalge), cormorants (Phalacrocorax carbo), razorbills (Alca torda), puffins 

(Fratercula arctica), kittiwakes (Rissa tridactyla) and arctic terns (Sterna paradisaea) (Hunt 

and Drinkwater, 2005). 

 

Icelandic waters provide a migration route and feeding ground to approximately 18 species of 

cetacean. The most common of these in Skjálfandi Bay include the minke whale (estimated at 

56,000 individuals), humpback whale and white-beaked dolphin (Lagenorhynchus 

albirostris). Less common species are fin whales (Balaenoptera physalus), sei whales 

(Balaenoptera borealis), blue whales (Balaenoptera musculus), white sided dolphin 

(Lagenorhynchus acutus), sperm whale (Physeter macrocephalus), orca whale (Orcinus 

orca) and the harbour porpoise (Phocoena phocoena) (Hunt and Drinkwater, 2005). 
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1.2  Whale watching 

 

Whale watching is currently one of the fastest growing sectors of the world tourism market, 

with whale watching in Iceland alone being estimated to be directly worth over US$1.34 

million per annum (personal comm., Ásbjörn Björgvinsson, The Húsavík Whale Museum). 

Since the first whale watching tour in 1955 (Hoyt, 1992) and the International Whaling 

Commission’s (IWC) moratorium on commercial whaling was enacted in 1986, whale 

watching has become one of the most viable and sustainable use of cetaceans. In 1995 the 

country saw the first real establishment of whale watching with the generation of three 

companies in Keflavik. In 2006 Iceland encountered 89,000 tourists with 38,000 of these 

visiting the ‘whale watching capital’ of Húsavík (figure 1.1), directly creating 70 jobs for six 

months of the year (personal comm., Ásbjörn Björgvinsson, The Húsavík Whale Museum). 

 

Over recent years whale watching has become increasingly important in Iceland not only 

through the generation of income from tourism but in increasing public awareness of marine 

mammals. Regular cruises allow scientists to utilise the vessels as ‘platforms of opportunity’ 

for studying cetacean abundances and relationships with their environments. In 1993, the 

International Whaling Commission declared its desire ‘to encourage the further development 

of whale watching as a sustainable use of cetacean resources’ (IWC, 1994). 

 

The heightened desire to view marine mammals in their natural habitat is prompting a large 

change in how society values whales. Many regions of the world have now begun to view 

whale watching as a sustainable alternative to whaling. However, caution must be taken to 

assure these efforts are not detrimental to the health of individuals or populations of 

cetaceans. The continued view that ecotourism is benign in nature may risk the enforcement 

of token whale-watching guidelines that may be counterproductive. By not fully 

understanding the biological implication and relevance of these guidelines harm may be 

inflicted by our desire to appreciate cetaceans (Williams, 2002). 

 

As some species of whale are endangered, threatened or vulnerable due to humans past 

exploitation and changes in ocean conditions, the impacts of short-term disturbances may be 

exacerbated. Whale watching is concentrated in areas of critical habitat required for specific 

activities and is often competitive as vessel operators seek to make the experience more 
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attractive by getting close to the cetaceans or by pursuing them. Therefore, the cumulative 

effects of whale watching alone may give rise to conservation risks (Lien, 2000). 

 

Research has increasingly become focused on the effect the noise and disturbance from the 

boats on marine mammals (Williams, 1999; Erbe, 2002; Williams, 2002). Research has 

observed avoidance responses, attraction to the boats, altered direction of swimming 

(horizontal avoidance), shortened surfacing time, longer dives (vertical avoidance) and 

interruption and termination of feeding and travelling behaviour (Erbe, 2002; Williams, 

2002). Agonistic behavioural responses have also been recorded such as slapping flukes or 

pectoral fins on the surface of the water (Williams, 2002). Behavioural changes have been 

noted in residents within 100 m distances from boats with varying avoidance strategies being 

adopted depending on their sex, the number of boats and distance (Williams, 1999). In 

contrast to this whales have not shown avoidance behaviour to boats in the range of 50 m or 

less which has been attributed to a habituation to boats or a decrease in auditory sensitivity 

due to temporary or permanent hearing loss (Erbe, 2002). As marine mammals rely on 

acoustics for communication and orientation a disturbance of this can affect the cetaceans’ 

ability to communicate, detect predators, navigate using environmental sounds and 

orientation (Erbe, 2002). 

 

It is still unknown as to the importance of behavioural responses and the biological effects 

they have on cetaceans as no long term study has been able to isolate the effects on cetaceans 

caused by whale watching from other environmental variables such as climate change or prey 

availability (Erbe, 2002). 

 

1.3  Whale watching guidelines 

 

Currently there is no legislation or legal framework in Iceland regarding whale watching. 

Vessels are not restricted in how close they are permitted to approach the cetaceans and 

therefore may place individuals under a large amount of stress. Studies have shown that 

weakening guidelines, allowing boats to approach individuals closer than 100 m, will yield 

higher levels of disturbance (Williams, 2002). 

 

Distance is very difficult to judge at sea, so boats may be violating whale-watching 

guidelines unintentionally; however humans have a tendency to underestimate distance, 
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therefore where whale watchers make an effort to remain 100 m away from whales they may 

be staying further away (Williams, 2002). The primary management tools used to date are 

distance guidelines and restrictions; however, in some areas of the world, including Iceland, 

these are only voluntary. It is thought that as the majority of people underestimate distances 

on water, distance regulations may be a conservative approach to managing boat/whale 

interactions (Baird and Burkhart, 2000). 

 

It has been suggested that respectful whale watching involves slow parallel approaches. 

Leapfrogging is discouraged as speeding up to overtake the whale increases the intensity of 

cavitation noise. The increase in propeller rotation also increases the engine noise to higher 

frequencies, which would have greater potential for masking communication signals. 

Manoeuvring the boat directly ahead of the whale’s path of movement places the source of 

masking noise in the most disruptive position (Richardson et al., 1995). 

 

1.4  Management 

 

A suitable management goal may be to ensure that the benefit of whale watching in terms of 

economic and conservation values does not cause a cost to individuals or the population due 

to excessive stress (Williams, 2002). 

 

When there are large numbers of vessels pursuing animals, approaching too closely, moving 

too quickly and operating too noisily the natural performances of wild marine mammals may 

be interrupted. When these activities are contained within the same areas for long periods of 

time, become repetitive and/or persist in preventing the completion of natural life processes 

they become a conservation threat (Lien, 2000). With the lack of legislation and operating 

guidelines enforced at present in Iceland it is becoming increasingly apparent that this may be 

happening. It is vital that precautionary approaches are implicated in the management of 

whale watching so that standards of operation are adopted and inflicted to prohibit activities 

that may disturb the natural behaviour of whales. This approach will ensure that the whale 

watching activities in the region do not develop faster than the knowledge of the impacts they 

are causing (Lien, 2000). Establishing regulations for whale watching will provide a basis for 

managing human activities that will, or are likely to, affect whale and dolphin populations 

which occur in Icelandic waters so as to ensure their conservation and recovery (Lien, 2000). 
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Little information is available on the short and long-term impact of whale watching activities 

on cetaceans. Management is faced with the challenge of spreading and enforcing regulations 

which will allow whale watching to continue while minimising the disturbance to the marine 

mammals (Baird and Burkhart, 2000).  

 

1.5  Problems for cetaceans 

 

Environmental changes, natural and anthropogenic, are significantly altering cetacean 

habitats throughout the world’s oceans. Fisheries have had major impacts in altering habitats, 

biological processes and food webs in recent years. Increasing activities offshore; oil and gas, 

mineral extraction, transportation and recreation have disturbed and damaged areas of 

productive habitat for cetaceans (Lien, 2000). 

 

Specific habitat requirements of cetaceans include availability of food, depth, temperature, 

currents and lack of disturbance from predators or weather. Marine mammals rely on these 

habitats to provide areas for foraging and feeding, mating, caring 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 regulation, management and protection 

of the marine environment, including the allocation of space that addresses the 

multiple, cumulative and potentially conflicting uses of the sea and thereby facilitates 

sustainable development.’(MSPP, 2006). 

 

Marine spatial plans should form the basis for continual decision making processes on 

development, resource exploitation, investment decisions and long term protection of the 

valued environment (MSPP, 2006). 

 

Iceland is a member of the OSPAR convention, Oslo and Paris Convention for the Protection 

of the Marine Environment in the Northeast Atlantic. It is thought that the 39 ‘marine 

protected areas’ (defined as any maritime area under management which results in some level 
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of protection for at least a part of the ecosystem) half of which regulate fisheries, may be 

beneficial for cetaceans. However, any move to protect cetaceans in these areas would 

require surveys to determine habitat. Knowledge of the distribution and abundance of the 

different species in this area should be collected and evaluated before this can go ahead 

(Hoyt, 2005). 

 

Breidafjördur, Skjalfandi and Eyjafjördur Bays in particular would be considered by other 

countries as nationally and internationally important because of their resident whale 

populations and therefore considered as candidates for protected parks or biosphere reserves. 

However, Iceland does not have the political procedures in place to designate these areas to 

be protected habitats for cetaceans. With Iceland having resumed whaling activities in 2003, 

and minke whales having been taken near some of the areas in question the possibility of 

protection seems unlikely (Hoyt, 2005). 

 

1.7 Cetaceans and environmental variables 

 

Many factors may influence the temporal and spatial distribution and abundance of cetaceans 

and these have been divided into three broad groups (Neumann, 2001): 

a) Environmental (physiochemical, climatological and geomorphological); 

b) Biotic (prey, competition, reproduction and predation); and 

c) Anthropogenic (historical hunting, pollution, ship activity, commercial/recreational 

fishing, oil and gas production and seismic testing). 

 

The environmental variables affecting cetacean movement in the world’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 of numerous studies in relation to 

cetacean distribution due to the important role of these physical environmental factors in the 

productivity of an area. The more abrupt the depth change the higher the concentrations of 

near-surface zooplankton and other organisms (MacLeod, 2001). 
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The most significant environmental influence on the distribution of cetaceans is how the 

environment affects the aggregation of prey species. In the case of benthic or demersal prey 

species, physiography is detrimental in limiting distribution directly by depth, slope and type 

of substrate. For other species, namely pelagic fish and cephalopods, physiography plays the 

role of inducing up-welling of nutrients, increased primary production and aggregation of 

zooplankton due to the convergence of surface waters (Cañadas et al., 2002). 

 

A study by Cañadas et al. (2002) focused on two delphinids, the bottlenose dolphin (Tursiops 

truncatus) and the short-beaked common dolphin (Delphinus delphis) in the north eastern 

Alboran Sea. From the collected data seven species of odontocete were examined with 

relation to water depth and slope. A significant difference was found in the distribution of 

each species; however this was mainly noticed with depth. The species were then further 

classified into two groups; shallow water species (short beaked common dolphin and bottle 

nose dolphin) and deep water species (striped dolphin, Risso’s dolphin, long finned pilot 

whale, sperm whale and beaked whale). Water depths preferred by each group were areas 

deeper than 600 m for the deep water group and areas ranging from the shallower shore to 

depths of 400 m for the shallow water group (Cañadas et al., 2002). 

 

The effect of topography on prey abundance, distribution and foraging strategy of the 

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

the Gulf of Maine. A correlation between the number of humpback whales and the 

concentrations of American sandeel (Ammodytes americanus) was found on the sandy sea 

bed sediments of submarine banks (Payne et al., 1986). 

 

The depth and mean August sea surface temperatures were found to significantly correlate 

with the harbour porpoise frequency sighting in the southern Bay of Fundy, Canada (Watts 

and Gaskin, 1985). The association with the deeper waters (up to 1000m) and increasing 

number of porpoises was related to the availability of the Atlantic herring. Herring were 

distributed at depths of 20-500m during the day and so the preference for harbour porpoises 

has been linked to the vertical distribution of herring (Watts and Gaskin, 1985). 

 

A study by Hui (1979) assigned a depth and contour index (which represented the percentage 

change in depth in a sample area) to each dolphin sighting within the genus Delphinus in the 
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southern Californian Bight. A positive relationship was found between the distribution of D. 

delphis and steep sea bed topography, due to the upwellings in the area providing nutrients to 

the surface creating productive areas (Hui, 1979). 

 

In a study by Cecchetti (2006) examining the spatial and temporal distribution of cetaceans in 

Skjálfandi Bay, North East Iceland it was found that the distribution of minke whales was in 

shallow waters, shallow and deep waters for humpback whales and shallow waters for white-

beaked dolphins. (Cecchetti, 2006). 

 

ii  Slope 

 

A number of studies have focused on the relationship of cetaceans with another physical 

parameter, the slope of the sea bed (Selzer and Payne, 1988; Davis et al., 1998; Kasamatsu et 

al., 2000; Baumgartner et al., 2001; Cañadas et al., 2002; Jaquet and Gendron, 2002; Hastie 

et al., 2004; Tetley, 2004; Yen et al., 2004; Panigada et al., 2005 and Walker, 2005). 

 

Davis et al. (1998) found a significant difference among the 13 different species studied with 

regard to bottom depth gradient. The group found in the steepest gradients consisted of sperm 

whales, Risso’s dolphins, striped dolphins and spinner dolphins and significantly differed 

from Atlantic spotted dolphins which were found over the shallowest bottom depth gradient. 

Other species studied occurred over bottom depth gradients in the middle and overlapped the 

values found for the other two groups (Davis et al., 1998).  

 

Studies by Kasamatsu et al. (2000) used multiple linear regression analysis to discover that 

the sea floor slope type made a significant contribution to minke whale density in the years of 

1982/1983 however not in 1989/1990. The study concluded that the sea floor type alone did 

not have a consistently significant effect on the concentrations of minke whales in the two 

surveys, however, this feature combined with the associated features of sea ice volume and 

cold water intrusions may have influenced the minke whale distribution in these areas 

(Kasamatsu et al., 2000).  

 

In a study conducted by Davis et al. (2002) sperm whales tended to occur along the lower 

slope, Atlantic spotted dolphins were found on the continental shelf and along the shelf break, 

bottlenose dolphins along the upper slope in water significantly deeper than Atlantic spotted 
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dolphins and Risso’s dolphins and short-finned pilot whales occurred along the upper slope. 

The enhanced presence of cetaceans along the slope instead of abyssal areas of the northern 

Gulf of Mexico was thought to be due to collision of mesoscale eddies with the continental 

margin, which enhanced primary and secondary productivity, especially along the upper 

continental slope (Davis et al., 2002).  

 

Foraging behaviour of bottlenose dolphin in NE Scotland has been shown to vary 

significantly with seabed gradient. The model used in the study predicted that this behaviour 

occurred more frequently over steep gradient sea beds than over shallow sea bed gradients. It 

was thought that the occurrence of feeding behaviour over steep gradients was due to prey 

capture being more efficient in these areas or because increased numbers of large fish occur 

within these areas. Steep seabed gradients may act as barriers used to easily catch prey; these 

areas may be used by fish to navigate during migration leading to an increase of individuals’ 

number and school size and dynamic features such as upwelling and tidal currents due to the 

steep gradients were also attributed to the distribution of cetaceans in this area (Hastie et al., 

2004). 

 

Slope has been considered as a key factor to predict areas of high cetacean diversity in order 

to establish whether oceanographic features may be used for conservation management 

purposes (Walker, 2005). A significant positive correlation (p = 0.001) for cetacean 

abundance and steeper slope was found in particular for dolphin species such as striped 

dolphin, short beaked dolphin, Risso’s dolphin, white-beaked dolphin, bottlenose dolphin and 

two whale species; pilot whale and false killer whale. 

 

Cecchetti (2006) concluded that the distributions of sightings per unit effort of minke whales, 

humpback whales and white-beaked dolphins showed the highest abundances on steep slopes, 

steeper and gentler slopes and steep slopes respectively. 

 

iii  Sediment type 

 

Geomorphological variables such as sediment type have also been the focus of many 

cetacean habitat studies and are thought to influence cetacean distribution. Minke whales 

have been studied in the Mingan Islands, Canada by Naud et al. (2003) with respect to depth, 

topography and substrate type. A strong correlation was found with cetacean distribution and 
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two types of geomorphology; sandy substrate and sandy dunes which occurred in shallow 

waters close to deltas. It was concluded that cetaceans were abundant in this area due to the 

occurrence of two fish species, sand lance (Ammodytes spp.) and capelin (Mallotus villosus). 

These species are strongly associated with sandy sediments as the sand lance spends its entire 

life cycle buried in sand emerging to feed and the capelin uses sandy banks to spawn. As 

these two species constitute the preferred prey of minke whales in this area abundances of 

this whale species were high (Naud et al., 2003). 

 

MacLeod et al. (2004) studied the distribution of minke whales off the Isle of Mull and found 

a similar distribution to Naud et al. (2003), with spatial shifts occurring throughout the 

feeding season. In late summer and autumn minke whales were observed exploiting deeper 

waters with gravel sediments whereas during the spring and early summer the whales 

appeared in shallow waters with sandy-gravel substrates. This pattern of distribution once 

again reflected prey species distribution, in particular sand eels (Ammodytes marinus) in the 

early season and spawning herrings (Clupea harengus) in the late season (MacLeod et al., 

2004). 

 

The minke whales in the southern outer Moray Firth had higher occurrences in mainly 

shallow waters with steep gradients, northerly facing aspects and sandy-gravel substrates. No 

significant correlations to sandy-gravel sediments were found during cetacean travelling, 

enforcing that the habitat choice reflects the category of activity (Tetley, 2004). 

 

1.7.2   Non-fixed parameters 

 

i Sea Surface Temperature (SST) 

 

One feature which can affect the physical and biological processes occurring in the sea is the 

temperature of the water (Selzer & Payne, 1988). Marine mammals, cetaceans in particular, 

are greatly affected by heat loss by being immersed in water. In order to survive, cetaceans 

have developed ways to maintain body heat and energy expended on thermoregulation to 

ensure an efficient energy budget. Therefore, many species, once adapted to certain 

temperature regimes, can only occur in those areas (Tetley, 2004). 
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Cooler polar waters are known to be highly productive and thus provide high quality regions 

for many top predators such as cetaceans and sea birds to exploit (Hunt et al., 2000). Keller et 

al. (2006) found a direct positive relationship between temperature and habitat choice in 

Northern right whales (Euabalaena glacialis) in the calving grounds of the North Atlantic. In 

January and February the whales were seen to follow different movement patterns according 

to two zones; EWS (Early Warning System) and the Florida near shore and to differing SST. 

Differing SSTs in this area are due to the Gulf Stream flowing close to the Florida shore and 

moving northerly more offshore causing temperatures in the EWS to be higher than that of 

the northern area. It was concluded that the Gulf Stream was a thermal limit controlling the 

distribution of right whales (Keller et al., 2006). 

 

A number of factors including; temperature, cold water intrusions, slope and sea ice 

extension were considered by Katamatsu et al. (2000) in the distribution of minke whales in 

the Bellingshausen and Amundsen Seas in 1982/83 and 1989/90. The survey conducted in 

1982/83 yielded a larger abundance of minke whales in a variable distribution than in 

1989/90. Although temperature was not found to be a significant factor influencing the whale 

distribution, combined with the factors of sea-ice cover and cold water intrusions it suggested 

a possible positive correlation. This was due to the 1982/83 survey having a lower SST than 

in 1989/90 with a greater extension of sea ice and more cold water intrusions (Katamatsu et 

al., 2000). 

 

Davis et al. (1998) identified that the deep-diving species; Risso’s dolphin, sperm whales, 

pygmy/dwarf sperm whales and unidentified beaked whales, in this study occurred in water 

with the steepest SST gradient. It is thought that as these species are known to feed on squid 

they may have been foraging along thermal fronts associated with eddy systems. These high 

abundance areas are associated with cold-core eddies that are more productive than the 

warmer oligotrophic surface water warm-core eddies (Davis et al., 1998). 

 

Short-beaked common dolphins (Delphinus delphis) in New Zealand showed a seasonal 

offshore shift in their distribution which appeared to be correlated to SST (Neumann, 2001). 

D. delphis  moved from a mean distance of 9.2 km from shore in spring and summer to a 

mean distance of 20.2 km from shore in autumn. It was hypothesised that SST influenced the 

distribution of D. delphis prey which in turn affected their seasonal movements (Neumann, 

2001). 
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ii  Productivity/Chlorophyll –a density 

 

Primary productivity is the key factor in determining the transfer of energy from the lowest 

stage of the food chain, phytophagus plankton, up to the higher level of predators including 

cetaceans (Baumgartner et al., 2001; MacLeod, 2001; Tetley, 2004; Walker, 2005). 

 

Chlorophyll-a concentration showed a significant correlation (p = 0.020) for minke whales, a 

highly significant correlation (p = 0.003) for humpback whales and no correlation for white-

beaked dolphin distribution in the Skjálfandi Bay NE, Iceland (Cecchetti, 2006). 

 

A study on blue whales in the Northeast Pacific by Burtenshaw et al. (2004) showed that the 

arrival of blue whales off Point Conception in early June coincided with substantial primary 

productivity accumulating within and extending west from the Southern California Bight. 

The September peak of whale abundance in this region coincides with expected peak 

euphausiid biomass, approximately seven months following the onset of the cool water 

upwelling season (February – May) and typical euphausiid spawning events. Southern and 

central California experienced a comparable influx of blue whales, owing to comparable 

primary and secondary productivity levels. These phytoplankton blooms and euphausiid 

growth cycles were consistent with the seasonal timing of peak blue whale abundance in this 

region. It appears that during the 1997/1998 El Niño event, fewer areas maintained the 

primary productivity necessary to support euphausiid aggregations and thus grazing blue 

whales (Burtenshaw et al., 2004). 

 

The relationship between food availability and cetacean distribution has also been highlighted 

by Littaye et al. (2004). Chlorophyll-a concentration, derived from satellite imagery, was 

compared with fin whale (Balaenoptera physalus) sightings in the north western 

Mediterranean Sea. It was concluded that there was a direct correlation during springs 

coinciding with high primary production, however in springs with low primary production 

the whales movement was linked to short term production events and to thermal fronts 

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

 

There are additional factors which may affect cetacean distribution spatially and temporally; 

one of these is the input of fresh water (Baumgartner et al., 2001; Davis et al., 2002). Shiah et 

al. (1996) found that fresh water decreased the salinity in coastal areas and increased the 

nutrient supply leading to an enhancement of primary productivity in the coastal zone of the 

river Lanyang His, Taiwan. Three types of water were identified, the water in the river mouth 

with low salinity and high nitrate levels, the sea water with a high salinity and lower nitrate 

levels and the mixed water with an intermediate salinity and high nitrate levels. These water 

types were then compared with primary production rates. Primary production rates were low 

in estuarine water and high in sea water and mixed water. The high turbidity levels in the 

river mouth were concluded to be limiting the phytoplankton growth (Shiah et al., 1996). 

 

Davis et al. (2002) examined the distribution of cetaceans in the northern Gulf of Mexico 

regarding dynamic oceanographic features such as cyclonic and anticyclonic eddies and the 

influence of the Mississippi River delta. The low salinities and nutrient availability of the 

Mississippi River were linked to the enhancement of primary productivity and to the 

occurrence of cetacean species over the continental slope. The deeper waters beyond the 

continental slope have been documented as foraging grounds for sperm whales taking 

advantage of eddies in the transfer of riverine nutrients and hence primary and secondary 

production (Davis et al., 2002). 

 

1.8 Aims 

 

The aim of this research is to investigate the relationship between environmental variables 

(EVs) and cetacean (humpback whale, minke whale and white-beaked dolphin) distribution 

in Skjálfandi Bay, NE Iceland. Utilising this relationship suitable prediction models will be 

created to apply to this region and adjacent regions (Eyjafjorður and Öxarfjörður) to predict 

areas of likely cetacean sightings. This information will then be used to assess the creation of 

marine protected area designation and sustainable whale resource utilization. 
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Environmental variables examined include: 

 

1. fixed parameters of; 

 

o depth,  

o slope, and 

o aspect  

(sediment type will not be included due to lack of information) 

 

2. the non fixed parameters of; 

 

o sea surface temperature, 

o primary productivity, 

o latitude, 

o longitude, and 

o distance from the coastline. 
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2. Methods 
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2.  Methods 
 
2.1  Cetacean Surveys 
 
Cetacean sightings regarding the distribution and abundance of marine mammals in 

Skjálfandi Bay (figure 2.2) were recorded over a four month period, the beginning of May 

until the end of August, in 2007 (combined with previous years 2004-2006).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.1 Map showing the study area (Modified from Cecchetti, 2006). Data recorded in 
the enclosed study area will be used to predict values in the enclosed habitat suitability 
prediction area enclosed in red. 
 
Whale watching vessels were utilised as platforms of opportunity throughout the data 

collection. Weather permitting, the whale watching company ‘North Sailing’ permitted the 

use of its vessels to record marine mammal sightings. Four trips were undertaken each day 

(one in the morning, two in the afternoon and one in the evening) lasting approximately three 

hours. However, on average data was recorded once or twice a day. One vessel, the Bjössi 

Habitat Suitability  
Prediction Area 
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Sör (figure 2.2) was utilised for the majority of the research to standardize the methodology 

used for data collection. However, if the number of people on the tour increased or the vessel 

was unavailable, additional boats Náttfari and Knörrin (figure 2.2), also belonging to ‘North 

Sailing’ were used. To observe the cetaceans clearly and estimate distances from the boat to 

the individual locations of the marine mammals, observations were undertaken from the roof 

of the wheelhouses of each vessel (Náttfari 4.5 m; Bjössi Sör 3 m; Knörrin 2.70 m).  

 
 

 
 
Figure 2.2 Photograph of the ‘North Sailing’ whale watching vessels (Knörrin, Bjössi Sör 
and Náttfari) used as platforms of opportunity to collect sightings and effort data from 2004-
2007. 
 
A volunteer from The Whale Museum in Húsavik and a researcher were present to record the 

sightings data. Sighting and effort data forms (Appendix) were utilised to record data. 

Sighting data comprised of; the species observed, the number of that species, the distance 

from the boat, the GPS location, time of observation, behaviour and potential presence of 

calves. If there were any seabirds at the time of encounter their species was also noted down 

as their presence alongside whales whilst they are feeding has been documented by a number 

of authors (Gill et al., 2000; Yen et al., 2004). Effort data consisted of collecting GPS (Etrex, 

Garmin) locations, headings, bearings and speeds every 15 minutes. Also included in the 

effort data was the weather condition, sea state (Beaufort Scale), wind speed and direction, 

cloud cover and swell height and direction. Additional data included dive times for the minke 

whale (Balaenoptera acutorostrata) and the humpback whale (Megaptera novaeangliae) 

using a stopwatch and a Dictaphone (Mikomi ET 812A). This allowed a recording of the dive 

patterns of these species to be recorded along with the direction of each longer dive. 

 

Sightings data (converted into Dbase IV files) were incorporated into study area maps created 

with ArcView 3.3 software. A map of the study area of Skjálfandi Bay, Iceland was created 

Knörrin 
Bjössi Sör 

Náttfari 
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from the world map available within the programme supplied by the Environmental Systems 

Research Institute (ESRI) and converted into a Mercator map projection. Archive sightings 

data for 2004, 2005 and 2006 were also used to highlight the distribution of the three main 

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

 

2.2  Environmental Data�

 

The environmental data in this study consisted of fixed, non-fixed and geographical variables. 

Fixed variables included depth, slope and aspect. Non-fixed variables included sea surface 

temperature (SST) and chlorophyll-a concentration. Geographical variables included distance 

from the coastline and longitude/latitude. Data was placed into 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 sensor MODIS (MODerate resolution 

Imaging Spectroradiometer) was obtained for Skjálfandi, Öxarfjörður and Eyjafjörður Bays 

and placed into a spreadsheet. The depth contour data was then converted into an event theme 

in ArcView 3.3; from this a grid theme was created to create a depth map of the three bays. 

 

Slope and aspect data was extrapolated from the depth data already inserted into ArcView. 

The ‘Spatial Analyst’ function allowed the data to be directly derived to produce slope and 

aspect bathymetric maps of the three bays. 

 

2.2.2 Non-fixed Variables�

�

The Natural Environment Research Council (NERC) Earth Observation Data Acquisition and 

Analysis Service (NEODAAS) at the Plymouth Marine Laboratory provided the satellite data 

for SST and chlorophyll-a concentration. Monthly composite images from May to 

September, 2004, 2005, 2006 and 2007 were available as GeoTiffs (Geo-referenced Tag 

Image File Format) and were downloaded via the NEODAAS website. A final composite of 

all years combined was then created and used in the mapping process. 
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Images from AQUA recorded by the sensor MODIS (MODerate resolution Imaging 

Spectroradiometer) were obtained at a resolution of 250Nm2. Using ArcView the images 

were converted into a grid theme and then the digital numbers provided by this process were 

converted into true values (degrees Celsius and concentration) using the following formulas 

(provided by NEODAAS): 

   

SST �������	�
���
�

    Chl-a ��
	��������	�	
����	��  

 

where  SST = Sea surface temperature (0C) 

 Chl-a = chlorophyll- a density (� g1-1) 

 DN = Digital number�

 

 

2.2.3 Geographical Variables 

 

Distance from the coastline was calculated by measuring the straight line distance from a 

sighting to the coastline. Latitude and longitude were derived using a 1 km x 1 km grid 

spanning the survey area. The latitude and longitude were recorded for each corner of the 1 

km x 1 km grid. 

 

 

To utilise the data in Biomapper for Ecological Niche Factor 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, using GIS (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 be inserted into ArcView to obtain vessel 

tracks (figure 2.4) of the whale watching tours each day. GPS positions recorded every fifteen 

minutes were joined together by a line and then overlaid onto the ArcView maps to represent 

vessel tracks. The total length of time (minutes) spent on each survey each day was calculated 

for all years (2004, 2005, 2006 and 2007). Utilising the previous 1 km x 1 km grid created in 

ArcView an average length of time spent in each grid cell was calculated (assuming that the 

time spent in each cell was the same). This was assessed by dividing the total amount of 

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

�

Sightings per unit effort (SPUE) was then analysed to calculate the number of sightings per 

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

 

SPUE = n / LT 

 

where n is the total number of sightings and LT is the total amount of time spent on a survey. 

 

2.4 Spatial Distribution of Cetaceans 

 

To determine the spatial distribution of the cetaceans in Skjálfandi Bay in relation to the 

environmental variables maps were created of depth, aspect, slope and cetacean sightings in 

order to visualise a pattern of distribution. Maps were also created with sightings and 

temperature and chlorophyll-a composites. 

 

To aid visual analysis of the data, histograms of the environmental variables (EVs) (fixed and 

non-fixed) and geographical variables with each species were created. 

 

2.5 Statistical Analysis 

 

Significant differences between species and the co-occurring EVs were examined statistically 

using Minitab 13 software. Anderson-Darling tests were performed to test for normality and 

then followed by Kruskal-Wallis (as the data was non parametric and not normal in 
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distribution) to identify significant differences between species and the EVs. Correlations 

with each EV and species were examined using Pearson’s Correlation Coefficient. 

 

Individual variable data was then extracted to be placed into the Biomapper 3 software. 

 

 

2.6 Habitat Suitability Predictions 

   

BioMapper 3 is a statistical and GIS tool which is designed to create habitat suitability (HS) 

models and maps, through comparing species sightings with a number of EGVs. Being 

centred on ecological niche factor analysis (ENFA) it permits the creation of HS models 

without the need of absence data (Hirzel et al., 2004). All significant factors assumed to 

affect the distribution of cetaceans in Skjálfandi Bay were placed into BioMapper 3.2 as 

IDRISI files under ecogeographical maps (converted previously in the IDRISI extension of 

ArcView). Sightings data was also placed into the software as a workmap. Sightings data was 

then booleanised to give values of 0 (absence) or 1 (presence). Once the EGVs were placed 

into the software they were normalised by box-cox transformations to make each variable 

overlayable to the next. Maps were then verified to check for discrepancies. If there were 

none an ENFA was carried out. 

 

ENFA summarizes all predictors into a number of uncorrelated axes, like principal 

component analysis (PCA) (Reutter et 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 distribution differs from that of 

the available conditions of the study area, is represented by the first axis. Marginality 

coefficients were calculated for each species with each EGV. With a positive marginality the 

focal species is identified as preferring EGV conditions that are higher than the average 

available and vice versa for negative values (Hirzel et al., 2002). An overall marginality 

value for all species sightings and EGVs was calculated with larger values representing 

species preference of habitats that differ from the average conditions available (Compton, 

2004). 
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Specialisation values (S) for each species and the co-occurring EGVs were then calculated to 

represent how the variance of the species distribution differs from that of the available 

conditions. With a higher value comes the requirement and a more restricted range of each 

species with regard to a given EGV (Compton, 2004). A high tolerance value (T, the inverse 

of specialisation) indicates that a species occupies a relatively wide niche (Hirzel et al., 2002; 

Compton, 2004). 

 

Depending on species each EGV will vary in the amount of information it explains per factor 

(shown by marginality and specialisation coefficients). As each EGV varies, individually 

they will explain a proportion of the specialisation of the focal species. Once the EGVs have 

been computed as to the proportion of the specialisation to which they contribute, McArthur’s 

broken stick model serves as a guide to select the number of factors explaining the largest 

amount of information and recommendations to be included in the HS map computation. The 

map created is allocated a value of 0-100 for each cell, with 100 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 total number of survey minutes 

equal to 43,335. Data relative to the monthly and yearly values for effort are shown in table 

3.1.1.1. 

 

The months with the largest value for effort for all study years are July and August with 

14,678 and 12,486 minutes respectively. The month with the lowest amount of survey effort 

for all years is September (2007 not included in this study) with an effort value of 781 

minutes. 

 
 
Table 3.1.1.1 Survey effort for 2004, 2005, 2006 and 2007 summer research seasons. Both 
monthly and total effort data, expressed in minutes, are reported for each year. 
  
 
 
 
 
 
 
 
 
 
 

The months of May 2004 and 2005; June 2004 and September 2004 and 2006 had the lowest 

effort with 0 survey minute values. 

 

Throughout the four study periods the total number of survey minutes has increased from 

5,032 in 2004 to 14, 280 in 2007 (figure 3.1.1.1). 

 
 
Sightings per unit effort (SPUE) data were calculated for the minke whale, humpback whale 

and the white-beaked dolphin combined and also for each individual species. Monthly values 

are also reported to examine a finer temporal scale. Tables and graphs relative to SPUE 

analysis for the combined species (table 3.1.1.2; figure 3.1.1.2) and the individual species 

(table 3.1.1.2; figure 3.1.1.3; figure 3.1.1.4; figure 3.1.1.5) are reported as follows. 

Year Monthly Effort (minutes) 
Total 
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 
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Table 3.1.1.2. Sightings per unit effort (SPUE) data. All tables are relative to the research 

period of 2004-2007, monthly values are provided. 

 
a) Sightings per unit effort (SPUE) of the three species (Balaenoptera acutorostrata, 

Megaptera novaeangliae and Lagenorhynchus albirostris) 
 

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 whale Balaenoptera 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 dolphin Lagenorhynchus 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 whale Megaptera 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 species (Balaenoptera acutorostrata, 
Megaptera novaeangliae, Lagenorhynchus albirostris) sightings during 2004-2007 research 
seasons. 
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Figure 3.1.1.2. Monthly sightings per unit effort (SPUE) for the three species (Balaenoptera 
acutorostrata, Megaptera novaeangliae, Lagenorhynchus albirostris) sightings during 2004-
2007 research seasons. 
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Figure 3.1.1.3. Monthly sightings per unit effort (SPUE) for minke whale (Balaenoptera 
acutorostrata) sightings during 2004-2007 research seasons. 
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 Figure 3.1.1.4. Monthly sightings per unit effort (SPUE) for white-beaked dolphin 
(Lagenorhynchus albirostris) sightings during 2004-2007 research seasons. 
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Figure 3.1.1.5 Monthly sightings per unit effort (SPUE) for humpback whale Megaptera 
novaeangliae sightings during 2004-2007 research seasons. 
 
 
 
 
3.1.2 Spatial distribution of cetaceans 
 
Vessel tracks logged by the GPS coordinates show the area of Skjálfandi Bay surveyed by the 

whale watching vessels during the study period of 2004 – 2007 (figure 3.1.2.1). In the year 

2004 vessel tracks dominate the northern part of the bay and also show a smaller number of 

surveys in comparison with 2005-2007. 
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�
 
Figure 3.1.2.1 Vessel tracks showing the spatial effort relative to research years 2004, 2005, 
2006 and 2007 within the study area (modified from Cecchetti, 2006). 
 
In 2005 there was a more evenly distributed survey area focused mainly on the centre and 

southern parts of the bay. The final years, 2006-2007, have vessel tracks surveying a wider 

area of the bay covering the north, centre and southerly areas. 

 
3.2 Sightings 
 
3.2.1  Temporal distribution 
 
The encounter frequency of the three cetacean species included in this study, the minke whale 

(Balaenoptera acutorostrata, Ba), the humpback whale (Megaptera novaeangliae, Mn) and 

the white-beaked dolphin (Lagenorhynchus albirostris, La) has increased from the year 2004 

(89 sightings) to 2007 (569 sightings). The most common species over the study period 

(2004-2007 combined) was the white-beaked dolphin with a total of 434 sightings, followed 

by the minke whale with 346 sightings and then finally the humpback whale with 312 

sightings (figure 3.2.1.1). 
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Figure 3.2.1.1 Encounter frequency for the included species in the study sighted from 2004-
2007. Species included are the minke whale (Balaenoptera acutorostrata, Ba), the humpback 
whale (Megaptera novaeangliae, Mn) and the white-beaked dolphin (Lagenorhynchus 
albirostris, La).  
 
 
The number of white-beaked dolphin encounters increased by a factor of seven from 2006 to 

2007; minke whale sightings remained relatively constant throughout the study period and 

humpback whale sightings have increased steadily from 2004-2007. 

 
 
3.2.2  Spatial distribution 
 
Table 3.2.2.1 and figure 3.2.2.1 show the sighting frequencies and distributions of minke 

whales, humpback whales and white-beaked dolphin encountered throughout 2004-2007. 

 
 
 
 
 
 
 
 
 
 

 2004 2005 2006 2007 

Ba 65 84 98 99 

La 17 60 41 316 

Mn 8 29 121 154 
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Table 3.2.2.1 Sighting frequencies of the three species (Balaenoptera acutorostrata, 
Megaptera novaeangliae, Lagenorhynchus albirostris) during 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 species (Balaenoptera acutorostrata, 
Megaptera novaeangliae and Lagenorhynchus albirostris) within the study area for the 
research period (2004, 2005, 2006 and 2007 combined) and for the four years (modified from 
Cecchetti, 2006). 
 
A large area of the bay is occupied by the three species included in this study. The main areas 

of cetacean sightings are in the central and southern areas of the bay. A yearly variation can 

also be seen in the number and distribution of cetaceans in Skjálfandi Bay. Sightings are 

focused to the northwest in 2004, south in 2005 and centrally with larger spatial coverage in 

2006-2007. 

 

Sightings relative to individual species are illustrated in the following section. 
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Table 3.2.2.2 Sighting frequencies for the minke whale Balaenoptera acutorostrata for 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 3.2.2.2 Encounter distribution of the minke whale Balaenoptera acutorostrata, within 
the study area for the research period (2004, 2005, 2006 and 2007 combined) and for the four 
years (modified from Cecchetti, 2006). 
 

Minke whales were encountered often and over a large spatial scale (table 3.2.2.2 and figure 

3.2.2.2). Temporally minke whales were distributed to the northeast of the bay in 2004, over 

a smaller spatial scale and to the south in 2005, centrally in 2006 and centrally with a higher 

number of sightings located on the eastern side of Skjálfandi Bay in 2007. Moreover, 

sightings were also reported in a closer proximity to the shore in 2005. 
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Table 3.2.2.3. Sighting frequencies for the white-beaked dolphin Lagenorhynchus 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 dolphin Lagenorhynchus 
albirostris, within the study area for the research period (2004, 2005, 2006 and 2007 
combined) and for the four years (modified from Cecchetti, 2006). 
 
White-beaked dolphin sighting frequency and distribution were generally low and occupied a 

central area of Skjálfandi Bay (table 3.2.2.3 and figure 3.2.2.3). In 2004 sightings were 

concentrated in the north and eastern areas of the bay. However, from 2005-2007 sightings of 

white-beaked dolphin covered a relatively similar spatial scale with sightings being located in 

central areas of the bay. 
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Table 3.2.2.4 Sighting frequencies for the humpback whale, Megaptera novaeangliae, for 
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 whale, Megaptera novaeangliae, 
within the study area for the research period (2004, 2005, 2006 and 2007 combined) and for 
the four years (modified from Cecchetti, 2006). 
 
Humpback whale sightings are also often encountered and cover a large spatial scale (table 

3.2.2.4 and figure 3.2.2.4).  Sightings in 2004 were low and concentrated in the central and 

north areas of the bay; in 2005 they were focused in the southwest areas of the bay over a 

smaller spatial scale; 2006 covered the largest spatial scale with sightings relatively evenly 

distributed throughout Skjálfandi Bay and in 2007 sightings were central 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 Skjálfandi Bay and the further areas of 

Eyjafjörður and Öxarfjörður is reported in figure 3.3.1.1. The three bays are characterised by 

shallower water along their western, central and eastern shores. The shallowest area (0 – 94 

m) of the study location lies to the northwest of Skjálfandi Bay and along the eastern and 

northwest coastline of Eyjafjörður Bay. Shallow areas can be seen extending north from the 

coastline separating Skjálfandi and Eyjafjörður and Skjálfandi and Öxarfjörður. In between 

these areas of shallower water are areas of deeper water (282 – 376 m). 

 

 
Figure 3.3.1.1 GIS layout of depth for Skjálfandi Bay and the extended area (Eyjafjörður and 
Öxarfjörður) to be used for habitat modelling (depth value source GEBCO). 

 
b) Slope 

 
The  GEBCO derived topography of the study and was modelled and is illustrated in a GIS 

layout in figure 3.3.1.2. Skjálfandi Bay is characterised by a steep western and shallower 

eastern coastline, with a less steep southern shore due to the accumulation of sediments from 

the two rivers flowing into the bay. For the extended larger modelling area, ridges of steeper 

slopes separating Skjálfandi Bay, Eyjafjörður and Öxarfjörður can be seen. Both Eyjafjörður 
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and Öxarfjörður are characterised by steeper slopes on their western and eastern shores with 

both bays once again having gentler slopes on their southern shores due to the accumulation 

of sediments from rivers flowing into them. 

 

 
Figure 3.3.1.2 GIS layout of slope for Skjálfandi Bay and the extended area (Eyjafjörður and 
Öxarfjörður) to be used for habitat modelling (slope data source GEBCO). 
 
 

c) Aspect 

 
Figure 3.3.1.3 GIS layout of aspect for Skjálfandi Bay and the extended area (Eyjafjörður 
and Öxarfjörður) to be used for habitat modelling (aspect data source GEBCO).  
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The GIS layout of GEBCO derived aspect is illustrated in figure 3.3.1.3. Skjálfandi, 

Eyjafjörður and Öxarfjörður Bays have predominantly northeast and east facing slopes on 

their western shores. To the eastern shores the three bays have predominantly west and 

northwest facing slopes. The steeper ridges extending from the western side of each bay can 

be clearly seen and have predominantly northeast and east facing slopes. Between these 

ridges are areas of less steep west and northwest facing slopes.  

 
 
3.3.2   Non-fixed Parameters 
 

a) Sea Surface Temperature (SST) 
 
The GIS layout of the MODIS SST (0C) composite (combined monthly, May to September 

and yearly, 2004-2007) is presented in figure 3.3.2.1. The majority of the sea is 

approximately 50C with cooler temperatures of -0.3 – 40C occupying the areas of river inputs 

in Eyjafjörður and Öxarfjörður. Cooler areas of 4-50C are also seen in Öxarfjörður on the 

eastern shore due to the dominant current in the bay moving from the western shore to the  

eastern shore. A warmer area of 6-70C extends from the south western shore to the north 

eastern shore of Skjálfandi Bay. 

 
Figure 3.3.2.1 GIS layout of composite (MODIS) (combined monthly May - September and 
yearly 2004 - 2007) sea surface temperature (0C) for Skjálfandi Bay and the extended area 
(Eyjafjörður and Öxarfjörður) to be used for habitat modelling. Data Source NEODAAS.�
�
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b) Chlorophyll- a 
 
Chlorophyll-a (� gl-1) concentration is depicted below in the GIS layout of the MODIS 

composite (yearly and monthly) (figure 3.3.2.2). Higher concentrations of chlorophyll-a are 

shown in the southern and eastern inshore areas of Skjálfandi Bay and Öxarfjörður Bay with 

values ranging from 2-4 � gl-1. In Eyjafjörður Bay higher concentrations of chlorophyll-a are 

shown on the central western shore with similar values of 2-4 � gl-1. 

 
Figure 3.3.2.2 GIS layout of composite (MODIS) (combined monthly May - September and 
yearly 2004 - 2007) chlorophyll-a concentration (� gl-1) for Skjálfandi Bay and the extended 
area (Eyjafjörður and Öxarfjörður) to be used for habitat modelling. Data Source NEODAAS.  
 
 
3.4  Intraspecific associations with Geographical and Environmental 

Variables 
 
This section describes the relationship the sightings per unit effort data for each species has 

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

used to determine the normality of the data and is reported in table 3.4.1. 

 

As the eight variables being examined had non-normal distributions (p<0.05), non-parametric 

statistics were chosen. The Kruskal-Wallis non-parametric test for variance was chosen to 

examine the significant differences in the data both at inter-specific and intra-specific levels. 

The Pearson product-moment correlation coefficient was also used to examine correlations 

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

Variable AD P value 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 (0C) 207.11 <0.05 2.02 5.48 
Chl ( � gl -1) 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 the study period (2004-2007) for minke 

whales is shown in figure 3.4.1. The areas with the highest SPUE values are to the northeast 

and the southwest of Skjálfandi Bay. In relation to the depth, slope and aspect variables, these 

areas correspond with values of shallow depth and steeper slopes. 

 
Figure 3.4.1 Map showing the distribution of minke whale (Balaenoptera acutorostrata) 
sightings per unit effort in relation to a) depth (m), b) slope (degrees) and c) aspect 
(direction). Darker areas correspond to hotspots of sightings (modified from Cecchetti, 2006). 
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The correlations between minke whale SPUE and the environmental and geographical 

variables are reported in table 3.4.2 combined with the Kruskal-Wallis test values. 

Correlations are shown in figure 3.4.2. 

 
Table 3.4.2 Summary of statistical analysis performed using a) Pearson correlation b) 
Kruskal-Wallis for the minke whale.  

a) Pearson correlation to assess minke whale (Balaenoptera acutorostrata) distribution 
correlations relating to the eight environmental parameters. Coefficient 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 (0C) -0.05 0.608 
Chl (� gl -1) -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 whale (Balaenoptera acutorostrata) distribution 

correlations relating to the eight environmental parameters Coefficient 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 (0C) 134.00 134 0.484 
Chl (� gl -1) 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 between the minke whale individual 
survey SPUE values (2004-2007) and chlorophyll-a concentration, latitude and longitude. For 
all correlations linear trend lines, their relative equations and R value is shown. 
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Significant correlations were observed between the sightings of minke whales and 

chlorophyll-a concentration (r = -0.21, p<0.05), latitude (r = 0.18, p<0.05) and longitude (r = 

0.22, p<0.05). The Kruskal-Wallis test identified significant differences in the minke whale 

sighting distribution and their range of latitudes (H = 35.52, DF = 12, p<0.05). 

 
 
Lagenorhynchus albirostris 
 
White-beaked dolphin sighting per unit effort distribution is represented in figure 3.4.3. The 

SPUE for white-beaked dolphin varies from that of the minke whale SPUE with there only 

being one hotspot of high values in the northeast of Skjálfandi Bay. This area of increased 

sightings per unit effort once again correlates with an area of shallow water with steeper 

slopes of a south to south easterly orientation. 

 
Figure 3.4.3. Map showing the distribution of white-beaked dolphin, Lagenorhynchus 
albirostris, sightings per unit effort in relation to a) depth (m), b) slope (degrees) and c) 
aspect (direction). Darker areas correspond to hotspots of sightings (modified from Cecchetti, 
2006). 
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A summary of the Pearson correlations and Kruskal-Wallis values for white-beaked dolphin 

are shown in table 3.4.3 and correlations in figure 3.4.4 

 

The white-beaked dolphin sightings per unit effort correlated with depth (r = 0.27, p<0.05) 

slope (r = -0.36, p<0.05), latitude (r = 0.31, p<0.05) and distance to the shore (r = 0.41, 

p<0.05). There was a significant difference between the range of latitudes and the number of 

white-beaked dolphin sightings over the study period (H = 32.72, DF = 13, p<0.05). 

 
 
Table 3.4.3 Summary of statistical analysis performed using a) Pearson correlation b) 
Kruskal-Wallis for the white-beaked dolphin.  

a) Pearson correlation to assess white-beaked dolphin (Lagenorhynchus albirostris) 
distribution correlations relating to the eight environmental 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 (0C) 0.04 0.721 
Chl (� gl -1) -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 dolphin (Lagenorhynchus albirostris) 

distribution correlations relating to the eight environmental 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 (0C) 93.00 93 0.480 
Chl (� gl -1) 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 the white-beaked dolphin 
individual survey SPUE values (2004-2007) and depth, slope, latitude and distance to the 
coastline. For all correlations linear trend lines, their relative equations and R value is shown. 
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Megaptera novaeangliae 
 
The sightings per unit effort data for the humpback whale varied from that of both the minke 

whale and the white-beaked dolphin. Hotspots of high SPUE values were located in the far 

north and the western areas of Skjálfandi Bay (figure 3.4.5). At the hotspot in the north of the 

bay there was deep water, generally steep slopes (more gentle than in the western hotspot) 

with south eastern orientation. At the location of the western hotspot there was shallower 

water, steep slopes and south westerly facing slopes. 

 

 
Figure 3.4.5 Map showing the distribution of humpback whale, Megaptera novaeangliae, 
sightings per unit effort in relation to a) depth (m), b) slope (degrees) and c) aspect 
(direction). Darker areas correspond to hotspots of sightings (modified from Cecchetti, 2006). 
 
 
When tested for correlations (table 3.4.4 and figure 3.4.6), humpback whale sightings per 

unit effort correlated significantly with chlorophyll-a 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 differences between the sightings per unit 

effort across a range of latitudes (H = 23.38, DF = 11, p<0.05) and longitudes (H = 62.85, DF 

= 20, p<0.05) (table 3.4.4).  

 
Table 3.4.4 Summary of statistical analysis performed using a) Pearson correlation b) 
Kruskal-Wallis for the humpback whale.  

a) Pearson correlation to assess humpback whale (Megaptera novaeangliae) distribution 
correlations relating to the eight environmental parameters. Coefficient 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 (0C) -0.03 0.772 
Chl (� gl -1) -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 whale (Megaptera novaeangliae) distribution 

correlations relating to the eight environmental parameters Coefficient 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 (0C) 113.00 113 0.482 
Chl (� gl -1) 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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Figure 3.4.6 Scatter plots for significant correlations between the humpback whale individual 
survey SPUE values (2004-2007) and chlorophyll-a concentration, latitude and longitude. For 
all correlations linear trend lines, their relative equations and R value is shown. 
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3.5  Interspecific Differences 
 
In summary it has been shown, from the GIS layouts of sightings per unit effort for minke 

whales, white-beaked dolphin and humpback whales, that different areas are favoured by 

each species. There was not one area of high SPUE values in which all three species were 

located, however, white-beaked dolphins and minke whales were both found in the northeast 

region of the bay. 
 

A summary of the Pearson correlation and Kruskal-Wallis test examining significant 

correlations and statistical differences between the three species combined is shown in table 

3.5.1 and figure 3.5.1. 
 

It can be seen that all three species correlate significantly with depth (r = 0.17, p<0.05), slope 

(r = -0.20, p<0.05), chlorophyll-a 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 shore (r = 0.25, p<0.05). 
 

Table 3.5.1 Summary of statistical analysis performed using a) Pearson correlation b) 
Kruskal-Wallis test for the three species included in the study.  

a) Pearson correlation to assess minke whale, Balaenoptera acutorostrata, white-beaked 
dolphin, Lagenorhynchus albirostris, and humpback whale (Megaptera novaeangliae) 
distribution correlations relating to the eight environmental 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 (0C) 0.01 0.878 
Chl (� gl -1) -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 whale, Balaenoptera acutorostrata, white-beaked 

dolphin, Lagenorhynchus albirostris, and humpback whale (Megaptera novaeangliae) 
distribution correlations relating to the eight environmental 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 (0C) 237.28 175 <0.05 
Chl (� gl -1) 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 3.5.1 Scatter plots for significant correlations between the minke whale, white-beaked 
dolphin and humpback whale individual survey SPUE values and depth, slope, chlorophyll-a 
concentration, latitude and longitude and distance from the coastline. For all correlations 
linear trend lines, their relative equations and R value is shown. 
 
 
In combination minke whales, white-beaked dolphin and humpback whales significantly 

differed in their distribution over a varying number of depths (H = 189.06, DF = 105, 

p<0.05), slopes (H = 237.28, DF = 175, p<0.05), aspects (H = 237.28, DF = 175, p<0.05), 
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SSTs (H = 237.28, DF = 175, p<0.05), chlorophyll-a concentrations (H = 237.28, DF = 175, 

p<0.05), latitudes (H = 74.48, DF = 14, p<0.05), longitudes (H = 66.98, DF = 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 (ENFA) vs. 

Principal Component Analysis (PCA). 
 
The following section will examine the use of ecological niche factor analysis and principal 

component analysis in producing habitat suitability maps in combination with the 

environmental and geographical variables. 

 
3.6.1  Balaenoptera acutorostrata  
 
The ENFA and PCA models of the fixed environmental variables utilised to predict minke 

whale habitat suitability are shown in figure 3.6.1.1. The areas of high suitability using the 

fixed environmental variables of depth, slope and aspect are in the eastern areas of the 

Skjálfandi, Eyjafjörður and Öxarfjörður Bays. The area in Öxarfjörður Bay is the largest area 

of high suitability for the minke whale and their co-occurring environmental variables. All 

three high suitability areas correlate with steeper slopes of west – northwest aspect and 

shallower water. Low suitability areas correspond with steep slopes with an east – northeast 

facing aspect and deeper water to the west of Skjálfandi, Eyjafjörður and Öxarfjörður Bays. 

The ENFA model has larger more clearly defined high suitability areas in east Öxarfjörður 

Bay than the PCA model. Areas of high and medium suitability habitat are also much more 

clearly defined in Skjálfandi and Eyjafjörður Bays in the ENFA model, however, the areas of 

high suitability in both models are generally of a similar size. 

 

The area of high suitability habitat for the minke whale using the non-fixed environmental 

variables is much larger (figure 3.6.1.2). Eyjafjörður and Öxarfjörður Bays only have a small 

area of high suitability on their west coasts (also a small area on Eyjafjörður’s east coast), 

whereas, Skjálfandi Bay has a much larger area (north, central and west) of predicted high 

suitability for the minke whale. These areas of high suitability coincide with cooler water and 

lower concentrations of chlorophyll-a. The areas of low suitability predicted using the non-

fixed environmental variables covers the majority of Eyjafjörður and Öxarfjörður Bays and 

the open sea to the north of Eyjafjörður. The areas of high suitability habitat predicted by the 

ENFA model are much larger than the PCA model, however, the area of low suitability to the 

north of Skjálfandi Bay is also larger.  
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When the fixed and non-fixed environmental variables are combined and used to predict 

areas of high habitat suitability for the minke whale (figure 3.6.1.3) the suitability map looks 

very similar to that of just the fixed environmental variables (figure 3.6.1.1). Once again the 

areas of high suitability are to the east of the three bays, however, their suitability is reduced. 

Areas with the highest suitability habitat are in the central eastern area of Skjálfandi Bay 

(correlating with west – northwest facing slopes, shallower water, medium to high 

concentrations of chlorophyll-a and cooler water). Areas of low suitability habitat for the 

minke whale are predicted along the western coastline of the three bays and also into the open 

sea along the ridges separating the three bays correlating with steep northeast – east facing 

slopes, deeper water, low concentrations of chlorophyll-a and cooler water. The ENFA model 

has an increased number of medium habitat suitability areas compared with the PCA model 

which has a larger number of high suitability areas.  

 

The geographical variables of longitude, latitude and distance to the coastline are used to 

predict areas of high habitat suitability for minke whales in figure 3.6.1.4. This map is very 

different to that of the areas of high suitability using both fixed and non-fixed environmental 

variables. Areas of high suitability are located in north, western and eastern areas of 

Skjálfandi Bay and along the coastline separating Skjálfandi and Eyjafjörður (Gjögurtá). 

These areas correlate with smaller distances to the coast and middling latitudes and 

longitudes. Areas of low suitability include areas of the three bays with a very close and large 

distance to the shore and higher/lower values for latitude and longitude. There are very small 

differences in predicted high habitat suitability areas between the two models. The clearest 

differences are with the area of high suitability in Skjálfandi Bay which is larger in the ENFA 

than the PCA. Additionally, the coastline separating Skjálfandi Bay and Eyjafjörður has a 

higher suitability in the ENFA than the PCA model. 

 

In combining the environmental and geographical variables an overall habitat suitability map 

for the minke whale is represented in figure 3.6.1.5. The area of highest suitability (in both 

models) is located to the northwest, central and southwest of Skjálfandi Bay (correlating with 

steep west – northwest facing slopes, shallower water, middle to high chlorophyll-a 

concentrations, cooler SSTs, middling latitude and longitude and close proximity the 

coastline). There is also an area of high suitability located along the coastline separating 

Skjálfandi and Eyjafjörður. Areas of moderate suitability occupy the majority of all three 

bays with areas of low suitability occupying the open sea to the north of Skjálfandi and 
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b) 

a) 

Figure 3.6.1.1 a) ENFA model and b) PCA model of the fixed environmental variables 
(depth, slope and aspect) for the minke whale Balaenoptera acutorostrata. HS – areas in red 
which are of high suitability habitat for the minke whale, LS – areas in white which are of 
low suitability habitat for the minke whale. 
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Figure 3.6.1.2 a) ENFA model and b) PCA model for the non fixed environmental variables 
of chlorophyll-a concentration and SST for the minke whale Balaenoptera acutorostrata. HS 
– areas in red which are of high suitability habitat for the minke whale, LS – areas in white 
which are of low suitability habitat for the minke whale. 

b) 

a) 
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Figure 3.6.1.3 a) ENFA model and b) PCA model of the combined fixed and non fixed 
environmental variables for the minke whale Balaenoptera acutorostrata. HS – areas in red 
which are of high suitability habitat for the minke whale, LS – areas in white which are of 
low suitability habitat for the minke whale. 
 

b) 

a) 
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Figure 3.6.1.4 a) ENFA model and b) PCA model of the geographic variables (latitude, 
longitude and distance from the coastline) for the minke whale Balaenoptera acutorostrata. 
HS – areas in red which are of high suitability habitat for the minke whale, LS – areas in 
white which are of low suitability habitat for the minke whale. 
 

b) 

a) 
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Figure 3.6.1.5 a) ENFA model and b) PCA model for the combined geographic variables 
(latitude, longitude and distance from the coastline) and environmental variables (depth, 
slope, aspect, chlorophyll-a and SST) for the minke whale Balaenoptera acutorostrata. HS – 
areas in red which are of high suitability habitat for the minke whale, LS – areas in white 
which are of low suitability habitat for the minke whale. 

b) 

a) 
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Öxarfjörður Bays. The largest difference between the ENFA and PCA models is that of the 

area of high suitability in Öxarfjörður Bay. In the ENFA model the entirety of Öxarfjörður 

Bay is of medium habitat suitability, however, in the PCA model there is a band of high 

habitat suitability which closely follows the eastern coastline. 

 

3.6.2  Lagenorhynchus albirostris 

 

The ENFA and PCA models of the fixed environmental variables utilised to predict white-

beaked dolphin habitat suitability are shown in figure 3.6.2.1. As for the minke whales, the 

areas of high suitability are in the eastern areas of the Skjálfandi, Eyjafjörður and Öxarfjörður 

Bays. The area in Öxarfjörður Bay is the largest area of high suitability for the white-beaked 

dolphin and the corresponding environmental variables. All three high suitability areas 

correlate with steeper slopes of west – northwest aspect and shallower water. Low suitability 

areas correspond with steep slopes with an east – northeast facing aspect and deeper water to 

the west of Skjálfandi, Eyjafjörður and Öxarfjörður Bays. The ENFA model has larger more 

clearly defined high suitability areas in east Öxarfjörður Bay than the PCA model. Areas of 

high and medium suitability habitat are also much more clearly defined in Skjálfandi and 

Eyjafjörður Bays in the ENFA model, however, the areas of high suitability in both models 

are generally of a similar size. 

 

The area of high suitability habitat for the white-beaked dolphin using the non-fixed 

environmental variables is once again very large (figure 3.6.2.2). Eyjafjörður and 

Öxarfjörður Bays only have a small area of high suitability on their west coasts (also a small 

area on Eyjafjörður’s east coast), however, Skjálfandi Bay has a much larger area (north, 

central and west) of predicted high suitability for the white-beaked dolphin. These areas of 

high suitability coincide with cooler water and lower concentrations of chlorophyll-a. The 

areas of low suitability predicted using the non-fixed environmental variables covers the 

majority of Eyjafjörður and Öxarfjörður Bays and the open sea to the north of Eyjafjörður. 

The areas of high suitability habitat predicted by the ENFA model are slightly larger than the 

PCA model, however, the area of low suitability to the north of Skjálfandi Bay is also larger.  

 

When the fixed and non-fixed environmental variables are combined and used to predict 

areas of high habitat suitability for the white-beaked dolphin (figure 3.6.2.3), once again, the 

areas of high suitability are to the east of the three bays, however, their suitability is reduced. 
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Areas with the highest suitability habitat are in the central eastern area of Skjálfandi Bay 

(correlating with west – northwest facing slopes, shallower water, medium to high 

concentrations of chlorophyll-a and cooler water). Areas of low suitability habitat for the 

white-beaked dolphin are predicted along the western coastline of the three bays and also into 

the open sea along the ridges separating the three bays correlating with steep northeast – east 

facing slopes, deeper water, low concentrations of chlorophyll-a and cooler water. The ENFA 

model has an increased number of medium habitat suitability areas compared with the PCA 

model which has a larger number of high suitability areas (similar to that of the minke 

whale).  

 

The geographical variables are used to predict areas of high habitat suitability for white-

beaked dolphin in figure 3.6.2.4. This map is different to that of the areas of high suitability 

using both fixed and non-fixed environmental variables (as in the case with minke whales). 

Areas of high suitability are located in north, western and eastern areas of Skjálfandi Bay and 

along the coastline separating Skjálfandi and Eyjafjörður (Gjögurtá). These areas correlate 

with smaller distances to the coast and moderate latitudes and longitudes. Areas of low 

suitability include areas of the three bays with a very close and large distance to the shore and 

higher/lower values for latitude and longitude. There are very small differences in predicted 

high habitat suitability areas between the two models (also in the case of the minke whale). 

The clearest differences are with the area of high suitability in Skjálfandi Bay which is larger 

in the ENFA than the PCA and also, the coastline separating Skjálfandi Bay and Eyjafjörður 

has a higher suitability in the ENFA than the PCA model. 

 

In combining the environmental and geographical variables an overall habitat suitability map 

for the white-beaked dolphin is represented in figure 3.6.2.5. The area of highest suitability 

(in both models) is located to the northwest, central and southwest of Skjálfandi Bay 

(correlating with steep west – northwest facing slopes, shallower water, middle to high 

chlorophyll-a concentrations, cooler SSTs, middling latitude and longitude and close 

proximity the coastline). There is also an area of high suitability located along the coastline 

separating Skjálfandi and Eyjafjörður. Areas of medium suitability occupy the majority of all 

three bays with areas of low suitability occupying the open sea to the north of Skjálfandi and 

Öxarfjörður Bays. 
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Figure 3.6.2.1 a) ENFA model and b) PCA model of the fixed environmental variables 
(depth, slope and aspect) for the white-beaked dolphin, Lagenorhynchus albirostris. HS – 
areas in red which are of high suitability habitat for the white-beaked dolphin, LS – areas in 
white which are of low suitability habitat for the white-beaked dolphin.  

b) 

a) 
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Figure 3.6.2.2 a) ENFA model and b) PCA model of the non-fixed environmental variables 
SST and chlorophyll-a and for the white-beaked dolphin, Lagenorhynchus albirostris. HS – 
areas in red which are of high suitability habitat for the white-beaked dolphin, LS – areas in 
white which are of low suitability habitat for the white-beaked dolphin. 

a) 

b) 



   67 

 
Figure 3.6.2.3 a) ENFA model and b) PCA model of the combined fixed and non-fixed 
environmental variables (depth, slope, aspect, SST and chlorophyll-a) for the white-beaked 
dolphin, Lagenorhynchus albirostris. HS – areas in red which are of high suitability habitat 
for the white-beaked dolphin, LS – areas in white which are of low suitability habitat for the 
white-beaked dolphin. 

a) 

b) 
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Figure 3.6.2.4 a) ENFA model and b) PCA model for the geographic variables, latitude, 
longitude and distance from the coastline, for the white-beaked dolphin, Lagenorhynchus 
albirostris. HS – areas in red which are of high suitability habitat for the white-beaked 
dolphin, LS – areas in white which are of low suitability habitat for the white-beaked dolphin. 

a) 

b) 
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Figure 3.6.2.5 a) ENFA model and b) PCA model for the geographic variables (latitude, 
longitude and distance from the coastline) and the environmental variables (depth, slope, 
aspect, chlorophyll-a and SST) for the white-beaked dolphin, Lagenorhynchus albirostris. 
HS – areas in red which are of high suitability habitat for the white-beaked dolphin, LS – 
areas in white which are of low suitability habitat for the white-beaked dolphin. 

a) 

b) 
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The largest difference between the ENFA and PCA models is that of the area of high 

suitability in Öxarfjörður Bay. In the ENFA model the entirety of Öxarfjörður Bay is of 

medium habitat suitability, however, in the PCA model there is a band of high habitat 

suitability which closely follows the eastern coastline. The suitability areas, low and high, are 

in more clearly defined areas in the ENFA model than in the PCA model. 

 

3.6.3    Megaptera novaeangliae  

 

The habitat models of the fixed environmental variables utilised to predict humpback whale 

habitat suitability are shown in figure 3.6.3.1. The areas of high suitability are once again in 

the eastern areas of the Skjálfandi, Eyjafjörður and Öxarfjörður Bays. The area in 

Öxarfjörður Bay is the largest area of high suitability for humpback whale and the 

corresponding environmental variables. All three high suitability areas correlate with steeper 

slopes of west – northwest aspect and shallower water. Low suitability areas correspond with 

steep slopes with an east – northeast facing aspect and deeper water to the west of Skjálfandi, 

Eyjafjörður and Öxarfjörður Bays. The ENFA model has larger, more clearly defined high 

suitability areas in east Öxarfjörður Bay and to the north of Eyjafjörður Bay than the PCA 

model. Areas of high and medium suitability habitat are also much more clearly defined in 

Skjálfandi and Eyjafjörður Bays in the ENFA model, however, the areas of high suitability in 

both models are generally of a similar size. 

 

The area of high suitability habitat for the humpback whale using the non-fixed 

environmental variables is once again very large (figure 3.5.3.2). Eyjafjörður and 

Öxarfjörður Bays only have a small area of high suitability on their west coasts (also a small 

area on Eyjafjörður’s east coast), however, once again Skjálfandi Bay has a much larger area 

(north, central and west) of predicted high suitability for the humpback whale. These areas of 

high suitability coincide with cooler water and lower concentrations of chlorophyll-a. The 

areas of low suitability predicted using the non-fixed environmental variables covers the 

majority of Eyjafjörður and Öxarfjörður Bays and the open sea to the north of Eyjafjörður. 

The areas of high suitability habitat predicted by the ENFA model are slightly larger than the 

PCA model, however, the area of low suitability to the north of Skjálfandi Bay is also larger.  

 

In figure 3.6.3.3 when the fixed and non-fixed environmental variables are combined and 

used to predict areas of high habitat suitability for the humpback whale the areas of high 
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suitability lie to the east of the three bays, however, their suitability is reduced (similar to the 

minke whale and the white-beaked dolphin). Areas with the highest suitability habitat are in 

the central eastern area of Skjálfandi Bay (correlating with west – northwest facing slopes, 

shallower water, medium to high concentrations of chlorophyll-a and cooler water). Areas of 

low suitability habitat for the humpback whale are predicted along the western coastline of 

the three bays and also into the open sea along the ridges separating the three bays correlating 

with steep northeast – east facing slopes, deeper water, low concentrations of chlorophyll-a 

and cooler water. The ENFA model has an increased number of medium habitat suitability 

areas compared with the PCA model which has a larger number of high suitability areas 

(again similar to that of the minke whale and white-beaked dolphin).  

 

Geographical variables are used to predict areas of high habitat suitability for humpback 

whale in figure 3.6.3.4. Areas of high suitability are located in north, western and eastern 

areas of Skjálfandi Bay and along the coastline separating Skjálfandi and Eyjafjörður 

(Gjögurtá). These areas correlate with smaller distances to the coast and middling latitudes 

and longitudes. Areas of low suitability include areas of the three bays with a very close and 

large distance to the shore and higher/lower values for latitude and longitude. There are very 

small differences in predicted high habitat suitability areas between the two models (also in 

the case of the minke whale and white-beaked dolphin). The clearest differences are with the 

area of high suitability in Skjálfandi Bay which is larger in the ENFA than the PCA and also, 

the coastline separating Skjálfandi Bay and Eyjafjörður has a higher suitability in the ENFA 

than the PCA model. 

 

The combination of environmental and geographical variables and the habitat suitability of 

the humpback whale is represented in figure 3.6.3.5. The area of highest suitability (in both 

models) is located to the northwest, central and southwest of Skjálfandi Bay (correlating with 

steep west – northwest facing slopes, shallower water, middle to high chlorophyll-a 

concentrations, cooler SSTs, middling latitude and longitude and close proximity the 

coastline). There is also an area of high suitability located along the coastline separating 

Skjálfandi and Eyjafjörður. Areas of medium suitability occupy the majority of all three bays 

with areas of low suitability occupying the open sea to the north of Skjálfandi and 

Öxarfjörður Bays. The largest difference between the ENFA and PCA models is that of the 
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Figure 3.6.3.1 a) ENFA model and b) PCA model of the fixed environmental variables 
(depth, slope and aspect) for the humpback whale (Megaptera novaeangliae). HS – areas in 
red which are of high suitability habitat for the humpback whale, LS – areas in white which 
are of low suitability habitat for the humpback whale. 

a) 

b) 
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Figure 3.6.3.2 a) ENFA model and b) PCA model of the non-fixed environmental variables 
SST and chlorophyll-a for the humpback whale (Megaptera novaeangliae). HS – areas in red 
which are of high suitability habitat for the humpback whale, LS – areas in white which are 
of low suitability habitat for the humpback whale. 

a) 

b) 
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Figure 3.6.3.3 a) ENFA model and b) PCA model of the combined fixed and non-fixed 
environmental variables (depth, slope, aspect, SST and chlorophyll-a) for the humpback 
whale (Megaptera novaeangliae). HS – areas in red which are of high suitability habitat for 
the humpback whale, LS – areas in white which are of low suitability habitat for the 
humpback whale. 

a) 

b) 
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Figure 3.6.3.4 a) ENFA model and b) PCA model of the geographic variables latitude, 
longitude and distance from the coastline for the humpback whale (Megaptera novaeangliae). 
HS – areas in red which are of high suitability habitat for the humpback whale, LS – areas in 
white which are of low suitability habitat for the humpback whale. 

a) 

b) 
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Figure 3.6.3.5 a) ENFA model and b) PCA model for the geographic variables (latitude, 
longitude and distance from the coastline) and the environmental variables (depth, slope, 
aspect, chlorophyll-a and SST) for the humpback whale (Megaptera novaeangliae). HS – 
areas in red which are of high suitability habitat for the humpback whale, LS – areas in white 
which are of low suitability habitat for the humpback whale. 

a) 

b) 
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area of high suitability in Öxarfjörður Bay. In the ENFA model the entirety of Öxarfjörður 

Bay is of medium habitat suitability, however, in the PCA model there is a band of high 

habitat suitability which closely follows the eastern coastline. The suitability areas, low and 

high, are in more clearly defined areas in the ENFA model than in the PCA model. 

 
3.6.4  All Species Combined 
 
The habitat models of the fixed environmental variables utilised to predict the habitat 

suitability of the three species (minke whale, white-beaked dolphin and humpback whale) 

habitat suitability are shown in figure 3.6.4.1. The areas of high suitability lie once again in 

the eastern areas of the Skjálfandi, Eyjafjörður and Öxarfjörður Bays. The area in 

Öxarfjörður Bay is the largest area of high suitability for all species combined and their 

corresponding environmental variables. All three high suitability areas correlate with steeper 

slopes of west – northwest aspect and shallower water. Low suitability areas correspond with 

steep slopes with an east – northeast facing aspect and deeper water to the west of Skjálfandi, 

Eyjafjörður and Öxarfjörður Bays. The ENFA model has larger more clearly defined high 

suitability areas in east Öxarfjörður Bay and to the north of Eyjafjörður Bay than the PCA 

model. Areas of high and medium suitability habitat are also much more clearly defined in 

Skjálfandi and Eyjafjörður Bays in the ENFA model, however, the areas of high suitability in 

both models are generally of a similar size and in similar locations. 

 

The area of high suitability habitat for the minke whale, white-beaked dolphin and humpback 

whale using the non-fixed environmental variables is very large (figure 3.6.4.2). Eyjafjörður 

and Öxarfjörður Bays only have a small area of high suitability on their west coasts (also a 

small area on Eyjafjörður’s east coast). Once again Skjálfandi Bay has a much larger area 

(north, central and west) of predicted high suitability for the humpback whale. These areas of 

high suitability coincide with cooler water and lower concentrations of chlorophyll-a. The 

areas of low suitability predicted using the non-fixed environmental variables covers the 

majority of Eyjafjörður and Öxarfjörður Bays and the open sea to the north of Eyjafjörður. 

The areas of high suitability habitat predicted by the ENFA model are slightly larger than the 

PCA model, however, the area of low suitability to the north of Skjálfandi Bay is also larger.  

 

In figure 3.6.4.3 when the fixed and non-fixed environmental variables are combined and 

used to predict areas of high habitat suitability for the three species combined, the areas of 

high suitability are to the east of the three bays, however, their suitability is reduced. Areas 
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with the highest suitability habitat are in the central eastern area of Skjálfandi Bay 

(correlating with west – northwest facing slopes, shallower water, medium to high 

concentrations of chlorophyll-a and cooler water). Areas of low suitability habitat for the 

three species are predicted along the western coastline of the three bays and also into the open 

sea along the ridges separating the three bays correlating with steep northeast – east facing 

slopes, deeper water, low concentrations of chlorophyll-a and cooler water. The ENFA model 

has an increased number of medium habitat suitability areas compared with the PCA model 

which has a larger number of high suitability areas.  

 

The geographical variables used to predict areas of high habitat suitability for minke whale, 

white-beaked dolphin and humpback whale combined are presented in figure 3.6.4.4. Areas 

of high suitability are located in north, western and eastern areas of Skjálfandi Bay and along 

the coastline separating Skjálfandi and Eyjafjörður (Gjögurtá). These areas correlate with 

smaller distances to the coast and middling latitudes and longitudes. Areas of low suitability 

include areas of the three bays with a very close and large distance to the shore and 

higher/lower values for latitude and longitude. There are very small differences in predicted 

high habitat suitability areas between the two models. The clearest differences concern the 

area of high suitability in Skjálfandi Bay which is larger in the ENFA than the PCA and also, 

the coastline separating Skjálfandi Bay and Eyjafjörður has a higher suitability in the ENFA 

than the PCA model. 

 

The combination of environmental and geographical variables and the habitat suitability of 

the combined species are represented in figure 3.6.4.5. The area of highest suitability (in both 

models) is located to the northwest, central and southwest of Skjálfandi Bay (correlating with 

steep west – northwest facing slopes, shallower water, middle to high chlorophyll-a 

concentrations, cooler SSTs, moderate latitude and longitude and close proximity to the 

coastline). There is also an area of high suitability located along the coastline separating 

Skjálfandi and Eyjafjörður. Areas of medium suitability occupy the majority of all three bays 

with areas of low suitability occupying the open sea to the north of Skjálfandi and 

Öxarfjörður Bays. The largest difference between the ENFA and PCA models is that of the 

area of high suitability in Öxarfjörður Bay. In the ENFA model the entirety of Öxarfjörður 
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Figure 3.6.4.1 a) ENFA model and b) PCA model of the fixed environmental variables 
(depth, slope and aspect) and for the minke whale, humpback whale and white-beaked 
dolphin. HS – areas in red which are of high suitability habitat, LS – areas in white which are 
of low suitability habitat. 

a) 

b) 



   80 

 
Figure 3.6.4.2 a) ENFA model and b) PCA model of the non-fixed environmental variables 
SST and chlorophyll-a for the minke whale, humpback whale and white-beaked dolphin. HS 
– areas in red which are of high suitability habitat, LS – areas in white which are of low 
suitability habitat. 

a) 

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

a) 

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

a) 

b) 
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Figure 3.6.4.5 a) ENFA model and b) PCA model of the geographic variables (latitude, 
longitude and distance from the coastline) and the environmental variables (depth, slope, 
aspect, chlorophyll-a and SST) for the minke whale, humpback whale and white-beaked 
dolphin. HS – areas in red which are of high suitability habitat, LS – areas in white which are 
of low suitability habitat. 
 

a) 

b) 
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Bay is of medium habitat suitability, however, in the PCA model there is a band of high 

habitat suitability which closely follows the eastern coastline. 

 

The individual variable marginality (M), specialisation (S) and tolerance (T) values are shown 

in table 3.6.4.1 a. The minke whale has higher marginality values for slope (M = 0.58), 

aspect (M = 0.51) and distance to the coastline (M = 0.52); the white-beaked dolphin, slope 

(M = 0.57) and distance to the coastline (M = 0.50) and the humpback whale, aspect (M = 

0.50). When all three species are combined higher average values of slope (M = 0.53) and 

aspect (M = 0.50) were preferred. Specialisation values were highest for SST, chlorophyll-a 

concentration, latitude and longitude for the minke whale (S = 109.98, 60.21, 182.61 and 

346.50 respectively), the white-beaked dolphin (S = 83.37, 56.53, 187.15 and 324.12 

respectively) and the humpback whale (S = 89.72, 49.19, 172.79 and 326.06 respectively). 

The species combined also had high specialisation values of S = 95.08 for SST, S = 54.08 for 

chlorophyll-a concentration, S = 175.75 for latitude and S = 326.06 for longitude. Tolerance 

values were the highest for depth, slope, aspect and distance to the coastline for the minke 

whale (T = 0.29, 0.31, 0.99 and 0.21 respectively), white-beaked dolphin (T = 0.32, 0.30, 1.06 

and 0.24 respectively) and the humpback whale (T = 0.33, 0.54, 1.10 and 0.25 respectively). 

Once again this was also the case when the species were combined and tolerance values for 

depth, slope, aspect and distance to the coastline (T = 0.32, 0.42, 1.03 and 0.24 respectively) 

were high. 

 

When the environmental variables were grouped together and placed into the ENFA models  

marginality and specialisation values are high for all groupings with the highest being all 

variables for the minke whale (M = 1.35, S = 404.01), white-beaked dolphin (M = 1.33, S = 

412.35) and the humpback whale (M = 1.30, S = 231.27) (table 3.6.4.1 b). This was also true 

when the species were combined (M = 1.39, S = 270.89). Tolerance values remained low for 

all species and all groupings with the lowest tolerance value being with the minke whale and 

white-beaked dolphin and all variables (T = 0.002). 
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3.7   Summary 

 

 

 Survey vessel tracks show dominance in the northerly part of Skjálfandi Bay in 2004; 

a more evenly distributed survey effort with focus on the central and southern areas of 

the bay in 2005 and a wider coverage of the north, central and southerly areas of the 

bay in 2006 and 2007. 

 

 Sighting frequencies of all three species increased from 2004-2007, with the most 

common species being the white-beaked dolphin with a total of 434 encounters. 

Minke whales were sighted 346 times and humpback whales 312 times over the study 

period. 

 

 The months with the largest survey effort in the period 2004-2007 were July and 

August. September was the month with the lowest survey effort. Sighting locations of 

all species varied temporally and spatially over the four year study period. 

 

 The minke whale sighting locations were distributed to the northwest of Skjálfandi 

Bay in 2004; over a smaller spatial scale and to the south in 2005; centrally in 2006 

and centrally with a larger number of sightings on the eastern side of Skjálfandi Bay 

in 2007. 

 

 White-beaked dolphin sighting locations were fewer than the minke whale and the 

humpback whale and were distributed centrally in the bay. In 2004 sightings were 

concentrated in the north and eastern areas of the bay whereas, from 2005-2007 

sightings covered similar locations in the central areas of the bay. 

 

 Humpback whale sighting locations covered the largest spatial scale over the study 

period. There were fewer different sighting locations in 2004 focused in the central 

and northern areas of the bay; in 2005 sighting locations were over a smaller spatial 

scale in the southwest areas of the bay; 2006 sightings covered the largest spatial scale 

with a generally even distribution throughout Skjálfandi Bay and in 2007 sightings 

were centrally distributed in the bay over a large spatial scale. 
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 The SPUE data for the minke whale showed hotspots in the northeast and southwest 

of Skjálfandi Bay corresponding to areas of shallow water and steep slopes. The 

white-beaked dolphin SPUE showed a hotspot in the northwest of the bay once again 

corresponding to shallow water and steep slopes. Humpback whales SPUE showed 

hotspots in the far north and western areas of Skjálfandi Bay in areas of deep water 

and steep slopes (to the north) and shallow water with steep slopes (in the west). 

 

 Minke whale sightings significantly correlated with chlorophyll-a concentration 

(negatively), longitude (negatively) and latitude (positively). There was a significant 

difference in the number of minke whale sightings over a range of latitudes. 

 

 Significant correlations were found between the white-beaked dolphin sighting 

locations and depth (positive), slope (negative) latitude (positive) and distance to the 

shore (positive). Similar to the minke whale, there was a significant difference in the 

number of white-beaked dolphin sightings over a range of latitudes. 

 

 The number of humpback whale sightings significantly correlated with chlorophyll-a 

concentration (negatively), latitude (positively) and longitude (negatively). Moreover, 

a significant difference was found between the number of humpback whale sightings 

over a variety of latitudes and longitudes. 

 

 When all species were combined, correlations were found with the number of minke 

whale, white-beaked dolphin and humpback whale sightings and slope, distance to the 

shore and latitude. However, in combination the three species differed significantly in 

their number of sightings over a variety of depths, latitudes and longitudes. 

 

 Habitat suitability maps generated by ENFA and PCA differed slightly in areas of 

predicted high and low habitat suitability. 

 

 Using both models the areas of high habitat suitability for the minke whale, white-

beaked dolphin and humpback whale were very similar. The hotspot areas predicted 

utilising the fixed environmental variables were the eastern areas of Skjálfandi, 

Eyjafjörður and Öxarfjörður Bays; non-fixed environmental variables – Skjálfandi 

Bay and the open sea to the north of the bay; combined environmental variables – 
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central eastern Skjálfandi and to the northwest of Skjálfandi; geographical variables – 

north, western and eastern Skjálfandi and along the coastline of Gjögurtá; all variables 

combined – northwest, central and southwest of Skjálfandi Bay and along the 

coastline of Gjögurtá. 

 

 Differences between the two modelling approaches included; locations of high 

suitability areas for each species and the three species combined, differed slightly on 

the combined environmental factor map and the overall combined geographical and 

environmental variable map. On the combined environmental variable maps of the 

individual species and the species combined, the area of medium suitability in the 

eastern area of Öxarfjörður Bay altered to high suitability. On the combined 

environmental and geographical variable suitability maps for individual species and 

the three species combined there is an addition of a high habitat suitability band along 

the eastern coastline of Öxarfjörður Bay. There are also two new areas of high 

suitability shown to be located in Eyjafjörður Bay and to the northwest of Eyjafjörður 

Bay. The high suitability areas in Skjálfandi Bay become larger and more clearly 

defined. 

 

 When the species are combined they differ from the average habitat available within 

the study area (M = 1.33). The species are highly specialised (S = 270.89) in their 

preference of habitat and do not occur in great numbers over low habitat suitability 

areas (T = 0.004). 

 

 Separately, the minke whale preferred higher average values of slope; the white-

beaked dolphin of slope and distance and the humpback whale of aspect. All three 

species individually were highly specialised in their preferences of certain values of 

SST, chlorophyll-a concentration, latitude and longitude. 
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4.  Discussion 
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In this following section the relationships between the three species observed in this study 

and the environmental variable investigated will be discussed in conjunction with the habitat 

modelling approaches produced through ENFA and PCA modelling. 

 
4.1  Analysis of Cetacean Distribution with Eco-geographical variables 
 
The results of the study show that with respect to slope the median value for all species was 

similar at 77-78 degrees. Slope has been shown in a number of studies (Allen et al., 2001; 

Hastie et al., 2004) to be one of the most important factors in determining sightings of 

cetaceans, as steeper slopes induce upwelling and vertical mixing within the water column. 

This drives nutrient rich water to the surface and increases food availability in the topmost 

water layers. With increased food availability cetaceans, like the minke whale and the 

humpback whale have an optimal opportunity and have to expend less energy in their 

foraging. The white-beaked dolphin may also take advantage of the steeper slopes to 

aggregate their prey and also lessen their energy expenditure required to feed.  

 

The summer season is important to the minke whale and the humpback whale in terms of 

behavioural activity as they migrate to the Skjálfandi Bay to feed, so their distribution in the 

bay is closely linked to prey distribution and foraging ability (Allen et al., 2001; Hastie et al., 

2004). In this study it was found that when the species were combined there was at least one 

species, most likely the humpback whale (the species with the largest range across of the 

range of slope), that differed from at least one other species in its preferred slopes. A larger 

number of minke whale sightings were recorded to the east of Skjálfandi Bay corresponding 

to the west - northwest facing slopes, whereas humpback whales preferred the northeast – 

east facing slopes to the west of Skjálfandi Bay. However these correlations were not 

significant. 

 

It was concluded by Kasamatsu et al. (2000) that the slope of the seafloor alone did not have 

a consistently significant effect on the concentrations of minke whales, however, when 

combined with sea ice volume and cold water intrusions, minke whales were significantly 

affected. White-beaked dolphin correlated significantly with slope however, this correlation 

was negative.  

 

This relationship runs contrary to a number studies (Davis et al., 1998; Walker, 2005; 

Cecchetti, 2006) that found white-beaked dolphin numbers to correlate significantly and 
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positively with slope gradient. It is possible that in this study shows that white-beaked 

dolphin are avoiding competition with the other species of whale and dolphin found in the 

Bay by using lower sloping areas to feed. As white-beaked dolphin can feed at the surface on 

widely dispersed prey, they may not be as heavily reliant on prey accumulation due to slope 

effects, as opposed to the humpback whales and minke whales however have been shown to 

forage in areas of concentrated prey (Cecchetti, 2006; personal comm. Mike Tetley, 2007). 

Another explanation may be that the high number of white-beaked dolphin in this study has 

biased the inter-specific correlations between slope and the three species and has caused this 

result to become significantly negatively correlated.  

 

Throughout the four year study period the humpback whale was found in the deepest depths 

of up to 212 m, with the minke whale and the white-beaked dolphin preferring shallower 

water of up to 190 m and 193 m respectively. It was identified that at least one species, most 

likely the humpback whale, significantly differed in its preferred range of depths than the 

other species. A significant positive correlation was found between white-beaked dolphin in 

this study and depth.  

 

As has been mentioned previously, slope is considered as one of the most important factors in 

nutrient distribution and availability and therefore, regulates to some extent the distribution of 

the cetaceans in Skjálfandi Bay. As upwelling currents are not limited to any one depth range 

this was assumed to be the reason that no correlation was found in the case of humpback 

whales and minke whales as these species were distributed over a variety of depth ranges. 

Studies conducted in previous years have found humpback whales to be correlated with 

feeding along continental shelves that are less than 200 m in depth (Clapham, 2002; Dietz et 

al., 2002). Moreover, Weir et al. (2001) reported minke whales occupying habitats in near 

coastal waters, rarely being located in deeper waters.  

 

This study covers a small spatial scale and only the coastal waters of the inner continental 

shelf. It is therefore important to take this into account that previous studies have been 

conducted over a much larger scale, incorporating the continental slope, shelf and plain. As 

there is only a small depth range and spatial scale covered in this study, correlations and 

relationships with depth may not be clearly identifiable in individual species. However, when 

the species are combined there was a significant positive correlation with depth could be seen 

(Cecchetti, 2006). 
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Chlorophyll-a concentration on the east side of Skjálfandi Bay was observed to be higher 

than on the west side of the bay. Humpback whales correlated negatively with chlorophyll-a 

concentration and this can be identified in the sightings distribution, with the majority of the 

sightings being located in lower concentrations of chlorophyll-a. A significant negative 

correlation was also found between the number of minke whale sightings and chlorophyll-a 

concentration in disagreement with their sightings distribution. This difference in sightings 

distribution may again not be due to chlorophyll-a concentration alone but could be due to a 

niche strategy to avoid resource competition between the two species. Additionally as the 

data used was a composite dataset of four years, there may not have been a large enough 

scale range to identify changes in the chlorophyll-a concentration When the species were 

combined, a significant negative correlation with chlorophyll-a concentration was identified. 

However it was found that the species did differ in their preference for specific 

concentrations of chlorophyll-a. Chlorophyll-a concentrations were highest in the south of 

the bay due to the riverine input and estuarine circulation that is known to maintain primary 

productivity (Yen et al., 2005). The circulation of Skjálfandi Bay is known to be 

anticlockwise which may provide an explanation as to why there are high chlorophyll-a 

concentrations to the east of the bay. Work conducted by Stefánsson and Ólafsson (1991) 

suggests that the greater silicate content brought to the sea by rivers may be involved in 

diatom growth. Therefore, the silicate matter carried by the river flowing into Skjálfandi Bay 

may have caused chlorophyll-a concentrations to be higher on the eastern side of the bay. 

 

Once again, SST did not vary greatly in the bay due to the nature of the composite dataset 

and thus no correlations were found between this variable and the number of sightings of 

minke whale, white-beaked dolphin and humpback whale. There was, however, at least one 

species which differed significantly from at least one other species in terms of its SST 

preference. Temperature, combined with the factors of sea ice cover and cold water intrusions 

has been identified to cause a possible positive correlation between minke whales in the 

Bellingshausen and Amundsen Seas (Katamatsu et al., 2000). However previous studies have 

shown correlations with minke whales and SST (Tetley, 2004).  

 

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

whale and then the white-beaked dolphin. Both individual species and the three species 

combined, significantly correlated positively with latitude. This could have been caused by 

other factors e.g. depth, slope, aspect, SST, chlorophyll-a concentration and distance to the 
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shore in combination with the latitude and therefore location in reference to these variables, 

acting on the species rather than the latitude alone. The relationship the sighting distributions 

have with latitude will also be influenced by the fact that there were more sightings 

concentrated within as opposed to outside the bay. Moreover, the three species combined 

differed significantly in their preferred latitude. This is most likely due to their preferences of 

specific values of the other eco-geographical variables (Schweder, 2003). This theory will be 

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

positive correlation with longitude resulting from the fact that there were more sightings for 

these species on the western side of the Bay than on the eastern side of the Bay. This 

corresponds with steeper northeast – east facing slopes.  

 

All three species preferred to be within a close proximity to the coast at a range of 2 km to 41 

km. Distance from the coastline is a function of the depth of water and also the steepness of 

slope. As the distance from the coastline decreases, the shallower the water and steeper the 

slopes become. Skjálfandi Bay is characterised by a wide area of steep slopes following the 

Bay’s shape. This topography will maximise the likelihood of upwelling and vertical mixing, 

leading to high nutrient levels in this area (Cecchetti, 2006). As the steeper slopes are located 

close to the coastline cetaceans utilising the increase in nutrient levels or the slope for prey 

aggregation will be located within a close proximity to the shore. This appeared to be the case 

in this study since the white-beaked dolphin and all three species combined, were positively 

correlated with distance to the coastline. Schweder (2003) identified distance to the shore as 

the most important factor in the model with the largest range of high suitability for the minke 

whale occurring within Scottish waters. However in this study showed no significant 

correlation with the number of sightings of this species alone and their distance from the 

coastline.  

 

4.2  Habitat Modelling 

 

Cetaceans are mobile and their movements are largely influenced by food availability and 

eco-geographical factors. This causes them to move between grid cells as well as in and out 

of the study area. It was not possible to include the distribution of potential prey distribution 

as a variable since this information was not readily available. Prey itself is mobile and 

mapping its distribution would need additional specific surveys. It may influence the position 
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of the core areas for minke whale, white-beaked dolphin and humpback whale predicted by 

the models (Schweder, 2003).  

 

Models generated from this study have predicted areas of high suitability where previous 

studies have found high abundance of the three species. These areas include the eastern 

coastline of Skjálfandi Bay and in the area located near to Flatey (Figure 1.1). 

 

The overall marginality value for all species and all variables show that when the species are 

combined they differ from the average habitat available within the study area. All three 

species prefer higher average values of all eco-geographical variables than is available in the 

modelling area with particularly high values for slope and aspect. When the species are 

combined, they are highly specialised in their preference of habitat, in relation to that which 

is available to them.  

 

From the ENFA modelling and the predicted marginalisation, specialisation and tolerance 

values it has been identified that the species most likely to occur in the three Bays is the 

humpback whale. This is due to this species having the lowest marginality value and 

therefore possessing habitat requirements that are the most similar to those that occur in the 

three bays. They have the the lowest specialisation value, having a less restricted range with 

respect to the eco-geographical variables than the other two species. They also have the 

highest tolerance value, occupying the widest niche of the three species. The minke whale 

showed higher need for different average conditions and a lower need for specific EGVs. 

Conversely, the white-beaked dolphin showed a lower need for different average conditions 

but a higher need for specific EGVs. From this analysis it can be assumed that humpback 

whales are more likely to occur in the three Bays due to their marginality, specialisation and 

tolerance values. This has been observed by Cecchetti (2006) with increased numbers of 

humpback whale sightings compared to white-beaked dolphin and minke whale during 2006. 

 

It must be noted that ENFA and PCA models do not report the same type or scale of 

predictions and therefore, cannot be directly compared with each another. Both ENFA and 

PCA models were successful in identifying areas of high habitat suitability (e.g. the eastern 

area of all three Bays and the area near to Flatey Island) and low habitat suitability (e.g. the 

western areas of the three Bays) for the minke whale, white-beaked dolphin and the 

humpback whale, relative to current knowledge of distribution of these species in Northeast 
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Iceland.  Small differences were found between the predicted areas of high suitability and 

low suitability for both the models and all of the species and eco-geographical variables. The 

main differences between the two models were in that of detail and definition. ENFA models 

were more sensitive to changes and therefore, changes between different variables included 

in the model were more detailed but less defined. However, in the case of PCA modelling, 

high habitat suitability areas are more defined but less detailed. This is supported by 

Mandleberg (2004) who found differences in predicted areas between modelling techniques 

(PCA, ENFA, GARP and GLM). However, when these were compared statistically, no 

significant difference was found between them. In contrast, this study and the studies by 

Mandleberg (2004) and Hirzel et al. (2001) found GLM predictions to be generally more 

accurate than those obtained by ENFA when modelling a virtual species with predetermined 

habitat preferences. Moreover, a study completed by Brotons et al. (2004) identified GLM 

predictions of the distribution of a forest bird species to be more accurate than those predicted 

by using the ENFA model. 

 

These models predict areas of absence and occurrence and are useful for the implications of 

environmental impact assessment and ecotourism. Where areas of absence are predicted, 

cetaceans are less likely to be affected through human interference due to their low 

probabilities of occurrence. Predicted areas of high habitat suitability and therefore high 

presence can be useful in assessing the future expansion of eco-tourism (e.g. whale watching) 

into Eyjafjörður and Öxarfjörður Bays. 

 

4.3 Variable Inclusion 

 

Another difference between the two modelling approaches is apparent when considering eco-

geographical variable inclusion. ENFA modelling weights all input variables, so that less 

important variables are given a lower weighting and contribute less to the final model. PCA 

modelling involves the user in the selection of different combinations of variables. The 

choice of input variables can therefore dramatically influence the predictions (Mandleberg, 

2004). By examining the different combination of variables in both ENFA and PCA models it 

is apparent that this has an effect on the suitability and size of predicted areas for all three 

species and the species combined. This was noted in a study by Schweder (2003) who 

examined the use of PCA models to predict occurrence for cetaceans off the west coast of 

Scotland using depth, slope, aspect, chlorophyll-a concentrations, SST, longitude, latitude 
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and distance from the coastline as variables. It was concluded that the best models produced, 

included different variables for different species. Moreover, that the success of the model was 

dependent on the suitability of the combination of variables included and that a sufficient 

number of parameters examined. 

 

To reduce bias in the models produced by ENFA and PCA the choice of eco-geographical 

variables is very important. Only the variables that are representative of the niche occupied 

by the species should be included (Mandleberg, 2004). In this study, the majority of the 

surveyed grid cells covered a narrow range of latitudes even though the minke whale, white-

beaked dolphin and humpback whale may occur in other latitudes within the study area. 

Mangleberg (2004) identified that the inclusion of latitude as one of the variables that results 

in biologically erroneous but statistically valid models. This illustrates the importance of 

including only well-sampled variables in predictive models and that a model with high 

predictive accuracy may not produce a biologically sensible prediction of occurrence. ENFA 

has also been identified as over-predicting the distribution of a focal species relative to other 

models such as GLMs (Zeniewski et al., 2002; Brotons et al., 2004). However, Hirzel et al. 

(2001) demonstrated that ENFA can be robust in terms of sample size and with respect to 

data quality. 

 
4.4  Modelling suitability 
 
The sightings data used for this study was collected entirely from Skjálfandi Bay and then 

used to predict areas of high suitability based on similar eco-geographical features of the 

neighbouring bays of Eyjafjörður and Öxarfjörður. Although the models take into account the 

similar eco-geographical variables, the modelling of this area does not incorporate the 

differences in alternate variables such as human activities and riverine inputs. Eyjafjörður 

Bay has larger settlements than Skjálfandi Bay and is the location of the large town of 

Akureyri (16,000 inhabitants). There are three main riverine inputs into the Bay from the 

rivers Eyjafjarðará, Fnjóská and Hörgá. Öxarfjörður is a much less populated area with one 

small village (170 inhabitants) and a small glacial river named Jökulsá entering from the 

south (personal comm.. Ásbjörn Björgvinsson, The Húsavík Whale Museum). To accurately 

predict areas of high cetacean occurrence these additional variables must be taken into 

account. 
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4.5  Limitations and Bias 
 
During this study a number of limitations were encountered. The first factor that needs to be 

addressed is that of survey effort. Longer survey time provides the opportunity for a higher 

number of potential sightings. Differing numbers of surveys between years and between 

months will also have influenced the number of sightings. Caution must be taken when 

comparing and discussing monthly and yearly data. Effort throughout the survey is also not 

uniformly distributed. It was found that effort is increased during a sighting event and less at 

the beginning and the end of the survey (Robbins and Mattila, 2000). This was prevalent in 

the surveys at the end of the day and when the position of the whales had already been 

assessed (Cecchetti, 2006). 

 

The Húsavík Whale Museum is comprised of seasonal research staff that change regularly 

with each season and year. Each volunteer has a different background and a varying existing 

knowledge of cetaceans. To ameliorate this problem as far as possible, standardised methods 

have been established to ensure that the chance of bias and errors being made in the 

collection of data are kept to a minimum. 

 

Using platforms of opportunity is a recognised way of collecting cetacean sightings 

occurrence (Robbins and Mattila, 2000). It is also recognised that there are limitations and 

advantages in using whale watching vessels to collect data. The advantages have been 

discussed previously (see Introduction) so this section will focus mainly on the limitations of 

this survey method.  

 

The principal limitation of this method is that only presence data is collected as opposed to 

the systematic collection of data concerning presence and absence. Whale watching boats 

necessarily visit areas with history of high cetacean presence as opposed to exploring new 

areas.  This is to guarantee a high probability of sightings and in order to provide satisfaction 

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

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

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

likelihood of cetacean occurrence. However, this is seen as too 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 to collect cetacean sightings is that of the 

number of surveys that can be undertaken in one day. In the quiet season of May there are 

fewer tourists than in the busy season of July. This therefore influences the number of 

surveys that are undertaken in one day. In the early months up to two surveys were 

undertaken daily and in the busier summer months up to six surveys a day were undertaken. 

With the increased number of surveys in the Bay there would have been an increased 

likelihood for cetacean sightings. This has been addressed as much as is possible by 

standardising across space by using SPUE data. 

 

Different species of whale are also viewed differently in terms of viewing priority. The 

cetacean that is prized by boats servicing tourists is the humpback whale as it is often the 

most interesting of the cetaceans in the Bay to observe. Humpback whales were recorded 

more often than the more elusive species such as the minke whale and over longer durations 

(Robbins and Mattila, 2000; Cecchetti, 2006). 

 

Iceland has highly variable weather conditions the likelihood of viewing cetaceans is highly 

dependent upon this. More suitable weather (i.e. sunny and calm) for whale watching 

naturally occurs in the busier tourist seasons and more cetaceans may therefore be sighted 

and therefore recorded (Cecchetti, 2006). 

 

4.6 Research Significance and Future work 
 
The recording and modelling cetacean distribution in this area of northeast Iceland is very 

important in aiding the development and management of ecotourism already established in 

this area. This approach has also helped to identify multi-species core habitat ‘hotspots’, 

which may be of high conservation priority and which often occur in the region of prominent 

habitat features such as steeper slopes (Worm et al., 2003). Areas of identified high suitability 

for cetacean occurrence will ultimately aid in the knowledge and implication of marine 

protected areas in Iceland. 

 

To continue study this area a number of changes to the modelling of the data would be useful. 

Mandleberg (2004) used a testing dataset restricted only to grid cells that had been surveyed 

on multiple occasions and noticed the apparent predictive ability of the models improved. 

Therefore, this indicated that testing data with stricter absence criteria is more accurate for a 
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‘hard to detect’ species such as the harbour porpoise. In this case, a more accurate dataset was 

achieved by not assigning a grid cell to the absence category unless it had been surveyed at 

least three times. However, as the survey threshold was further increased to five surveys per 

grid cell, models showed a decrease in accuracy. This is attributable to a reduction in the 

number of grid cells in the testing dataset. These results are consistent with those of 

Schweder (2003) who found PCA models of harbour porpoise distribution peaked in 

accuracy when cells had been surveyed at least three times. A larger dataset would be needed 

to investigate if it included cells surveyed five and ten times or more to further increase 

predictive accuracy. 

 

To implement the predictive models from this study, a definition must be made at which 

point dependent upon the habitat suitability range the species will be considered to be present 

or absent. For example if the model predictions of high suitability areas were used in 

designating a special area of conservation to protect an endangered species, overestimating 

areas of potential occurrence might be preferable than underestimating locations of sightings. 

A lower threshold of suitability may be chosen. However, if the objective were to be 

beneficial to ecotourism then only the highest areas of habitat suitability may be desired 

(Mandelberg, 2004). 

 
Due to the lack of information on sediment type and prey distribution these variables could 

not be included in the model predictions. Should this data become available, future analysis 

could be conducted of these variables and added to this study and further increase the 

accuracy of the predictive models. Moreover, as sightings were not collected in Eyjafjörður 

and Öxarfjörður Bays the predictive models cannot be validated. Future surveys undertaken 

in these areas could allow the success of the models produced in this study to be analysed. 

 

Hooker and Gerber (2004) highlighted that when establishing marine reserves breeding 

grounds and feeding grounds combined with migratory routes should be considered. Since 

these areas constitute essential areas for the life cycle of many migratory species. Skjálfandi 

Bay has been suggested by Hoyt (2005) as an important feeding ground and is a possible 

location for the designation of a marine protected area. The idea for creating a conservation 

area in this location has not been actioned. This study therefore 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 between three cetacean species, the 

minke whale (Balaenoptera acutorostrata), the humpback whale (Megaptera novaeangliae) 

and the white-beaked dolphin (Lagenorhynchus albirostris) and co-existing eco-geographical 

variables in Skjálfandi Bay. Minke whales and humpback whales were identified to 

significantly correlate with chlorophyll-a concentration, latitude and longitude, whereas, 

white-beaked dolphin significantly correlated with depth, slope, latitude and distance to the 

shore. In combination all three species correlated with slope, latitude and distance to the 

shore. Using the sightings information and the eco-geographical variables in this area the 

ENFA and PCA models predicted areas of high suitability utilising the fixed environmental 

variables in the eastern areas of Skjálfandi, Eyjafjörður and Öxarfjörður Bays; non-fixed 

environmental variables – Skjálfandi Bay and the open sea to the north of the Bay; combined 

environmental variables – central eastern Skjálfandi and to the northwest of Skjálfandi; 

geographical variables – north, western and eastern Skjálfandi and along the coastline of 

Gjögurtá; all variables combined – northwest, central and southwest of Skjálfandi Bay and 

along the coastline of Gjögurtá. 

 

The models produced by this study have helped to identify ecotourism benefits and a marine 

protected area and would be invaluable in establishing a cetacean protection scheme in 

Skjálfandi Bay. Further research should include sediment type, prey distribution, riverine 

input and human activities. In this way more accurate models may be created to contribute to 

the understanding of cetacean occurrence in this area. 
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