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Abstract 
Faxaflói bay is known to be exploited by migratory species such as minke whales 

(Balaenoptera acutorostrata) and white-beaked dolphins (Lagenorhynchus albirostris) 
which are however resident in Icelandic waters.   

The aim of this study was to examine feeding behaviour utilized by both species 
and their feeding association with seabird species. There seem to be preferable feeding 
grounds for B. acutorostrata and L. albirostris in Faxaflói bay, located approximately 10-
12 nm west from Kollafjörður and the Garður area where both species were sighted 
especially during spring months.  

Minke whales display a wide range of well-known engulfment and entrapment 
feeding manoeuvres, although the first where more easily observed (2008: n=137; 2009: 
n=132). Additionally, a novel feeding manoeuvre termed ‘sharking’ was first time 
described in 2008 (1.5%, n=2) whose occurrence increase in 2009 (7.6%, n=10). L. 
albirostris foraging behaviour (2008:  n=39; 2009: n=23) was found to be composed of a 
wide range of aerial behaviours among which most common were ‘noisy leaps’ (i.e. 
leaping, breaching, back-breaching, tail-slapping). L. albirostris foraging behaviour was 
primarily observed in multi-species groups of all occurring in particular in presence of 
humpback whales (2008-2009: 30%, n=7, <5m) and minke whales (2008-2009: 13%, n=3, 
<100m). Significant correlations were found for minke whales and white-beaked dolphins 
recorded in association with different seabird species during feeding bouts.  

Last, the first minke whales ID-Catalogue was established in the area counting 311 
identifiable individuals. In all 245 white-beaked dolphins were also identified. Both 
species showed a low re-sighting rate (Ba: 14.5%; La: 11.4%).  
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 Útdráttur 
 

Faxaflói er nýttur af hvaltegundunum hrefnu (Balaenoptera acutorostrata) og hnýðingi 
(Lagenorhynchus albirostris), en síðarnefnda tegundin er líklega er staðbundin á 
Íslandsmiðum. Markmið rannsóknanna var að kanna fæðuatferli hrefnu og hnýðings, og 
tengsl fæðuatferlis þeirra við útbreiðslu og fæðuatferli sjófugla. Bæði hrefna og hnýðingur 
virðast nýta sérstök fæðuöflunarsvæði í Faxaflóa og er annað svæðið um 10-12 sjómílur 
vestur af Kollafirði en hitt svæðið er út af Garði, þar sem báðar tegundirnar sjást 
reglubundið, einkum að vorlagi.  

Hrefnur sýndu fjölbreytilegt, vel þekkt atferli við fæðuöflun, svo sem við að 
umlykja (engulfment) og gleypa bráð og við að króa af bráð (entrapment feeding 
manoeuvres), en fyrrnefnda atferlið (2008: n=137; 2009: n=132) var reyndar auðveldara að 
sjá en hitt. Þar að auki sást áður óþekkt fæðuatferli, svonefnt “sharking” fyrst árið 2008 
(1,5%, n=2), en þessu atferli varð í auknum mæli vart árið 2009 (7,6%, n=10). Fæðuatferli 
hnýðings (2008: n=39; 2009: n=23) samanstóð af nokkrum hegðunarþáttum við yfirborð 
og ofan þess og af þeim var hávaðasamt stökk (sprettur, yfirborðsrof, stunga, sporðaköst) 
algengast. Fæðuatferli hnýðingsins sást einkum þegar hnýðingur var í hóp með öðrum 
tegundum og einkum í nágrenni við hnúfubak (2008-2009: 30%, n=7, <5 m) og hrefnu 
(2008-2009: 13%, n=3, <100 m). Marktækt samband var á milli hrefnu og hnýðings og 
umfangs einstakra sjófuglategunda við fæðunám. 

Myndabanki með hvalamyndum var útbúinn fyrir Faxaflóa og samanstendur hann 
af 311 þekktum hrefnum og 245 þekktum hnýðingum. Fáar endurkomur voru skráðar á 
milli ára (hrefna: 14,5%; hnýðingur: 11,4%).  
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                                                                                     To Birkir, Bijoux, Magoo and Tacca 
  

                         

 

 
..” but Nature, whose sweet rains fall on unjust and just alike, will have clefts in the rocks 
where I may hide, and secret valleys in whose silence I may weep undisturbed. She will 
hang the night with stars so that I may walk abroad in the darkness without stumbling, and 
send the wind over my footprints so that none may track me to my hurt: she will cleanse me 
in great waters, and with bitter herbs make me whole”. De Profundis – Oscar Wilde 
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1 Introduction   
1.1 Minke whale (Balaenoptera acutorostrata) 

The Mysticeti suborder (or baleen whales) belong to the order Cetacea and are 
classified into four families: Balaenopteridae (rorqual whales), Eschrichtiidae (gray 
whale), Balaenidae (right and bowhead whales) and the Neobalaenidae (pygmy right 
whale). Minke whales (Balaenoptera acutorostrata Lacépède, 1804) are part of the family 
Balaenopteridae (Bannister, 2002). Members of this family (also called rorquals) are the 
most abundant and diverse of the living baleen whales (Berta & Sumich, 1999) and include 
the blue, fin, sei, Bryde’s, minke, Antarctic minke, and humpback whales (Reeves et al., 
2002). The minke whale is the smallest of all rorquals. Only the pygmy right whale 
(Caperea marginata) is smaller, among all baleen whales (Carwardine, 2000). 

For a long while only one species of minke whale was thought to exist, referred to 
as the common minke whale or B. acutorostrata. However, in recent years, through 
morphological and genetic studies, it has been accepted that many geographically distinct 
subspecies occur (Christensen et al., 1990; Martinez & Pastene, 1999; Born et al., 2003). 
In the northern hemisphere minke whales, also referred to as the common minke whale, 
have been divided into two subspecies. These include the North Atlantic minke whale 
(Balaenoptera acutorostrata acutorostrata) and the North Pacific minke whale 
(Balaenoptera acutorostrata scammoni) (Perrin et al., 2002). 

Another subspecies of the common minke whale has been recognised: the unnamed 
Southern Hemisphere dwarf minke whale, which seems to be genetically more closely 
related to the North Atlantic than to the North Pacific form (Perrin & Brownell, 2002; 
Reeves et al., 2003). 

 
1.1.1 Morphological characteristics  
 

The shape of the minke whale is fusiform with a very distinctive narrow, pointed 
rostrum and a single prominent head ridge leading back towards a pair of blowholes. The 
dorsal fin is relatively tall, prominent and falcate and is located comparatively forward on 
the posterior one-third of the body to those of other, larger rorquals (Carwardine, 2000) 
(Figure 1.1.1.1). 
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Figure 1.1.1.1 Illustration of the morphology of the minke whale Balaenoptera 
acutorostrata (adapted from Tetley, 2005). 
 

The average maximum length of a minke whale has been estimated as 8.4 m in 
females and 7.8 m in males (Víkingsson & Sigurjónsson 1998; Víkingsson, 2004).  

The dorsal colour of a minke whale is dark grey to black and the ventral area is 
almost all white, between the two and behind the flipper the black and white are separated 
by a light gray region. The boundary of the gray and the black areas undulates along the 
length of the whale, with the grey extending well above the mid-ventral line just behind the 
flipper and before the dorsal fin (Horwood, 1990). These often unique markings are known 
as chevrons and have proven useful for purposes of photo identification (Dorsey, 1983; 
Dorsey, 1990). The most distinctive pattern of pigmentation which distinguishes the minke 
whale from the rest of the Balaenopteridae is the white pigmentation or ‘spot’ found on the 
pectoral fin (Christensen et al., 1990; Gill, 1994). 

 
1.1.2 Distribution, Range and Abundance 
 

The minke whale has a large and cosmopolitan distribution, being found in all the 
worlds’ oceans (Perrin et al., 2002) (Figure 1.1.2.1). Minke whales are most commonly 
associated with coastal habitats or ice edge areas (Kasamatsu et al., 2002), and their 
occurrences are seasonal as they undertake migrations between the tropics and the polar 
seas. In the summer it is found in greatest numbers near the ice-edge or, in the Northern 
Hemisphere, along northern coasts while in winter they are more widely dispersed in 
warmer waters. In North Atlantic minke whales, animals are frequently observed feeding 
in Baffin Bay in the Canadian Arctic near Svalbard in the Greenland Sea, the Gulf of St 
Lawrence, Iceland and Norway (Christensen et al., 1990). In northwest Europe, they occur 
widely along the Atlantic seaboard from Norway to France and throughout the North Sea, 
although less commonly in the southern North Sea and eastern Channel (Hammond et al., 
2006). 
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Fig.1.1.2.1 Map of the distribution of the three minke whale species/subspecies. These 
include the common minke whale Balaenoptera acutorostrata, the Antarctic minke whale 
Balaenoptera bonaerensis and the dwarf minke whale (unnamed B. acutorostrata 
subspecies) (ACS online 2010).  
 

In UK waters, the species is typically sighted in inshore, shelf and coastal regions 
less than 200 metres deep (Northridge et al. 1995; Weir et al. 2001; Macleod et al. 2004; 
Wall et al. 2006), but shows seasonal shifts in latitudinal abundance throughout its range 
(Stewart and Leatherwood, 1985).  

In the North Atlantic the lower latitude breeding grounds for the species are poorly 
known but are believed to be within the Caribbean in the west and around the straits of 
Gibraltar and off Africa’s west coast in the east (Christensen et al., 1990; Víkingsson & 
Heide Jörgensen, 2005).  

Aerial surveys have been conducted to estimate the abundance of minke whales in 
Icelandic continental shelf waters since 1980s. From the 1987 NASS survey (North 
Atlantic Sighting Survey), the minke whale abundance was estimated to be 24.532 animals 
(95% CI: 13.399–44.916), from the 2001 43.633 animals (95% CI: 30.148–63.149). Most 
recently, the minke whale abundance was estimated to be 10.680 individuals (95% CI: 
5873–17121) from the 2007 NASS survey (Borchers et al., 2009; Pike et al., 2009; 2008). 

 
 
1.2 The white-beaked dolphin (Lagenorhynchus 
albirostris) 
 

White-beaked dolphins (Lagenorhynchus albirostris) are endemic to the northern 
North Atlantic, where they occur mainly on the continental shelf and in semi-enclosed 
waters, notably the Gulf of St. Lawrence and North Sea (Northridge et al., 1997; Kinze et 
al., 1997; Reeves et al., 1999a).  
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The white-beaked dolphin belongs to the family Delphinidae and genus 
Lagenorhynchus. Five other dolphin species belong to the genus Lagenorhynchus; i.e. L. 
acutus, L. obliquidens, L. cruciger, L. obscurus and L. australis (Fig. 1.2.1). 

 

 
Fig. 1.2.1 The genus Lagenorhynchus. a): L. albirostris (White-beaked dolphin). b): L.   
australis (Peale´s dolphin). c): L. acutus (Atlantic white-sided dolphin). d): L. cruciger 
(Hourglass dolphin). e): L. obliquidens (Pacific white-sided dolphin). f): L. obscurus 
(Dusky dolphin) (Fig. a, b, c, d, e, f; © Wurtz-Artescienz and Fig. C: © Martin Camm; 
www.artescienza.org accessed 16.04.10).  
 

Eastern and western populations are phenotypically distinct (Mikkelsen & Lund, 
1994). White-beaked dolphins have been studied (Rasmussen, 1999; 2004; Magnúsdóttir, 
2007; Pike et al., 2009) but information on their dynamics, habitat use and behaviour are 
still limited. Observations revealed that the dolphins are present in Icelandic coastal waters 
the whole year around. Moreover, evidence of wide-range and long-distant movements 
have been documented in two occasions. In fact, Tetley (2004) reported on a case of a 
white-beaked dolphin re-sighting of 361 km in only 6 days. In addition, in the year 2006 a 
male white-beaked dolphin was tagged with a satellite transmitter covering coastal areas of 
relatively large scale (Rasmussen et al., 2007). 

 
1.2.1 Morphological characteristics 
 

White-beaked dolphins, Lagenorhynchus albirostris Gray 1846 has a robust body , 
with a short thick beak about 5–8 cm in adults. The species name albirostris means “white 
rostrum” in Latin. Despite the denomination not all of them do have a white beak; many of 
them have a brown/grayish beak and sometimes even black (Rasmussen, 1999; Kinze, 
2001).  
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The dorsal fin is brownish at mid body, large, rounded at the peak and strongly 
recurved. The coloration of the body is mainly black and white, and the fluke and the tail 
stock is usually dark as well (Figure 1.2.1.1). They have a lightly pigmented (white or 
greyish) saddle (behind the dorsal fin), which makes them easy to recognize from the 
white-sided dolphins (Lagenorhynchus acutus) (Reeves et al., 1999).  

 

     
 
Fig.1.2.1.1 White-beaked dolphin typical body colouration.  

 
Males are usually larger than females. The most common length of the white-

beaked dolphins is between 2.1–2.8 meters (Reid et al., 2003). Fully-grown animals weigh 
approximately 180–275 kg (Rasmussen, 1999) and become mature around 10 years old. In 
Iceland the dolphins reproduce mostly during the summer and give birth somewhere 
between May and August after 11 months of gestation (Víkingsson & Ólafsdóttir, 2005) 
when the waters are warmer, and probably greater supply of nutrition is present. White-
beaked dolphins have a thick layer of blubber, which is vital for their survival in the cool 
North-Atlantic waters. Despite the thick layer of blubber the white-beaked dolphins depend 
on energy rich nourishment to compensate for the energy the animals lose while keeping 
their body temperature stable (Carwardine, 1999). 
 
1.2.2 Distribution, Range and Abundance  
 

The white-beaked dolphin (Lagenorhynchus albirostris) inhabits cold temperate 
and sub-Arctic waters and is commonly found throughout the North Sea and the shelf 
waters of the North Atlantic (Northridge et al., 1997; Kinze et al., 1997; Reeves et al., 
1999).  
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Fig. 1.2.2.1 Distribution of white-beaked dolphin (Lagenorhynchus albirostris). Question 
marks indicate that there is an uncertainty about the species’ regular occurrence in the 
area. (Reeves et al., 1999. In: Handbook of Marine Mammals: The second book of 
dolphins and porpoises, edited by Ridgway, S. H. and Harrison, S. R., Academic Press. 
London)  
 

The species has been described as common around the Faeroe Islands and the most 
common dolphin off southern Greenland and in the Denmark Strait and the seas around 
Iceland (Sigurjónsson, 1983; Gunnlaugsson et al., 1988). They are found close to shore in 
Icelandic waters and concentrated in the south western part of Iceland (see Fig. 1.2.2.2).  

 

 
Fig. 1.2.2.2  Occurrences of white-beaked dolphins around Iceland (after Gunnlaugsson & 
Sigurjónsson, 1988) 
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Estimates of abundance for a number of areas indicate that there are at least tens of 
thousands of these dolphins, with particularly large numbers in the Barents, Norwegian, 
and North Seas (Hammond et al., 2002). They were estimated to about 31653 animals 
(95% CI: 17679–56672) in Icelandic waters from the NASS survey in 1986–2001 (North 
Atlantic Sighting Survey) (Pike et al., 2009).  
 

1.3 Food, feeding Techniques and Foraging 
strategies 
 
1.3.1 Minke whale  
1.3.1.1 Food of the minke whale 
 

The minke whale has got a wide diet which contains a range of different species 
including fish, crustaceans and cephalopods. However, due to the minke whales’ 
cosmopolitan distribution the composition of an individual minke whales’ diet may vary 
greatly between different regions (Tetley, 2004).  

Whales occurring in the southern hemisphere feed mainly on krill Euphasia 
superba near the Antarctic ice edge, whilst animals occurring in the northern hemisphere 
feed on a much wider range of prey (Mori & Buttherworth, 2004; Martensson et al., 1996; 
Skaug et al., 1997).However, it has been suggested that minke whales pursue single 
species aggregations (Tamura & Fujise, 2002).  

In the North Atlantic, they are known to feed on a huge range of pelagic shoaling 
and demersal fish species, in particular sandeel (Ammodytes sp.), herring (Clupea 
harengus), mackerel (Scomber scombrus), capelin (Mallotus villosus), cod (Gadus 
morhua), haddock (Melanogrammus aeglefinus), sprat (Sprattus sprattus), Norway pout 
(Trisopterus esmarkii) and saithe (Pollachius virens) (Markussen et al., 1992; Haug et al., 
1995; Nøttestad et al., 2002; Macleod et al., 2004; Pierce et al., 2004).  

In Icelandic waters, preliminary results from analysis of stomach contents indicate 
proportions of sandeel, capelin, cod and herring. However, pronounced changes in the 
marine ecosystem around Iceland appear to be reflected in the diet of the minke whales 
recently (Sigurjónsson et al., 2000; Víkingsson, 2009; Víkingsson & Elvarsson, 2010).  
 
1.3.1.2 Feeding techniques of minke whales  
 

The whale-watching area in Faxaflói bay serves as a summer feeding ground for 
minke whales. As the most abundant of the two rorqual species that frequent this region 
(Magnúsdóttir, 2007; pers. observations), these whales arrive as early as the first week in 
April each year, and leave again beyond the beginning of November. Despite this, the 
subject of feeding techniques has received only incidental treatment in the literature, 
maybe due to the rapidity and subtlety of the surface manoeuvres performed by minkes. 
However, Lynas & Sylvestre (1988) recorded in detail the feeding techniques and 
strategies of minke whales which was re-visited and mostly recently described also by 
Curnier (2005) in Les Bergeronnes, Québec.  

The feeding patterns displayed by the minkes whales in Faxaflói bay can be divided 
into two types: 1) Entrapment manoeuvres in which component behaviours serve to 
intercept, contain, or compress the prey, which comprises of sub-surface and near-surface 
movements, and 2) engulfing manoeuvres, in which the prey is consumed or swallowed. 
These manoeuvres occur at the surface. A third category (3) comprising near-surface 
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movement with elements of surface movements also exists although its function is unclear. 
These movements are used on occasion for entrapment and engulfing and are thus termed 
entrapment/engulfing manoeuvres (Curnier, 2005; Tscherter, unpublished).  

1) Entrapment manoeuvres comprise: a) circles, b) figure-of-eights, c) head slaps 
and underwater blows.  
a ) Circling 
When circling the whale swims with its dorso-ventral axis at 90° to the horizontal and with 
its ventral surface towards the prey. The circles made by the animal may range from 1.5 to 
2.5 times the animal length in diameter. There are particular surface signatures indicating 
the behaviour of the animal under water. For example, the whale’s fluke movements are 
visible at the surface as it mounts the water column. Further, the surfacing style of the 
minke whale may also be a demonstrative sign of this circling entrapment behaviour. The 
minke whale may surface in a ‘chin-up blow’ format, either laterally (becoming a ‘lateral 
chin-up blow’) or in a normal dorso-ventral plane (Thomson et al., 2003; Curnier, 2005). 
At the culmination of this entrapment sequence, the whale performs an engulfing 
manoeuvre across the centre of the circle. It appears that the minke whale uses the pale-
coloured ventral surface, powerful fluke beats, and the air-water interface as aids of 
entrapment.  
b) Figure-of-Eights  

 
Figure-of-eights are variants on ellipses and have a long axis of not more than six 

body lengths. The significant feature of figure-of-eights is that the minke whale will first 
turn in one direction, followed by the opposite direction, at either end of the long axis.  
c) Head Slaps and Underwater Blows  

 
Similar to an oblique lunge (see below), the whale lunges at an angle of 30° to 45°, 

yet the throat is not expanded and there is no water purging out. At the highest point, the 
whale angles its head backwards and slaps it onto the surface of the water resulting in a 
huge splash accompanied by a loud sound (Thomson et al., 2003) (Fig. 1.3.1.2.1).  

 

 
 

Fig. 1.3.1.2.1 Entrapment manoeuvres of the St. Lawrence minke whales. Head slap – the 
head is raised before forcefully slapping the chin down onto the surface of the water. 
Drawing © Ursula Tscherter – www.ores.org 
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Often, after a regular surfacing, the minke whale will exhale strongly immediately 
after the blow holes have re-entered throwing a fountain of water into the air, coupled with 
a roaring sound (Thomson et al., 2003). These entrapment behaviours are thought to cause 
the fish to corral closer together.  

2) Engulfing manoeuvres involve: a) plunges and b) lunges (oblique, lateral, 
vertical and ventral) (Thomson et al., 2003). Lateral, vertical and ventral lunges have also 
been described for humpback whales (Wells et al., 1999). Fin whales have also been 
reported to perform oblique lunge strikes (Whitehead & Carlson, 1988).  
a) Plunges  

Plunges are performed in the dorso-ventral plane, with the body axis of the whale 
approaching the surface generally at an angle of not more than 30°. Rarely is more than the 
rostrum and part of the underlip visible as the minke exits the water but often the tops of 
the ventral grooves are seen in their distended form. Plunge feeding is the subtlest form of 
engulfing manoeuvre and is best observed from profile or from the front. This manoeuvre 
permits ventilation.  
b) Lunges  

 
The lunges, unlike the plunge, are quite acrobatic and aerial displays of feeding. An 

oblique lunge is very similar in character to the plunge, but is performed at a steeper angle 
of approximately 45° and totally exposes the ventral grooves (Fig. 1.3.1.2.2). Sometimes 
the whole body emerges in a flat porpoising-type leap. A more extreme version of the 
oblique lunge is the vertical lunge. The whale emerges at 90° to the plane of the water (Fig. 
1.3.1.2.2).  

The minke usually reverses or sinks back into the water. Re-entry may aid in the 
purging action. These engulfment manoeuvres allow ventilation.  

Ventral and lateral lunges are similar in structure to the oblique lunge and share the 
same water-exiting angle of 45°. However, during a ventral lunge (Fig. 1.3.1.2.3) the 
minke will be in ventro-dorsal plane (i.e. with its dorsal surface closest the water), whilst in 
a lateral lunge the whale emerges and generally re-submerges laterally (i.e. with one flank 
closest the water). No ventilation occurs during these strikes. 

 
 

   
 

Fig. 1.3.1.2.2 Engulfment manoeuvre of the St. Lawrence minke whales. (Left) Oblique 
lunge – a strike in the dorso-ventral plane with an emergence angle of approximately 45°. 
(Right) Vertical lunge – a strike in the dorso-ventral plane with an emergence angle of 
approximately 90°. Drawings © Ursula Tscherter – www.ores.org 

 



 10 

 
 
Fig. 1.3.1.2.3 Engulfment manoeuvre of the St. Lawrence minke whales. Ventral lunge – a 
strike in the ventro-dorsal plane with an emergence angle of approximately 45°. Drawings 
© Ursula Tscherter – www.ores.org 
 

 
3) Entrapment/Engulfing Manoeuvres consist of: a) horizontal b) ventral and c) 

lateral arcs  
 
a) Arcs  

 
Ventral (Fig. 1.3.1.2.4) and lateral arcs (Fig. 1.3.1.2.5) are similar to ventral and 

lateral lunges, except that the whale’s body only just breaks the surface of the water 
(Thomson et al., 2003).  

 

 
 

Fig. 1.3.1.2.4 Engulfment manoeuvre of the St. Lawrence minke whales. Ventral arc – a 
strike in the ventro-dorsal plane. Drawing © Ursula Tscherter – www.ores.org 

 
The whale turning sharply on its side (either side) and arching sharply to the left or 

right produces a horizontal arc. 97.6 % of the time, the whale performs these manoeuvres 
on the right side (Koster, 2006). The locus of the movement may be at a point dorsal or 
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ventral to the animal. Only the non-pivotal pectoral fin and sometimes a fluke tip break the 
surface of the water as the animal turns through the horizontal plane.  

 

 
 

Fig. 1.3.1.2.5 Lateral arc – a strike in the dorso-ventral plane with an emergence angle of 
approximately 90°. Drawing © Ursula Tscherter – www.ores.org 

 
1.3.1.3 Foraging strategies of minke whales 
1.3.1.3.1 Bird Associated Fishing vs. Lunge Feeding  

 
The most complex filter-feeding strategy appears in the Balaenopteridae (rorquals). 

In fact, living Balaenopteridae feed by lunging at schools of prey with their jaws agape, 
engulfing a volume of prey-laden water at top speed, sieving the water, and then trapping 
prey using an arcade of baleen plates along the roof of the oral cavity (Pyenson, 2009; 
Lambertsen, 1983; Orton & Brodie, 1987; Ingebrigtsen, 1929; Gaskin, 1976; Jurasz & 
Jurasz, 1979).  

Mysticete whales are grouped into three main types on the way in which the baleen 
plates are utilised. These are the swallowers which actively engulf compacted aggregations 
of prey, skimmers which passively entrap prey whilst swimming through the water column 
and swallowers and skimmers which use both strategies (Bowen et al., 2002; Bannister, 
2002). Minke whales are classified as swallowers and skimmers due to observations 
confirming the use of both strategies (Hoelzel et al., 1989; Gill, 1994). 

Two significantly different feeding strategies of the minke whale have been 
described and distinguished (Wells, 1999; Lynas & Sylvestre, 1988):  

- lunge feeding or so called “patch fishing”  
- bird-association feeding or so called “line fishing” 
The lunge feeding (“patch fishing”) strategy consists of the whale actively 

concentrating the prey against the air/water interface, with no feeding birds involved 
(Hoelzel et al., 1989). Lunge feeders pursue a consistent and abundant resource with a 
more intense and localised activity. The trade-off here is that the whales must actively 
corral and hunt the prey, suggesting higher energy expenditure.  

Conversely, a bird-association forager exploit concentrations of fish fry that have 
been ‘prepared’ by flocks of feeding gulls and diving birds from above and often by 
predatory fish and sharks from below. The bird association feeders take advantage of a 
concentrated prey resource but that is, however, ephemeral and consequently difficult to 
locate. The ‘line fishing ’involves engulfing mouthfuls of prey scattered along a line 
(which is akin to the principals of bird-associated foraging) involves a higher threshold of 
feeding activity within a confined area.  
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The strategies may enjoy equal pay-offs if the balance between a low rate of intake 
and low energy expenditure for a bird-association forager is similar to the high expense but 
high intake for the lunge feeder (Curnier, 2005; Hoelzel et al., 1989).  

 
1.3.2 White-beaked dolphin 
1.3.2.1 Food of the white-beaked dolphin  
 

Stomach contents’ analysis has shown that white-beaked dolphins are feeding on a 
wide range of fish (95% of stomach content) and squid species (5% of stomach content) 
with energy consumption per day of about 14,000–20,000 Kcal (Kinze et al., 1997; 
Sigurjónsson & Víkingsson, 1997; Reeves et al., 1999). White-beaked dolphins feed on 
cod , mackerel, capelin, sandeel, saithe, plaice (Pleuronectes platessa), flounder 
(Platichthys flesus), whiting (Merlangius merlangus), haddock and dab (Limanda limanda) 
(Víkingsson & Ólafsdóttir, 2005; Sigurjónsson & Víkingsson, 1997; Evans, 1980; 1982; 
1991).  

The white-beaked dolphins are believed to feed mostly on sandeels in Faxaflói bay 
(Rasmussen, 1999) and they are according to fishermen generally sighted in great numbers 
at the southwest coast of Iceland during the spawning season of the capelin while it 
migrates to the spawning grounds (Magnúsdóttir, 2007). Preliminary results from an 
ongoing study in Icelandic waters show a diet consisting predominantly of gadoid fish in 
this area as well (Víkingsson & Ólafsdóttir, 2005).  
 
1.3.2.2 Feeding techniques of white-beaked dolphins 
 

L. albirostris seems to forage during the whole day (Rasmussen, 1999) but an 
increase in the frequency of other types of behaviours in the afternoon is common 
(Magnúsdóttir, 2007). 

White-beaked dolphins are known to commonly engage in elaborate herding 
behaviour when feeding upon a shoal of fish. Three main forms of herding were 
recognized (Evans, 1982) (Fig. 1.3.2.2.1). 

The first commonly involves two to four groups each of between five to ten 
individuals which might operate either independently or cooperatively and engaged in 
porpoising and lateral surface-rushing towards a focal point. Fish can be seen leaping out 
of the water or moving in a “frenzied” manner, with gannets converging on the area and 
plunge-diving in the vicinity.  

The second involves a single group of five to ten individuals which form an arc and 
porpoise over some distance towards a smaller number of individuals which are themselves 
porpoising in their direction. Sometimes one or more of the latter group may engage in 
breaching (forward, on their bellies, sides or backs) and tail-slapping. Gannets will plunge-
dive in the area or in the periphery of these activities. 

The third herding behaviour is a variant of the previous one, with a single group 
(five to ten dolphins) surface-rushing in a wide band, each dolphin adjacent to its 
neighbour over a short distance and it may be preceded by porpoising. Opposite and 
moving towards the group are usually between two and four animals which may first 
breach or tail-slap and then converge by porpoising.  Plunge diving gannets are observed in 
the vicinity. 

Similar feeding techniques have been observed for white-beaked dolphins in 
Faxaflói bay during this study (pers. obs.). 
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Fig. 1.3.2.2.1 Feeding technique involving groups of dolphins with gannets converging in 
the area (after Evans, 1987).  
 
 
1.3.2.3 Foraging strategies of white-beaked dolphins 
1.3.2.3.1 Bird associated Foraging vs. no birds present 
 

Feeding association in which terrestrial bird scavenge from feeding land mammals 
are well known (Heatwole, 1965). Similar associations between seabirds and mammals in 
the marine environment are largely anecdotal (Harrison, 1979). 

Seabirds, pinnipeds, and sharks often feed with delphinids (Ridoux, 1987; Harrison 
et al. 1991; Pitman & Ballance 1992; Acevedo-Gutiérrez, 2002; Bearzi, 2006). Delphinid 
feeding tactics may increase prey accessibility for other predators (Martin, 1986; Bräger, 
1998), or make it easier for other predators to locate prey (Würsig & Würsig, 1980; Bearzi, 
2006). However, potential benefits to other predators are dependent on delphinid feeding 
tactics. Therefore, many species of seabirds rely on subsurface predators such as different 
fish and dolphin species to drive the prey close to the ocean’s surface (Vaughn et al., 2007; 
Gallo Reynoso, 1991).  

Dusky dolphins (Lagenorhynchus obscurus) feeding tactics and predator 
associations have been studied in Argentina and New Zealand where they seem to feed in 
association with seabirds such as shearwaters (Puffinus spp.), gannet (Morus serrator), 
gulls (Larus spp.), spotted shag (Phalacrocorax punctatus), terns (Sterna spp.), fur seal 
(Arctocephalus forsteri), sea lion (Otaria flavescens), spiny dogfish (Squalus acanthias) 
and thresher shark (Alopias vulpinus) (Vaughn et al., 2007; Würsig & Würsig, 1980).  

Bräger (1998) also studied the relationship between Hector’s dolphins 
(Cephalorhynchus hector) and White-fronted terns (Sterna striata) around the South Island 
of New Zealand where these associations are likely to constitute facultative commensalism 
by the birds and may be particularly advantageous during breeding when energetic 
demands are high. 

According to Evans (1982) white-beaked dolphins have been recorded in a 
significant foraging association with gannets in British waters probably due to a similar 
diet made of mackerel and herring. In fact, both species seem to be frequently observed 
together for feeding purposes especially during the summer months during which the 
waters of the North Atlantic have the highest productivity.  

In Faxaflói bay, white-beaked dolphins have been observed in association with a 
wider variety of seabirds, gannets included (pers. observation). 
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1.4 The study area: Faxaflói bay   
 

Faxaflói bay (N64°24 W23°00) is a relatively short and broad bay, less than 50 km 
long and 90 km wide, located on the southwest coast of Iceland between the large 
peninsulas Reykjanes and Snæfellsnes (Fig. 1.4.1). That area includes the most promising 
whale-watching area outside of Reykjavík harbour. The westernmost borders of the whale-
watching area reach the east side of Syðra-Hraun lava, an underwater lava field that is now 
an area of substantial shoals in the middle of the bay. The depth within the study area 
varies from approximately 16 to 60 m. 

 The inner part of the bay is quite shallow, especially the north-eastern part where 
depths less than 20 m extend 5–10 km offshore. The area inside the 50 m isobath is nearly 
60% of the total area inside the bay, while depths between 50 and 100 m occupy a little 
over 30%. Near its mouth there is a small region (9–10% of the total) with depths greater 
than 100 m (Stefánsson & Guðmundsson, 1978). 

 

 
 
Fig. 1.4.1 Map of Iceland with Faxaflói bay – study area – located on the south-western 
coast  
 

Icelandic waters are characterized by a gradual decline of ocean temperature, 
declining clockwise from South-east Iceland towards East Iceland. The south coast of 
Iceland is bathed by relatively warm and saline Atlantic carried by a branch of the Gulf 
Stream (Fig. 1.4.2). This water flows clockwise along the south and west coasts. At the 
Iceland-Greenland Ridge the mean residual current splits into two parts: one swinging to 
the west and southwest forming a cyclonic eddy in the Irminger sea, the other, the North 
Icelandic Irminger Current, following the Icelandic shelf area and continuing eastwards 
along the north coast. The East Icelandic Current flows towards the southern Iceland Sea 
where it turns towards southeast and east at the Faroe-Iceland Ridge (Vilhjálmsson, 1997; 
Hunt & Drinkwater, 2005). A minor coastal current flows around Iceland.  
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Fig. 1.4.2 Circulation patterns around Iceland (from Stefánsson & Ólafsson, 1991) 

 
This variability in hydrographical conditions affects the distribution, composition 

and productivity of zooplankton around the country (Gislason, 2005). 
The water inside Faxaflói bay is essentially modified Atlantic water and Coastal 

Water (CW), relatively warm and saline, but appreciably diluted by freshwater from land, 
mainly rivers draining into the eastern part of the bay. Of these the most important one is 
the glacier river Hvíta in Borgarfjörður (Stefánsson & Guðmundsson, 1978).  

 Faxaflói bay is a highly productive area and provides suitable spawning areas as 
well as nursery and hunting grounds for various species of fish (Stefánsson & 
Guðmundsson, 1978). The biomass distribution of C. finmarchicus around Iceland further 
indicates that the warmer waters of the south and west coasts may provide a more 
favourable environment for the growth and development of C. finmarchicus than the colder 
waters off the north, NE and east coasts (Astthorsson & Gislason 1995;  Gislason, 2002).  
 
 1.4.1 Cetaceans and Environmental variables Correlations  
 

Several studies (e.g. Griffin, 1999; Baumgartner et al., 2001; Gill, 2002; MacLeod 
et al., 2003; Johnstone et al., 2005; Tynan et al., 2005) have highlighted the importance of 
eco-geographic factors in influencing cetacean occurrence and distribution. Among the 
environmental variables fixed parameters such as bathymetry, topography and sediment 
type as well as non-fixed parameters including circulation patterns, sea surface temperature 
and primary productivity have been investigated. Both fixed and non-fixed parameters 
determine the availability and distribution of cetaceans’ prey (Cecchetti, 2006).  
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1.4.1.1 Fixed parameters 
 

Correlations occurring between depth and cetaceans have been reported by many 
authors (Selzer & Payne, 1988; Baumgartner, 1997; Davis et al., 1998; Baumgartner et al., 
2001; MacLeod, 2001; Cañadas et al., 2002; Jaquet & Gendron, 2002; Goater, 2003; Naud 
et al. 2003; Tetley, 2004; Yen et al., 2004; Panigada et al., 2005; Walker, 2005). For 
instance, minke whales show a very strong spatial preference for shallow waters (Tetley & 
Robinson, 2009) in northeast Scotland.  Moreover, a previous study based on the 
Aberdeenshire coast (Weir et al., 2007), reported a significant effect of sea depth on 
presence of white-beaked dolphins. In contrast, Cannings et al., 2008 found slope and 
aspect to be more important, so significant effects of depth, seabed slope and aspect on 
dolphin presence may indicate that white-beaked dolphins favour particular locations.  
 
1.4.1.2 Non-fixed parameters 
 

Temperature fluctuations seem to be linked with food availability and biological 
requirements as calving, affecting the occurrence and the distribution of cetaceans spatially 
and temporally (Cecchetti, 2006). L. albirostris has narrow range concerning salinity, 
home range and it is very dependant upon any variation of water temperature. In fact, 
recent studies in British waters have shown that white-beaked dolphins tend to have a 
water temperature limit (13°C) over which their occurrence tend to decrease. However,  it 
is possible that the differences in temperature of occurrence of this dolphin species does 
not reflect actual habitat requirements, but is driven by differences in temperature 
preferences of preferred prey (MacLeod et al., 2008). 

 

1.5 Aims  
 

The aims of the present study are: 
1. to investigate the feeding behaviour of minke whales and white-

beaked dolphins within the whale-watching area in Faxaflói bay, in the South-west 
of Iceland. The distribution of both species – in relation to their feeding habit – in 
association with underlying environmental variables (depth, SST) was also 
considered 

2.  to evaluate the foraging associations of both species with coastal 
seabirds  

3.  to  recognize individually minke whales by creating the first “ID-
catalogue” of the area and to update the existing white-beaked dolphin ID-
catalogue started in 1998 (Rasmussen, 1999; Rasmussen & Jacobsen, 2003; 
Rasmussen, 2004) and 

4.  to evaluate the residency patterns of “naturally marked” individuals 
within our study area in Faxaflói bay, through photographs of their dorsal fins.  
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2 Material and methods  
2.1 Data collection and analysis 

Observations of feeding behaviour of minke whales and white-beaked dolphins in 
Faxaflói, Iceland, were conducted during three field seasons (May through August) from 
2007 through 2009 (Table 2.1.1). During 2007 research season only identification 
photographs (IDs) of both species were collected. 
 
Table 2.1.1.  Duration of field observations 
 
  Faxaflói bay 2007  2008  2009   
  start 13th May  1st May  1st May   
  end 9th September  21st August  19th August   
 

Cetacean data were collected every day, weather permitting, during surveys carried 
out using two whale watching vessels available in Reykjavik (Fig. 2.1.1). The whale 
watching company “Elding” performed two (spring season; April-May) and three trips 
(summer season; June-August) per day, one in the morning (9:00–12:00), one in the 
afternoon (13:00–16:00) and one in the evening (17:00–20:00) lasting three hours each. 
This provided the opportunity to maximise the research effort and to gather continuous 
data. However, an average of one to two surveys per day was conducted and the majority 
of the research was performed with one boat, the Hafsúlan. The choice to use the same 
boat is related to the opportunity to standardize the methodology of data collection. 
Additional boat, the Elding of the same whale watching company was used when the 
former was not available.  

The observation was performed on the roof of the wheelhouse of the two vessels 
(Elding,  7 m; Hafsúlan, 8 m). This was done in order to improve scanning and increase the 
sighting probability, having a larger viewing range. The number of observers varied from 
one to four, the author and three volunteers. 

 
 

      
 
Fig. 2.1.1 The two boats of Elding whale-watching used for collection of data, a) Elding b) 
Hafsúlan; red arrows= photographer/observer position.  
 

Fieldwork was carried out in wind speeds of less than 10 m/s (20 knots) or less and 
sea state of zero to four (but mostly below three) on the Beaufort scale.  

Sighting data, environmental parameters as well as effort data were recorded in 
specific forms (see Appendix A). 

a) b) 
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The survey effort was determined by calculating the time spent in actively 
searching for whales and dolphins during each tour. Positions on the species encountered 
were taken using “Global Positioning System” (Garmin GPSmap 60CSx), when the boat 
was positioned <50 m from the sighted animals. 

Cues used to locate minke whales and white-beaked dolphins whilst surveying 
included the presence of bird feeding rafts, often a sign of the presence of marine 
mammals, or direct observation of animals from their long dark backs and falcate dorsal 
fins when surfacing, splashes at distance and occasionally for blows (Fig. 2.1.2). 
 

 
 
Fig. 2.1.2 Sighing cues: splashes of white-beaked dolphins jumping (top), presence of bird 
feeding rafts indicating the presence of minke whale and dolphin prey (centre), minke 
whale observed while surfacing (bottom). 
 

Every encounter was allocated a new sighting number despite the possibility of the 
same whale or school being encountered before. Duration of the encounter was dependant 
on the captain decision to stay with the animals or leave the area (adapted from Gill, 1994). 
Data also comprised information on time of the observation, number of individuals, 
behaviour of the animal and the potential presence of calves, notes on environmental 
variables and presence of seabirds for each encounter. 
 
2.1.1 Effort   
 

Sightings were expressed as the number of sightings per unit effort (Gill, 1994). 
Stern (1990) defined Sightings Per Unit Effort (SPUE) as the number of schools of 

whales seen per unit effort of search. Cetacean SPUE were then analysed considering time 
as searching effort. The following formula was used: 
SPUE = n/LT, where n is the total number of sightings and LT is the total amount of time 
(expressed in minutes) spent on surveys or total effort. 

The total research effort spent for each year (2008 and 2009) was measured as the 
time (minutes) spent per trip.  
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2.1.2 Photo-identification Catalogue 
 

For the creation of the ID catalogue, minke whales and white-beaked dolphins were 
photographed from whale-watching boats, in Faxaflói, Reykjavik, Iceland, between 2007 
and 2009. The present study employed photo-identification to quantify dolphins’ and 
whales’ patterns of residency, estimate white-beaked dolphin and minke whale abundance 
within the study area in Faxaflói bay and verifying if a specialization into a specific 
feeding strategy was individual specific.  

The animals were approached at a range of 50–100 m. The approach represented 
the beginning of a sighting (Auger-Méthé & Whitehead, 2007; Ottensmeyer & Whitehead, 
2003).  

The photographs were taken at a perpendicular angle to the body axis of the animal. 
The capture of both left and right dorsal fins was sought-after, but was not always possible 
due to the speed, behaviour and/or approachability of the subject(s) (Baumgartner, 2008). 

Whales and dolphins within photographic range were photographed irrespective of 
their mark status, to enable an unbiased estimation of the number of animals with marks in 
each mark class (Williams et al., 1993; Gormley et al., 2005).   

The photographs in 2007 were digital colour images  using a Nikon D80 equipped 
with Tamron 70–300 mm zoom lens (f=4–5.6). The photographs in 2008 were taken with 
Canon EOS400D with Canon EF-S  55–250 mm zoom lens (f= 4–5.6) and Nikon D40X 
equipped with 55–200 mm lens. In 2009, three reflex cameras were used: a Nikon D80, a 
Nikon D200 and a Nikon D90, always equipped with Nikkor 70–300 mm lens (f=4–5.6).  

When photographing dorsal fins, the camera’s shooting mode was set to either 
shutter speed or aperture priority. 

Photographs were taken as perpendicular as possible to the animal’s body axis, to 
capture its dorsal fin. The dorsal fin acted as an identification cue. All photographs were 
graded for quality of image (GI=good, AI=average, PI= poor). When grading the quality of 
photographs we took into account the sharpness of image, the lightening and whether or 
not the picture was large enough that the markings could be seen clearly (individuals 
recognisability) (Ensor, 2007; Van Bressem et al., 2003; Sears et al., 1990).  

Pictures graded as GI and AI were considered good enough to be given a name 
mainly related to the animal most distinctive ID feature (i.e. Donut) and a code number 
(i.e. 01_DEM_donut)  and catalogued. 

Pictures of poor quality (poor focus, lighting and too great a distance from subject) 
graded as PI were rejected. To limit errors, photographs were matched when field 
observations were still fresh in the memory (up to a max of two hours periods after the 
tour) (Sears et al., 1990). 

All images were viewed using Adobe Photoshop imaging software to identify 
unique markings.   

Three independent analyses were carried out on the data: (1) estimate of minimum 
population size in Faxaflói bay (whale-watching area), (2) analysis of annual and seasonal 
site fidelity, and (3) matching of individual whales/dolphins between the study area and 
one ID–Catalogue of the Húsavík Whale Museum located on the north-east coast of 
Iceland.  

The term population is defined here as those minke whales or white-beaked 
dolphins frequenting the Faxaflói bay study area rather than having genetic or absolute 
abundance implications. 

The estimate minimum population size was calculated on an annual basis since 
temporary features (scratches and scars) used to identify individuals might heal and even 
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permanent features may change over relatively short temporal periods. The total estimate 
minimum population size was calculated as the number of recognisable individuals 
recorded. Since the estimate minimum population size was being calculated separately per 
survey year and did not involve mark-recapture or calculation of absolute abundance 
(where it is important to know the number of unmarked animals within the population), 
images of all quality and distinctiveness were used, together with data collected from all 
platforms. This was because the aim was simply to calculate the minimum number of 
individuals identified in Faxaflói bay waters each year, and both poor-quality images 
showing highly distinctive animals and high-quality images showing relatively poorly 
marked animals were relevant for this analysis. 
 
2.1.2.1 Identification features 
 

The photographs were analysed to document the marks found on whales and 
dolphins and to investigate the most useful markings for the purpose of photo-
identification. 

For the majority of delphinid species and for some baleen whale species, pieces of 
tissue missing from the trailing edge of the dorsal or top fin (termed fin nicks or dorsal 
edge marks) provide unique features for differentiating between individuals within a 
population. In addition, the dorsal shape (e.g. a distinctively wide or tall fin), shading or 
colouration patterns, scratches and scars, lesions and deformities have all been used in the 
photo-recognition of individual bottlenose dolphins (Wilson, 1995; Eisfeld, 2003). 

 In this study the initial sorting of the selected photographs involved firstly looking 
for any nicks or indentations on the dorsal fin. The position of these on the fin and the 
general fin shape was also noted to reduce the likelihood that two different whales were 
identified as one. When no nicks were obvious, the next step involved looking for any 
unusual fin shapes and body marks. 

Body marks commonly observed in both species were grouped in six categories 
(diagnosis of all skin marks of photographs taken from 2007–2008 was made by Marie-
Françoise Van Bressem and Koen Waerebeek):  

1) infectious, including tattoo skin disease (TSD) caused by poxvirus, papilloma-
like lesions and vesicles evoking calicivirosis; 2) bite wounds and healed scars ascribed to 
cookie-cutter shark Isistius brasiliensis or Petromyzon marinus ; 3) protruding Penella spp. 
(parasitic copepods);   

4)  protruding Xenobalanus globicipitis (parasitic barnacles); 5) scars of 
miscellaneous origin including anthropogenic (fishing gear, vessel collision), tooth-rakes 
and marks on dorsal fin; 6) anomalous pigmentation.  

Few infectious cutaneous disorders found in both minke whales and white-beaked 
dolphins were suitable for identification purposes. 

L. albirostris seems to carry especially signs of a tattoo disease caused by poxvirus, 
which has been observed in several species of free ranging odontocetes from the North 
Atlantic, East Pacific and Mediterranean Sea (Van Bressem et al., 1999) (Fig. 2.1.2.1.1–2).  

The presence of tattoos (T++) and tattoo-like (T+) lesions was examined in more 
than 300 photographic records taken from 2007 to 2009. Only dolphins with typical tattoos 
(T++) (i.e. irregular, dark gray, black marks with a stippled pattern) and highly probable 
tattoos (T+) (not all characteristics detectable) were considered positive. 
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Fig. 2.1.2.1.1 Example of TSD (T++) marks on white-beaked dolphins (i.e. 
02_DEM_percy, 2007). Diagnosis made by Marie-Françoise Van Bressem. 
 
 

 
 
Fig. 2.1.2.1.2 Example of tattoo-like (T+) (i.e. 111_DEM_e and o peduncle, 2007). 
Diagnosis made by Marie-Françoise Van Bressem. 
 

Minke whales were showing signs warty lesions and open ulcers that were used as 
a useful ID features especially for seasonal re-sightings (Fig. 2.1.2.1.3). 

 

 
 
Fig. 2.1.2.1.3 Example of warty lesions on flanks, back and head of a minke whale (i.e. 
218_nDEM_derma, 2008). Diagnosis made by Marie-Françoise Van Bressem. 
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Fig. 2.1.2.1.4 Example of open ulcers on a minke whale  (i.e. 220_nDEM_open ulcers, 
2008). Diagnosis made by Marie-Françoise Van Bressem. 

 
Most of the identified minke whales have small oval scars ascribed to cookie-cutter shark 
Isistius brasiliensis or Petromyzon marinus (Dorsey, 1990;1983) which are visible on 
flanks and dorsum during a normal surfacing (Fig. 2.1.2.1.5).  
 

 
 
Fig. 2.1.2.1.5 Example of a probable cookie-cutter shark bite, depression visible (i.e. 
213_nDEM_healed cookie, 2008). Diagnosis made by Koen Waerebeek.  

 
It has been observed the presence of a parasitic copepods, i.e. Penella spp. 

embedding its head into the blubber of the whale while its body hangs loose. From a 
distance these look like black lines and they are usually seen attached to the whale flank 
(Fig. 2.1.2.1.6). 
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Fig. 2.1.2.1.6 Example of Penella spp. attached to a minke whale flank (i.e. 98_DEM_fat 
penella, 2008). Diagnosis made by Koen Waerebeek.  
 

The second parasite species is the barnacle Xenobalanus globicipitis, which 
attaches itself to the whale with a star-shaped foot plate and is usually found on the 
pectoral fins, dorsal fins and tail flukes (Fig. 2.1.2.1.7). 
 

 
 
Fig. 2.1.2.1.7 Example of protruding Xenobalanus globicipitis (i.e. 80_nDEM_pelo-parra, 
2008). Diagnosis made by Koen Waerebeek.  
 

Marks of anthropogenic origins include scars which might be due to collision with 
vessel or entanglement in fishing gears. They leave scars observed in both minke whales 
and white-beaked dolphins in the study area (Fig. 2.1.2.1.8-9). 

 

 
 
Fig. 2.1.2.1.8 Visible large open wound behind dorsal, Z-shaped  marks probably caused 
by a collision on a minke whale (i.e. 148_DEM_joker, 2008). Diagnosis made by Koen 
Waerebeek.  
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Fig. 2.1.2.1.9 Example of a probable result of a net entrapment (anthropogenic mark) 
around a white-beaked dolphin head (i.e. 242_nDEM, 2009).  
 

Anomalous pigmentation has been recorded in many cetacean species (Forestell et 
al., 2001; Fertl et al., 1999; Hain & Leatherwood, 1982). In minke whales, it seems to be 
presented by a mottled pigmentation spreading quite homogenously over the entire body 
(Fig. 2.1.2.1.10). 

 

 
 
Fig. 2.1.2.1.10 Example of a possible case of unusual pigmentation on a minke whale 
(308_nDEM_maculato, 2009). 
 

In white-beaked dolphins it was observed in few individuals showing medium-
sized rounded marks probably signs of hyper-pigmentation (Fig. 2.1.2.1.11). 

 

 
 
Fig. 2.1.2.1.11 Example of probable hyper-pigmentation on a white-beaked dolphin 
(19_DEM_ventiquattro, 2008). Diagnosis made by Marie-Françoise Van Bressem. 
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In addition, it was also observed a whitish colouration primarily located on the 
dorsal fin of L. albirostris (sides and base), which was carried by 25.7% of photo-
identified individuals in the study area (Fig. 2.1.2.1.12) 
 

 

 
 
Fig. 2.1.2.1.12 a) example of whitish patches on a white-beaked dolphin (i.e. 
140_DEM_snowy top cof, 2008), b) example of whitish dorsal fin patches on white-beaked 
dolphins (i.e. 179_DEM_simil tri ind accompanied by 148_DEM_december rnd, 2008 ). 
Diagnosis made by Koen Waerebeek. 

 
It has been suggested that this peculiar colouration in L. albirostris appears to be a 

simple phenotype. Just like whitish dorsal fin patches in Delphinus, sometimes they are 
present, often not (Stockin & Visser, 2005; Van Waerebeek pers. comm.).  
 
2.1.2.2 Identified individuals 
 

In this study the aim was to establish a catalogue of individuals so that re-sightings 
of an individual could be recorded and this information would then be used to study the 
feeding behaviour and ecology of the minke whale and white-beaked dolphin in Faxaflói.  

In order to identify individual minke whales and white-beaked dolphins from 
photographs, we utilize a previously adopted classification (Tscherter, unpublished): 

1) DEM= dorsal fin edged marked individuals (Fig. 2.1.2.2.1) 
Whales/dolphins that have very distinctive nicks, notches or indentations in their dorsal 
fins are classified as identified.  
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Fig. 2.1.2.2.1 Photographs from the ID catalogue illustrating the used of nicks/notches or 
indentations in the identification of individual minke whales and white-beaked dolphins in 
the Faxaflói. (159_DEM_benny, 2008; 112_DEM_chewy’s nose).  
 

2) dDES= dorsal fin edge shaped individuals (Fig. 2.1.2.2.2) 
The next step involved looking for any unusual fin shape. Whales/dolphins with 

very unusual fin shapes are classified as identified so that as long as a good perpendicular 
photograph of the dorsal fin is obtained. Position of the observer (in meters above sea 
level) is crucial. Body marks are also used as a secondary feature to support these 
identifications.  
 

 
 
Fig. 2.1.2.2.2 Photographs from the ID catalogue illustrating the used of dorsal fin shape 
in the identification of individual minke whales in the Faxaflói bay. (271_dDES_sword2, 
2009).  

3) nDEM or BM= not dorsal fin edge marked individuals, with body marks (Fig. 
2.1.2.2.3) 

Whales/dolphins with unusual pronounced marks on their bodies are classified as 
identified. However in this case a match can only be obtained if in future re-sightings the 
same side of the body is photographed. 

If the whale/dolphin is potentially identifiable from one side only, it is included in 
the catalogue. So, when a whale/dolphin is included in the catalogue on the basis of only 
one side of its body being photographed, there is a chance that it is already in the catalogue 
as a whale photographed from the opposing side (Gill, 2004).  
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Fig. 2.1.2.2.3 Photographs from the ID catalogue illustrating the used of body marks (see 
wart on the bottom right of the dorsal fin) in the identification of individual minke whales 
in the Faxaflói bay. (295_nDEM_hrefna, 2009).  
 
 
2.1.3 Feeding manoeuvres 
 

In 2007 behavioural data were collected ad libitum (159 tours at sea), thus 
providing a framework of information to design the behavioural sampling procedures that 
were systematically adopted from 2008. Data collected in 2008–2009 represented the 
primary dataset for behavioural analysis.  

All data were recorded vocally on digital recorders and transcribed before being 
entered in Excel spreadsheets. The position of the boat determined by GPS was recorded at 
regular intervals; the animal’s position was taken when animals were < 50 m from the 
boat. 

An interpretation of the possible meaning of some behavioural states and their 
significance as functional behavioural units was done a posteriori following data analysis 
(Bearzi et al., 1999).  

The number of whales and dolphins was assessed in situ and the data were later 
verified though photo–identification analysis (Bearzi et al., 1999). 

Although the animals seem to get used to the presence of the boat, some level of 
disturbance caused by the boat might have influenced their behaviour .  

 
2.1.3.1 Group size and Categorization of B. acutorostrata  
behaviours 
 

Minke whales are most commonly spotted singly and occasionally as part of small 
groups so called couples or triplets (pers. comm.). A group of minke whale was defined as 
two or more individuals not more than 5 meters apart, swimming at the same speed, 
sharing some degree of synchrony in their breathing patterns and engaging in common 
activity (Tscherter, unpublished). If more than one individual were present, the closest to 
the boat was followed. If two minke whales were closed the one with marked or any 
distinctive features of well known was followed. 
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Travelling was defined as a clear movement of the animal in a straight course in 
which direction was kept constant the whole duration of the behavioural sampling 
(Baumgartner, 2008; Tetley, 2004).   

Observations were interrupted if a new individual entered the area or if the captain 
decided to leave. A sequence sampling combined with a continuous sampling method was 
used to record feeding behaviour of the encountered minke whales. 

Moreover, in order to ascertain the depths of their activity and presence of fish, 
prey scattering layers in the water column were run opportunistically (generally when 
closer than 30 m) among foraging whales, using a Furuno FCV-600L (on the Hafsúlan) 
and Furuno FCV-581 (on the Elding).    

After preliminary observations made in 2007, it was concluded that an animal’s 
recorded sequence of behaviours was directly associated with feeding, if was observed one 
or more of the following events (Lynas & Sylvestre, 1988; Hoelzel et al., 1989). 

1. Vigorous surfacing was counted as feeding when accompanied by one of the 
following: visible distention of the throat, an open mouth, water of fish spilling 
from the mouth, dead fish or scales visible at the surface site or the disruption of a 
flock of feeding birds 

2. Non vigorous surfacing counted as a feeding event when it disrupted a flock of 
feeding birds, or when an open mouth was seen in association with fish 

3. Gulls  seen diving into the water besides a whale’s head and capturing stunned prey 
items not taken by the whale 

4. Gulls and gannets seen wheeling and diving overhead, fishing in the immediate 
vicinity of the animal otherwise exhibiting feeding behaviours 
Whales were considered to be surface foraging if they exhibited lunging activity 

(oblique, lateral, vertical or ventral) with distended ventral grooves or open mouthparts 
exposed to the air, or if they exhibited arching activity (lateral or ventral) with distended 
ventral grooves visible just under the surface (up to 10 m). This was accompanied by 
purging of water from the mouth (Curnier, 2005). 
 
 2.1.3.2 Group size and Categorization of L. albirostris 
behaviours   
 

The focal group was defined according to Shane (1990) as “any group of dolphins 
observed in apparent association moving in similar direction and often, but not always, 
engaged in similar activity”. Member of the same focal group usually remained within 100 
m from each other.  

The size of large “secondary groups” (sensu Wells et al., 1980 in Bearzi, 1999), 
remaining consistently associated although spread over a large area, was estimated by 
counting each subgroup separately. If dolphins were spotted at a distance, their presence 
was recorded but their number – in most of the cases difficult to determine – was excluded 
from group size computation. If two groups of dolphins are present the smaller was 
followed to decrease the bias. In fact it is easier to recognize and follow the displays of 
different behaviours and easier as well to identify known individuals in a smaller group 
(Mann, 1999). 

The field definition of behavioural states was based on non-subjective parameters 
such as swimming directionality and speed (to determine “travelling”/“milling” and “fast 
travelling”/”slow travelling”), visible prey, birds feeding (to determine “feeding”), physical 
contact (mainly described as “socializing”) and other events like “breach”, “leap” or 
“porpoising” mainly ascribed to a “feeding” state. 
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The behaviour of the focal group was continuously recorded (continuously 
sampling) when groups were composed of 3 or less individuals and described at 1 min 
intervals when groups were larger.  

Relevant surfacing types are also described in Table 2.1.3.1.  
After preliminary observations recorded in the year 2007, a standardize ethogram of 

behavioural states and events was constructed with precise descriptions (Tables 2.1.3.2–
2.1.3.3).  
 
Table 2.1.3.1 Definition of relevant surfacing types for white-beaked dolphins 
 
  Surfacing type           Definition  Source   
  Regular  Only blowhole, part of back  Shane, 1990   
    and dorsal fin exposed     
  Racing  Resemble regular dive performed  Shane, 1990   
    at high speed with dolphin's     
    back exposed and white water     
    forming as animal surfaces      
 
 
Table 2.1.3.2 Definition of relevant behavioural states for white-beaked dolphins 
 

  Surfacing type                Definition Source  

 Travel  Moving steadily in one direction Shane, 1990  
 Feeding  Obvious feeding activity  performed Shane, 1990  
   close to the water surface; dolphins   
   are seen catching fishes by pursuing   
   them parallel to the water surface or   
   moving in a circle and diving in the   
   same small area; birds usually   
   concentrated over the dolphins during   
   the 1-min sample   
 Socialize  Some of all group members in almost Shane, 1990  
   constant physical contact between   
   individuals; usually staying close to the    
   surface during the 1-min sample   

 Milling  
Continual change of headfirst 
orientation and moderatively Müller et al., 1998 

   active swimming and steep diving   
   by individuals in proximity one another;   
   usually staying close to the surface   
   during the 1-min sample   
 Play  An activity that incorporates the use of a Shane, 1990  

      
"foreign object" during the 1-min 
sample     

 



 30 

In general the foraging techniques all involve some co-operative techniques used by 
the dolphins. The co-operative techniques involved surrounding the fish and herding them 
towards the surface. White-beaked dolphins can swim very fast at the surface during these 
situations. Similar feeding techniques have been observed for white-beaked dolphins in 
Faxaflói bay (Rasmussen, 2004).  
 
Table 2.1.3.3 Definition of relevant behavioural events for white-beaked dolphins 
 
Behavioural 
events                     Definition Source 
Breach animal elevates portion of the foresection Müller et al., 1998 
 above surface and drops it flatly and nosily  
 on lateral side  
Back breach foresection is elevated above the surface Müller et al., 1998 
 with the ventrum uppermost and dropped  
 backwards, landing nosily on the rostrum  
Head slap the side of the head makes sharp, noisy Müller et al., 1998 
 contact with the surface  
Leap airborne forward progress or at least one  Müller et al., 1998 
 body length while in dorsal position  
Inverted leap performance of a leap by a dolphin in the  Müller et al., 1998 
 belly up (inverted) position  
Lateral arch powerful sideways lunging of a highly Müller et al., 1998 
 arched animal in the lateral position  
 exposing a side portion of white ventrum  
Rostral nudge the tip of the rostrum touches the body Müller et al., 1998 
 surface of the second animal briefly or  
 repetitively, both animals are in dorsal   
 position making forward progress  
Bite object dolphin contacts an object with its teeth Müller et al., 1998 
Chin up brief exposure of rostrum above surface Müller et al., 1998 
 at variable upward angle by an elevation  
 of the head  
Tail slap flat and noisy contact of the caudal section Müller et al., 1998 
 on the water surface  
Head-up swim brief and repetitive exposure of the head  Müller et al., 1998 
 during forward progress by animal in dorsal  
  position; rostrum oriented upward   
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Table 2.1.3.3 continued Definition of relevant behavioural events for white-beaked 
dolphins 
 
Behavioural 
events                     Definition Source 

Bow riding swimming or forward movement alongside 
Müller et al., 
1998 

 boat while positioned off bow between surface  
 and about a meter or less underwater  

Dorsal arch brief upward movement of the dorsal fin by 
Müller et al., 
1998 

 an animal in a dorsal position. Foresection and  
 caudal section are drawn down and inward  

Porpoising repetitive performance of abrupt lunges over 
Müller et al., 
1998 

 the water surface betwen shallow submergences  
 during rapid forward progress in dorsal position  

Skimming 
a single lunge of rapid forward progress at 
interface 

Müller et al., 
1998 

 that produces a "rooster tail" wake spraying off  
 either side of rostrum  

Scouting individual dolphin leaves rest of group and  
Bearzi et al., 
1999 

 approaches boat to inspect from close quarters  
 while underwater  

Surfing the animal progresses obliquely or parallel to the  
Müller et al., 
1998 

 
direction of the wave in the dorsal or slightly 
lateral  

 position; dorsal fin may be partially exposed  

Zigzag rapid alternation of headfirst orientation from side  
Müller et al., 
1998 

 to side  
Subsurface 
swim animal makes forward progress in any position  

Müller et al., 
1998 

 underwater  

Chasing 
one dolphin or group of dolphins chasing each 
other Herzig, 1995 

  in fast, medium or slow chase   
 
 

All behavioural samples were recorded in real time and related to the 1 min sample 
of occurrence.  After have recorded all behavioural samples, data were transcribed on excel 
spreadsheets. 

For the analysis of daily patterns, behavioural data were pooled in three daytime 
categories: (1) morning (9:00–12:00), (2) early afternoon (13:00–16:00) and (3) evening 
(17:00–20:00).  
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In addition, dolphins were considered to be feeding if one or more of the following 
events was observed (Evans, 1982):  

1. two to four groups of dolphins operating either independently or cooperatively 
engage in porpoising, fast swimming, leaping or breaching out of the water or 
milling close to the surface 

2. Gannets observed plunge-diving in the vicinity of a group of supposedly feeding 
dolphins  

3. Gulls and shearwaters feeding on stunned or wounded fish floating on the surface 
in the immediate vicinity of the animal otherwise exhibiting feeding behaviours 

4. dolphins carrying a caught fish in their beaks (Fig. 2.1.3.1) (Acevedo–Gutiérriez, 
2000; Würsig & Würsig, 1980).  

 

 
 
Fig. 2.1.3.1 A couple of white-beaked dolphin feeding, Faxaflói, 2009 (Photo ©Thomas 
Barreau). 
           
2.1.4 Bird association foraging 
 

Seabird observations were conducted during cetacean surveys from May 2008 to 
August 2009 inclusive. Data included the presence of any birds in the vicinity (≤ 100 m) of 
a whale or a group of dolphins.  

When feeding seabirds were sighted, species/family, an estimate of total number of 
individuals, estimated distance from the boat, and behaviour (e.g., passing by, inspecting, 
paddling, feeding) in presence or absence of cetaceans were recorded throughout the entire 
survey (Bearzi, 2009). Exact counts were usually possible if a flock contained fewer than 
30 birds. For larger flocks a technique called “blocking” was used. This approach entails 
counting the birds in a “block” of typical density from the trailing end of the flock (so that 
birds are not flying into the observer projection) and then visually superimposing this 
block into the rest of the flock to see how many times it will fit in (i.e. flock of about 100 
birds, to count the trailing 20; larger groups to start choosing a group that represents 50 or 
100 birds) (Kress, 2004). 

Bird species were divided up into (Schreiber & Burger, 2002) (Fig. 2.1.4.1): 
1) Family Stercorariidae (skuas): arctic skua (Stercorarius parasiticus), great skua 

(Stercorarius skua) (very occasionally also pomarine skua (Stercorarius 
pomarinus))  

2) Subfamily Laridae (gulls): Lesser black-backed gull (Larus fuscus), Great black-
backed gull (Larus marinus), black headed gull (Larus ridibundus), glaucous gull 
(Larus hyperboreus) and the kittiwake (Rissa tridactyla)  
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3) Subfamily Sternidae (terns): arctic tern (Sterna arctica)  
4) Family alcidae (auks): puffin (Fratercula arctica), common guillemot (Uria aalge) 

and razorbill (Alca torda)  
5) Family Sulidae (gannets): northern gannet (Sula bassana)  
6)  Family Procellariidae (fulmars, petrels and shearwaters): northern fulmar 

(Fulmarus glacialis) and manx shearwater (Puffinus puffinus).  
 

Binoculars (Steiner 7x30 or Steiner 7x60) were used to confirm bird species and a 
digital recorder was used on the boat to enter simultaneously the behaviour and number of 
any flock or seabirds (flock defines as a group of 6 or more birds- also of different species-  
gathering together, majority of which displaying same behaviour). 

Bird data were analysed to determine the number of encounters in which birds were 
present, the relative proportion of each species of bird by month, and the associated 
behaviour of the whales. 

Photographs were also analysed to investigate which bird species showed the 
greatest degree of association with the whales.  

 When species were uncertain, their presence (and possibly identification) was also 
recorded into the “group category” instead of listed as a species.  

Birds were counted for every feeding sighting with minke whales and/or white-
beaked dolphins encountered. 

Seabirds were utilized as indirect indicators of prey location in the water column 
when seen plunging or pecking for prey within 10 m of any surfacing dolphin. This 
definition excluded bouts in which birds were seen either following dolphins, sitting in the 
water next to dolphins, or feeding at distance from the dolphins (Acevedo Gutierréz, 2000). 

At the end of the collection an Excel spreadsheet was build up in order to store all 
material collected, including: time start/end encounter, distance of flock from the boat, 
flock size and for each species present behaviour and number was noted down. For 
analysis purpose, an average number of birds per encounter were calculated. 
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Fig. 2.1.4.1 Bird species observed during study period: a) razorbill (Alca torda), b) puffin 
(Fratercula arctica), c) common guillemot (Uria aalge), d) artic skua (Stercorarius 
parasiticus), e) great skua (Stercorarius skua), f) kittiwake (Rissa tridactyla), g) lesser 
black-backed gulls (Larus fuscus), h) arctic terns (Sterna arctica), i) northern gannets 
(Sula bassana), j) manx shearwaters (Puffinus puffinus), k) northern fulmar (Fulmarus 
glacialis).   
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2.2 Statistical analysis 
 

Interspecific differences and correlations for each of the two main species with 
respect 
to environmental variables and association with seabirds were then established through 
statistical analysis using the R software (R 2.8.1). The following tests were chosen: 

- Chi–square test if presence or absence of whales/dolphins was effected by 
presence/absence of each seabird species included in the study 

- Wilcoxon Ranksum test to assess potential significant differences in bird 
distribution in relation to whales/dolphins presence/absence 

- Kruskal–Wallis test to assess potential relationships between each bird and 
cetacean species and the co-occurring EVs  

- Students t and one way ANOVA tests  to determine any relation between the 
abundance of B. acutorostrata and L. albirostris and the abundance of all different species 
of seabirds observed associating with these two species during feeding bouts. 

However, sightings of foraging B. acutorostrata were very abundant and normally 
distributed in comparison to data related to white-beaked dolphins which appear to be few 
and showing a zero inflated Poisson distribution (which is used when there are more 
observed zeros than expected with the regular Poisson distribution). Therefore, student t 
and one way Anova tests were used only on the minke whale set of data, where a 4th root 
transformation was performed (Quinn & Keough, 2002).  

 
 3 Results 

3.1 Cetacean survey analysis 
3.1.1 Cetacean occurrence 

 Sighting data available for the years 2008 and 2009 included four species of 
cetaceans of both the Mysticete and the Odontocete orders. Mysticete species that were 
sighted comprised the minke whale (Balaenoptera acutorostrata) and the humpback whale 
(Megaptera novaeangliae). Odontocete species encountered included, white-beaked 
dolphin (Lagenorhynchus albirostris), and the harbour porpoise (Phocoena phocoena).  

However, the frequency of the encounters differed considerably and the three most 
frequently recorded species in 2008 (Fig. 3.1.1.1) were the minke whale (63.5%), the 
white-beaked dolphin (25.9%) and humpback whale (17.5%); the harbour porpoise 
percentage sighting frequency was only 7.5%. 

On the contrary, in 2009 the situation changed with minke whales (75.5%) and the 
white-beaked dolphins (11.8%) being still the most sighted. However, the frequency of 
humpback whale sightings were lower (5.0%) while the harbour porpoise sightings 
increased (12.4%) (Fig. 3.1.1.2). 

The subsequent analysis of sighting data has been performed taking into 
consideration only two of these four main species. Therefore, the following results show 
their feeding behaviour and distribution for the two consecutive years 2008 and 2009.  
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  Cetacean sighting frequency 
2008

Mn
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Ba+La

Ba+Mn
La+Mn

Ba+La+MnBa+Pp

 
 
Fig. 3.1.1.1 Encounter frequency of four species sighted during year 2008. (Mn= 
humpback whale, Pp= harbour porpoise, Ba= minke whale, La= white-beaked dolphin) 
 

Cetacean sighting frequency 
2009

Pp

Ba
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Ba+Mn
Ba+Pp

MnBa+La

La+Mn Ba+La+Mn

 
 
Fig. 3.1.1.2 Encounter frequency of four species sighted during 2009 year. (Mn= 
humpback whale, Pp= harbour porpoise, Ba= minke whale, La= white-beaked dolphin) 
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3.1.2 Sightings analysis 
 

Both minke whales and white-beaked dolphins were frequently observed feeding in 
association with other species. Therefore, any cetacean or avian species observed <100 m 
from the focal group were defined as an associated species, which describes the occurrence 
of all species within a certain area but not necessarily interacting or feeding on the same 
food patch (Bearzi, 2006). The sighting frequency of minke whales and white-beaked 
dolphins throughout the study period is shown in Tables 3.1.2.1–3.1.2.2.  
 
Table 3.1.2.1 The number of sightings of minke whales and white-beaked dolphins in 2008 
 

  Month  Ba La Ba+La Ba+Mn Ba+Pp Ba+La+Mn La+Mn    
  May  21 27 0 0 0 0 0    
  June  47 29 0 1 0 0 2    
  July  110 23 8 10 8 2 1    
  August  70 12 21 10 1 3 0    
  Total  248 91 28 21 9 5 3  406 

 
 
Table 3.1.2.2 The number of sightings of minke whales and white-beaked dolphins in 2009 
 
  Month  Ba La Ba+La Ba+Mn Ba+Pp Ba+La+Mn La+Mn    
  May  41 15 0 2 0 0 0    
  June  134 10 4 4 2 1 0    
  July  138 14 6 5 0 0 0    
  August  71 13 13 0 0 0 0    
  Total  384 52 11 11 2 1 0  461 

 
 
 
3.1.3 Sightings per unit effort (SPUE) analysis 
 

Survey data included a total of 867 sightings of the two main species (minke 
whales and white-beaked dolphins) for the summer research seasons of 2008 and 2009 
with a total effort of 71239 minutes. Data relative to monthly and total survey effort of the 
two years are shown in Table 3.1.3.1. 
 
Table 3.1.3.1 Survey effort for 2008 and 2009 summer research seasons. Both monthly and 
total effort data, expressed in minutes, are reported for each year. 
                    

  Year   
Monthly Effort 

(min)    
Total Effort 

(min)   
    May June July August     
  2008  10222 11463 9232 4138  35055   
  2009  10402 10501 10656 4625  36184   
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The months with most effort for all years are May and June with 20624 and 21964  
minutes respectively (Table 3.1.3.1). July recorded also a great effort for the years 2008 
and 2009. Monthly sightings per unit effort (SPUE) for the two species in 2008 and 2009 
are given in Table 3.1.3.2 and Table 3.1.3.3. 
 
Table 3.1.3.2 Monthly sightings per unit effort (SPUE) relative to the sightings collected in 
2008 
 
  SPUE  May  June  July  August   
  Ba  0.00205  0.00419  0.0139  0.0196   
  La  0.00264  0.00270  0.00260  0.0029   
  Ba+La  000000         0.0000    0.00108  0.0058   

 
Table 3.1.3.3 Monthly sightings per unit effort (SPUE) relative to sightings collected in 
2009 
 
  SPUE  May  June  July  August   
  Ba  0.00413  0.01330  0.00403  0.0153   
  La  0.00144  0.000952  0.00131  0.00281   
  Ba+La  0.00000  0.000476  0.000563  0.00281   

 
During 2008-2009 research seasons the months of May, July and August had the 

highest number of sightings per unit effort (hours search) for minke whales. For white-
beaked dolphins the highest number occurred during the months of May, June and August. 
Sightings between the two summer seasons differed mostly in June for both species. In 
2008, very few sightings per unit effort were recorded, while in 2009 the sightings were 
twice as many in numbers.  

Minke whale sightings per unit effort was higher in August and July for both years, 
with May and June with showed the biggest change by carrying SPUEs a lot higher in 
2009. Monthly sightings per unit effort relative to the white-beaked dolphin dropped down 
from one year to the other. 
 
3.1.4 Group sizes 
 

The data was analysed to investigate the group sizes of the whales and dolphins 
encountered and to investigate any patterns in seasonality of each group size. 

The percentage frequency distribution of the group size of whales and dolphins 
encountered from 2008-2009 is shown in Tables 3.1.4.1–3.1.4.2.  

The largest group of minke whales encountered consisted of 19 whales (photo-
identified individuals, in August 2008). 

In 2008, 42.6% of sightings were of solitary whales, 18.6% of sightings consisted 
of 2 whales and 15.7% of groups of 5–10 animals. The remaining 9.6% and 8.7% are of 
sightings consisted of groups respectively of 3–4 whales and the smallest percentage 
(4.8%) represents groups from 11 to 20 whales. No groups larger than holding 20 whales 
was recorded. 

During the same season, white-beaked dolphins’ largest group was of 15 
individuals (June 2008), 35.0% of sightings of groups from 5–10 dolphins, 24.4% for 
groups of 3 and 19.5% for 2 animals. 14.6% was the percentage frequency of group size of 
4 dolphins and only 4.1% from 11–20. The lowest percentage (2.4%) represented group of 
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only a single dolphin. In 2008 there were also no recordings of groups larger than 21 
individuals. 

Sightings of one white-beaked dolphin should not be considered sightings of a 
solitary animal. Simply one animal only was seen. Those sightings were usually not lasting 
enough for us to precisely determine if the animal was alone or accompanied by other 
conspecifics, since the animals were usually very elusive, leaving the area quickly.  

During 2009 research season, the largest group of minke whales (14 animals in 
June) recorded was smaller in comparison to the previous year. On the contrary, the largest 
group of L. albirostris (50 animals in June) was far larger than any observed in 2008. 

In 2009, sightings of solitary whales were still the most common (51.4%) followed 
by groups of 2 (19.7%) and groups with 5 to 10 whales (10.8%).  

The most observed white-beaked dolphin groups were of 3 and 4 individuals 
(25.4% and 22.2% respectively), followed by 5–10 animals group size (17.5%). 

 
Table 3.1.4.1 Percentage frequency (%) of group sizes for minke whales (Ba) and white-
beaked dolphins (La) for 2008 
 

  
Group  
size         n      1 2 3 4 5–10 11–20 21–30 >30   

  Ba        312  42.6 18.6 9.6 8.7 15.7 4.8 0 0   
  La        123  2.4 19.5 24.4 14.6 35.0 4.1 0 0   
  

 
Table 3.1.4.2  Percentage frequency (%) of group sizes for minke whales (Ba) and white-
beaked dolphins (La) for 2009 
 

  
Group 
size        n  1 2 3 4 5–10 11–20 21–30 >30   

  Ba      407   51.4 19.7 9.3 7.6 10.8 1.2 0 0   
  La       63  6.3 12.7 25.4 22.2 17.5 12.7 1.6 1.6   

 
The percentage frequencies were plotted for group sizes of 1, 2, 3, 4, 5 to 10 and 11 

to 20 minke whales by month for 2008 and 2009 separately to investigate if there are any 
patterns in seasonality of differing group sizes (Table 3.1.4.3. for year 2008 and 2009). The 
same analysis was made for group sizes of white-beaked dolphins in 2008 and 2009 (Table 
3.1.4.4.). 

These tables show that relatively fewer sightings of solitary minke whales are seen 
during July and August in both 2008 and 2009. 
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Table 3.1.4.3 Percentage frequency (%) of minke whales group size for 2008 and 2009 
 
  Minke whale 2008                 

  Group size n 1 2 3 4 5–10 
11–
20 21–30 >30   

  May 43 90.5 9.5 0 0 0 0 0 0   

  June 
14
4 87.5 6.2 4.2 0 2.1 0 0 0   

  July 
14
9 40.3 19.4 11.5 10.8 15.1 2.9 0 0   

  August 71 15.4 25.0 11.5 11.5 26.0 10.6 0 0   
  Minke whale 2009          

  Group size n 1 2 3 4 5–10 
11–
20 21–30 >30   

  May 21 72.1 25.6 2.3 0 0 0 0 0   
  June 48 65.3 12.5 12.5 4.9 2.8 2.1 0 0   

  July 
13
9 45.0 23.5 7.4 10.7 12.7 0.7 0 0   

  August 
10
4 23.9 22.5 11.3 11.3 29.6 1.4 0 0   

 
The frequencies of white-beaked dolphin group size by month show that an 

increment of sightings of groups with more than 3 was seen during of May, June and July 
in 2008. 

Larger groups were observed during 2009 field season with group size of 21–30 
animals during the month of May and a group size of >30 animals in June. Group sizes 
from 3 to 11–20 individuals occurred more frequently during months of May and June.  
 
Table 3.1.4.4 Percentage frequency (%) of white-beaked dolphin (group size) for 2008 and 
2009 
 
  White-beaked dolphin 2008               
  Group size n 1 2 3 4 5-10 11-20 21-30 >30   
  May 24 0 12.5 25 12.5 41.7 8.3 0 0   
  June 30 3.3 20.0 13.3 16.7 40.0 6.7 0 0   
  July 34 2.9 11.8 35.3 20.6 29.4 0 0 0   
  August 35 2.9 31.4 22.8 8.6 31.4 2.9 0 0   
  White-beaked dolphin 2009         
  Group size n 1 2 3 4 5-10 11-20 21-30 >30   
  May 15 6.7 26.7 46.7 13.3 0 0 6.7 0   
  June 14 0 7.1 21.4 14.4 7.1 42.9 0 7.1   
  July 20 5.3 0 31.6 31.6 30.0 5.3 0 0   
  August 14 5.0 0 30.0 30.0 30.0 5.0 0 0   
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3.2 Photo-identification 
3.2.1 B. acutorostrata 
 

During 2007–2009 field seasons (May 2007–August 2009) 509 research trips were  
completed on board Elding and Hafsúlan. In 2007 solely IDs and behavioural data were 
collected ad libitum, thus providing a framework of information to design the behavioural 
sampling procedures that were systematically adopted from 2008. 

Analysis of data collected of these trips enabled identification of 311 individuals 
(Tables 3.2.1.1–3.2.1.2). 

 
Table 3.2.1.1 Total number of identified minke whales, excluding  re-sightings  
                  
  Year   Photographed whales   Cumulative numbers  
 2007  89   89   
 2008  133   222   
 2009  89   311   
  Total   311          
         
 

A total of 311 individual minke whales were individually identified, consisting of: 
127 left side identifications, 95 right side identifications and 89 identifications where both 
sides were identified. 

However, all individuals were carrying a mixture of different distinctive features 
used for identification purposes, which are summarized in Table 3.2.1.3.  

It was found that cookie-cutter shark bites to be the most abundant marks carried by 
minke whales within the study area, anthropogenic marks (due to collision or 
entanglement) are second followed by protruding Penella spp.  
 
Table 3.2.1.2 Identification categories showing number of minke whales identifiable from 
2007 to 2009. Total numbers are in brackets. 
 
  Year   Photo-id     
     Categories     
    DEM dDES nDEM  Total 
  2007  29 40 20  89 
  2008  78 (87) 26 (30) 29 (33)  133 (150) 
  2009  43 (71) 25 (33) 21 (24)  89 (128) 
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Table 3.2.1.3 Features that were used to identify the 311 minke whale individuals and how 
frequently they were employed in the study area 
                
  Diagnostic feature B. acutorostrata Faxaflói bay   
     2007 2008 2009   
  DEM        
  nicks/notches  20 50 30   
  indentations  9 21 13   
  nDEM/dDES        
  unusual body pigmentation 2 2 3   
  cookie-cutter shark bite 5 26 18   
  Penella spp.  1 4 2   
  Xenobalanus globicipitis 0 2 0   
   mark on dorsal  3 1 2   
  anthropogenic mark  2 10 4   
  infectious lesion  1 6 9   
  Total   43 122 81   

 
Of these 311 individuals, 48.2% were identified based on nicks on dorsal fin, 

29.3% were identified based on dorsal fin shape, and 22.5% were identified mainly based 
on body marks - cookie-cutter shark bites, Penella spp. attached, skin diseases, unusual 
pigmentation and other miscellaneous marks.  
 
Table 3.2.1.4 Inter-annual re–sightings of minke whales during the study period 
 
  Year   whale re-sightings   
  2007–2008   7   
  2008–2009   21   
  2007–2009   7   
  2007–2008–2009   10   
  Total   45   

 
 

A total number of 45 inter–annual re-sightings (regulars) was found over the all 
study period (Table 3.2.1.4) (see Appendix B). A large majority of these individuals 
(67%) were carrying distinctive nicks/notches or indentations on their dorsal fins allowing 
us to be more precise with the matching process. More than half of all re-sighted animals 
(60%) were seen in the same month at least from one season to the other. The salient point 
of the re-sighting examination is that many individuals in the study site were seen 
repeatedly over the years; 35 whales (11.2%) were seen in at least two years and 10 whales 
(3.2%) in all three (e.g. 06_DEM_happy, Fig. 3.2.1.1). 

All identified whales re-sighted within the same season and/or in different years, 
are listed in Appendix B.  
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Fig. 3.2.1.1 Dorsal fins of a minke whale (i.e. 06_DEM_happy) photographed in 2007 (a) 
and re–captured in 2008 (b) and 2009 (c) respectively. 
 

23.2% of catalogued individuals (n=72) are considered as seasonal by being sighted 
several times within each field month. The interval between the first sighting of these 
individuals and the most recent re-sighting ranged from 1 (i.e. 52_DEM_mini) to 106 days 
(i.e. 88_nDEM_submarine). 

 
3.2.2 L. albirostris 
 

During 2007 field season (May 2007–September 2007) over 460 boat hours in 166 
research trips were completed on board Elding and Hafsúlan. Unfortunately during these 
trips it wasn’t possible to correctly collect dolphin sightings. 

During 2008 field season (April 2008–August 2008) about 470 boat hours in 170 
research trips on board Elding and Hafsúlan were completed. During these trips there were 
124 sightings of white-beaked dolphin groups. 

During 2009 field season (April 2008–August 2008) over 400 boat hours in 173 
research trips on board Elding and Hafsúlan were undertaken. During these trips there were 
64 sightings of white-beaked dolphin groups. 

Analysis of data collected of all trips enabled identification of 245 individuals 
(Table 3.2.2.1). 
 
Table 3.2.2.1 Total number of identified white-beaked dolphins (Lagenorhynchus 
albirostris), excluding re-sightings 
                  
  Year   Photographed dolphins   Cumulative numbers  
 2007  62   62   
 2008  85   162   
 2009  98   245   
  Total   245          
         
 

A total of 245 individual white-beaked dolphins were individually identified, 
consisting of: 82 left side identifications, 103 right side identifications and 60 
identifications where both sides were identified (Fig. 3.2.2.1). 

The largest majority of dolphins were identified from nicks on the dorsal fin 
(74.3%), 6.9% from the shape of the dorsal fin and 18.8% were identified from body marks 
(Table 3.2.2.2 and Fig. 3.2.2.1). Among them, whitish patches on the dorsal fin were the 
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most frequent feature, followed by tooth-rake marks and tattoo skin lesions. However, all 
individuals were carrying a mixture of different distinctive features summarized in Table 
3.2.2.3.  
 
Table 3.2.2.2 Identification categories showing number of white-beaked dolphins 
identifiable from 2007 to 2009. Total numbers are in brackets.  
 
  Year   Photo-id     
     Categories     
    DEM dDES nDEM  Total 
  2007  38 11 13  62 
  2008  64 (79) 3 (3) 18 (18)  85 (100) 
  2009  80 (96) 3 (3) 15 (16)  98 (115) 

 
 

 
Fig. 3.2.2.1. Examples of DEM individuals a) 112_DEM_chewy’s nose, dDES b) 
244_dDES and nDEM c) 241_nDEM individual L. albirostris from Faxaflói.  
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Table 3.2.2.3 Features that were used to identify white-beaked dolphin individuals and 
how frequently they were employed in the study area 
 
  Diagnostic feature L. albirostris Faxaflói   
     2007 2008 2009   
  DEM        
  nicks/notches  22 41 39   
  indentations  16 23 40   
  nDEM/dDES        
  unusual body pigmentation 4 3 1   
  whitish dorsal fin patch 37 28 28   
  tooth-rake mark  4 4 10   
  mark on dorsal  5 3 5   
  anthropogenic mark  0 2 6   
  infectious lesion - TSD 11 9 10   
  Total   99 113 139   

 
A total number of 28 annual re-sightings were reported during the study (regulars) 

(Table 3.2.2.4). A large majority of these individuals (92.9%) were carrying distinctive 
nicks/notches or indentations on their dorsal fins allowing us to be more precise with the 
matching process. 

More than half of all re–sighted animals (53%) were seen in the same month from 
one season to the other.  

During all days of photo-shooting in Faxaflói, 28 identifiable individuals were re-
sighted between years (regulars) (see Appendix B), so 9.4% of catalogue individuals were 
seen more than once over the course of the 3 years study. All of these, 5 individuals (2.0%) 
only were seen all three years (e.g. 38_DEM_funny, Fig. 3.2.2.2). 
 
Table 3.2.2.4 Annual re–sightings of white-beaked dolphins (Lagenorhynchus albirostris) 
during the study period 
 
  Year   dolphin re-sightings   
  2007–2008   10   
  2008–2009   11   
  2007–2009   2   
  2007–2008–2009   5   
  Total   28   
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Fig. 3.2.2.2 Dorsal fins of a white-beaked dolphin individual (i.e. 38_DEM_funny) 
photographed in 2007 and re–captured in 2008 and 2009 respectively. 
 
 

Seasonal re–sightings occurred between 2007–2009 (10.7% of catalogued 
individuals, n=26) (see Appendix B) 

The interval between the first sighting and the most recent re-sighting ranged from 
1 (i.e. 175_DEM_ 2009) to 111 days (i.e. 112_DEM_chewy’s nose).  
 
3.2.3 Location of re-sightings 

a) Minke whale 
 

The locations of all the annual re-sightings for each identified whale (N=37) are 
listed in Appendix C. Some of the position data are missing due to errors in data collection 
and so not all the sightings have been plotted for some of the whales (N=8). It seems that 
whales do favour certain areas in the survey area and at different times of the year.  

During August and June whales were sighted very close to coast in particular 
around Grótta Island, an area of very shallow waters. In fact, in August 10 whales were 
spotted moving around that area, 6 whales in June and only 4 whales in July. The closest 
points a minke whale was spotted to the coast of Grótta was when whales (i.e. 
50_dDES_well, 162_DEM_only me and 155_DEM_change) stayed an average of 2.5 km 
and 1.4 km away from the two areas respectively, all three times in August.  

Whales that are re-sighted within a few days were observed staying in the same 
location. For example whales (i.e. 166_DEM_cindy yr, 162_DEM_only me, 
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27_DEM_miss and 68_dDES_sword) were spotted during the same month of the same 
year always in the same area in Faxaflói.  

The furthest point where whales were re-sighted during the study period was about 
30 km away from the coast (i.e. 163_DEM_happy mozza, N64 16.509 W22 23.669). The 
closest point was just about 13 km (i.e. 50_dDES_well, N64 10.317 W22 04.029).  

Special attention need to be given to the fact that the boat does not operate by 
conducting strict transects but goes to areas where whales are more likely to be seen and 
where they have been spotted during the tour prior to the current one.  
 
b) White-beaked dolphin 
 

The locations of all the annual re-sightings for each identified dolphin (N=29) are 
shown in Appendix C. Some of the positional data are missing due to errors in data 
collection and so not all the sightings have been plotted for some of the whales.  

However, in one occasion (24.08.2007) three identified individuals (i.e. 
37_DEM_punta freccia, 19_DEM_24 and 33_DEM_ascia), which were used to be spotted 
in Faxaflói bay, were re-sighted in front of the lighthouse in Keflavík (Garður area), about 
26 km away from the whale-watching area (N64°12 W22°12). Only one time a dolphin 
was re-sighted within few days (i.e. 147_DEM_anziano) in the same location. 

In general, the furthest area where a dolphin was spotted was approximately 39 km 
away during the month of June 2008 from Reykjavik harbour and the closest was about of 
6 km from the Puffin island Akurey (N64°10 W21°58) (i.e. 139_DEM_all at once, 
143_DEM_base sq, 148_DEM_december rnd, all during the month of May). 

 
 

3.3 Feeding manoeuvres analysis 
3.3.1 B. acutorostrata 
 

Observations were recorded from May 2008 to August 2009 inclusive during 
whale-watching boat surveys of the south-western part the coastal area of Faxaflói bay. 
During 323 sightings with foraging minke whales, a detailed description of feeding 
manoeuvres was recorded in 28.5% of all cases (n=92).  

Individual whale specialized on one of the two general feeding strategies that could 
be distinguished by behaviour visible at the surface. One strategy is called “bird-
association foraging” shows the interaction between whales exploiting concentrations of 
schools of fish below flocks of feeding seabirds. 

Alcids (puffin, razorbill and common guillemot) and gulls (Larus spp. and 
kittiwake) were found to be the most common and abundant bird group species interacting 
with feeding minke whales during the study period (see Chapter 3.4 for more details). 

In 2008, a minke whale surfacing beneath a flock of feeding seabirds was observed 
to display either a lunge (55%), an arc (30%), a underwater roll (2.0%) or a regular 
surfacing (13%).  

 During 2009 research season, surfacing behaviour of minke whales beneath 
feeding birds was still followed by a majority of lunges (60.9%) and arcs (33.8%). 
Underwater roll were observed only 5.3% of the times.  

Swallowing strategies are the most frequently observed strategy used by minke 
whales within the study area (78%, see Table 3.3.1.1), although it was successfully 
possible to detect as well some of the entrapment manoeuvres (22%, see Table 3.3.1.2). 
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Table 3.3.1.1 Verified feeding events (engulfment) by strategy per month in Faxaflói bay 
(2008) 
 

   
Faxaflói 
bay 2008    

Month  
Lunge 
feeding  

Bird 
association  Total  

May  0  0  0 
June  0  0  0 
July  1  18  19 

August  18  80  98 
Total  19  98  117 

 
Table 3.3.1.2. Verified feeding events (engulfment) by strategy per month in Faxaflói bay 
(2009)  
 

   
Faxaflói 
bay 2009    

Month  
Lunge 
feeding  

Bird 
association  Total  

May  0  3  3 
June  0  23  23 
July  3            72  75 

August  0  53  53 
Total  3  151  154 

 
 
Entrapment manoeuvres 
 

Entrapment manoeuvres observed comprise production of bubbles, chin–up blow, 
circles, figure–of–eights, head slaps, lateral chin-up blows and underwater blows (Table 
3.3.1.3) 

Circles are known to be 1.5 to 2.5 times the animal’s length in diameter (Hoelzel et 
al., 1989). 
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Table 3.3.1.3 Surface and near-surface entrapment manoeuvres of minke whales using 
both fishing strategies, (*)= entrapment/engulfment manoeuvres 
 
Entrapment manoeuvre 2008 2009 
Bubbles   14 25 
Chin–up blow  2 7 
Circling   3 5 
Figure–of–eight  0 1 
Head slap   1 0 
Lateral chin–up blow  1 0 
Underwater blow  0 2 
Underwater roll*  2 17 
Total all manoeuvres 23 57 
 
 

 On 4 occasions circles were observed and all times the trace from the whale’s fluke 
movements is evident at the surface as it mounts the water column (Fig. 3.3.1.1).  
 

 
 
Fig. 3.3.1.1 A circle’s trace visible at the water surface, Faxaflói bay 2009. 
 

About 3 minke whales were involved in the production of circles, which were 
observed been produced a maximum of three times by the same individual within 7 
minutes. At the culmination of the movement whales performed an engulfing manoeuvre 
(oblique lunge, a plunge and a horizontal arc), except for one time when just a group of 
birds were seen flying above the trace. 

The most utilized entrapment manoeuvre observed was the production of bubbles 
(N=39). 

And it is this jet of water that we see breaking the surface. Often it breaks the 
surface by about half a meter or more (Figures 3.3.1.2). 

The engulfing manoeuvres occurring after were either a normal surfacing (5%), or 
an arc (8%). 
 



 50 

        
 
Figures 3.3.1.2 Production of “bubbles” breaking the surface.  
 

Chin-up blows or lateral chin-up blows were observed on 15.8% of times as an 
entrapment manoeuvre, with the minke surfacing either laterally (becoming a ‘lateral chin-
up blow’) or in a normal dorso-ventral plane (Curnier, 2005; Thomson et al., 2003), 
generally heading to a flock of feeding birds. Chin-up blows and lateral chin-up would lead 
to an arc (55.6%) in the majority of the cases, a lunge (22.2%) or in ‘sharking’ or in an 
underwater roll (22.2%).  

In 2009 two times only whales were watched performing head slaps and figure of 
eights. 

Underwater blows were also observed twice, by spotting a fountain of water into 
the air, coupled with a roaring sound (Thomson et al., 2003). 

Special attention is given to “underwater-rolls” most frequently displayed in 2009 
(n=17). 

In fact, this behaviour was seen being employed as engulfing manoeuvres and it 
also seems to be used for entrapment (Fig. 3.3.1.3). 

The point of observation is critical and the proximity to the animals is essential in 
this particular case, as the entire body of the whale lies underwater. 

Most of time the roll was observed displayed as a lonely manoeuvre or otherwise 
followed by a normal surfacing. On one occasion the prey (generally sandeels) was seen 
jumping out of the water, enabling us to classifying this behaviour also as an engulfing 
one. 
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Fig 3.3.1.3 a) Underwater-roll displayed by a minke whale lying on its right side, b) minke 
whale rolling on left side with enlarged ventral grooves visible.  
 
Engulfing manoeuvres 
 

Engulfing manoeuvres observed involve plunges and oblique, lateral, vertical and 
ventral lunges. 

A total amount of 252 engulfing manoeuvres was collecting during the study period 
with almost the same amount of them fairly distributed each year. 

However, it seems to be a clearly different choice of type of manoeuvres performed 
from 2008 to 2009. 

In fact, as showed in Table 3.3.1.4, a majority of lunges was displayed in 2008 
(n=54) contrary to a major trend towards arcs in 2009 (n=59). 

A maximum of 11 oblique lunges was displayed on 3 occasions in 2008 by an 
average of 12 minke whales. 

 
 
 
 
 
 
 

a) 

b) 
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Table 3.3.1.4 Surface and near-surface engulfment manoeuvres of minke whales using both 
fishing strategies, (*)= entrapment/engulfment manoeuvres 
 
Engulfment manoeuvre 2008 2009 
Arcs     
Lateral*   26 41 
Sharking*   2 12 
Ventral*   9 6 
(Total)   (37) (59) 
Lunges     
Lateral   9 7 
Oblique   42 5 
Ventral   3 2 
Vertical   0 0 
(Total)   (54) (14) 
Plunges   24 64 
Total all manoeuvres 115 137 
 

On the contrary, plunges are the most performed among lunges in 2009. Generally 
it was best seen if in profile or from straight ahead, showing occasionally distended ventral 
grooves. 

Among the arcs, lateral arcs are the most used in both years (N=26 in 2008, N=41 
in 2009), although the total amount almost is doubled in 2009. 

The sharking manoeuvre was more performed in 2009 during which it is was 
possible to build up a detailed description of this new technique (Fig. 3.3.1.5). 

In fact, the whale generally is heading to a flock of feeding seabirds showing part 
of its back and the dorsal fin only. The rest of the body is emerged and the head and beak 
are never shown.  

The all manoeuvre is very similar to the “sharking” behaviour displayed by 
dolphins. It starts with a minke whale heading to a flock of feeding birds, followed by a 
series of surfacing where the beak may be lifted much out of the water. To conclude this 
technique the animal all of a sudden increases the speed and flat or flexing its back, it does 
speed up to the birds. 
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Fig. 3.3.1.4 a) Sharking manoeuvre displayed by a minke whale showing the beak first out 
of the water b) minke whale flexing its back c) stretching its back, now flat and horizontal 
at the surface, it moves fast heading to the flock of feeding birds.  
 

Feeding behaviour of 26 identified whales was observed on 27 occasions over the 
course of the study. Three of these catalogued minke whales were observed feeding both 
years (i.e. 166_ DEM_cindy yr, 159_DEM_benny and 160_DEM_need you so bad; see 
Table 3.3.1.5–3.3.1.6). 
 
 
 
 

a) 

b) 

c) 



 54 

Table 3.3.1.5 Relation between identified minke whales and foraging strategy utilized in 
2008. An additional 9 minke whales displaying bird–association feeding strategies were 
identified but not included in the ID catalogue due to low quality or bad angle. 
 

  Whale ID  Lunge feeding 
Bird association 
feeding   

  130_DEM_mia  oblique lunge     
  116_DEM_gobba del gatto  oblique lunge     
  147_DEM_chuva  oblique lunge     
  154_DEM_razor  oblique lunge     
  166_DEM_cindy yr    ventral arch   
  191_dDES_short sword    lateral lunge   
  204_nDEM_dot    bubble   
      lateral lunge   
  160_DEM_need you so bad    bubble   
      ventral arch   
      lateral arch   
  159_DEM_benny    plunge   
  213_nDEM_healed cookie    plunge   
 
 

All three individuals were observed feeding in association with birds (bird–
association foraging) confirming the use over the two years study for this particular 
feeding strategy. 

The individual named 166_DEM_cindy yr displayed in both year arcs as 
engulfment manoeuvres either a lateral or ventral arc, although in 2009 the whale complete 
its feeding manoeuvre with production of bubbles. On the other hand, individual named 
159_DEM_benny didn’t use specifically one feeding manoeuvre but utilized a plunge in 
2008 and a lateral arc in 2009. The third individual minke whales (160_DEM_need you so 
bad) was seen displaying a wide range of different engulfing manoeuvres ranging from 
using bubbling to using the new “sharking” technique.  
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Table 3.3.1.6 Relation between identified minke whales and foraging strategy utilized in 
2009. An additional 6 minke whales displaying bird-association feeding strategies and 1 
displaying lunge feeding were identified but not included in the ID catalogue due to low 
quality or bad angle. 
 

  Whale ID  Lunge feeding  
Bird association 
feeding   

  06_DEM_happy  plunge     
  63_dDES_pic    lateral arch   
  298_nDEM_creator    sharking   
  228_DEM_flat tip    sharking   
  299_nDEM_peace    lunge   
  300_nDEM_quite    sharking   
  230_DEM_mid leading    lateral arch   

  
302_nDEM_maculato in 
feeding    underwater roll   

  25_DEM_peanut    oblique lunge   
  160_DEM_need you so bad    sharking   
  03_DEM_tacca    lateral lunge   
  155_DEM_change    bubble   
      lateral arch   
  262_DEM_big rnd and small    bubble   
      underwater roll   
  166_DEM_cindy yr    bubble   
      lateral arch   
  310_nDEM_tri lunge    lateral lunge   
      plunge   
  235_DEM_coffee    plunge   
  162_DEM_only me    lateral arch   

  
286_dDES_stregato dalla 
luna    lateral arch   

  159_DEM_benny    lateral arch   
 
 
3.3.2 L. albirostris 
 
A total of 188 sightings of white-beaked dolphins were recorded from May 2008 to August 
2009  inclusive during whale-watching boat surveys of the south-western part the coastal 
area of Faxaflói bay (2008: n=127; 2009: n=64). Behaviour was collected in 49.7% of all 
cases (2008: n=74; 2009: n=21).  

White-beaked dolphins’ behaviour was observed during a total of 74 sightings in 
2008 (9:00: N=28, 13:00: N=28,17:00: N=18) and 21 in 2009 (9:00: N=7, 13:00: N=13, 
17:00: N=1) (Table 3.3.2.2).   

Across this sampling period, special attention was given to sightings of feeding 
white-beaked dolphins. Thus, white-beaked dolphins were observed feeding during a total 
of 62 sightings (2008: n=39; 2009: n=23) and their feeding behaviour was described in 
37.1% of all cases (2008: n=16; 2009: n=7) (Table 3.3.2.1).   
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Table 3.3.2.1 Summary of L. albirostris: a) total sightings collected per year, b) sightings 
in which behaviour was collected per year c) sighting of feeding behaviour per year, d) 
sightings of feeding behaviour described per year. 
 

    2008  2009   
                  a) n° sightings of  L. albirostris  127  64   

  
               b) n° sightings in which behaviour of L. 

albirostris was collected  74  21   
                  c) n° feeding sighting of L. albirostris   39  23   
  d) n° feeding behaviour of L. albirostris described  16  7   

 
Table 3.3.2.2. Percentage frequency of sightings with feeding white-beaked dolphins per 
‘morning’(9–12 hr), ‘early’ (13–16 hr) and ‘evening’ (17–20 hr) tours. Total number of 
dolphin sightings in brackets.  
 

   900 tour %  1300 tour %  1700 tour % 

   (9–12 hr)   
(13–16 

hr)   
(17–20 

hr)   
2008  4(28) 14.3%  6(28) 21.4%  6(18) 33.3% 
2009  2(7) 28.6%  5(13) 38.5%  0(1) 0.0% 

 
A higher percentage of sightings during the “early and evening” recorded the 

presence of the feeding dolphins in 2008. However, a larger number of tours with foraging 
dolphins was recorded during the “morning and early afternoon” hours (9–12hr: n=2, 
28.6%, 13–16hr: n=5, 38.5%) during 2009 research season (Table 3.3.2.2).  

Behavioural data (related to feeding bouts) were routinely recorded at the end of 
304 1-min intervals (Table 3.3.2.3), focusing on several dolphin groups.  
 
Table 3.3.2.3 Behavioural data collection: seasonal distribution of effort. 
 

  Year    
N of 1-min 
samples      

    May June July August  Total   
  2008  0 61 65 52  178   
  2009  36 69 9 12  126   

 
Behavioural activities were recorded in the field solely based on the scheme 

provided in Tables 2.1.3.2–2.1.3.3 (see 2.1 Data collection and analysis). However, 
additional information – including ad libitum field notes and the occurrence of behavioural 
states – was recorded during standard 1 min samples. The events that were recorded most 
frequently within each behavioural category are shown in Tables 3.3.2.4–3.3.2.5. Presence 
of feeding seabirds, fish presence and presence of other cetacean species in the area was 
also noted down (Tables 3.3.2.6–3.3.2.7) . 
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Table 3.3.2.4 The events that were recorded most frequently within each behavioural 
category in 2008. (*) referred to events displayed by humpback whales interacting with 
dolphins while feeding. 
 
Behavioural 
state 

N of 1-
min % of  Events most frequently recorded 

 samples behavioural  
    budget   
Travel 39 22 bow riding (5.5%), scouting (22%) 
   leap (17%), surfing (17%), subsurface 
   swim (5.5%) 
Travel slow 13 7.03  
Travel fast 17 9.55 scouting (14%), head up swim (14%) 
   subsurface swim (14%), following  
   side (14%) 
Surface feeding 94 52.81 surfing (2.3%), defecation* (0.6%), 
   racing (45%), bubbles* (3.5%),  

   
leap (20%), zigzag (9.4%), breach 
(13%), tail slap (1.7%), 

   back breach (0.6%), skimming (0.6%) 
Socialize 0 0.00  
Milling 6 3.40  
Non–classified 8 4.50  
Mixed 1 0.56   

 
Surface feeding – obvious feeding activities characterized by “feeding splashes” 

and “feeding rushes” while in one area (Shane, 1990) were observed. Surfacing fast 
(“racing”, 45%) and “skimming” (0.6%) with irregular headings (“zigzag”, 9.4%) were 
among the most common behavioural event displayed by group of feeding animals. A wide 
repertoire of breaching activities (leaping 20%, breaching 13%, back breach 0.6% and tail-
slapping 1.7%) was also observed. For 94 1-min samples (52.8% of behavioural budget) 
we were able to identify feeding/foraging behavioural events. Travel i.e. directional 
movement at high or low speed was accounted for 38.8% of the total time budget. Few 
times dolphins showed approached the vessel and show a positive reaction to our presence 
(bow riding, scouting, following on side and surfing). Milling, the animals were not 
keeping a steady direction in the same location, which was accounted for 3.4% of the total 
time budget. Mixed behaviours, i.e. no clear preference of one of behaviours listed above; 
different behaviours were performed inconsistently by different individuals or subgroups 
(Bearzi et al., 1999), occupying 0.6% of the behavioural budget. 

For 8 1–min samples (4.5% of behavioural budget) we were not able to collect 
proper information to add to the behavioural state defined as Non–classified as poorly 
consistent data were collected during this activity. 
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Table 3.3.2.5 The events that were recorded most frequently within each behavioural 
category in 2009 
 
Behavioural 
state 

N of 1–
min % of  Events most frequently recorded 

 samples behavioural 
    budget   
Travel 12 9.5 leap (100%) 
Travel slow 10 7.9  
Travel fast 0 0.00  
Surface feeding 80 63.5 racing (38%), zigzag (10%), leap (25%), 

   
surfing (3.8%), back breach (7.0%),  
breach (0.5%), chin up (0.5%), 

   splash (4.3%), head slap (0.5%),  
   dorsal arch (0.5%), skimming (3.2%),  
   porpoising (0.5%), inverted leap (1.1%),  
   lateral arch (2.2%), bite object (0.5%), 
   beak nudge (0.5%), chasing (0.5%) 
Socialize 0 0.00  
Milling 5 4.0  
Non–classified 15 11.9  
Mixed 4 3.20   

 
Surface feeding – For 80 1-min samples (63.5% of behavioural budget) we were 

able to identify feeding/foraging behavioural events. Surfacing fast (“racing” 38%) with 
irregular headings (“zigzag” 10%), leaping (25% with also inverted leap 1.1% displayed) 
and back breaching  (7.0%) were among the most common behavioural event displayed by 
group of feeding animals. Splashes (4.3%), skimming (3.2%), lateral arches (2.2%) were 
also secondarily observed. During one specific encounter a triplet of dolphins was seen 
catching fish near the surface with physical contact (beak nudge 0.5%) and chasing 
displayed during feeding sighting.  At the end of one dolphin even surfaced with fish in its 
mouth (bite object 0.5%). Travel i.e. directional movement at high or low speed was 
accounted only for 17.6% of the total time budget. Dolphins were observed leaping during 
1-min travelling samples. No events related to reaction to presence of our vessel in the area 
was observed in 2009 during feeding encounters. Milling, the animals were not keeping a 
steady direction in the same location, which was accounted for 4.0% of the total time 
budget. Mixed behaviours, i.e. different behaviours were performed with no clear 
preference (Bearzi et al., 1999), occupying 3.2% of the behavioural budget. 

A larger amount of 1–min samples (N=15, 11.9% of behavioural budget) was 
defined as Non–classified as poorly consistent data were collected during this activity. 
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Table 3.3.2.6  Summary of main features to support each feeding dolphin sighting in 2008. 
(FF= fish finder with †= few fish, ††= moderate, †††=  lots fish, na= not available), BF= 
bird feeding, Other= presence of other species feeding during the same sighting, 
Mn=Megaptera novaeangliae, Ba=Balaenoptera acutorostrata, T=arctic tern, 
K=kittiwake, GA=gannet, F= fulmar, P=puffin, SK=skua, G=guillemot, L= Larus spp.) 
 

  Date  FF BF Other   
  11.06.08  ††  Mn   
  14.06.08  † T/F Mn   
    ††† T/F/L Mn   
  20.06.08             †† T    
  24.06.08  ††  T    
  25.06.08  † T    
  04.07.08  na T/K Mn   
    na K Mn   
    na G Mn   
  14.07.08  ††† K/P/L    
  19.07.08  ††† T/K/P/L    
  24.07.08  na  Mn/Ba   
  12.08.08  ††† GA    
  15.08.08  †† F/K    
  17.08.08  ††† GA    
    ††† GA/P/F/SK    

 
The overall behavioural budget recorded for white-beaked dolphins during feeding 

encounters was discussed above. The budget shows a clear predominance of Feeding in 
both years, as expected (2008: 53%; n 1 minute sample = 94; 2009: 63%; n 1 minute 
sample=80). 

Feeding was also observed in association with other activities such as Travel 
(Travel–Feeding: 39% in 2008, Travel-Feeding: 17% in 2009) and Milling (Milling –
Feeding: 3.4% in 2008, Milling-Feeding: 4.0% in 2009)  in both years. 

In order to ascertain the depths of their activity and presence of fish, prey scattering 
layers in the water column were run during the majority of the sightings (74%) (generally 
when closer than 50 m) among foraging dolphins. Presence of fish was always detected 
and 22% of all times, large patches of fish was observed and photographed from the fish 
finder screen on board (Fig. 3.3.2.1). This additional information helped us supporting the 
idea that the animals were feeding. 

A strong association between dolphins and seabirds was observed in both research 
seasons. In fact, in 87% of the sightings birds were usually observed congregating in the 
area either forming small groups (3-6 birds) or large flocks (100-200 birds).  

In 2008, a majority of artic terns (43.7% of the sightings) quickly responded to the 
situation by gathering in the area and positioning themselves right above the feeding 
animals. Fulmars (25.0% of the sightings), gulls (kittiwake: 31.2% and Larus spp.: 18.7%), 
gannet and puffin (18.7% of the sightings), guillemots and skuas (6.2% of the sightings) 
were secondarily seen in the area.  

In 2009, the most sighted were fulmars were observed all in 57.1% of the sightings, 
followed by arctic terns and auks (42.8%).  
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Fig. 3.3.2.1 Fish finder (Furuno FCV-600L) screen photos: a) †: few fish b) ††: moderate 
c) †††: lots of fish 
 
 
Table 3.3.2.7  Summary of main features to support each feeding dolphin sighting in 2009 
(FB= feeding behaviour, FF= fish finder with †= few fish, ††= moderate, †††=  lots fish, 
na= not available),  BF= bird feeding, Other= presence of other species feeding during 
the same sighting, Ba=Balaenoptera acutorostrata, T=artic tern, K=kittiwake, 
GA=gannet, F= fulmar, P=puffin, SK=skua, G=guillemot, L=Larus spp., auks= including 
puffin, razorbill and guillemot. 
 

  Date  FF BF Other   
  05.05.09  †† F/auks/L/K    
  23.05.09  na T/P/G/F    
  27.05.09  na T/P/G/F    
  01.06.09  †† F/auks/T/SK Ba   
  23.06.09  †† GA Ba   
  19.07.09  ††     
  10.08.09  ††† auks/L    

 
White-beaked dolphins were frequently observed with both humpback whales and 

minke whales. Out of 23 sightings (16 in 2008, 7 in 2009), white-beaked dolphins were 
found feeding in association with humpback whales on 7 occasions in 2008 and with 
minke whales on 1 occasion in 2008 and 2 occasions in 2009. 

In fact, dolphins and humpback whales were seen actively interacting and clearly 
feeding on the same prey (average distance of < 5 m). On the contrary, minke whales were 
observed never interacting with dolphins although there were observed feeding in the 
vicinity (≤ 100 m) of the groups of dolphins.  

Especially during the interaction between L. albirostris and M. novaengliae we 
have a strong proof to sustain the hypothesis that a feeding event was taking place. 
Humpback whales frequently were jumping out of the water mouth open in vertical lunges, 
bubble blowing (“bubble” 3.5%), defecating (0.6%) and rolling in belly up at the surface 
(Fig. 3.3.2.2.-3.3.2.4.). Feeding birds were also present. 
 

a) b) c) 
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Fig. 3.3.2.2 Couple of humpback whales fast surfacing in association with white-beaked 
dolphins during a feeding sighting on 14.6.2008.   
 
 

 
 
Fig. 3.3.2.3 Couple of humpback whales in the centre surrounded by a couple of white-
beaked dolphins (on left and right side). Presence of arctic terns feeding in the area (red 
circle).  
 
 

 
 
Fig. 3.3.2.4 White-beaked dolphin (left) and humpback whale (right) fast surfacing 
synchronously while feeding. Presence of arctic terns feeding in the area (two red circles).  
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3.3.3 Whales and dolphins distribution in relation to feeding 
 

An analysis of habitat preference by month for minke whales, white-beaked 
dolphins and for both species during feeding bouts is shown in Table 3.3.3.1.   

Minke whales were sighted at water depths between 16-59 meters in 2008 and 
between 19–58 in 2009  (2008: mean=30.1, SD=7.88; 2009: mean=33.4 SD=9.91). On the 
contrary, white-beaked dolphin’s ccurrence seems to be for water depths between 21–56 
meters in 2008 and between 19–54 meters in 2009 (2008: mean=32.7 SD=9.24; 2009: 
mean= 34.1, SD=9.24). 
 
Table 3.3.3.1 Mean depth values (meters) during sightings of feeding a) minke whales 
(Balaenoptera acutorostrata), b) white-beaked dolphins (Lagenorhynchus albirostris) and 
c) both species in 2008-2009 (ns=no sightings recorded, *=one numeric value collected). 
 
 a)   B. acutorostrata   
  Month          n           2008            SD           n 2009       SD 
  May          1             33.0             *           13 41.9       11.99 
  June          2             46.0           1.41        24 37.2       12.20 
  July         53            28.3           6.53        61 31.0        7.66 
  August         41            31.6           8.50        25 31.4        8.27  
 b)  L. albirostris   
  Month          n            2008           SD           n 2009       SD 
  May         ns               ns             ns             7 32.3        9.94 
  June          8              37.5          9.25          ns   ns           ns 
  July          6              29.7          9.00           6 36.3        16.44 
  August          4              26.2          4.10           1 34.0           * 
 c)  B. acutorostrata and L. albirostris   
  Month          n            2008           SD           n 2009       SD 
  May         ns              ns              ns            ns   ns             ns 
  June         ns              ns              ns             3 41.3        8.33 
  July          9             23.9           5.21           4 34.3       16.44 
  August        12             26.0           5.62           1 25.0          * 

 
During 2008 research season, feeding minke whales would distribute in areas with 

water depths around 33 meters in May 2008 (spotted once), 46 m in June (mean=46.0 
SD=1.41). Waters depths are between 20-46 m (mean= 28.3 m, SD=6.53) in July and 
between 21–59 m (mean= 31.7, SD=8.50) in August.  

No sightings of feeding white-beaked dolphins were recorded during the month of 
May, but in the month of June they distribute in water depths from 24–56 m (mean=37.5, 
SD=9.25).  

In July, they were observed feeding in waters between 22-39 m (mean=29.7 
SD=9.0) and in August between 21–31 m (mean=26.2 SD=4.1). Only during the months of 
July (16–33 m, mean=23.9, SD=5.21) and August (22-40 m, mean=26.0, SD=5.62) both 
species were encountered feeding together. 

In 2009, minke whale’s distribution during feeding bouts shows some changes. In 
fact, during the month of May they seem to stay in deeper water depths in comparison to 
the previous season (19–57 m, mean=41.9 SD=11.99), shallower in June (15–56 m, 
mean=37.2, SD=12.2). In July, they were observed in water depths between 22-54 m, 
mean=31.0, SD= 7.66) and between 22-58 m in August (mean=31.4 SD=8.27). Sightings 
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of feeding white-beaked dolphins occurred in May (mean=34.6 SD=9.94), July 
(mean=34.67 SD=10.44) and spotted once in August at depth of 34 m. Sightings of feeding 
dolphins and whales were recorded during months of June (32–48 m, mean=41.3, 
SD=8.33), July (22–53 m, mean=34.3, SD=16.44) and August (spotted once at 25.0 m 
deep). 

Sea surface temperature by month was also investigated for minke whales, white-
beaked dolphins and both species during feeding bouts as shown in Table 3.3.3.2.  

Minke whales have been sighted in sea surface temperature between 7.3–13.6 °C in 
2008 and between 5.8–13.9 °C in 2009 (2008: mean=12.4, SD=1.20; 2009: mean=11.6 
SD=1.90). On the contrary, white-beaked dolphin’s occurrence is for sea surface 
temperature between 9.6–13.4 °C in 2008 and between 5.8–13.7 °C in 2009 (2008: 
mean=11.9, SD=1.24; 2009: mean=10.3, SD=2.85). 

During 2008 research season, feeding minke whales would distribute in areas with 
sea water temperatures of 7.3 °C in May 2008 (spotted once) and 11.8°C in both June and 
July (respectively SD=0.26 and SD=1.06). Sea water temperatures are the highest in 
August (13.3°C; SD=0.28).   

No sightings of feeding white-beaked dolphins were recorded during the month of 
May. Water temperature seems to increase during the summer similarly to what observed 
for the minke whales, with June with 9.6 °C (SD=1.49), July with 11.3 °C (SD=1.0) and 
August with the highest mean temperature of 13.2 °C (SD=0.28).  Both species were not 
observed feeding together in May and June, but in July (mean: 12.04, SD=1.09) and 
August (mean: 13.1, SD=0.35).  
 
Table 3.3.3.2 Mean SST values (°C) during sightings of feeding a) minke whales 
(Balaenoptera acutorostrata), b) white-beaked dolphins (Lagenorhynchus albirostris) and 
c) both species in 2008-2009 (ns=no sightings recorded, *=one numeric value collected). 
 
 a)   B. acutorostrata   
  Month          n            2008            SD            n 2009       SD 
  May           1              7.3               *          13  7.4         1.02 
  June           2             11.8           0.26        24  9.9         2.20 
  July          53            11.8           1.06        61 12.7       0.81 
  August          41            13.3           0.28        25 12.5       0.66  
 b)  L. albirostris   
  Month           n              2008           SD          n 2009       SD 
  May           ns               ns              ns          7 7.0         0.88 
  June            8               9.6           1.49        ns  ns            ns 
  July            6              11.3         1.00           6 13.3       0.79 
  August            4              13.2          0.28          1 12.1          * 
 c)  B. acutorostrata and L. albirostris   
  Month            n            2008           SD          n 2009       SD 
  May            ns              ns              ns        ns ns             ns 
  June            ns              ns              ns          3 9.3         1.02 
  July            9             12.9           1.09         4 12.5       0.79 
  August           12            13.1           0.35         1 13.9          * 

 
In 2009, minke whale showed a similar trend of occurrence during feeding bouts. In 

fact, during the month of May they seem to stay in the same water temperature in 
comparison to the previous season (mean=7.4 SD=1.02) and colder in June (mean=9.9, 
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SD=2.20). In July, they occurred with higher temperatures (mean=12.7, SD= 0.81) and 
lower in August (mean=12.5 SD=0.66). Contrarily to what observed during the previous 
season, sightings of feeding white-beaked dolphins occurred in May (mean: 7.0, SD=0.88) 
but not during the month of June. Opposite trend was also observed for the months of July 
and August where dolphins feeding behaviour was observed at mean water temperature of 
13.3°C (SD=0.79) and 12.1°C (one single recording) respectively. Sightings of both 
feeding dolphins and whales were recorded during months of June (mean=9.3, SD=1.02), 
July (mean=12.5, SD=0.79) and August (once at 13.9°C).  

A further analysis using Kruskal Wallis test tried also to assess if there was any 
significant effect of sea depth or water temperature on the presence of feeding minke 
whales and white-beaked dolphins. The results show that in both years there seems not to 
be a significant effect of either sea surface temperature or water depth on presence of 
feeding white-beaked dolphins (2008 depth: χ²= 21.6844, p-value = 0.8653 and SST: χ²= 
36.7599, p-value = 0.5725; 2009 depth: χ²= 38.5979, p-value = 0.353 and SST: χ²= 
64.3387, p-value = 0.3273), while feeding minke whales seem to respond to a specific 
water temperature (2008: χ²= 59.789, p-value = 0.01769; 2009: χ²= 77.1205, p-value = 
0.05675) but not to a specific water depth (2008: χ²= 19.9939, p-value = 0.9167; 2009: χ²= 
24.2634, p-value = 0.9318 ). 

There is a not a significant effect of water depth on presence of both species 
feeding during both research seasons (2008: χ²= 28.7322, p-value = 0.5317; 2009: χ²= 
22.2183, p-value = 0.9651), while only in 2008 sea surface temperature shows a significant 
effect (2008: χ²= 62.9511, p-value = 0.008901; 2009: χ²=) (Table 3.3.3.3).   
 
Table 3.3.3.3 Kruskal Wallis results: sightings of feeding a) minke whale, b) white-beaked 
dolphin and c) both species in relation to water depth and SST. 
 

       2008   2009    
   depth SST  depth SST   
  B. acutorostrata 0.9167 0.01769  0.9318 0.05675   
  L. albirostris 0.8653 0.5725  0.353 0.3273   
  both 0.5317 0.008901  0.9651 0.07927   

 
The locations of all the feeding bouts during sightings of feeding minke whales 

have been plotted and shown in Figs 3.3.3.1–3.3.3.3 for both 2008 and 2009. For each 
season one map was made showing the different distribution between: 

- areas where ‘lunge feeding strategy’ was used (red circle) 
            - areas where ‘bird-feeding strategy’ was used (green circle) 
            - areas where ‘both strategies’ were used (cross) 
The second map shows the monthly distribution (months are colour coded) of all feeding 
bouts (Fig. 3.3.3.2 and 3.3.3.4). Some of the positional data are missing due to errors in 
data collection and so not all bouts have been plotted. 

There seem to be at least three quite distinguishable feeding sub-areas - within our 
study area - which are represented by three red circles in Figure 3.3.3.1 after data collected 
during 2008 research season. The first area (1) lies approximately 12 km far from the coast 
and contains 8.8% of ‘bird-associated foraging strategy’ (n=3) and 50% (n=2) of ‘both 
foraging strategy’ events where a positional data was collected. A second area (2) lies 
approximately 20 km from Reykjavik to the east side of Syðra-Hraun, contains the 
majority of ‘bird-associated foraging strategy’ events (82.4%, n=28), 50% of ‘both 
foraging strategy’ and all ‘lunge-feeding strategy’ events. The third area (3) counts only 
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three ‘bird-associated foraging strategy’ events (8.8%) and lies about 30 km away from 
Reykjavik harbour and located in the northern part of Syðra-Hraun. To conclude, during 
the 2008 field season a total of 81% of times bird-associated foraging strategy’ events were 
observed, 14.3% of both strategies and 4.8% of ‘lunge–feeding strategy’ bouts.  

 
 

 
 
Fig. 3.3.3.1 Location of feeding bouts displayed by minke whales observed in Faxaflói bay 
from May to August 2008. (Red circle= lunge feeding strategy, green circle= bird-
associated foraging strategy, cross= both strategies) 
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Fig. 3.3.3.2 Monthly distribution of feeding bouts displayed by minke whales observed in 
Faxaflói bay from May to August 2008. Months are colour coded: blue circle= July, green 
circle= August.  
 

Considering the monthly distribution of feeding bouts we can observe that the first 
area (1) contains only sightings of feeding bouts recorded during the month of August. On 
the other hand, the second area (2) contains the majority of feeding bouts displayed in 
August and all feeding bouts of the month of July except for one which is included in the 
third area. The furthest area (3) also includes two August feeding events. To conclude, 
during the 2008 field season feeding bouts were recorded only during the months of July 
and August, showing tendency of bouts to occur closer to coast at the end of summer 
(month of August) with earlier feeding bouts recorded in July recorded only on the eastern 
side of the underwater lava field or to its north (Fig. 3.3.3.2).  
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Fig. 3.3.3.3 Location of feeding bouts displayed by minke whales observed in Faxaflói bay 
from May to August 2009. (Red circle= lunge feeding strategy, green circle= bird–
associated foraging strategy).  
 

Only two distinguishable feeding sub-area were identified within our study area 
after behavioural data collected during 2009 research season. 

The large majority of feeding bouts were displayed by using the ‘bird-associated 
foraging strategy’ with the only exception of few occasions (n=3) when minke whales 
were observed giving preference to the ‘lunge-feeding strategy’.  

The second distinguishable sub-feeding area lies close to the tip of the Reykjanes 
Peninsula in the Garður area, where one feeding bout (using the ‘bird-associated foraging 
strategy’) was recorded (Fig. 3.3.3.3).  
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Fig. 3.3.3.4 Monthly distribution of feeding events displayed by minke whales observed in 
Faxaflói bay from May to August 2009. Months are colour coded: brown flag= May, red 
circle= June, blue circle= July, green circle= August.  
 
 

Considering the monthly distribution of feeding bouts we can observe that 
differently from the year 2008 feeding bouts were recorded also during the months of May 
and June. In fact, minke whales started feeding earlier during the year 2009.  

The first main feeding sub-area (1) contains sightings of feeding bouts recorded 
during the months of May, June, July and August. Feeding bouts recorded in May are 
further distributed in relation to the others as well as three events recorded instead in July 
(10.07.2009) during early and late afternoon tours respectively. The large majority of 
feeding bouts were recorded during the month of July (n=20), followed by August and 
June. On the other hand, the second area (2) contains only one feeding event recorded 
during the month of June. To conclude, during the 2009 field season feeding bouts were 
recorded during spring and summer months (May to August) with further events collected 
at the beginning of the season (May) and closer close to the end of the summer (June, July 
and August). Garður was confirmed for the minke whales to be a second potential 
favourable feeding ground.  



 69 

 
 
Fig. 3.3.3.5 Monthly distribution of sightings of both minke whales and white-beaked 
dolphins feeding together in Faxaflói bay from May to August 2008. Months are colour 
coded: blue flag= July, green flag= August. 
 
 

 
 
Fig. 3.3.3.6 Monthly distribution of sightings of both minke whales and white-beaked 
dolphins feeding together in Faxaflói bay from May to August 2009. Months are colour 
coded: red flag= June, blue flag= July, green flag= August. 
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The percentage frequency of sightings where both minke whales and white-beaked 
dolphins were observed feeding together occurred 3.3% during 2008–2009 (N=21 in 2008, 
N=8 in 2009). 
 

 
 
Fig. 3.3.3.7 Location of sightings of feeding white-beaked dolphins during which 
behaviour was collected in Faxaflói bay from May to August 2008 (red flag= June, blue 
flag= July, green flag= August). 
 

Observing both Figures 3.3.3.6 and 3.3.3.7 it seems clear that especially during the 
months of June (red flags on the map) and July (blue flags) dolphins were sighted feeding 
close to Syðra-Hraun – the large submarine lava field within the whale-watching area. 
Almost in the same area other feeding sightings were recorded during the month of 
August. Surprisingly, during the month of May only sightings were the closest to coast. 

Detectable and recognizable dolphin feeding behaviour turned to be quite hard to 
observe in 2009. In fact, the number of sightings dropped down from 16 in 2008 to just 7 
in 2009, although almost the same effort was spent to cover the study area.  
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Fig. 3.3.3.8 Location of sightings of feeding white-beaked dolphins during which 
behaviour was collected in Faxaflói bay from May to August 2009 (brown flag= May, red 
flag= June, blue flag= July, green flag= August). 
 

Majority of sightings (N=3) took place in May and one was recorded in Keflavík 
where a triplet of L. albirostris was observed feeding very close to coast. The largest and 
more easily recognizable feeding encounter instead took place in the furthest point (flag 
n°4, about 33 km) from Reykjavik coastline (Fig. 3.3.3.8).  

 

3.4 Birds associated fishing  
 

Minke whales and white-beaked dolphins associations with multi-species flocks of 
birds in Faxaflói bay were recorded from May 2008 to August 2009 inclusive. 

A total of six different groups of seabird (14 different species) were identified in 
bird feeding rafts, including puffins (Fratercula arctica), common guillemot (Uria aalge), 
razorbills (Alca torda), fulmars (Fulmarus glacialis), both artic and great skuas 
(Stercorarius parasiticus, Stercorarius skua), manx shearwaters (Puffinus puffinus), 
northern gannets (Sula bassana), arctic terns (Sterna arctica), Larus spp. such as black-
backed gull (Larus fuscus), great black-backed gull (Larus marinus), glaucous gull(Larus 
hyperboreus) and black headed gull (Larus ridibundus) and kittiwakes (Rissa tridactyla) 
(Figs 3.4.1-3.4.2). 

On a total of 54263 individuals observed, gulls were the most frequently sighted 
seabirds from May to August inclusive in Faxaflói bay during the all study period (51.0%, 
n= 27666 in 2008; 49.0%, n=26597 in 2009). The majority of gulls were lesser black-
backed gulls (35.4%, n=9796 in 2008; 38.4%, n=10213 in 2009), kittiwakes (32.2%, 
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n=8909 in 2008; 31.4%, n=8346 in 2009), great black-backed gulls, glaucous gulls, and 
black-headed gulls.  
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Fig. 3.4.1 Cumulative data for feeding seabird groups observed during summer (May-
August) 2008 
 

Alcids were the second group most often recorded in both years (18.8%, n= 5214 in 
2008; 17.5%, n=4944 in 2009), followed by gannets (8.1%, n=2247) and fulmars (4.2%, 
n=1155) in 2008. In 2009, terns (7.0%, n= 1852) and fulmars (1.9%, n= 497) were more 
abundant. Shearwaters–mostly manx shearwaters (0.5%, n=148 in 2008; 0.8%, n=203 in 
2009) – and skuas – more abundant the Arctic skua followed by the great skua were the 
least recorded during both research seasons (0.5%, n= 140 in 2008; 0.8%, n= 207 in 2009). 

A total of 867 minke whale and white-beaked dolphin sightings between 2008 and 
2009 were recorded and birds were present in the vicinity of whale (s) or dolphin (s) for 
feeding purposes during 37.5% of these sightings (see Appendix D). In 2008, a total of 
189 sightings include 100 with minke whales, 18 with white-beaked dolphins, 21 with both 
and 50 aggregations of birds with neither. In 2009, a total of 251 sightings include 161 
with minke whales, 15 with white-beaked dolphins, 8 with both and 67 aggregations of 
birds with neither (Tables 3.4.1–3.4.2). 
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Fig. 3.4.2 Cumulative data for feeding seabird groups observed during summer (May-
August) 2009 
 

Considering the percentage of minke whale sightings where birds were present by 
month (Tables 3.4.3–3.4.4), the graphs show that sightings during July (44.5% of 
sightings) and August (48.1% of sightings) have the highest percentage of whale/dolphin 
sightings with birds present in 2008. On the contrary, the highest percentage of whale 
sightings with birds present by month seems to occur in May (44.2% of sightings) and July 
(57.3% of sightings) in 2009. 
 
Table 3.4.1 Monthly sightings of a) minke whale (Balaenoptera acutorostrata) and b) 
white-beaked dolphin (Lagenorhynchus albirostris) associations with seabirds during the 
study period 
 
  Month a)  B. acutorostrata association with seabirds 
    2008  2009 
  May  1  19 
  June  3  37 
  July  57  82 
  August  39  23 
  Total  100  161 
  Month b)   L. albirostris association with seabirds 
    2008  2009 

  May  0  7 
  June  8  0 
  July  6  6 
  August  4  2 
  Total  18  15 
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Table 3.4.2 Monthly sightings of c) minke whale (Balaenoptera acutorostrata) and white-
beaked dolphin (Lagenorhynchus albirostris) associations with seabirds and d) groups 
feeding seabirds without presence of whales of dolphins during the study period 
 

Month c)  B. acutorostrata and L. albirostris association with seabirds   
   2008  2009     

May  0  0     
June  0  3     
July  9  4     

August  12  1     
Total  21  8     

Month 
d)  Feeding birds 
only        

   2008  2009     
May  8  24     
June  16  23     
July  24  15     

August  2  5     
Total  50  67     

 
Table 3.4.3 Percentage (%) of: a) minke whale (Balaenoptera acutorostrata) sightings that 
birds were present by month in 2008 and 2009, b) white-beaked dolphin (Lagenorhynchus 
albirostris) sightings that birds were present by month in 2008 and 2009.  
 
  Month a)  B. acutorostrata  

   n 2008 n 2009 
  May 1 4.8 19 44.2 
  June 3 6.2 37 26.4 
  July 57 44.5 82 57.3 
  August 39 48.1 23 32.4 
  Month b)   L. albirostris  
   n 2008 n 2009 

  May 0 0 7 46.7 
  June 8 25.8 0 0 
  July 6 25.0 6 42.8 
  August 4 33.3 2 15.4 

 
 

The same situation seems to be confirmed for the white-beaked dolphins as shown 
in Table 3.4.3. In fact, the highest percentage of dolphin sightings with birds present 
occurred in August (33.3%) in 2008 and in May (46.7%) and July (42.8%) in 2009. 

During a total of 29 sightings (n= 21 in 2008, n=8 in 2009), minke whales and 
white-beaked dolphins were observed feeding together with seabirds present during the all 
study period (Table 3.4.4).  

Analysing the percentage of sightings in which both species were observed together 
in presence of feeding seabirds, we conclude that July (90.0%) is showing the highest 
percentage of this association in 2008, while it’s the month of August (100.0%) in 2009.  
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Table 3.4.4 Percentage (%) of minke whale (Balaenoptera acutorostrata) and white-
beaked dolphin (Lagenorhynchus albirostris) sightings that birds were present by month in 
2008 and 2009. 
 
  Month a)  B. acutorostrata and L. albirostris  

   n 2008 n 2009 
  May 0 0 0 0 
  June 0 0 3 60.0 
  July 9 90.0 4 66.7 
  August 12 50.0 1 100.0 

 
 

The number of birds per whale sighting by month is shown in Tables 3.4.5–3.6, 
which demonstrates that in 2008 the greatest number of birds per minke whale sighting 
occurs during the month of May (222 bird/sighting). However, the number of birds is 
highest in August for white-beaked dolphin sightings and when both species are spotted 
together (378 bird/sighting; 545 bird/sighting respectively). 

In 2009, during minke whale sightings and white-beaked dolphin sightings the 
highest number of birds occurs in August (246 bird/sighting) and July respectively (100 
bird/sighting), but it is in June when both species are together (266 bird/sighting). 

 
Table 3.4.5 Average number of birds per a) minke whale (B. acutorostrata) sighting, b) 
white-beaked dolphin (L. albirostris) and c) both species sighting per month in 2008.  
 

2008           
   n° birds n° sighting SD n°birds/n°sightings 

a) Ba May 222 1 47.23 222 
 June 99 3 19.70 33 
 July 26050 57 1552.83 190 
 August 9525 39 684.13 119 
      

b) La May 0 0 0 0 
 June 57 8 12.18 8 
 July 612 6 114.46 102 
 August 1510 4 205.85 378 

c) Ba+La      
 May 0 0 0 0 
 June 0 0 0 0 
 July 3353 9 536.01 374 
  August 6542 12  762.84 545 
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Table 3.4.6 Average number of birds per a) minke whale (B. acutorostrata) sighting, b) 
white-beaked dolphin (L. albirostris) and c) both species sighting per month in 2009.  
 

2009           
   n° birds n° sight SD n°birds/n°sightings 

a) Ba May 2158 19 271.01 114 
 June 5442 37 798.65 147 
 July 10625 82 1531.83 130 
 August 5664 23 1171.23 246 
      

b) La May 380 7 50.22 54 
 June 0 0 0 0 
 July 602 6 74.72 100 
 August 191 2 46.70 95 

c) Ba+La      
 May 0 0 0 0 
 June 798 3 97.40 266 
 July 722 4 117.13 181 
  August 15 1  3.17 15 

 
 
On 261 sightings with minke whales and seabirds during the all study period (2008, 

n=100; 2009, n=161), the frequency of each bird species by month demonstrates that in 
2008 gulls (L. spp. and kittiwakes), puffins, fulmars and skuas (100%) predominate in 
May, arctic terns (66.7%) in June. Guillemots (57.7%) and razorbills (15.4%) in July and 
gannets (59.0%) and manx shearwaters (28.2%) in August (Table 3.4.5). 

In 2009, the percentage frequency of bird species by month shows that arctic terns 
(53.8%) and fulmars (69.2%) predominate in May. Razorbills (41.7%%) and skuas 
(62.5%) predominate in June and kittiwakes (96.7%), puffins (93.4%), guillemots (49.2%) 
and gannets (50.8%) predominate in July.  

In August there are gulls (96.0%) which have the highest percentage frequency.  
On 33 encounters with white-beaked dolphins and seabirds during the all study 

period (2008, n=18; 2009, n=15), the frequency of each bird group by month demonstrates 
that in 2008 artic terns predominate during the months of June (75.0%). L. spp., kittiwakes 
in both July and August (both 50.0%) while puffins and guillemots (both 50.0%) in July 
only. Fulmars (75.0%), skuas (75.0%) and gannets (100%) predominate in numbers in 
August. No sightings were recorded of white-beaked dolphins interacting with seabirds 
during the month of May 2008 (Table 3.4.6). 

In 2009 there are no sightings during the month of June of L. albirostris foraging in 
association with seabirds. However, in May artic terns (85.7%) and fulmars (42.9%) seem 
to show the highest percentage frequency per bird species. In July, they are kittiwakes 
(66.7%), skuas (33.3%) and gannets (16.7%). During the month of August L. spp., auks 
(puffins, guillemots and razorbills) and manx shearwaters predominate over the others with 
100%.  
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On 31 encounters with minke whales and white-beaked dolphins together and 
seabirds during the all study period (2008, n=21; 2009, n=10). In this part of the study 
these sightings will be consider separately from the other sightings in which L. albirostris 
and B. acutorostrata were singularly observed in association with seabirds.  
 
Table 3.4.7 Percentage frequency (% ) of each bird group species by month in 2008: a) 
minke whales, b) white-beaked dolphins and c) both species (considering only feeding 
sightings). 
 

a) Ba month n L.spp. puffins kitti fulmars  a.terns skuas gannets guille razor m.shear 
2008 May 1 100 100 100 100 0 100 0 0 0 0 

 June 3 66.7 33.3 66.7 0 66.7 0 0 0 0 0 
 July 52 96.1 92.3 96.1 67.3 9.6 42.3 38.5 57.7 15.4 5.8 
 August 39 89.7 94.9 89.7 66.7 0 35.9 59 28.2 2.6 28.2 

b) La month n L.spp. puffins kitti fulmars  a.terns skuas gannets guille razor m.shear 
 May 0 0 0 0 0 0 0 0 0 0 0 
 June 8 25 12.5 12.5 25 75 0 0 12.5 0 0 
 July 6 50 50 83.3 33.3 33.3 16.7 16.7 50 0 0 
 August 4 50 50 75 75 0 75 100 0 0 0 

c) 
Ba+La month n L.spp. puffins kitti fulmars  a.terns skuas gannets guille razor m.shear 

 May 0 0 0 0 0 0 0 0 0 0 0 
 June 0 0 0 0 0 0 0 0 0 0 0 
 July 9 100 66.7 100 66.7 11.1 55.6 44.4 33.3 0 0 
  August 12 83.3 75 75 10 0 41.7 91.7 41.7 16.7 75 

 
 
Table 3.4.8 Percentage frequency (%)of each bird group species by month in 2009: a) 
minke whales, b) white-beaked dolphins and c) both species (considering only feeding 
sightings) 
 

2009 month n L.spp. puffins kitti fulmars  a.terns skuas gannets guille razor m.shear 
a) Ba May 13 76.9 92.3 61.5 69.2 53.8 38.5 15.4 46.1 38.5 23.1 

 June 24 70.8 83.3 83.3 33.3 50 62.5 25 50 41,7 100 
 July 61 95.1 93.4 96.7 34.4 19.7 59 50.8 49.2 29.5 19.07 
 August 25 96 92 60 44 0 40 28 52 52 40 
  month n L.spp. puffins kitti fulmars  a.terns skuas gannets guille razor m.shear 

b) La May 7 57.1 71.4 28.6 42.9 85.7 14.3 0 28.6 28.6 0 
 June 0 0 0 0 0 0 0 0 0 0 0 
 July 6 33.3 66.7 66.7 16.7 83.3 33.3 16.7 50 33.3 16.7 
 August 1 100 100 0 0 0 100 0 100 100 100 
  month n L.spp. puffins kitti fulmars  a.terns skuas gannets guille razor m.shear 
c) 

Ba+La May 0 0 0 0 0 0 0 0 0 0 0 
 June 3 100 100 100 100 66.7 66.7 33.3 33.3 33.3 0 
 July 4 75 100 100 50 25 50 25 25 0 25 
  August 1 100 100 100 0 0 0 0 0 0 0 
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No sightings were recorded of both species interacting together in the presence of 
seabirds during the months of May and June 2008. 

However, the frequency of each bird group for the remaining months demonstrates 
that gulls (both L. spp. and kittiwakes) are very numerous in July (100%) and gannets and 
L. spp. in August (83.3%, 91.7%). 

The following research season (2009) shows that L. spp., puffins, kittiwakes and 
fulmars are the most predominant are  the most predominant during the months of June 
(100%). Puffins and kittiwakes during the months of July and August (100%), while there 
are no recordings of both cetacean species interacting with seabirds during the month of 
May. 
 
3.4.1 Chi-square and Wilcoxon-Ranksum tests 
 

During 2008 and 2009 research seasons, minke whales and white-beaked dolphins 
were observed accompanied by several different seabird species for feeding purposes 
during 323 sightings.  

Firstly, bird data were analysed to determine if there was any significant association 
between minke whale or white-beaked dolphins and any of different seabird species.  

Therefore, chi-square test (non-parametric) test was used to assess whether 
presence/absence of whales/dolphins had any influence on presence/absence of the 
different seabird species considered.  

The null hypothesis states that there is no influence between presence/absence of  
B. acutorostrata/L. albirostris and all different seabird species. The results are shown in  
Appendix E. 

The chi-square test results indicate that presence/absence of B. acutorostrata seems 
to be correlated with: 

1. 2008 field season 
- the presence of puffins (χ²=7.3202 ,p<0.05), kittiwakes (χ²=10.904, p<0.05), 

terns (χ²=41.7139, p<0.05), gannets (χ²=5.2063, p<0.05), guillemots 
(χ²=6.06334., p<0.05) and manx-shearwaters (χ²=4.1363, p<0.05); 

      2.   2009 field season 
- the presence of artic terns (χ²= 32.0421, p<0.05) and kittiwakes (χ²= 9.1255, 

p<0.05) 
On the contrary, L. albirostris presence/absence seems be influenced by: 

      1.   2008 field season 
- the presence of puffins (χ²15.6478, p<0.05) and L. spp. (χ²= 17.1301, p<0.05) 

      2.  2009 field season 
- arctic terns (χ²=4.5671, p>0.05) and L. spp. (χ²= 7.3184, p<0.05) 

Secondly, bird data were used to assess differences in bird distribution in relation to 
presence/absence of cetaceans (minke whales and white-beaked dolphins). Using 
Wilcoxon Ranksum test (non-parametric test), we started by assuming that the distribution 
of birds with whales/dolphins and without them is the same (whale effect is zero) (see 
Appendix E). 

The distribution of puffins (W=3529, p<0.05), L. gulls (W=3683, p<0.05),  
kittiwakes (W=4321, p<0.05), gannets (W=4255, p<0.05), terns (W=1820, p<0.05) 
guillemots (W=3624.5, p<0.05), manx-shearwaters (W=3938, p<0.05) seem to be 
influenced by presence of minke whales in 2008, while only kittiwakes (W=5255.5, 
p<0.05), artic terns (W=1459, p<0.05) and razorbills (W=2250.5, p<0.05) in 2009. 
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In 2008, white-beaked dolphins’ distribution seem to be influenced by puffins 
(W=1317.5, p<0.05) and manx shearwaters (W=2919.5, p<0.05), while in 2009 there are 
puffins (W=854, p<0.05), L. spp. (W=896.5, p<0.05), kittiwakes (W=1132, p<0.05) and 
gannets (W=1277.5, p<0.05).  
 
3.4.2 Student-t and One way Anova tests  
 

Additional analysis were made to assess whether or not there was a relation 
between one of our two cetacean species of interest (i.e. minke whale) and feeding 
assemblages of seabirds observed during feeding bouts. 

The main aim of this analysis was to assess whether or not the abundance of minke 
whales varies depending on a presence of a certain bird species during feeding bouts. 

All observed associations between whales and seabirds were tested by grouping the 
percentage of frequency of each association into four categories representing:  

a. 0–25% b) 25–50% c) 50–75% and d) 75–100% of chances to see a bird 
species associating with a cetacean species during the data collection.  

One way Anova test was used to compare mean values obtained for each of these 
four categories, starting with null-hypothesis that “means of all measurement variables 
were the same for the different categories of data”. 

All data and graphs obtained are shown in Appendix F–G.  
Observing the graphs from 2008 research season it is found that L. spp. mean 

values tend to increase with the increase in number of percentage of frequency of minke 
whales (means: 0–25%:0.39, CI:0.20–0.59; 25–50%:0.86, CI:0.67–1.05; 50–75%:0.64, 
CI:0.45–0.82; 75–100%:2.63, CI:2.24–2.79). In fact, also by swapping the 25–50% with 
the 50-75% mean categories it is possible to see a clear tendency toward an increment.  

The same clear tendency is visible when minke whales associate with kittiwakes  
(means=0–25%:0.20, CI:0.01–0.38; 25–50%:1.00, CI:0.82–1.19; 50–75%:0.25, CI:0.1–
1.4; 75-100%:2.17, CI:2.0–2.3), puffins (means: 0-25%:0.31, CI:0.1–0.5; 25–50%:0.59, 
CI:0.4-0.8; 50–75%:1.40, CI:1.6–1.2; 75–100%:2.47, CI:2.7–2.3), gannets (means=0-
50%:0.47, CI:0.35–0.59; 50–75%:0.72, CI:0.49–0.94; 75–100%:3.06, CI:2.92–3.21), 
guillemots (means=0–50%:0.53, CI:0.41–0.64; 50–75%:0.77, CI:0.38–1.16; 75–
100%:2.52, CI:2.35–2.69). In addition, the same tendency was also observed when minke 
whales associated with skuas (means=0–50%:0.93, CI:0.82–1.05; 50–75%:0.60, CI:1.41–
0.79; 75–100%:1.43, CI:1.17–1.68) where even swapping the  means (0-50% and 50-75%) 
the tendency shows still an increment in the number of birds.  

Razorbills (means= 0–75%:0.80, CI:0.71–0.90; 75–100%:2.53, CI:2.07–2.99) and 
manx (means= 0–75%:0.67, CI:0.57-0.77; 75–100%:2.50, CI:2.30–2.70) are represented 
only with two percentage categories (0-75% and 75-100%). However, the tendency is that 
when the percentage of sightings increases the number of birds increases, too.  

The only two birds for which the situation changes are the arctic terns  (means= 0–
75%:1.73, CI:1.64-1.82; 75–100%:0.0017, CI:-0.14–0.15) and fulmars (means= 0–
25%:0.62, CI:0.46-0.77; 25–50%:0.18, CI:-0.71–1.07; 50–75%:0.96, CI:0.76–1.16; 75–
100%:1.69, CI:1.48–1.89). In fact, as the graphs show clearly that with the increment in 
number of arctic terns and fulmars the percentage frequency of minke whales decreases.  

The one way Anova test gave significant results only for L. spp.: p=0.006336, 
kittiwakes: p=0.0004909, puffins: p=0.0009067, gannets: p=0.0007248, guillemots: 
p=0.003093, shearwaters: p=0.02235 and arctic terns: p=1.605e-12.    

During the 2009 research season the results varied quite much from the previous 
year. 
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In fact, a clear increment in numbers of birds during feeding minke whales 
sightings occur with only three species of birds: L. spp. (means=0–25%:0.39, CI:0.23–
0.54; 25–50%:0.51, CI:0.34–0.68; 50–75%:1.08, CI:0.92–1.24; 75–100%:0.76, CI:0.59–
0.93; by swapping the 50–75% and 75-100% values), kittiwakes (means=0-25%:0.12, CI:-
0.02–0.23; 25–50%:0.44, CI:0.19–0.68; 50-75%:0.82, CI:0.69-0.65; 75–100%:1.94, 
CI:1.78–2.10), puffins (means=0-25%:0.36, CI:0.20-0.52; 25-50%:0.40, CI:0.23-0.57; 50-
75%:1.10, CI:0.95-1.25; 75-100%:1.21, CI:1.02-1.39), gannets (by swapping the two 0-
50% and 50-75% values the all tendency is confirmed; means= 0-50%:0.52, CI:0.43-0.62; 
50-75%:0.44, CI:0.093-0.79; 75-100%:1.16, CI:0.98-1.34) and guillemots (by swapping 
the two 50–75% and 75–100% values the all tendency is confirmed; means=0–50%:049, 
CI:0.39–0.60; 50–75%:0.67, CI:0.40–0.95; 75–100%:0.65, CI:0.44–0.87). All the other 
bird species such as arctic terns (means=0-50%:1.49, CI:1.41-1.58; 50-75%:0.041, CI:-
0.16–0.24; 75–100%:1.16, CI:-0.026–0.35), fulmars (means=0-50%:0.62, CI:0.52-0.72; 
50-75%:1.27, CI:1.09–1.46; 75–100%:0.41, CI:0.23-0.60), skuas (means=0-50%:0.54, 
CI:0.43–0.65; 50–75%:1.06, CI:0.91–1.20; 75–100%:0.47, CI:0.29–0.65), razorbills 
(means= 0–75%:0.74, CI:0.64-0.83; 75–100%:1.13, CI:-0.088–0.34) and shearwaters 
(means=0-75%:0.62, CI:0.53–0.71; 75–100%:0.90, CI:0.72–1.08) show on the contrary a 
negative tendency.  

One way Anova tests results are significant only for kittiwakes (p=4.40e-06), 
puffins (p=0.0193), arctic terns (p=2.65e-07) and razorbills (p=0.0135).  
 
3.4.3 Seabird species and environmental parameters     
 

Data regarding seabird species diversity, coordinates and environmental parameters 
associated with minke whales and white-beaked dolphins occurrence were collected during 
summer period (May-August) of 2008–2009 (see Appendix D). 

The main aim was to assess if different species of birds observed during feeding 
minke whales and white-beaked dolphin encounters varied in composition across the 
environment in the study area. 

Results of analysis –using Kruskal Wallis test –between environmental parameters 
(depth, SST) and seabird species (puffins, common guillemots, razorbills, L. gulls, 
kittiwakes, gannets, arctic terns, fulmars, manx shearwaters, gannets and skuas) observed 
in association with minke whales and white-beaked dolphins encountered showed no 
significant differences (p<0.05) for water depth. The only exception are the arctic terns 
which seem to have a significant correlation with water depth in both 2008 and 2009 
(2008:  χ²= 42.1292, df = 29, p-value = 0.05467; 2009:  χ²= 60.1884, df = 35, p-value = 
0.005106) and the razorbills in 2009 (χ²= 47.2064, df=30, p=0.02375) (Table 3.4.3.1.).  
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Table 3.4.3.1 Kruskal Wallis results: p-values for seabird species in relation to water 
depth during 2008-2009. 
 

        Bird species χ² df 
2008 

p-value χ² df 
2009 

p-value 
L. spp. 23.3456 30 0.8008 25.7011 34 0.8460 

kittiwake 25.1570 30 0.7174 46.4479 35 0.09338 
puffin 40.7351 29 0.07262 28.4271 33 0.6943 

razorbill 13.775 30 0.995 47.2064 30 0.02375 
guillemot 26.0888 30 0.6706 42.7899 30 0.06114 

fulmar 27.4466 26 0.3862 37.9517 35 0.3363 
skua 28.0237 30 0.5692 38.1246 35 0.3292 

gannet 26.6324 30 0.6425 47.7899 35 0.07327 
arctic tern 42.1292 29 0.05467 60.1884 35 0.005106 

m. shearwater 36.1531 30 0.2031 29.6450 35 0.7241 
 
The results show also that differences may occur between habitat preference of 

seabird functional groups at depth, with razorbills and fulmars occurring in shallowest 
waters, gulls (L. spp. and kittiwake), auks (puffin and guillemot) in medium waters depth 
and manx shearwaters and artic terns in deepest waters in 2008. 
 
Table 3.4.3.2 Mean values of water depths (meters) relative to each bird species collected 
during sightings of feeding whales/dolphins and seabirds in Faxaflói, during 2008-2009 
seasons. 
 

Bird species n 2008 SD n 2009 SD 
L. spp. 114 28.9 7.30 123 32.7 9.19 

kittiwake 110 28.9 7.42 117 32.7 8.72 
puffin 110 28.8 6.74 131 33.0 9.89 

razorbill 11 27.3 5.77 52 33.7 9.52 
guillemot 51 28.8 7.01 69 31.3 7.99 

fulmar 84 27.9 5.93 57 34.1 10.74 
skua 50 28.0 6.17 69 33.6 9.79 

gannet 60 28.6 6.77 49 29.6 8.09 
arctic tern 36 34.9 10.61 45 38.9 10.84 

m. shearwater  23 29.3 7.60 28  32.4 10.30 
 

On the contrary, during 2009 research season waters depths for each bird species all 
turns around 33 meters (L. spp., kittiwake, puffin, razorbill, skua), except for guillemots 
around 31 m, manx around 32 m. Fulmars were found in deeper water depths (around 34 
m) (Table 3.4.3.2).  

Considering the sea surface temperature (SST), several bird species showed 
significant differences in both years.  

In 2008: L. spp. (χ²= 59.2313, df = 40, p-value = 0.02556), kittiwakes (χ²= 67.3176, 
df = 41, p-value = 0.05991), guillemots (χ²= 72.2679, df = 40, p-value = 0.00133), puffins 
(χ²= 74.3395, df = 41, p-value = 0.001107), arctic terns (χ²= 63.8123, df = 41, p-value = 
0.02287) manx shearwaters (χ²= 68.8123, df = 41, p-value = 0.01278). 
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In 2009: puffins (χ²= 79.3895, df = 61, p-value = 0.05694), razorbills (χ²= 83.7969, 
df = 57, p-value = 0.01195), gannets (χ²= 86.7088, df = 63, p-value = 0.02551) and arctic 
terns (χ²= 102.6997, df = 63, p-value = 0.001174) (Table 3.4.3.3). 
 

Table 3.4.3.3 Kruskal Wallis results: p-values for seabird species in relation to sea surface 
temperature during 2008-2009. 
 

        Bird species χ² df 2008 χ² df 2009 
L. spp. 59.2313 40 0.02556 72.7754 62 0.1646 

kittiwake 67.3176 41 0.05991 75.0591 62 0.1234 
puffin 74.3395 41 0.001107 79.3895 61 0.05694 

razorbill 35.4717 41 0.7142 83.7969 57 0.01195 
guillemot 72.2679 40 0.00133 59.7896 56 0.3398 

fulmar 43.3447 39 0.2244 76.0177 65 0.1650 
skua 51.1715 39 0.09174 63.2607 63 0.4671 

gannet 54.8043 41 0.07316 86.7088 63 0.02551 
arctic tern 61.0045 41 0.02287 102.6997 63 0.001174 

m. shearwater 63.8123 41 0.01278 75.5585 65 0.1741 
 

The results show also that differences may occur between habitat preference of 
seabird functional groups at sea water, with all species occurring at 12°C except for manx 
shearwaters occurring at 13°C and arctic terns at 11°C, in 2008. In 2009, water temperature 
slightly lower than the previous season, with all bird species occurring at 11°C except for 
guillemot, fulmar and arctic tern at 10°C and razorbill at 9°C (Table 3.4.3.4).  
 
Table 3.4.3.4 Mean values of sea surface temperature (°C) relative to each bird species 
collected during sightings of feeding whales/dolphins and seabirds in Faxaflói, during 
2008-2009 seasons. 
       

Bird species n 
2008 
mean  SD n 

2009 
mean SD 

L. spp. 114 12.42 1.13 123 11.74 1.96 
kittiwake 110 12.34 1.21 117 11.81 1.95 

puffin 110 12.53 1.11 131 11.42 2.16 
razorbill 11 12.71 0.50 52 9.18 2.66 
guillemot 51 12.35 1.20 69 10.84 2.67 

fulmar 84 12.44 1.03 57 10.96 2.49 
skua 50 12.25 1.37 69 11.66 1.86 

gannet 60 12.62 0.90 49 11.71 1.86 
arctic tern 36 11.01 1.25 45 10.10 2.30 

m. shearwater  23 13.09 0.35 28  11.78 2.19 
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4 DISCUSSION  
 
4.1 Seasonal residency and site fidelity  
4.1.1 B. acutorostrata  
4.1.1.1 Dorsal fin and bodily injuries  
 

Photo-identification has been established as a very powerful tool in cetacean 
research (Hammond et al., 1990).  For most dolphins and porpoises the trailing edge of the 
dorsal fin abrades and tatters easily resulting in clearly visible notches varying quite much 
between individuals (Würsig & Jefferson, 1990). Unfortunately, minke whales lack the 
great variability in natural markings that has facilitated detailed investigations of larger co-
familiars (such as humpback whales, Megaptera novaeangliae and fin whales, 
Balaenoptera physalus). This, together with the difficulty of photographing them owing to 
their relatively small size and great speed, has hindered studies based on photographic 
identification, although studies of small localized populations have been possible (Dorsey, 
1983; Dorsey et al., 1990; Stern et al., 1990; Gill, 1994; Tscherter & Morris, 2005).  

Processes which could potentially cause or promote DEMs (dorsal fin edge marks) 
include inter (predation) and intra (competition) specific interaction events, parasitic 
attachment and collision with vessels or debris (Tetley, 2006). However, little is generally 
understood of the processes which lead to the formation of these marks. 

Two short pilot studies were conducted (Tetley, 2006; 2007) to determine if the 
characteristics of these marks differed between minke whale individuals from two distinct 
geographical areas in the Moray Firth, Scotland, and Skjálfandi Bay, Iceland and from the 
Inner Hebridean Islands (Scotland) and St. Lawrence Estuary in Canada. A dorsal fin 
layout system was used to test for differences in the proportion of marks occurring in 
different positions (anterior, posterior, upper, lower, tip) and differences in morphology 
(rounded, squared, triangular, indented, cut off) of the markings observed in each of the 
study areas.  

The first of these studies (2006) showed that there were slight variations in the 
positioning of marks along the dorsal fin edge between the two distinct areas (Scotland and 
Canada). However, when mark categories were examined with a Chi-Squared test, no 
significant difference was observed in the frequencies of DEM morphologies between the 
two regions (Chi-sq = 6.112, df = 4, p = 0.191) 

The second study (2007) revealed however that when mark categories were 
compared between catalogues a significant difference was found in the relative position of 
marks (Chi-sq = 10.373, df = 8, p = 0.035). However, no significant difference was 
observed in the frequencies of dorsal edge mark morphologies between the two regions 
(Scotland and Iceland) (Chi-sq = 0.769, df = 8, p = 0.943). It was concluded, although 
evidence derives from a small-scale study, that the unique processes by which these 
different shaped marks occurred were probably the same in both areas. 

Although minke whales are only subtly marked compared to more interactive 
odontocete species, several studies (Dorsey et al., 1990; Gill, 1994; Tscherter & Morris, 
2005) showed that marks occurring along the edge of the dorsal fin and supplemental body 
scars are useful in discriminating between individual minke whales.  

The results of this preliminary analysis were pretty consistent with those of other 
studies  
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(e.g. Gill, 1994; Dorsey et al., 1990) in that the recapture success is mainly based upon 
presence of large and small dorsal edge marks (DEMs). Body scars such as lesions, oval 
scars, anthropogenic scars and parasite marks, are thought to be less reliable than DEMs in 
recapturing individuals, although they can support a potential match (Baumgartner, 2008).  

In fact, the percentage of individuals identified by very distinctive large or small 
notches in the dorsal in Faxaflói bay from 2007–2009 (48.2%) is similar to what 
previously found by Dorsey et al. (1990) in the San Juan Islands (40.0%) and also by 
Alison Gill around the Isle of Mull in 1994 (50.0%). On the contrary, lower percentages 
were observed in the population of minke whales inhabiting the waters of the southern 
outer Moray Firth, north-east Scotland (30.4%) while the highest were recorded by Ursula 
Tscherter in Les Bergeronnes, Québec, Canada (73.0%). However, the high identification 
rates recorded for example in the St. Lawrence Estuary in Canada (Tscherter & Morris, 
2005) could be facilitated by the high concentration of minkes and to the narrowness of the 
area investigated. 

It is important to underline that the present study include only three years of 
photographic material in comparison to the very long-term ID studies conducted in all the 
study areas mentioned above. It is then possible that a clearer trend regarding the real 
amount of DEMs in Faxaflói bay will eventually be revealed later with the years.  

It was found that DEMs are an identification feature whose presence can be 
photographically documented irrespective of most environmental and lighting conditions 
and which allows the highest identification success rate by itself (Morris & Tscherter, 
2005).  

In this study, we used the 2007–2009 dataset of identified individuals to calculate 
the ratio of animals carrying dorsal edge marks (DEMs) to those who do not (nDEM and 
dDES).  

Results show that with the only exception of the year 2007 the  number of DEMs 
was the most abundant category of individuals during the study period, with the highest 
number reached in 2008 (57.9%, n=77).  

However, it has to be said that the number of photographers involved in the 
collection of images almost doubled from 2007 to 2008 with only two photographers the 
first year and up to four the following summer season. In conclusion, a higher number of 
minke whales was encountered in 2008 but the increase of effort spent in collecting 
photographs by experienced volunteers might have resulted in showing such a high number 
of DEMs during the second research season.  

Some of the individual whales photographed had the potential to be identifiable due 
to their distinct dorsal shape. In fact, whales carrying a very curved or pointed fin to the 
extreme situation of some individuals without the dorsal fin have been included in this 
category. 

However, this feature was proven to be difficult to use to support re-matches due to 
the high platform (7–8 m above sea level on the Elding and Hafsúlan boats respectively) 
from which pictures were taken during the majority of the tours, in comparison to the 
inflatable boats used in Les Bergeronnes for example which are almost at the same level of 
the sea (Tscherter, pers. comm.). In fact, this factor can distort the dorsal fin shape so that 
the use of this feature can be limited.  

Notwithstanding, considering all annual re-sightings, 24.4% of the minke whale 
was re-matched by using this feature (n=11), although just photos of high quality, perfectly 
perpendicular and of very unusual dorsal fin shape were considered during the analysis 
(i.e. minke whales 100_dDES_pic and 105_dDES_sword).  
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 Among the different body marks used for ID purposes the most common resulted 
to be represented by circular scars ascribed either to lampreys Petromyzon marinus (Pike, 
1951; Nemoto, 1955) or squaloid sharks Isistius brasiliensis (Jones, 1971; Shevchenko, 
1971). The cookie-cutter shark usually attaches itself to its prey with its lips, and then spins 
to cut out a cookie-shaped plug of flesh from the larger animal leaving a deeper wound 
which takes longer to heal. 

Previous studies have revealed the presence of lampreys in Icelandic waters where 
they seem to use fish (North Atlantic salmon) and whales (minke whales) as hosts, thus 
supporting the theory that in this study some of the circular scars photographed on the 
individual minke whales could be ascribed to this parasitic fish species (Jónsson & 
Jóhannsson, 2009; Ólafsdóttir et al., 2009).  

If the circular lesions which are very often found on the lateral flanks of the whale and 
on the caudal peduncle area are confirmed to be cookie-cutter shark bites, then body scars 
could also give valuable information on the percentage of the minke population undergoing 
seasonal migration between the North Sea and the Tropics, since this shark seems to live in the 
southern areas of the Northeast Atlantic (Compagno, 1984), primarily from about the Cape 
Verde Islands southwards and usually occurs far offshore over deep oceanic waters.  

Dorsey et al. (1990) used as well this feature to identify individual minke whales 
however in this study these scars have proved to be not as effective probably due to the 
fact that they generally are known to fade on healing and also due to the fact that it was not 
always possible to be positioned with the sun towards the animals to capture these marks. 
In addition, due to time limit it wasn’t possible to collect more than the basic ID material 
for each individual encountered.  

Some injuries observed were, however, considered human-induced, whether 
indirectly (i.e. derelict fishing gear), or directly (i.e. gunshot wound, ship strike, or 
propeller strike).   

In fact, one of most common injuries documented were injuries suggestive of 
probable fishing gear interaction and/or boat collision (i.e. 148_DEM_joker and 
97_DEM_deep scar) (Figures 4.1.1.1.1).    

 
 

   
 
Fig. 4.1.1.1.1 Visible large open wound behind dorsal, Z-shaped marks probably caused 
by collision (97_DEM_deep scar) and cut at the basis of the dorsal fin, probably fishing 
gear interaction (148_DEM_joker). Diagnosis made by Koen Waerebeek.  
 

Entanglement in fishing gear was anticipated to pose a certain threat to the local 
minke whales also in the Inner Hebrides which have previously been determined as the 
area with the highest risk of entanglement in the UK due to the overlap of the distributions 
of fishing activities and that of minke whales (Northridge & Reid, 2007). 

The tail stock was already found to be prone to skin damage associated with 
entanglement (SMRU 2008). In fact, entanglements involving the tail stock i.e. the 
peduncle are widespread in humpback whales in the western North Atlantic (Johnson et 
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al., 2005) and also common in grey whales (Heyning & Lewis, 1990; Bradford et al., 
2008) and North Atlantic right whales (Kraus, 1990; Knowlton et al., 2005).  

In addition, many of the whales photographed are completely unmarked and so 
remain unidentified despite good quality photographs. Many juveniles are sighted 
throughout the season and have not yet acquired scars. Those whales that have distinctive 
body scars have mainly only been photographed on one side of their body which may 
result in the same whale appearing as two different whales in the catalogue. 

Considering all identified individuals (n=311) a clear prevalence of left side 
photographs were noted (40.8%, n=127). The reason is probably lying in the type of 
research vessel utilized during the study period. In fact, the vessel used in this study was 
about 33 metre long, lacking the manoeuvrability of smaller boats. When a whale is 
encountered the boat engines are most of the times switched off and the general decision of 
the Elding whale-watching company is to keep sighted animals in front or to the right side 
of the boat to allow the passengers to better see them and follow them during all their 
surfacings. Therefore it is difficult in many cases to photograph both sides of the whale and 
also to be in the right position relative to the sun to obtain photographs which highlight the 
lateral body pigmentation and scars. A feasibility study for the identification of Southern 
Hemisphere minke whales by Joyce and Dorsey (1990) using large boats also reported a 
lack of manoeuvrability which resulted in 75% of the whales only being photographed 
from one side of the body, similar to what was found in Iceland (71%, n=222).  
 
4.1.1.2 Re-sightings and long-term fidelity  
 

Individual photo-identification has also been used in field studies as a tool in the 
estimation of a variety of population parameters such as age-structure, group structure and 
associations, reproduction rates, sexual segregation and also population size estimates, site 
fidelity and seasonal movements (Hammond et al., 1990; Hiby & Lovell 1990; Forcada & 
Aguilar 2000; Vincent et al., 2001; Saayman & Tayler 1973; Würsig & Würsig 1977; 
Katona et al., 1979; Balcomb et al., 1982). 

In particular, it was noticed quite a low annual re-sighting rate in our population 
(14.5% of individuals) with just the 3.2% of minke whales re-sighted in all the three years 
of study. Very low is also the frequency of re-sighted minke whales between 2007 and 
2008 and between 2007 and 2009, probably due to the scarce amount of photographed and 
of poorer quality collected the first season which formed the starting material to which all 
other images have been compared to. On the other hand, 46.7% of all re-sighted 
individuals were recaptured between 2008 and 2009, supporting both the ideas that better 
images collecting during the second research season allowed us to achieve more re-
sightings combined with the fact that it might be easier to witness a re-match in following 
years rather than over a longer period of time.  

Consequently, these results seem to differ from what found in other feeding ground 
such as the Isle of Mull (Scotland) where 35% (n=30) of all individuals (n=66) were 
sighted in more than one year (Gill, 1994), similarly to minke whales in Québec (66%, 
n=115), considering solely the ones identified by DEMs (Morris & Tscherter, 2005).  

Some whales may show a considerable temporal specificity such as returning to the 
same location at the same time of the year (Gill, 1994). In our study area 60% (n=27) of 
the re-sighted individuals were re-captured in the same month in either all three years or in 
just two of them only. However, the month of April was only surveyed the last two years 
and so possibly a higher number of individuals could have possibly behaved the same way.  
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Data from Dorsey's et al. (1990) from the eastern North Pacific suggests that some 
whales show a seasonal residency and site fidelity to particular areas. This was also 
demonstrated for humpback whales with many individuals observed returning year after 
year to maternal ranges in several areas of the western North Atlantic Ocean (Clapham & 
Mayo, 1987; Katona, 1986). Similar situation was observed for four fin whale calves 
identified on summer feeding grounds in Massachusetts Bay observed to return to the same 
feeding grounds in subsequent years (Clapham & Seipt, 1991).   

Another factor that plays a part in the fact that re-sightings of individuals are low is 
that sampling size is small and of an opportunistic nature. If the population of minke 
whales is large then the probability of re-sightings is small. 

A possible explanation for this observed trend might be also due to the whaling 
activity in the area started in 2006 after the decision of Iceland to legalize the commercial 
whaling after a long time of inactivity. In fact, as Gill suggests (1994) the possibility that 
minke whales show site fidelity may have important implications for the identification of 
stocks and for the setting of catch quotas because if whaling is resumed it could have a 
severe impact on local populations. 

Since 2006 125 of minke whales have been caught giving preference to the Faxaflói 
bay area (Anonymous, 2003; Víkingsson et al., 2008) although restrictions prohibited 
hunting to take place within the whale-watching area spanning 10-12 nm far from coast. 
However, it is suggested that some individuals hunted might have been part also of the 
whale-watched individuals. Unfortunately, no photographic footage was taken on board the 
whaling vessels so no actual information have been obtained to confirm or either refuse 
this hypothesis.  

On the other hand, it is also possible that minke whales occurring in summer in the 
waters of Faxaflói bay just don’t show a natural strong site fidelity to this area as also 
observed in the southern outer Moray Firth where only the 19% individuals was re-
captured in at least 2 years.  

Considering the monthly re-sighting rate, it is important to point out that only 
spring and  summer months were surveyed in the last three years so only the months from 
April (from May only in 2007) until end of August (mid September only in 2007) were 
covered each year. Winter tours were run during weekends depending on weather 
conditions and demand of tourists from 2008 but due to very little effort spent at sea by the 
senior author these months have not been included in the present study. However, in 
general minke whales are commonly sighted in the Faxaflói bay area until end of October 
maximum end of November before start migrating south.  

23% of all identified individual minke whales were seasonally re-sighted in 
Faxaflói. This might suggest that the study area is a good feeding ground for a certain 
number of individual each summer, some of which have been spotted even after three 
months from the first sighting revealing that the study area represents a favourable feeding 
ground for the whales the all summer long.  

 The most useful feature used for re-sightings (seasonal and annual) has proved to 
be notches in the dorsal fins, especially for re-sightings spanning many years. Of the 32 re-
sighted whales identified by notches in the dorsal fin, one only change was noted in marks 
used for identification purposes (i.e. individual 01_DEM_donut) from the year 2007 to 
2009 (Fig. 4.1.1.2.1).   
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Fig. 4.1.1.2.1 Dorsal fin change from 2007 to 2009 observed in an individual minke whale 
(01_DEM_donut). 
 

No re-sightings between years have been achieved with whales identified by white 
circular or oval scars, with the only two exceptions of one individual carrying similar white 
marks on the flank both years in a row (i.e. individual 77_nDEM_new) and of another 
whale identified by the presence of a Xenobalanus globicipitis on the dorsal fin (i.e. 
individual 80_nDEM_peloparra). However intra-seasonal re-sightings have been achieved. 
This suggests that these scars fade over time and so are not suitable for re-sighting whales 
between years.  

 
4.1.1.3 North-east and South-west Icelandic ID-Catalogue 
comparison  
 

The photo-ID catalogue provided by the Whale Museum in Húsavík comprises 
hundred and one individuals, fifty-nine (58.4%) of which have dorsal edge marks and 
forty-two (41.6%) have no major DEMs but peculiar fin shapes and/or body scars. 
Photographic quality of forty-six individuals (45.5%) was unsatisfactory for the analysis; 
therefore a total of fifty-five recognisable animals from the Húsavík Whale Museum 
catalogue were used for comparison with the three-hundred and eleven individuals from 
Faxaflói.  

The comparison was made by using Photoshop CS2 image program. The results 
derived from this analysis are 3 uncertain matches (see Figure 4.1.1.3.1 below; often only 
one side was available, average quality of the images poor).  

Minke whales in Faxaflói bay show a progressive movement within the whale-
watching area throughout the season, occurring generally closer to coast during the months 
of June, July and August where generally the highest number of minke whales are sighted 
in the area.  

Individual habitat preference within the study area could not be evaluated, although 
the recaptured animals were more likely re-sighted in the same areas. From past research 
(Hoelzel et al, 1989; Dorsey et al.,1990) it seems that some minke whales specialise on the 
entrapment of specific prey species and therefore they may prefer areas where that 
particular prey occur, rather than others. This could be happening also in Faxaflói, 
however, such information is difficult to obtain in this instance, due to the lack of small-
scale fisheries data (see though 4.4 Conclusions chapter). 
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Fig. 4.1.1.3.1 Fins of 256_DEM (13.07.2009, Faxaflói, Reykjavik), 258_DEM (18.07.2009, 
Faxaflói, Reykjavik) and DEM04 (17.05.2008, Skjálfandi, Húsavík)  
 

 

 
 
Fig. 4.1.1.3.2 Fins of 241_DEM_parasole (08.06.2009, Faxaflói, Reykjavik) and DEM05 
(24.07.2005, Skjálfandi, Húsavík)  
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Fig. 4.1.1.3.3 Fins of 13_DEM_file (25.07.2007, Faxaflói, Reykjavik) and DEM56 
(08.07.2009, Skjálfandi, Húsavík)  

 
4.1.2 L. albirostris   
4.1.2.1 Dorsal fin and bodily injuries  
 

The white-beaked dolphins were seen all year round although their occurrence 
tended to increase especially during spring (April–May) and summer months (June-
August). The number of marked white-beaks (DEMs) recorded in the study area showed 
considerable variation from one year to the next. In fact, the number of marked dolphins 
varies from year to year, with a clear increment in the number of individuals carried dorsal 
fin edge marks (DEM) found throughout the study period varying from 38 (61.3%) in 
2007, to 64 (75%) in 2008 to 80 (81.6%) individuals identified in 2009.  

These results can be compared with what found in previous years by Rasmussen 
and Jakobsen (2003) off the coast of Keflavík (64.43° N, 22.40° W) in Faxaflói bay during 
the summer months (approximately 15th of June until 15th of September) in the years 
1998-2002. In fact, Rasmussen photo-identified between 29 in 1998 to 301 in 2003 with 
only 12-20% of animals with identifiable marks (Rasmussen, 2004). Although the dorsal 
fin markings tend to accumulate with age, the explanation is probably that the quality of 
photographs poorer in the earlier part of the study, probably leading to underestimation of 
small nicks therefore underestimating the real percentage of marked individual in the 
population of white-beaked dolphins in the costal waters of Faxaflói. In fact, as Stevick et 
al. (2001) suggests, maintaining high standards for the quality of photographs could reduce 
rate of error and eliminate bias.  

The coastal waters of the Aberdeenshire are also regularly used by this species 
during the summer months, although predominantly encountered between June and 
September. During the summers 2001 and 2003 six white-beaked dolphins were 
individually identified resulting in a photo-id catalogue which shows very few individuals 
in comparison to larger datasets collected in other countries. In this region, white-beaks 
were proven to be relatively difficult to photo-identify being fast moving animals and 
showing few permanent dorsal fin markings (Weir, 2008).  
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Images of L. albirostris have been also collected using ferries and whale-watching 
vessels in the Western Channel and especially in Lyme Bay (UK) by SeaLife Foundation, 
resulting in a pick of white-beaked dolphins occurrence occurring during the months of 
July and August although the animals seem to be resident all year round (Brereton, 2010).  

A very small part of the photographed individuals (6.9%, n=16) was also identified 
for carrying a very distinct dorsal fin shape (dDES). However, this feature was found not 
as reliable as the presence of other marks such as nicks/notches and other body marks as 
the height of observation point did sometime distort the shape of the fin, not allowing us to 
use this feature for identification purposes.  

In the present study one of most common injuries documented were injuries 
suggestive of probable entanglements (i.e. 242_nDEM and 38_DEM_funny) (Fig. 
4.1.2.1.1.).  

Similar injuries were observed in other locations like in La Mayotte where a 
number of small odontocete species, including melon-headed whales, were also shown to 
have dorsal fin disfigurements likely caused by fishing line (Kiszka et al., 2008).  
 

       
 
Fig. 4.1.2.1.1 Mark around head (242_nDEM) and deformed dorsal fin (38_DEM_funny) 
probable signs of entanglements. 
 

While both rake marks and propeller injuries can result in parallel line scarring, 
rake marks appear closer to one another than a propeller injury would. For many 
odontocetes, tooth-rake marks have been documented to be a natural part of intra-specific 
interactions (e.g. Scott et al., 2005), although they may also occur from interspecific 
interactions.  

In Faxaflói, tooth-rake marks were frequently photographed on the dolphin bodies 
and something also used to support re-captures (i.e. 142_nDEM_skratch) (Fig. 4.1.2.1.2).  
 
 

    
 
Fig. 4.1.2.1.2. Tooth-rake and other body marks use to support a re-capture 
(142_nDEM_skratch).  
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Occurrence of tattoo disease was observed in the population of white-beaked 
dolphins in Faxaflói bay. Similar marks were also observed in some individuals occurring 
in Skjálfandi bay, where regressing forms of tattoo (tattoo remains) were also 
photographed (Bertulli et al., 2009) allowing us to be able in the future seasons to correctly 
identify the all evolution of these marks which have been primarily used to confirm 
seasonal re-sightings only. The occurrence of this cutaneous disorder confirmed Iceland as 
the northern-most know location of TSD (tattoo skin disease) in odontocetes (Bertulli et 
al., 2009).  

 
4.1.2.2 Re-sightings and long-term fidelity 
 

Site fidelity is an important issue in determining habitat use and home range for 
species. Site fidelity refers to the tendency of an individual to return to an area previously 
occupied, or to remain in an area over an extended period (Baird et al., 2008).  

Re-sightings were recorded across three seasons between 2007 and 2009 with some 
individuals showing long-term use of the area (occurring in all possible years available for 
re-capture) and others showing seasonal residency (occurring many times within the same 
summer season).  

Previous photo-identification studies in Iceland (Rasmussen & Jakobsen, 2003) 
recorded a maximum of nine re-sightings of the same individual per year, with 1999 
carrying the highest number (n=9) and 2000 the lowest (n=5).  

On the other hand, the photo-identification carried out in 2006 in Faxaflói bay 
showed no re-matches, which may suggest that the individuals present in the area from day 
to day vary during the summer (Magnúsdóttir, 2007). However, these results might also be 
due to the small amount of photographs collected during a relatively short time period and 
also because the observer was guiding and photographing at the same time especially 
during the summer months, not devoting the survey exclusively to the collection of IDs.  

In the present study the re-sighting rate is quite low (both seasonal and annual), 
especially given that the sample size of individual dolphins was rather large. It is suggested 
that a relatively large population of dolphins must occur around the Icelandic coast to 
produce such a low re-sighting rate. This suggestion is consistent with data from the NASS 
survey in 1986-2001 (North Atlantic Sighting Survey) which reported abundance estimates 
of white-beaked dolphin about 31653 animals (cv 0.30) in Icelandic waters (Pike et al., 
2009).  

However, the number of residents was not constant, and given the probable 
hierarchal structure of some dolphin species (i.e. bottlenose dolphins) it is unlikely that 
animals would not use these areas if resources were plentiful. Therefore, resources such as 
prey, may be significantly variable between years, and hence unstable and undependable to 
the dolphins. Alternatively, it may be disturbance factors such as trawlers or tourist boats, 
causing the animals to move to other, more desirable areas where these disturbance factors 
are reduced. Indeed, it could be a combination of these factors, and perhaps other 
underlying environmental factors such as temperature and salinity, for example; both of 
which have been related to changes in distribution and social structure of other dolphins 
species such as bottlenose dolphins (Lusseau et al., 2004; Wilson, 1995).  
 
 
 
 
 



 93 

4.1.2.3 North-east and South-west Icelandic ID-Catalogue 
comparison 
 

Two already existing ID-Catalogues of white-beaked dolphins were build up during 
the last years before the present study started in 2007.  

In fact, white-beaked dolphins were studied off the coast of Keflavík (N64°43, 
W22°40) in Faxaflói bay during the summer months in the years 1997-2004 using whale-
watching boats, resulting in a catalogue of over 300 different individuals.  

In addition to this, Magnúsdóttir (2007) created an additional catalogue counting 
over 30  individual white-beaked dolphins collected from 2005 to 2006 covering the 
whale-watching ground outside of Reykjavik harbour and a second area located on the 
fishing grounds outside the south and southwest coast of Reykjanes peninsula both within 
Faxaflói bay.  

Comparison of photo-identification pictures of these white-beaked dolphins with 
those from these two areas and adding also photos collected in the north of the country 
precisely in Skjálfandi bay (where dolphins are spotted daily from whale-watching vessels) 
could help determine how many animals use the southwest and northeast coast of Iceland 
and delimit the range of the animals seen in Skjálfandi bay. In fact, any possible re-
sightings would tend to reveal the true extent of any animal’s home range, presence or 
absence of long term associations and longevity.  

The photo-ID catalogue provided by the Whale Museum in Húsavík comprises 
two-hundred and thirty-one individuals, 52.4% of which have dorsal edge marks and 
47.6% of which have no major DEMs but peculiar fin shapes and/or body scars.  

Photographic quality of hundred and thirty-one individuals (56.7%) was 
unsatisfactory for the analysis; therefore a total of hundred recognisable animals (55 DEM 
and 36 nDEM and 9 dDES) from the Húsavík Whale Museum catalogue were used for 
comparison with the hundred and eighty-two marked individuals from Faxaflói. 

Of these there were only 3 certain matches (Figures 4.1.2.3.1–3.2) and 4 uncertain 
matches (Figures 4.1.2.3.3–3.5).  

The photo-ID catalogue provided by the Edda Magnúsdóttir comprises thirty-four 
individuals, 32.4% of which have dorsal edge marks and 64.7% of which have no major 
DEMs but peculiar fin shapes and/or body scars. Photographic quality of seventeen 
individuals (50%) was unsatisfactory for the analysis; therefore a total of seventeen 
recognisable animals (8 DEM and 6 nDEM and 1 dDES) from the ID–catalogue were used 
for comparison with the hundred and eighty-two marked individuals from Faxaflói. 

The results derived from this analysis are 1 certain match (Fig. 4.1.2.3.6). 
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Fig. 4.1.2.3.1 Fins of a) 97_DEM_cheesebite (Faxaflói, Reykjavik) and b) DEM112 
(Skjálfandi, Húsavík)  
 

  
 
Fig. 4.1.2.3.2 Fins of 18_DEM_merlino (08.09.2007, Faxaflói, Reykjavik) and DEM22 
(03.08.2006, Skjálfandi, Húsavík)  
  

   
 
Fig. 4.1.2.3.3 Fins of 242_nDEM (25.07.2009, Faxaflói, Reykjavik) and BM82 
(10.08.2009, Skjálfandi, Húsavík)  
 

 a)  b) 

 b)   a) 
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Fig. 4.1.2.3.4 Fins of 11_DEM_cut (14.06.2009, Faxaflói, Reykjavik) and DEM121 
(27.08.2009, Skjálfandi, Húsavík)  
 

  
 
Fig. 4.1.2.3.5 Fins of 19_DEM_ventiquattro (14.08.2009, Faxaflói, Reykjavik) and 
DEM115 (10.08.2009, Skjálfandi, Húsavík)  
 

   
 
Fig. 4.1.2.3.6  Fins of DEM01-06 (24.08.2006, Faxaflói, Reykjavik) and 143_DEM_base 
square (15.05.2009, Faxaflói, Reykjavik) 
 
 

The photo-ID catalogue provided by the Marianne Rasmussen comprises from 
twenty-nine individuals in 1998 to 301 different individuals in 2003 (1997–2004), 12.5% 
of which have dorsal edge marks and 87.6% of which have no major DEMs but peculiar 
fin shapes and/or body scars.  

The results derived from this analysis are 3 certain matches (Figures 4.1.2.3.7–3.9). 
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Fig. 4.1.2.3.7 Fins of LA34212021 (28.09.2004, Faxaflói, Reykjavik) and 
112_DEM_chewy’s nose (08.08.2008, Faxaflói, Reykjavik) 
 

  
 
Fig. 4.1.2.3.8 Fins of LA34212028 (28.09.2004, Faxaflói, Reykjavik) and 
106_DEM_icecream scoop (19.04.2008, Faxaflói, Reykjavik)  
 

  
 
Fig. 4.1.2.3.9 Fins of LA630901 (25.08.2003, Faxaflói, Reykjavik) and 110_DEM_kink 
(18.05.2008, Faxaflói, Reykjavik) 
 

In August 2006 one male white-beaked dolphin captured in Faxaflói bay was 
tagged with satellite transmitter in order to follow its movements and monitor sound 
production and hearing (Rasmussen et al. 2007). That individual travelled back and forth 
between Faxaflói, Breiðafjörður and the Westfjords from August to January, in one 
occasion the dolphin travelled as far as the Westman Islands (Fig. 4.1.2.3.10). When 
compared to the photo-identification from 1998–2009 and to the satellite tagged dolphin 
the photo-identification from 2006 might suggest that white-beaked dolphins in Icelandic 
waters inhabit specific coastal territories of relatively large scale, which they constantly 
scout. One of these territories might extend between the south-west and north–west coast 
of Iceland in terms of the swimming route of the tagged dolphin.  
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White-beaked dolphins seem to share with the other whales the use of the main 
whale-watching area outside of Reykjavik harbour during the all study period (April–
September inclusive), confirming findings by Magnúsdóttir in 2007. In addition to that, in 
few occasions dolphins were also re–sighted at the tip of the Reykjanes peninsula (Garður), 
which confirms previous observations on white-beaked dolphins in the south-western part 
of Faxaflói bay (Rasmussen, 1999; Salo, 2004) revealing considerable density of dolphins 
outside of Garður, although few were sighted south and southwest of the peninsula, that is 
in similar areas as the dolphins detected during the winter of 2005–2006. 

Consequently, there are at least two distinguishable and optimal feeding grounds 
within Faxaflói bay for white-beaked dolphins.  
 

 
 
Fig. 4.1.2.3.10 The movement of the tagged dolphin. The dolphin was tagged outside of 
Garður on Reykjanes peninsula. Each point represents one day. The days are 
interconnected with lines (Rasmussen et al., 2007).  
 
4.1.3 Conclusions  
 

It is feasible to use the preliminary results of this study for estimates of population 
abundance, as they represent a valid start for any future mark-recapture study in the area. 
However, some limitations have to be taken into account, such as the possibility of 
duplicates in the catalogue, the small sampling size and the opportunistic nature of this 
project. In addition, whales and dolphins that tend to be identified are those that choose to 
come over to the boat rather than the equal sampling of the whales that is attempted in 
other photo-identification studies. Another limitation is that the whales are not equally 
likely to be re-sighted as some features such as distinctive notches are easier to recapture 
(Gill, 1994). 

Opportunistic photo-identification datasets, such as the one presented here, need to 
be reviewed with caution and carefully quality controlled to produce data appropriate for 
robust population assessment (Evans & Hammond, 2004). The main limitations identified 
in the dataset were that (1) the population was not sampled evenly (i.e., data were not 
collected during every month of each year) over the time period covered, (2) most images 
were not of grade GI quality.  

The photo-identification work could be greatly enhanced if a small boat was 
available so that the photographer could be placed in a position optimal for achieving the 
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right lighting conditions and angle to the whale. A more professional photographic 
equipment and better zoom lenses (i.e. 300 mm f2.8, 300 mm f4) would also drastically 
improve the quality of photos of whales and dolphins collected so far (Currey, 2008; 
Tscherter & Morris, 2005). Obtaining underwater footage of the whales/dolphins could 
reveal the sex of some individuals which will be important for investigating the spatial and 
temporal segregation of the sexes. The recognition of individuals will enhance the study of 
feeding behaviour which can then be related to other factors such as oceanographic 
features and conditions (see 4.2 Feeding behaviour).  

In addition to providing a greater understanding of the distribution, site fidelity and 
behaviour of individual minkes and white-beaks in Faxaflói bay, comparisons of existing 
records from different coasts within Icelandic waters, and possibly with Britain and 
Canada, could be useful in the interpretation of current distributional patterns, intra-
population dynamics and the underlying behavioural ecology in coastal habitats. However, 
to determine the amount of exchange rate between these areas, more years of effort, quality 
assurance and standardisation of methodology are essential for accurate data collection and 
for achieving common standards in monitoring. One of the most critical steps is to ensure a 
common quality-grading standard. This can be achieved by restricting all quality-grading 
of the ID images to a single, experienced person, or through periodic double grading of 
images (grading by more than one person) throughout the season (Parsons, 2004). The 
compilation and continuous update of a photo-archive for recognisable minke whales and 
white-beaked dolphins in southwest Iceland provides a first step towards a more integrated 
approach to whales and dolphins in coastal waters.  

However, simple comparisons of photographic archives of individuals from 
different communities have limited power to detect low rates of translocation or temporary 
migrations that might be associated with breeding. Targeted studies of age groups likely to 
disperse or, better still, studies of genetic similarity between communities and paternity of 
calves, are likely to give a better indication of the relationship between geographically 
defined communities and the biological population(s) in European waters (Grellier & 
Wilson, 2003). 

Furthermore, with local issues such as fishing and the potential growth of whales 
and dolphin watching boat industry (Hoyt, 1995), baseline information on the residence 
and size of this group is valuable and this study highlights the need for white-beaks and 
minke whales to be acknowledged in local conservation and management initiatives.  

 

4.2 Feeding behaviour 
4.2.1 B. acutorostrata 
4.2.1.1 Foraging specializations  
 

The most complex filter-feeding strategy appears in the Balaenopteridae (rorquals 
or grooved whales) including the blue, fin, sei, Bryde’s, minke and humpbacks whales 
(Lambertsen, 1983).  

In fact, using this strategy a whale will approach a patch of aggregated prey at a 
high speed and engulf thousands of litres of water and prey, causing an enlarged ventral 
throat pouch to distend (Lambertsen et al., 1995; Goldbogen et al., 2006, 2007). While the 
mouth closes, water is pushed through the baleen (Lambertsen et al., 1995), forcing prey to 
be captured by fringes of baleen along the lingual sides of baleen plates.  

A wide range of manoeuvres associated with feeding were identified during the 
study period, giving preference to the engulfment manoeuvres.  
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However, several well known entrapment manoeuvres were also recognized and 
among them the “bubbles production” and the “underwater rolls” were the most common.  

Humpback whales exhibit distinctive similar ‘bubble production’ behaviour: they 
release large quantities of air while underwater. This behaviour creates large collections of 
bubbles and appears to sub-serve several diverse functions, including feeding (Jurasz & 
Jurasz, 1979; Watkins & Schevill, 1979; Hain et al., 1982; Croll, 2002), play (Hain et al., 
1982; Weinrich et al., 1992), and aggression (Tyack & Whitehead, 1983; Baker & 
Herman, 1984; Silber,1986).  

Reidenberg and Laitman (2007) have categorized observed bubble releases 
produced by humpback whales into two general groups based upon the gross pattern of the 
bubble clusters: (1) bubble walls (nets, streams, columns), and (2) bubble clouds. Bubble 
walls contain relatively large bubbles usually greater than 0.5 m in diameter, while bubble 
clouds consist of aggregations of smaller bubbles less than 1 cm in diameter. Bubble walls 
generally involve air release from the paired blowholes, and appear as two narrow trails of 
bubbles.  

Probably not even the same thing as the bubble-netting technique in humpback 
whales (Jurasz & Jurasz, 1979), “the bubbles” observed in this study are just a large 
amount of expelled air/water in one spot (J. Stern pers.comm.). Here comes the idea that 
whales are lunging underwater, and closing their mouths, expelling a jet of water out of 
their mouths.  

Minke whales were observed 5% of time producing bubbles and then surfacing 
after this manoeuvre. However, in a similar amount of cases (8%) individual minke whales 
were seen displaying arcs after the production of bubbles. Therefore, it has been suggested 
that the bubbles might be a tool the whales also use when they are underwater to stun the 
schooling fish followed by a strike near or at the surface (pers. observation).  

Air-breathing dolphins always produce bubbles when they expel air underwater. 
Besides bubble rings, dolphins also produce a wide variety of other bubble types. They 
occasionally emit bubble streams concurrent with vocal activity (McCowan et al., 2000).  

A similar feeding manoeuvre such as the bubble production was also observed 
among individual minke whales occurring in the St. Lawrence estuary in Québec and 
categorized as “specialists” for their ability to refine their more traditional feeding 
manoeuvres by introducing this new manoeuvre (Tscherter, pers. observation).  

Engulfment techniques were though easier to recognized due to the opportunistic 
nature of the research platform (i.e. whale-watching vessel) which allowed observations of 
the aerial manoeuvres very well.  

In fact, vicinity to the animals was essential to recognize the difference between an 
oblique lunge (30-45°) and a plunge (≤ 30°) and to distinguish manoeuvres as ‘underwater 
blows’ and ‘lateral/chin up blow’ and ‘underwater roll’. In addition, time spent observing 
the all scene was also very important in order to deeply understand the significance of each 
individual choice of a manoeuvre over another and to be able to collect data with great 
accuracy.  

Humpback whales lunge-feeding at the sea surface exhibit three kinematic modes 
that are distinguished by the orientation of the body with respect to the water surface 
(Jurasz & Jurasz, 1979) and which resemble some of the engulfment manoeuvres described 
in the present study.  

Two of these modes were termed ‘lateral lunge feeding’ and ‘inverted lunge 
feeding’ (‘ventral lunge’ in the present study) , which involved rotations about the whale’s 
longitudinal axis (roll) of approximately 90° and 180°, respectively (Jurasz & Jurasz, 
1979). Lateral lunge-feeding was also observed for blue and fin whales surface feeding on 
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euphausiids or schooling fish (Andrews, 1909; Tomilin, 1957; Watkins & Schevill, 1979; 
Gaskin, 1982; Corkeron, 1999). However, Watkins and Schevill reported that fin whales 
primarily lunged with their ventral sides down (‘plunge’ in the present study) (Watkins & 
Schevill, 1979). Underwater observations of lunge-feeding include humpbacks executing 
lateral lunges while bottom feeding on sand lance at 30·m depth (Hain et al., 1995). Blue 
whale diving behaviour combined with oceanographic data show that feeding efforts are 
primarily directed towards subsurface aggregations of euphausiid crustaceans associated 
with steep submarine canyon topography (Croll et al., 1998; Fiedler et al., 1998; Croll et 
al., 2005). Fin whales have also been observed to feed in shallow waters on sand lance 
(Bigelow & Schroeder, 1953; Overholtz & Nicolas, 1979) and herring (Nottestad et al., 
2002), but the types of feeding modes used were not reported. Gaskin (1982), who reported 
both lateral and regular lunges for fin whales off the south-western coast of Nova Scotia, 
suggested that regular lunges were generally less effective and mainly directed towards 
fish rather than euphuasiids.  

Lateral lunges involved a 90° roll to the same side on each lunge, while regular 
lunges involved no significant roll as the body reached maximum velocity. Why 
Balaenoptera roll during lunges is not known. Rotating about the longitudinal axis may 
orient the jaws in such a way as to capture prey by anticipating their escape trajectory 
(Fish, F.E. pers. comm.). Lateral lunges may also be a way to pin or drive prey against a 
barrier, such as the sea surface or sea floor.  

However, by 2008, not only did the frequency of foraging behaviours increase but a 
novel single-type manoeuvre was added in the repertoire: ‘the sharking manoeuvre’. A 
similar finding occurred among minke whales in the St. Lawrence estuary, Canada, where 
two new manoeuvres were observed from 2008, reflecting this species capability to 
respond to changing environment whereby adaptation is a key in times of stress and 
climatic change (Morris et al., 2009).   

Thomson et al. in 2003 observed in an individual minke whale using a specific 
feeding manoeuvre for the first time and each year since more individuals using it 
providing evidence that both individual experimentation and social transmission may play 
a role in developing foraging specializations in this area. This might partially explain the 
observed increase in frequency of ‘sharking manoeuvres’ used from 2008 to 2009. 

Lateralised behaviour has been studied in several different nonhuman species, but 
not in minke whales. Hoese (1971) found a strong preference for rightside- down 
orientation among bottlenose dolphins (Tursiops truncatus) that feed by chasing prey and 
temporarily stranding themselves on shoreline banks. Levermann et al. (2003) indicated a 
predisposition of walruses for the use of the right front flipper during feeding. 
Additionally, Clapham et al. (1995) examined jaws of humpback whales (Megaptera 
novaeangliae) and noted that 80% showed abrasion on only the right jaw. 

Special attention has been given to observe manoeuvres in lateral plane (i.e. lateral 
arcs) when the whale lies on the right (RSD) or left side (LSD) and manoeuvres in ventral 
plane (i.e. ventral arcs) and found out that in both years lateral arcs showed a strong 
preference to the right was observed (2008: RSD=91.6%; 2009: RSD=95.6%).  

Koster and Tscherter (2006) clearly demonstrates the minke whales’ preference for 
right side in all three examined manoeuvres (lateral arc, ventral arc and rolls) whilst 
surface feeding in the St. Lawrence Estuary. Clapham et al. (1995) suggested that the 
behavioural lateralisation is possibly related to an asymmetry of function in the brain. 
Lynas and Sylvestre (1988) advanced the idea that when a whale is already in a lateral 
position while circling, lateral or ventral lunge are faster and more efficient means of 
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engulfment. They also propose that the ventro-dorsal position (white above, dark beneath) 
also may make the striking more difficult to the prey to detect.  

The high drag required to expand the mouth during lunge feeding dissipates the 
kinetic energy of the body, bringing the body practically to a halt. As a result, each lunge 
requires acceleration from rest and therefore comes at a high energetic cost. This appears 
to be the reason why lunge-feeding is so costly and thus limits dive time (Goldbogen, 
2009). Blix & Folkow (1995), however, considered that minke whales do not show any 
difference in energy expenditure between lunge-feeding and cruising. 

Although it seems that lunge-feeding is accompanied by an energetic cost for all 
rorquals, the relative magnitude of this cost may vary according to differences in 
morphology, behaviour and mechanical scaling effects (Goldbogen, 2009). A recent study 
(Cooper, 2008) also discovered that in minke whales the flippers play an important role in 
orienting the body during feeding manoeuvres as they maintain trim of the body, an action 
that counters drag-induced torque of the body during water and prey intake.  
 
4.2.1.2 Individual surface-feeding strategies 
 

The dominant foraging strategy used by minke whales in Faxaflói bay involved the  
collection of small shoaling fish - most of the time with presence of multi-species flocks of 
seabirds - which were most likely sandeels (Ammodytes sp.), at the air/water interface 
using a sequence of entrapment manoeuvres followed by a feeding strike at or near the 
surface. 

The foraging behaviour of 26 individually recognizable minke whales was reported 
during the study period suggesting the possibility of identifying individuals of this species 
during feeding bouts. This type of study has been most recently conducted in the Saguenay 
River, Québec, Canada, a relatively confined feeding ground to which several well known 
individuals return annually and for which identified individual a description of the general 
surface feeding strategies and manoeuvres is available (Thomson, 2003). 

Studies of baleen whale foraging behaviour in the North Atlantic have anecdotally 
suggested that individuals using the same strategy may show consistent preference for a 
particular, smaller-scale feeding technique (Lynas & Sylvestre, 1998; Weinrich et al., 
1992) . However, quantitative evidence to support this suggestion is lacking because of the 
challenges inherent in conducting fine-scale, long-term behavioural studies of known 
individuals in the wild. It has been suggested that the choice of feeding technique(s) an 
animal makes reflects in part is individuality.  

In the present study, only 3 individually recognized minke whales were recorded 
feeding and their manoeuvres were recorded both years. Only one individual of these three 
(166_DEM_cindy yr) was observed displaying the same behaviour (ventral arc–lateral arc) 
although the chosen manoeuvre was displayed in different body planes from one year to 
the other.       

But inclination appears to give way to need quickly enough when the situation 
demands (Lynas & Sylvestre, 1988). This is well illustrated by the behaviour of individual 
160_DEM_need you so bad, which performed both ventral and lateral arcs accompanied 
by the bubble blowing entrapment manoeuvre in 2008. Observed in a second occasion in 
2009 the animal did instead perform the ‘sharking technique’. The same pattern was 
observed for the individual 159_DEM_benny, which varies its manoeuvre used the 
following year (plunge in 2008 to lateral arc in 2009). However, the efficiency of one of 
these manoeuvres over another is still unclear.   
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4.2.1.3 Competition and cooperation 
 

Inter and intra-specific competition is known to affect the occurrence and 
abundance of different species within a habitat (Bearzi, 2005). During the present study, 
minke whales were never observed actively interacting with any other cetacean species 
although sightings were recorded on humpback whales, white-beaked dolphins and 
harbour porpoises within 100 m from each other.  

Given the similar dietary preferences of minke whales (sandeel predominant prey in 
the south-western area) compared to dolphin (sandeel, haddock, cod and pollock) 
(Sigurjónsson et al., 2000; Rasmussen & Miller, 2002; Víkingsson & Ólafsdóttir, 2004) 
inter-specific food competition between these species could be plausible. In addition, more 
recent studies on minke whale diet revealed that the diet composition changed from 
predominantly sandeel prey to herring and gadids from 2003-2007 (Víkingsson et al., 
2009; Víkingsson & Elvarsson 2010). Moreover, harbour porpoise diet seem to overlap 
with the minke whale so there is a possibility that these three species compete for the same 
food out in Faxaflói bay (Víkingsson et al., 2003).   

On the contrary, humpback whales might actually be feeding on similar prey 
species introducing competition for food in the area (Stevick et al., 2006). However, only 
4.4% of times minke whales were observed feeding in the vicinity or in presence of 
humpback whales.  

From spring to summer months (especially in July and August) it was observed an 
increment in number of minke whales involved  in each feeding bout, with average of 2 
individuals in spring up to 5-10 individuals in summer. This might suggest that a sort of 
cooperation among individuals takes place especially when several minke whales are 
observed feeding on the same school of fish. This explains the difficulties encountered in 
identifying individuals and correlate them with a specific feeding manoeuvre during 
feeding bouts, resulting in only 8.7% identifications of minke whales and their feeding 
strategies during the present study. A similar suggested ‘collaborative behaviour’ among 
minke whales is observed in the St. Lawrence estuary where several individuals are 
regularly observed feeding in groups (Tscherter pers. observation).   
 
4.2.1.4 Correlation between whale behaviour, prey occurrence 
and environmental conditions 
 

Minke whales are present in Faxaflói bay throughout spring and summer, the main 
feeding season for baleen whales. During this period, their distribution changes, and this 
may be a response to changing prey availability. The minke whale diet is flexible, varying 
spatially and temporally. A strong correlation exists between prey availability and minke 
whale diet (Haug et al., 1995a,1995b; Tamura & Fujise, 2002). Consequently, the 
distribution of feeding whale sightings might compare well with the expected inferred 
distribution of sandeels during the spring and summer months.  

Sandeels are a schooling fish, are of high calorific value (Hislop et al., 1991) and 
are eaten by a range of marine predators. Sandeels burrow into the seabed from October to 
early April, with the exception of a short period between December and January when they 
emerge to spawn. Sandeel distribution is restricted by their dependence on suitable 
settlement grounds and the most favourable sediments include clean, coarse sands or fine 
gravel (Reay, 1970). In the North Sea, Ammodytes marinus is most abundant in depths of 
20 to 40 m (Macer, 1966). During April and May, 1-group and older sandeels emerge from 
the seabed to feed in the water column. They retreat to the sediment as a form of defence, 
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which binds them to the sediments from which they emerged. The 0-group sandeels 
disperse over wider areas than the older age classes (P. J. Wright pers. comm.). Therefore, 
during spring and summer months, sandeels form large schools in the water column during 
daytime and they are therefore available as prey to minke whales, while they bury 
themselves into the substratum at night (Fig. 4.2.1.4.1).  
 

 
 
Fig. 4.2.1.4.1 School of sandeels taken in Faxaflói, summer 2008. 
 
In few occasions during this present study, sandeels were seen swimming at the 

surface in large groups and sometimes even jumping out of the water followed specific 
feeding manoeuvres. Only these cases allowed for confirmation that minke whales were 
feeding on sandeels.   

Relevant feeding grounds for minke whales at the south-west coast have been 
located, where one is within the study area close to Syðra-Hraun and the other one close to 
Garður both within Faxaflói. Both areas are relatively shallow and fairly rich in bottom 
dwelling fauna and fish species found at the bottom as well as in the water column (pers. 
observation).  

Sandeel, capelin, cod and herring the predominant prey species found in the 
stomach contents of B. acutorostrata analysed in Icelandic waters  (Víkingsson & 
Ólafsdóttir, 2004; Víkingsson 2004, Sigurjónsson et al., 2000, Víkingsson & Elvarsson 
2010), some of which are widespread in the study area.   

A strong correlation between occurrences of minke whales a certain sediment type 
and water depth were also found. For example, minke whales off the Mingan Islands in the 
Gulf of St. Lawrence were sighted more frequently over sand dunes, where their two main 
prey items, sandeels and spawning capelin, were abundant (Naud et al., 2003). In addition, 
minke whales’ distribution and occurrence off the Isle of Mull, Scotland seem as well to be 
quite dependent on mixture of gravel/sand seabed sediment, suitable sediment type for 
sandeels (MacLeod et al., 2004).  

In the majority of all cases in Icelandic waters depth showed a negative trend 
especially for minke whales indicating a preferential occurrence for shallower waters 
(Cecchetti, 2006), although this variables was not found to be significantly correlated with 
whale distribution. However, a significant correlation with shallower waters was expected 
to be found. Minke whales have been reported in various studies occupying near-coastal 
habitats of shallower waters and rarely in deeper waters (Weir et al., 2001).  
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In the present study, no significant correlation was found between the distribution 
of feeding bouts and water depth, but the area considered included only coastal waters of 
the inner continental shelf and the relatively low differences in depth ranges may have not 
played a critical role in describing correlations between depth parameter and whale 
distribution.  

The majority of the studies investigating cetacean occurrence with respect to 
physiographic variables, have been conducted in areas of a larger spatial scale comprising 
the continental shelf and the continental slope. Thus a more likely significant correlation 
might have been found among depth classes and cetacean occurrence. 

A link between sandeel distribution and other marine predators has been 
established, including the common guillemot (Uria aalge) (Wright & Begg, 1997), the 
humpback whale (Payne et al., 1986) and the fin whale (Overholtz & Nicolas, 1979). 

The only non-fixed parameter (SST) was found having influence on distribution of 
feeding bouts when minke whale were involved. The sea surface temperature revealed to 
possibly be a parameter having significant effect on occurrence of minke whale during 
feeding bouts in both years and in 2008 this was also confirmed for minke whales feeding 
in presence of white-beaked dolphins.  

Minke whales in the north of Iceland (Cecchetti, 2006) were found associated with 
higher sea surface temperature ranges. The reason for such correlation might be due either 
to a real preference of these whales for warmer waters or to an indirect association. Tetley 
(2004) found a positive correlation between minke whales and sea surface temperature in 
the Moray Firth, Scotland. Minke whale encounter rates increased with increasing of sea 
surface temperature during July, August and September. 

While mysticetes wintering in breeding grounds have been described as positively 
related to warmer waters (Martin et al., 1984; Keller et al., 2006) for understandable 
biological constraints, i.e. necessity of suitable temperature for calving, such relationship 
appeared not to be significant in feeding grounds and where it was found (minke whales) 
reasons underlying such correlation appear not yet clear.  

A shift in the spatial and temporal distribution of feeding minke whales was 
apparent within the whale-watching area, in the waters of Faxaflói bay with a very 
different situation observed during both research seasons.  

Generally minke whales started feeding later during summer 2008 with the majority 
of feeding bouts recorded in July and August contrary to the 2009 field season when minke 
whales were observed feeding already in May. Both years whales confirmed their 
preference for Sydra-Hraun as the main feeding ground.  

A more scattered distribution of feeding bouts was recorded in 2008 in comparison 
to a highly concentrated area in 2009. The Garður area was surveyed only few times during 
the present study and primarily due to bad weather conditions occurring in the main whale-
watching area. However, this brought us to confirm the discovery of this favourable second 
feeding spot for minke whales in Faxaflói bay (Magnúsdóttir, 2007).  
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4.2.2 L. albirostris  
4.2.2.1 Seasonal and daily surface feeding cycles  
 

White-beaked dolphins are present in Faxaflói bay all year round (Magnúsdóttir, 
2007), but were observed in the whale-watching portion, in the study area, mainly spring, 
early and late summer. Additionally, behavioural data presented here reveal the importance 
of Faxaflói bay waters for feeding white-beaked dolphins, with 34.5% of the behavioural 
budget attributed to foraging alone.   

A higher number of 1-min samples of white-beaked feeding sightings was recorded 
during both months of June and July (n=6, 37.5%) for the year 2008. On the other hand, in 
2009 the month of May had the same amount of samples (n=3, 42.9%) followed by June 
(n=2, 28.6%). In addition, dolphins exhibited a daily feeding cycle as well. Surface feeding 
activity was mainly recorded during the ‘early afternoon’ (from 13-16 hr) during both 
research seasons (considering solely surface feeding sightings). However, considering all 
sightings (including travelling and socializing), it is during the ‘evening tours’ (17-20 hr) 
that feeding bouts were recorded the most in 2008 (n=6, 33.3%) and during the ‘early 
afternoon’ in 2009 (n=5, 38.5%).  

These results partially confirm Rasmussen findings in 1999 (2001), with feeding 
occurring in the morning, noon and afternoon tours. The highest numbers of observations 
were seen in the afternoon, but also most sightings were seen in the afternoon. The highest 
percentage was during morning hours (21%) , as well as the high percentage frequency of 
feeding sightings occurring during the ‘early afternoon hours’ (14%).  

The observed high frequency of feeding bouts during the ‘early afternoon’ hours in 
2008 might be related to a shift in availability of prey in the bay from 1999 to 2008, 
possibly related to a change also in nutrients and water temperature. It has to be added that 
observations made by Rasmussen in 1999 were only collected from the portion of Faxaflói 
bay closer to the Keflavík area, while the present study was carried out within the whale-
watching area outside of Reykjavik.  

 
4.2.2.2 Relationships of group sizes, feeding and aerial 
behaviour 
 

There is a substantial range in observed group sizes for white-beaked dolphins in 
Faxaflói bay (range 1–50 individuals; mean=7.3, median=4.0, SD=8.04 in 2008; 
mean=5.4, median=5, SD=3.33 in 2009). The results of this study are similar to the 
findings from previous studies, mainly from the North Sea, imply that white-beaked 
dolphins are generally observed in relatively small groups of less than 10 animals, often 3–
6 animals (Evans 1980; Weir et al. 2001; Weir et al. 2007; Hammond et al. 2002; 
Víkingsson & Ólafsdóttir 2005; Canning et al. 2005).  

However, these numbers are reciprocally much lower than the average group size 
of L. albirostris sighted in whale-watching tours in 2004–2006, counting frequently above 
10 animals (Magnúsdóttir, 2007), proving to be more consistent with results from earlier 
years (Rasmussen, 1999; Salo, 2004). A significant difference seems to occur between 
behaviour and group size in white-beaked dolphin occurring in Icelandic waters 
(Rasmussen, 1999), where a small group size is observed when white-beaked dolphins are 
travelling (2–5 individuals), a larger group size when they are feeding (10–15 individuals) 
and finally a largest group size when they are socializing (30–100 individuals) or 
socializing and feeding (30–100 individuals).  
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The results of this study, focusing solely on foraging sightings, are similar from 
previous studies. In fact, the current results find white-beaked dolphin group size during 
feeding bouts to be larger especially considering the year 2009 (2008: range 3-11 
individuals; mean=5.1, median=4.5, SD=1.98; 2009: range 3-50 individuals; mean= 11.3, 
median=3.0, SD=17.38).  

As suggested by Würsig & Würsig, (1980), group sizes are more often larger 
during the surface feeding season. It is also possible that more dolphins are more efficient 
at herding and maintaining the fish school as a tightly clustered unit against the water 
surface. As an alternative explanation, it might be assumed that the small groups stopped 
feeding after brief periods because individuals are satiated. 

Some authors have suggested that predation may be responsible for increased group 
sizes in dolphins (Norris & Dohl, 1980; Norris & Schilt, 1988; Scott & Cattanach, 1998). 
However, the low numbers of scars inflicted by sharks on identified individuals (Bertulli et 
al., 2009) and the low number of predators observed at the surface in the study area 
suggested that predation pressure was not a major factor in determining group size.  

Behavioural data collected for white-beaked dolphins in Faxaflói bay during the 
present study were similar to those reported for previous years (Rasmussen, 1999). In both 
studies, white-beaked dolphins spent a fairly low amount of time feeding. In fact, feeding 
activities were observed 32.5% of the time from 2008-2009 in Faxaflói bay and 12% in 
1999. Different methodologies and definitions probably account for some of the 
differences in behaviour recorded in the two areas.  

The relatively high proportion of accompanied behavioural states such as travel and 
milling across both seasons is likely to have been related to a year-round occurrence of 
prey. In fact, although feeding at the surface was observed occasionally, the rather large 
amount of time spent travelling may have been related to food searching or feeding 
activities not directly observed by the researchers (Bearzi, G. et al., 1999). The 
significantly greater amount of travel recorded during the year 2008  for the study area 
may have been linked to an increased need to forage for prey, which had become more 
patchily distributed during that year or imply due to bias introduced by different and 
sometimes inexperience observers recording behaviour in 2008.  

In accordance with Würsig and Würsig (1980), a cooperative feeding strategy 
requires complex social signs and language repertory to communicate with nearby 
conspecifics. The forms of communication used could be: noisy leaps, underwater sounds 
or vocalization, and high leaps, to visually locate the swarm. This also requires a good 
knowledge of several items including prey aggressive and defensive behaviour, habitat and 
seasonal movements, the depths and bottom configuration and neighbouring land masses 
(Gallo Reynoso, 1991).  

In the present study so defined ‘noisy leaps’ were observed both seasons (leap, 
breach, back breach, inverted leap, tail-slap and head-slap’) although a wider range of 
these behavioural events per feeding bout was recorded during the year 2009. In addition, 
as Lusseau suggested (2006), percussive behaviours seem to carry motivational or 
intentional information. Lobtailing (‘tail-slapping’ in this study) for example could be 
related to Herzing’s hypothesis (2000) and used to seek attention. An individual may be 
able to transfer information non-vocally about the direction to take by attracting the 
attention of others that in turn can observe the direction in which the lobtailing animal is 
heading.  

Side-flops and upside-down lobtailing are also found to be usually performed by 
one individual from the school. Since both behaviours are strikingly related to changes in 
the school’s behavioural state (e.g. start/stop a socialising, resting or diving bout), it 
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implies that the change in behavioural state is led by only one or few individuals. 
However, these cues were not always used to terminate or initiate a behavioural bout 
(Lusseau, 2006).  

Last, it is possible that dolphins used these non-vocal signals when vocal signals 
would have been disadvantageous (e.g. non-intentionally alerting prey, predators or 
conspecifics). For example, transient killer whales (Orcinus orca) are much less vocal than 
resident killer whales because their primary prey (marine mammals) are able to detect their 
vocalisations (Deecke et al., 2002; Ford et al., 1998). If a school needs to synchronise its 
activity but cannot communicate the timing of this synchronicity vocally, non-vocal cues 
are good alternatives, despite probably being energetically more expensive. Therefore, it is 
possible for individuals to convey information to their nearest neighbours by using these 
behaviours rather than vocalisations.   

Würsig and Würsig observed (1980) that noisy leaps (leap, backslap, headslap, 
tailslap, head-over-tail and spin), which started at some point before the fish school 
appeared, continue throughout surface feeding. These leaps occurred on the periphery of 
feeding bouts. This may be because breaching directly into the fish school would certainly 
not be of advantage in keeping it tight against the water surface. As well, it may serve to 
keep fish from escaping, and thus may be an acoustic or vibration "netting" effect. 
Dolphins would be seen tail-slapping rapidly (2–3 slaps/s) while moving in a tight circle 
around feeding bouts, and this action may further serve to keep fish from escaping (it has 
been described by Norris and Dohl (1980) and labeled "motorboating"). The splashes of 
noisy leaps create an underwater omni-directional sound which may actually serve to 
frighten fish and cause them to school more tightly.  

In addition, feeding competition has been observed in Faxaflói. In one instance, it 
was observed one individual which had a fish in its mouth being actively pursued (chased, 
pounced and bitten) by two other individuals. Fresh open wounds were visible on the 
flanks of the attached dolphin. This was also the only occasion in which fish was observed 
during a feeding bout.  
 
4.2.2.3 Competition and cooperation  
 

Inter-specific competition is known to affect the occurrence and abundance of 
different species within a habitat, although within sympatric dolphin populations, resource 
partitioning is often evident (Bearzi, 2005). 

White-beaked, minke and humpback whales are known to possibly overlap in their 
distribution within the whale-watching area in Faxaflói bay during spring and summer 
months. 

Given the different dietary preferences of white-beaked (mainly haddock, cod and 
Pollock and sandeel) compared to humpbacks (euphausiids and capelin) (Rasmussen & 
Miller, 2002; Víkingsson & Ólafsdóttir, 2005; Stevick et al., 2006), inter-specific food 
competition between these species is likely avoided. However, white-beaked dolphins were 
reported 30% of time to interact with humpbacks during feeding bouts. In these occasions, 
dolphins were observed clearly behaving as feeding on same prey species with the 
humpbacks although no footage was collect to identify the source of food neither 
underwater cameras were available to confirm or reject the hypothesis of 
competition/cooperation between the two species.  

Direct physical interactions between white-beaked dolphins and minke whales were 
not observed during the present study, although a similar diet between the two species (cod 
and sandeel dominant fish prey in the south-western area) could suggest a possible 
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competition for food in the area (Sigurjónsson et al., 2000; Víkingsson & Elvarsson 2010, 
Rasmussen & Miller, 2002).  
 
4.2.2.4 Distribution of dolphins in relation to physiography and 
prey in Faxaflói bay  
 

A drastic decrement of sightings of white-beaked dolphins was observed with about 
the half of number of L. albirostris recorded in 2009 compared to the previous season 
(2008: n=124, 30.5%; 2009: n=64, 13.9%).   

However, white-beaked dolphins did occur at both the lowest temperatures in 
spring (~7°C) and at the highest temperature recorded during the summer months (~13°C) 
during both research seasons (Fig. 4.2.2.4.1). In particular, neither SST nor depths seem to 
have significant effect on presence of foraging dolphins during both years.  

MacLeod et al. (2008) found out that temperature is important in determining the 
relative distribution of this species, concluding that the range of the white-beaked dolphin 
might be expected to contract in response to increasing sea temperature resulting from 
global climate change. Additionally, a study based on the Aberdeenshire coast (Weir et al., 
2007), reported as well a significant effect of sea depth on presence of this species.  In 
contrast, Canning et al. (2008) found slope and aspect to be more important parameters, 
characterized by a predominantly sandy seabed, with relatively shallow water depths. 
Significant effects of depth, seabed slope and aspect on dolphin presence may indicate that 
white-beaked dolphins favour particular locations.  
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Fig. 4.2.2.4.1 Graphs showing the variation in SST (°C) measured at Reykjavik harbour in 
2008 and 2009 (© www.hafro.is).  
 

Behavioural data presented here reveal the importance of Faxaflói bay waters for 
feeding white-beaked dolphins, with 37.1% of the behavioural budget attributed to 
foraging alone.   

In fact, important feeding grounds for white-beaked dolphins at the south-west 
coast have been located, where one is within the study area close to Syðra-Hraun and the 
other one close to Garður both within Faxaflói. Both areas are relatively shallow and fairly 
rich in bottom dwelling fauna and fish species found at the bottom as well as in the water 
column (pers. observation). 

Cod , mackerel, capelin, sandeel, saithe, plaice, flounder, whiting, haddock and 
dab, the predominant prey species found in the stomach contents of L. albirostris analysed 
in Icelandic waters  (Víkingsson & Ólafsdóttir, 2005; Sigurjónsson & Víkingsson, 1997), 
are sll widespread in the study area, suggesting that the dolphins may be following prey 
rather than targeting specific habitats.  For example, as Magnúsdóttir (2007) discovered by 
monitoring L. albirostris in 2006, the gathering of this species herds at the south-west coast 
of the Reykjanes peninsula around February are very likely affected by a multitude of 
spawning capelin (Mallotus villosus) migrating towards the south and southwest coast of 
Iceland.   

A shift in the spatial and temporal distribution of feeding white-beaked dolphins 
was apparent within the whale-watching area, in the waters of Faxaflói bay with a very 
different situation observed during both research seasons.  

In fact, in the year 2008, dolphins were seen feeding only during summer months 
(June-August) close to eastern part of Sydra-Hraun. On the contrary, in 2009 animals were 
spotted feeding also during spring months, especially in May, both on the Keflavík coast 
and on the northern part of Sydra-Hraun.  In summer, dolphins confirmed their preference 
for the underwater lava field as a feeding ground. 

In 2008 dolphins sightings were closer to coast only during the months of June and 
a higher concentration of feeding bouts on the eastern part of Syðra-Hraun during the 
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months of June-August. A more scattered distribution of feeding bouts was recorded in 
2009. In fact, dolphins were sighted feeding in a second area (Garður, in the Keflavík area) 
and never as close to the Reykjavik coast as in 2008.  

During spring months (May) in 2009, white-beaked dolphins were distributed very 
far from the coastline and mainly around the northern part of Syðra-Hraun. The coastal 
areas of Keflavík were also covered with some whale-watching tours, resulting in the 
identification of areas where dolphins were found feeding. However, no confirmation in 
the distribution of feeding bouts observed in 2008 was found the following year, primarily 
due to the very limited amount of foraging sightings recorded. A totally different pattern 
was observed when both species were seen feeding together, with distribution mainly 
around Syðra-Hraun in 2008 and a closer to the Reykjavik coastline during summer 
months (June-August) in 2009.  
 
4.2.3 Conclusions  
 

The Faxaflói bay is a marine environment where minke whales and white-beaked 
dolphin concentrate in high numbers during the spring and summer months.  

The whale-watching area within Faxaflói bay has been found to be a very 
favourable feeding ground for both species and an optimal place where to collect 
behavioural data, although some limitations have to be taken into account such as the small 
sampling size and the opportunistic nature of this project. In addition, whales and dolphins’ 
behaviour that tend to be recorded and described is of those individuals that choose to pass 
by the whale-watching route rather than the equal sampling of the whales and dolphins that 
is attempted in other behavioural studies. Another limitation is that the whales and 
dolphins are not equally likely to be sighted as individual minke whales and/or pods of 
white-beaked dolphins which show a more positive response to the presence of a whale-
watching vessel are easier to record. 

The work could be greatly enhanced by using a research vessel which would allow 
to cover a wider area and therefore refine the present preliminary findings in term of 
individual minke whales and white-beaked dolphin habitat use and distribution in relation 
to environmental parameters. Moreover, the chance to investigate a larger area of Faxaflói 
bay would enable us to identify other possible feeding zones where whales and dolphin 
might occur where they are not sighted in the main whale-watching area. 

Time limitations would be also highly reduced by using a research vessel whose 
aim is to collect research data allowing researchers to stay for an unlimited amount of time 
with a focal animal. During dolphin sightings it could be therefore possible to study the 
length of feeding bouts in relation to the time of the day and to the size of each pod of 
dolphins (Würsig & Würsig, 1980) which relation wasn’t possible to investigate during the 
present study. 

Obtaining underwater footage of the whales/dolphins could reveal the sex of some 
individuals which will be important for investigating the spatial and temporal segregation 
of the sexes. The recognition of individuals will enhance the study of feeding behaviour 
which can then be related to other factors such as oceanographic features and conditions. 
Additionally, to examine the body mechanics of minke whales during foraging dives it 
could be possible to attach high-resolution digital tags, equipped with a hydrophone, a 
depth gauge and a dual-axis accelerometer, to the backs of surfacing minke whales as it 
was done in the Southern California Bight with fin whales (Goldbogen, 2006). Improving 
our knowledge of the behaviour and ecology of the minke whale and white-beaked 
dolphins would also help to ensure its conservation and welfare. 
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In addition to provide a greater understanding of the behaviour of individual 
minkes and white-beaks in the Faxaflói bay, comparisons of existing records from different 
coasts within Icelandic waters, and possibly with Britain and Canada, could be useful in 
the identification and in the understanding of behavioural budget, feeding manoeuvres and 
association with other cetacean and avian species.  

Small-scale studies can be used to better understand the behaviour of coastally-
occurring cetaceans such as B. acutorostrata and L. albirostris in our inshore coastal 
waters. Such an understanding is necessary for the focus of conservation measures, to 
mitigate detrimental human impacts such as over-fishing, disturbance by shipping, by-
catch and whaling, for example, in these areas, and to identify times and areas of special 
significance for these animals and measure the effectiveness of existing management 
actions. 

 
 

4.3 Birds association 
 

Although seabirds are mobile species and do not restrict their presence to a specific 
area (Bonnell & Dailey, 1993), this preliminary study attempts to provide an overview of 
seabird occurrence and distribution in Faxaflói bay, both in presence and absence of 
feeding cetaceans.  

The occurrence of seabirds in the study area was recorded using whale-watching 
vessels surveying the coastal area of Faxaflói, outside of Reykjavik. Seabirds, like other 
top predators, are known to concentrate where ocean productivity is high (Bonnell & 
Dailey, 1993); biologically Faxaflói bay is a highly productive area (Stefánsson & 
Guðmundsson, 1978) representing rich foraging ground for different species.  

The distribution of minke whales and white-beaked dolphins along the south-
western coast of Iceland associates with many different species of seabirds. Of the seabirds 
occurring in Faxaflói bay during feeding bouts, gulls (subfamily Laridae, genus Larus and 
Rissa) and alcids (family Alcidae, genera Fratercula, Uria and Alca)  were the most often 
observed during the two-year study period, followed by northern gannets, arctic terns and 
fulmars. This data is in accordance with other studies conducted at a larger scale in the 
North Atlantic (Evans, 1982; Gill et al., 2000; Robinson & Tetley, 2007).  

However, S. bassana and S. artica’s occurrence has been changing the most during 
both years of study. In fact, gannets were fourth moth sighted species in 2008 (8.1%) while 
their occurrence dropped down to 1.3% in 2009. Same occurred to the arctic tern which 
were used to be less frequent in 2008 (0.4%), becoming much more frequently sighted 
around feeding cetaceans in 2009 (7.0%). These data might be a reflection of the status of 
the main stocks of prey. In fact, as Vigfúsdóttir (2009) discovered, the diet of the Northern 
Gannet Morus bassanus, 8% of which breed in Iceland, showed a change in diet in 2004 to 
2007 reflecting a much larger herring stock, a crash in the sandeel stock between 2005 and 
2006 and a heavy influx of mackerel into Icelandic fishing grounds in 2006 and 2007. A 
possible explanation for the large change in abundance of arctic terns might be also 
explained by a variation in the occurrence and abundance of certain fish species in Faxaflói 
bay.  

The number of birds (n=27666 in 2008, n=26597 in 2009) which participates in 
these associations (n=139 in 2008, n=184 in 2009) varied quite much, with an average of 
199.0 individuals in 2008 and 144.5 in 2009. This reduction in the number of birds 
between these two years of study could be related to a different series of factors, such as 
the capacity of birds of learning to use this foraging technique, a different bird population 



 112 

size related to the abundance of food in both years (i.e. a reduction of fish and an parallel 
increase in the fishing industry), or simply related to a change in observers (in charge of 
counting birds) over the period of study. In the meanwhile, it is not possible to assess 
which are the exact variables affecting our results in the present study.  

Associations between a wide range of seabirds and marine mammals have 
frequently been reported in mammals and are known to serve various functions including 
among others, increased predator protection and foraging opportunities (Harrison, 1979; 
Evans, 1982; Duffy, 1983; Skøv et al., 1995; Camphuysen & Webb, 1999; Stensland et al., 
2003). In these foraging associations more commonly seabirds seem to take advantage of a 
temporary food source created by cetaceans (or pinnipeds) trapping live fish or plankton 
against the surface (e.g. Gallo Reynoso, 1991; Grebmeier & Harrison, 1992; Bräger, 1998), 
or a possibility for the birds to scavenge on injured or dead prey left by feeding cetaceans 
(Evans, 1980). On other occasions, birds and cetaceans may simply be attracted to the 
same resource without interacting with each other (Pierotti, 1988), and probably in rarer 
cases, cetaceans might take advantage of the feeding activities of seabirds, especially for 
locating prey (Evans, 1980; Pierotti, 1988).   

Birds participating in the flocks have been assigned by other authors to several 
functional groups: auks (puffins, guillemots and razorbills) pursuit the fish underwater and 
drive the school of fish up to the surface. They have therefore been referred to as 
‘initiators’, ‘producers’ and ‘divers’ (Hoffman, 1981; Chilton, 1987; Camphuysen & 
Webb, 1999; Anderwald, 2009; Fedutin et al., 2009).  

Diving birds, such as auks, may also play an essential role in the creation of bait 
balls at the water surface as observed in the Moray Firth where schooling mackerel is 
considered to be however the principal force in the aggregation of targeted schooling fish 
(Robinson & Tetley, 2007).   

When the fish is put available at the surface, ‘nuclear’ species, ‘catalyst’ and 
‘dippers’ are occurring and discovering the source of food. They are highly visible birds 
that other birds watch and follow to food sources. Due to their bright white plumage, 
flocks of kittiwakes, arctic terns and glaucous gulls are very conspicuous to other birds 
even from a great distance (Sealy, 1973; Hoffman, 1981; Chilton, 1987; Anderwald, 2009; 
Fedutin et al., 2009). On the other hand, larger gulls such as Larus spp. tend to appear last 
in these aggregations, placing themselves on top of the fish-shoal and thus blocking access 
to it to the smaller kittiwakes. These species were therefore identified as ‘joiners’, 
‘suppressors’ (Hoffman, 1981; Chilton, 1987; Camphuysen & Webb, 1999; Anderwald, 
2009) due to the tendency of feeding groups to break up soon after the gulls arrived.  

In addition, manx shearwaters and northern gannets have been considered as 
‘suppressors’ and ‘pursuit plungers’ in the present study. In fact, they have the role of 
reducing the effective prey availability by driving down or reducing the prey concentration 
(Hoffman, 1981; Camphuysen & Webb, 1999; Anderwald, 2009; Fedutin et al., 2009). 
Manx shearwaters were also classified as “joiners” by Camphuysen & Webb (1999), but 
with no negative effect on the other species present, in contrast to the large gulls. In the 
broad spectrum of diving behaviour exhibited by seabirds, gannets can be considered to be 
at an intermediate position between surface feeders such as gulls and wandering 
albatrosses (Diomedea exulans) (Prince et al., 1994) and deep divers such as penguins and 
auks (e.g. Burger, 1991; Wilson, 1991).   

 Last is the group of ‘kleptoparasytes’ such as skuas (both arctic and great) and 
fulmars steal food from other flock members.   

The occurrence and ability to find food of some of these species in feeding groups 
is restrained to (1) wind speed and direction and precipitation affecting flight, (2) cloud 
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coverage, precipitation, clarity of water and turbidity of water affecting their ability to see 
and capture their prey, (3) weather effects on prey behaviour and distribution (Dunn, 1973; 
Taylor, 1983; Sagar & Sagar, 1989; Schreiber & Burger, 2002). In addition, birds are also 
observed feeding in close vicinity of their nesting site depends on the distance from 
breeding colonies (Grebmeier & Harrison, 1992). Wind speed, therefore, can constrain the 
foraging success of terns by reducing the transparency of the water surface and hindering 
prey detection and also possibly by over-proportionally increasing the energetic costs of 
flying at higher wind speeds (Bräger, 1998). Sagar and Sagar (1989) found that increasing 
wind speed significantly reduced capture rates and feeding success in Antarctic Terns 
(Sterna vittata). In the European Wadden Sea, Common Tern (Sterna hirundo) chick 
mortality was positively correlated with wind speed due to reduced food provisioning by 
the adults (Becker & Specht, 1991). Hence, feeding associations at low wind speeds are 
likely to improve the hunting success of the terns.  

To conclude, each bird seems to cover a certain role in these multi-species feeding 
associations. Thus, it might be possible to discuss and analyse our findings about the 
foraging relationship between whales and seabirds, as well as the whales’ foraging 
strategies.  
 
4.3.1. B. acutorostrata   
 

It seems clear that individual minke whales in pursuit of prey have at their disposal 
at least two foraging strategies such as the lunge feeding or “patch fishing” and bird-
association feeding or “line fishing”, both observed during the study period. However, a 
clear preference was given to the use of the bird-association feeding strategy which was 
predominantly observed during both 2008 and 2009 seasons.  

In Icelandic waters, a foraging association was observed between fourteen species 
of seabirds and minke whales, most frequently involving common guillemots, razorbills, 
puffins, kittiwakes, Larus spp., gannets and arctic terns. They all share the same diet with 
minke whales such as sandeels, capelin, herring, mackerel and cod (Evans, 1980). 

All these species have been already observed interacting with foraging minke 
whales by other authors for example in the coastal waters of the Isle of Mull, in the outer 
coastline of the Moray Firth and in the small Isles in west Scotland (Gill et al., 2000; 
Robinson & Tetley, 2007; Anderwald, 2009).  

In the study area these bird-foraging associations were recorded 38.9% in 2008 and 
41.3% in 2009 of the total amount of sightings recorded per year, results that are in 
accordance with Gill et al. in 2000, who observed foraging associations between B. 
acutorostrata and seabirds 34% of all sightings and Anderwald (2009) with 39.5%. Results 
recorded in Moray Firth show that the bird-associated feeding was observed 76% of all 
foraging cases (Robinson & Tetley, 2007). Differences might be due to different 
methodologies used and a different effort spent at sea.  

The percentage of minke whale sightings where birds are present by month had 
shown that in both years the month of July is the time during spring and summer months to 
observe the highest number of minke whales associating with birds for feeding purposes. 
Additionally, high numbers of seabirds were observed also during the months of August 
(in 2008) and May (in 2009). Another study carried out in Scotland (Isle of Mull) 
suggested instead that sightings during the months of September and October show the 
highest percentage of seabirds (Gill et al., 2000). However, considering only months which 
have been covered in the present study (May–August) results show that May, July and 
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August are carrying the highest number of sightings of minke whales and seabirds, which 
confirms the trend observed in our study area.  

The greatest number of seabirds per minke whale foraging sighting occurs during 
the month of May in 2008 but in August in 2009 in the present study, similarly to an 
already observed peak during the month of August recorded in the coastal waters of the 
Isle of Mull (Gill et al., 2000).  

The present study also revealed that there are some avian species which show a 
specific monthly occurrence during both years. For example, fulmars seem to occur more 
frequently in May, arctic terns in June and manx in August. A similar trend was observed 
for gulls and manx shearwaters in Scotland (Gill et al., 2000).  

Over the past two years, minke whales occurring along the inner coastline of 
Faxaflói bay in south-west Iceland during the spring and summer months principally 
employ low energy, bird-associated feeding methods. Flocks form only after food has been 
discovered, but initiation and maintenance nevertheless are functions of the interactions 
between individuals (Chilton, 1987).   

Our observations suggest that minke whales act as ‘suppressors’ rather than 
‘divers’. When approaching the intensively feeding flock, the whale swallows the major 
portion of the bait ball, whereupon the birds stop feeding and the flock dissolve.  

We can start by assuming that minke whales would be followed more easily by 
highly mobile seabirds (i.e. L. spp., kittiwakes and manx shearwaters) if trapping fish at the 
surface and that on the contrary if whales take advantage from flocks of feeding seabirds 
locating the food, they would more easily associate with more stationary birds species (i.e. 
puffins, guillemots and razorbills).  

Considering both season independently we can immediately noticed that in 2008 
the closest association was detected between minke whales and auks (especially puffins 
and guillemots), and this result was consistent using all three different statistical methods 
(chi-square test, Wilcoxon Ranksum and one way ANOVA): a minke whale was more 
likely to be associated with a bird aggregation when F. arctica and U. aalge were present, 
their numbers would increase following the increment in whales number, and minke whale 
would influence the birds distribution. These results can be interpreted as either simply a 
particularly close link between minke whales and auks with respect to diet, or a real 
interaction.  

Auks seem to be generally able to exploit food patches more efficiently than other 
birds such as gannets (Garthe et al., 2000). Puffins have been found feeding on sandeels, a 
fairly energy-rich fish, in other locations where A. marinus was found to be the 
predominant prey species (Harris, 1984; Martin, 1989). For example, in Iceland capelin 
and sandeel were found to be the main summer food of seabirds in the south sector (the 
Faxaflói bay area) approaching 100% of the food of razorbills and puffins (Lilliendahl & 
Sólmundsson, 1997). Presence/absence of sandeels also significantly reduced the residual 
variation in guillemot distribution during the breeding season in a general additive model, 
but not at other times of year. In addition to explaining the distribution of guillemots 
during the breeding season, sandeel presence may also influence where guillemots 
concentrate throughout the year, since high density categories of guillemots were over-
represented in areas where sandeels were present. To conclude, it seems that the degree to 
which seabird distribution reflects that of a single prey species is likely to depend on how 
limiting that prey species is in relation to other factors affecting feeding behaviour, such as 
the availability of alternative prey species and the time involved in searching and handling 
(Wright & Begg, 1997). 
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The overlap between minke whales and auks due to similar diet does also apply to 
kittiwakes and terns. In fact, both species are known to feed by picking small fish such as 
sandeels or planktonic crustaceans from the surface of the water (Evans, 1982; Martin, 
1989). 

Gannets were also found to have a special link to minke whales. Although they are 
known to feed on pelagic fish, notably herring and mackerel, it was also observed S. 
bassana feeding on capelin and sandeels both fish species which are found in shallow 
waters and strongly connected to the sea bottom (Nelson, 1966; Evans, 1982; Wanless, 
1984; Martin, 1989; Holland et al., 2005; Davoren et al., 2006; Garthe, 2007).   

Of course to better understand the nature of this relationship between B. 
acutorostrata and auks, kittiwakes, terns and gannets it would be essential to know who 
tends to arrive at fish-shoals first. However, considering that kittiwakes, terns and gannets 
can cover very long distances and that they might follow each other and maybe minke 
whales in search of food, whether auks (in this case especially puffins and guillemots) are 
more stationary and most frequently seen paddling over the surface in flocks this situation 
can be explained as followed. Therefore, as Anderwald (2009) suggests after observations 
of same species interacting with minke whales during feeding bouts in Scotland, the auks 
foraging strategy may involve waiting in potentially productive locations until the foraging 
conditions become more favourable, whereas both minke whales and the other seabird taxa 
move around more.  

A clear preference for bird-foraging strategy was found during both seasons with 
feeding hot-spots identified especially within the whale-watching area and at the tip of 
Keflavík peninsula (Garður area). Therefore it seems that this strategy may yield better 
pay-offs, although some limitations during the data collection need to be taken into 
account. In fact, from both the Elding and Hafsúlan boats flocks of feeding birds were used 
as visual clue to detect the presence of food and consequently potentially feeding whales. 
In addition, the whale-watching area was the only part of Faxaflói bay monitored so there 
might be other areas not surveyed where minke whales might show a different preference 
for one of these two foraging strategies.  

During the 2009 season the closest association was detected between minke whales 
and kittiwakes and arctic terns. This result was consistent using just two different statistical 
methods (chi-square test, Wilcoxon Ranksum) for the arctic terns only, but all the three of 
them statistical methods for kittiwakes. So, a minke whale was more likely to be associated 
with a bird aggregation when R. tridactyla and S. arctica were present, minke whale would 
influence the bird distribution but the arctic terns number seems not to show a positive 
correlation with number of minke. The same trend was also observed in 2008 in other 
avian species such as fulmars. In 2009, razorbills, skuas and manx shearwaters show a 
negative tendency. Therefore, surface-feeding also occurred when no auks were present, 
but, instead, only kittiwakes and terns. In those cases the whales do therefore drive fish 
together themselves in this area when needed, but the presence of auks driving the fish to 
the surface would allow whales to avoid expending unnecessary energy corralling the 
Ammodytes prey by traditional, active entrapment methods.  

Pierotti (1988) suggested that humpback whales in the Western North Atlantic used 
conspicuous seabirds such as gulls for visual detection of prey and other feeding 
humpbacks. If minke whales also relied mainly on visual detection of such a prey patch, a 
preferred association with ‘catalyst’ species such as kittiwakes, arctic terns and glaucous 
gulls (Sealy, 1973; Hoffman, 1981; Chilton, 1987; Camphuysen & Webb, 1999; 
Anderwald, 2009; Fedutin et al., 2009) would be expected.  
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In both 2008 and 2009 seasons both L. spp. (including glaucous gulls), kittiwakes 
and arctic terns played a significant role in the prediction of whether a minke whale was 
present in the vicinity of a seabird group or not. Therefore, significant positive relationship 
was detected between either presence or number of kittiwakes, gulls and terns in a feeding 
aggregation with the presence of a whale. This suggests that minke whales are likely to use 
conspicuous seabirds as visual cues to locate feeding locations in the way that humpbacks 
may do, which is in contrast to what observed by Anderwald in 2009 around the small isles 
in west Scotland.  

Minke whales might as well potentially use the noise generated by a seabird 
feeding aggregation or by plunge diving birds (although this is heard predominantly above 
water or close to the surface) at least at short to intermediate ranges. Therefore, our 
findings especially during the 2008 field season showing gannets predicting weather a 
minke whale was present or not close to a flock of seabird, being influenced in their 
distribution and being also able to predict the minke whale abundance by knowing their 
number, might support this theory. In fact, it is known that the plunge diving of sulids 
gives them the advantage of surprise attacks, which pursuit divers that have no option other 
than chasing their prey underwater do not have (Garthe et al., 2003).  

All data collected on bird-foraging minke whales were obtained by observing 
whales displaying surfacing feeding behaviour near or at the surface. Therefore, all 
behaviours displayed which were not detectable from the surface were not included in this 
study. However, if an association between a minke whale and a seabird group was a 
relatively reliable sign that the whale was feeding, however, it would be expected that the 
composition of the bird group would also be an indicator for whether the whale was 
feeding at or near the surface, or further down in the water column. Surface-feeding 
behaviour by the whale in this case should occur more frequently if kittiwakes, larger gulls 
and arctic terns which all depend on prey close to the surface, are present, whereas it 
should be independent of the presence of auks, manx shearwaters and gannets, which can 
also exploit prey at greater depths.  

In 2008 a mixture between auks (puffins and guillemots), terns and gannets whose 
present was  significantly related to the presence of whales was found, while in 2009 arctic 
terns and kittiwakes were the only two showing significant influence on presence and 
numbers of minke whales (only kittiwakes). These results suggest that especially during 
the second season (2009) fish was most likely to be present close to the surface. Occasional 
times school of sandeels would be seen from the boat as well (pers. observation). 

 
4.3.2 L. albirostris  
 

Seabirds have developed morphological, physiological and behavioural adaptations 
which allow them to explore and find food in the marine environment in different ways 
(Shealer, 2002). One of these forms is represented by the association with submarine 
predators in order to feed on prey brought to the surface (Au & Pitman, 1988; Pitman & 
Ballance, 1992; Shealer, 1996; Mills, 1998; Ramos, 2000, Clua & Grosvalet, 2001; Hebshi 
et al., 2008). In the majority of these cases, predator fish species are the animals more 
evolved in these associations, although, marine mammals as well can offer valid foraging 
opportunities for seabirds (Pitman & Ballance, 1992). 

In Faxaflói bay, feeding associations of seabirds with white-beaked dolphins took 
place in late spring and summer, with small to large groups of dolphins involved.  

In the present study, a foraging association was observed between fourteen species 
of seabirds and white-beaked dolphins, more commonly involving L. spp., artic terns, auks 
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and gannets. Some of these species have been already observed interacting with foraging 
white-beaked dolphins by other authors for example by Evans in 1982, who described 
association between L. albirostris and gannets in the Minches and east Shetland waters of 
Britain.  

In the study area these associations were recorded 31.4% in 2008 and 35.9% in 
2009, supporting previous findings which had seabirds often feeding with delphinids 
(Ridoux 1987; Harrison et al., 1991; Pitman & Balance, 1992; Acevedo-Gutiérrez, 2002; 
Bearzi, 2006).  

The percentage of white-beaked dolphin sightings where birds are present by month 
had shown that in August (in 2008) and May (in 2009) are the highest number of foraging 
associations between these two species. Additionally, high numbers of seabirds are 
observed also during the months of June (in 2008) and July (in 2009). As Evans suggested 
(1982) most of these associations in the North Atlantic take place between the months of 
May to September, as during the summer months the coastal waters have high 
productivity, bringing whales and dolphins to feed and large numbers of seabirds to breed.  

Considering the 2008 field season it was found that the closest association was 
detected between white-beaked dolphins, auks (especially puffins) and L. spp., and this 
result was consistent using one statistical method (chi-square test). In fact, using the 
second method (Wilcoxon Ranksum test) there were puffins and manx shearwaters whose 
distribution was found significantly related to the dolphins presence/absence. On the other 
hand, during the 2009 season it was only L. spp. showing the closest association with L. 
albirostris using both chi-square and Wilcoxon Ranksum tests. Arctic terns showed a 
significant correlation in their presence/absence around foraging white-beaks (chi-square 
test) while puffins, kittiwakes and gannets distribution varies significantly if white-beaked 
dolphins were present in the same area (Wilcoxon Ranksum test). No further analysis was 
run to investigate the possibility of predicting the abundance of L. albirostris by knowing 
the number of the avian species investigated in the present study (see chapter 2.1.4 for 
explanation).  

These results can be interpreted as either simply a particularly close link between 
white-beaked dolphins, puffins, L. spp., kittiwakes, gannets, arctic terns and manx with 
respect to diet, or a real interaction.  

Gannets have been already observed in the U.K. water foraging in association with 
plunge-diving gannets in the vicinity (Evans, 1982) and a similar diet which favours larger 
prey species seem to explain the association between the two species. On the other hand, 
manx, arctic terns, L. spp. and kittiwakes are known to feed on smaller prey such as 
sandeel, herring and capelin by surface feeding from the air or surface and puffins by deep 
pursuing prey from surface (Evans, 1982; Galbraith, 1983; Martin, 1989; Lee, 1995; Henry 
& Wanless, 1997; Kubetzki & Garthe, 2003; Schreiber & Kissling, 2005; Jodice et al., 
2008), therefore their associations with dolphins seem less clear.  

However, this could mean that dolphins and these birds are feeding 
opportunistically on a seasonally abundant food source. This takes place too far below the 
surface to be of any interest to terns, gulls and manx. Therefore, the ecological importance 
of the tern and gull (L. spp. and kittiwakes)-dolphin feeding association is restricted to the 
occurrence of small prey near the surface in spring and summer. 

Feeding associations of terns, gulls and manx with white-beaked dolphins appear to 
constitute “type C” associations, as they involve “birds that appear to be actively drawn to 
marine mammals because the foraging activities of the mammals drive or otherwise force 
prey to the surface where birds have access” (Pierotti 1988). Evans (1982) summarized the 
main advantages of feeding associations to seabirds as long distance detection of and 
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finding concentrated prey as well as increased accessibility of prey chased to the surface. 
No benefit to the dolphins was apparent from this relationship and, hence, it is considered 
to be a commensal association.  

A similar association was observed between White-fronted terns (Sterna striata) 
and Hector’s dolphins (Cephalorhynchus hectori) while feeding in the near-shore 
environment of New Zealand, where the birds usually joined surface-feeding dolphins with 
single terns apparently hovering over single dolphins, similarly to what was also observed 
during the present study. As Bräger suggested (1998), for terns facultative commensalism 
as a foraging tactic could be most advantageous during egg-production, incubation, and 
chick rearing when energetic demands are particularly high, which would explain the 
occurrence of this association in Faxaflói bay during the spring and summer months.  

 
4.3.3 Relationship between weather, oceanographic variables 
and bird biology 
 

Changes in marine ecosystems can be manifested in many different ways, on 
different temporal and spatial scales. Seabirds are top consumers in marine food webs and 
offer opportunities to detect and assess the biological effects of changes in physical 
parameters (sea-surface temperature [SST], salinity, depth of thermocline etc.) of the 
marine ecosystem (Diamond & Devlin, 2003).  

The oceanographic parameter most commonly associated with seabird biology is 
sea surface temperature (SST), for two reasons: it reflects broad physical characteristics of 
the water body; and it directly affects the distribution and abundance of prey species, many 
of which are sensitive to changes of only a few degrees in SST. It has the advantage over 
some other variables (e.g. salinity) of being easily measured in the field with simple 
equipment, and of also being measured over large spatial scales from satellites which 
transmit digital data which are widely available on the Internet. SST may affect seabirds 
both directly (for example, the species found in waters of arctic origin are different from 
those found in tropical waters), and indirectly through effects on the species, abundance or 
availability of prey (Diamond & Devlin, 2003). 

Our results suggested that auks (puffins, guillemots and razorbills) and gannets 
significantly varied in composition during feeding bouts, considering SST as an 
environmental parameter. Kittiwakes and manx showed same results in 2008 and arctic 
terns in 2009. Although it is not yet possible to answer the question ‘which seabird best 
reflects/predicts significant changes in the system’ as Diamon and Devill (2003) suggested, 
it seems that the strongest relationships they have found have been in the diet of arctic 
terns, and laying date of puffins, which partially confirm our findings, although just 
sightings of foraging associations between whales/dolphins and seabirds were included in 
the present study.  
 
4.3.4 Conclusions  
 

Associations between seabirds and marine mammals have been found to occur 
regularly, mostly as the result of their convergence on a concentration of prey (Evans, 
1982). There may be mutual benefits from marine mammal-bird associations, where one 
species is made aware of a prey patch by another's behaviour. Birds frequently benefit 
from whale or seal feeding activity; many marine mammals are known to herd their prey as 
they feed, chasing schools of crustaceans or fish to the surface which would otherwise be 
too deep for birds to capture (Pierotti, 1988). In our study, observations of seabirds feeding 
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on fish made accessible by minke whales and white-beaked dolphins feeding is somewhat 
akin to terrestrial birds feeding in the track of large ungulates, catching insects flushed 
from the ground (Dean & MacDonald 1981; Grebmeier & Harrison, 1992). Our results 
indicate that surface-feeding birds are feeding opportunistically on small schooling fish or 
on bigger fish which are made abundant by whale/dolphin feeding activity. As Grebmaier 
and Harrison (1992) suggested it is possible that smaller preys are likely to be abundant 
because they are lost through the baleen of the filter-feeding minke whales and remain 
suspended in the surface water for a longer period of time than larger size classes. 

In this study, it has also been shown that in some cases birds are putting available 
fish by driving it to the surface. Consequently by observing which avian species are 
forming a flock it might be possible to predict a whale’s foraging behaviour. Therefore, 
interesting additional data to collect could study dive profiles recorded from species such 
as gannets to predict on which prey species birds are feeding. In fact, Garthe et al. (2000) 
used data loggers on northern gannets from Funk Island (Newfoundland, Canada) to study 
their different foraging strategies and found out that they perform so called ‘U-shaped 
dives’ (long and deep) directed at deep shoaling schools of small pelagic fishes such as 
capelin and ‘V-shaped dives’ (short and shallow) aimed at large pelagic fish such as 
mackerel and herring. Therefore the use of this methods combined with underwater videos, 
revealing the burst speeds of pelagic fishes and the maximum dive and underwater flight 
speeds of seabirds of S. bassana would prove informative in attempts at understanding the 
mechanisms of prey capture and prey selection by seabirds. As the maximum sustained 
swimming speeds of the fishes are both size and temperature dependent, it is interesting to 
speculate that smaller fishes may be more vulnerable to avian predators and that fishes may 
be more vulnerable in colder water that varies over oceanographic regions as well as 
seasonally (Garthe et al., 2000). 

As Lilliendahl suggested (1997) since sandeel, capelin, and euphausiids are the 
main food of quite a number of commercial fish species, the impact of seabirds on the 
marine ecosystem should be considered in all multi-species models for Icelandic waters. 
Therefore, a full understanding of all different seabird species size, cost of foraging, 
potential foraging range, ability to dive, amount of ‘spare’ time in the daily budget and 
ability to switch diet should be calculated. Mapping the distributions around Faxaflói bay 
coastline of seabirds with breeding success sensitive to sandeels abundance could show if 
there is an overlap with industrial fishing, which should be closely controlled. A similar 
study conducted in the North Sea (Furness & Tasker, 2000) revealed that terns and the 
blacklegged kittiwake Rissa tridactyla as the species with the highest vulnerability scores. 
Previous studies (Martin, 1989) already confirmed the arctic terns Sterna paradises 
inability to catch sufficient sandeel during the breeding season is almost certainly the 
primary cause of its breeding failure in successive years in Shetland.  

Seabird-whale associations proved to be important for many seabirds seasonally, 
depending on whale migration and seabird breeding restrictions with estimated energy 
made available by feeding whales which could support several hundred thousand seabirds 
(Harrison, 1979).  
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4.4 Research significance and future implications 
 

The minke whale and the white-beaked dolphin are important component of the 
Icelandic coastal ecosystem and opportunistic predators on higher and lower trophic levels.  

Through directed field efforts spanning a three years, thousands of photographs of 
minke whales and white-beaked dolphins were collected in Faxaflói. These photos have 
provided a rare opportunity to carry out a long-term scientific study on both species for 
which few dedicated studies exist (Rasmussen & Jakobsen, 2003; Rasmussen, 2004; 
Magnúsdóttir, 2007). Through a tremendous amount of field work and data processing, 
answers regarding population size, habitat, and movements of whales and dolphins in 
Iceland have emerged. The probable existence of one single open population of white-
beaked dolphins confirmed what previously suggested by Rasmussen & Jacobsen (2003), 
in contrast with the hypothesis which wanted the population of L. albirostris from south-
west to be separated from the north-east one, as proposed by Magnúsdóttir (2007). Further 
studies will be able to confirm this result combining photographic material with analysis 
on genetic structure.   

Crucial feeding grounds for both species at the south-west coast have been located, 
where one is within the study area close to Syðra-Hraun in Faxaflói, and a second feeding 
ground is located a few miles outside of Garður and Keflavík. Both areas have been 
previously described as suitable feeding areas for minke whales and white-beaked dolphins 
(Rasmussen, 1999; 2004; Magnúsdóttir, 2007).  

This study has shown that minke whales and white-beaked dolphins behaviour can 
be collected using platforms of opportunity such as whale-watching vessels, although some 
limitations need to be taken into account. The results, supported by previous studies 
(Evans, 1982; Bräger, 1998; Robinson & Tetley, 2007; Anderwald, 2009), suggest that 
minke whales and white-beaked dolphins are accustomed to associate with many different 
seabird species during feeding bouts. It is here confirmed that cetacean and avian species 
might take advantage from each other presence depending on different situations. Minke 
whales in particular seem to benefit from presence of auks driving fish to the surface, and 
from terns, L. gulls and kittiwakes to localise presence of fish at sea. No benefit to the 
dolphins was apparent from this relationship and, hence, it is considered to be a commensal 
association.  
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Appendix A  

 
Cloud 

coverage   Glare  
1 10%  1 no glare 
2 20%  2 some glare 

3 30%  3 
moderate 

glare 
4 40%  4 severe glare 
5 50%    
6 60%  Precipitation  
7 70%  1 Sunny 
8 80%  2 Overcast 
9 90%  3 Cloudy 
10 100%  4 Foggy 
   5 Rainy 

Swell height   6 Snowy 
0-1 m Light  7 Hailing  
1-2 m Moderate  Tide  
>2 m Heavy  1 incoming 

   2 outcoming 
Sea state   3 changing 

0 Mirror calm    
1 Small ripples, no whitecaps    
2 Small wavelets, glassy crests    
3 Large wavelets, few whitecaps    

4 
Moderate wavelets, many 

whitecaps    
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Appendix B  
 
1) Minke whale annual re-sightings 
 
Table 3.1.1 Total number of individual minke whales re-sighted between 2007 and 2008 
within the study area  
 

 ID #/name                            month             year           time            date 
 35_dDES_ARCH                                6                       2007               17:51              02.06.07  
 35_dDES_ARCH                                6                       2008               18:00              30.06.08  
 17_DEM_JOJO                                   8                       2007               10:19             10.08.07                                            
 17_DEM_JOJO                                   4                       2008               10:20              24.04.08  
 65_dDES_JON MOZZA                     9                      2007                10:59              07.09.07  
 65_dDES_JON MOZZA                     7                      2008                18:52              11.07.08                                                   
 62_dDES_MERLIN                            8                      2007                18:37              29.08.07                          
 62_dDES_MERLIN                            5                      2008                14:57              05.05.08  
 77_nDEM_NEW                                 5                      2007                10:48              27.05.07  
 77_nDEM_NEW                                 6                      2007                18:46              28.06.07    
 77_nDEM_NEW                                 7                      2007                15:01              08.07.07  
 77_nDEM_NEW                                 8                      2008                14:28              12.08.08                                    
 49_DEM_SHARK                              8                      2007                09:53              20.08.07          
 49_DEM_SHARK                              8                      2008                14:16              12.08.08  
 50_dDES_WELL                                7                      2007                10:56              17.07.07  
 50_dDES_WELL                                8                      2008                18:10              07.08.08                       
 50_dDES_WELL                                8                      2008                11:14              21.08.08                                              

 
 
Table 3.1.2 Total number of individual minke whales re-sighted between 2008 and 2009 
within the study area 
 

 ID #/name                            month              year            time              date  
 161_DEM_SQUARE                          7                        2008             14:28              09.07.08                                       
 161_DEM_SQUARE                          7                        2009             10:43              29.07.09  
 156_DEM_TEDDY                             4                        2008              14:59             19.04.08    
 156_DEM_TEDDY                             4                        2009              09:58             23.04.09  
 169_dDES_TRIANGOLO                   7                       2008               14:27             09.07.08                   
 169_dDES_TRIANGOLO                   8                       2008               10:15             12.08.08  
 169_dDES_TRIANGOLO                   6                       2009               14:34             28.06.09  
 152_DEM_YOU                                  7                       2008               13.49             04.07.08    
 152_ DEM_YOU                                 8                       2008               10:20             13.08.08  
 152_DEM_YOU                                  7                       2009               10:56             26.07.09  
 152_DEM_YOU                                  8                       2009               10:20             13.08.09        
 170_dDES_VISTO                              8                       2008               14:08             01.08.08  
 170_dDES_VISTO                              6                       2009               09:58             08.06.09   
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Table 3.1.2 continued Total number of individual minke whales re-sighted between 2008 
and 2009 within the study  
 

 ID #/name                             month             year            time            date  
 159_DEM_BENNY                              7                      2008              17:26             04.07.08  
 159_DEM_BENNY                              7                      2008              19:07             08.07.08  
 159_DEM_BENNY                              8                      2008              14.23             01.08.08                      
 159_DEM_BENNY                              8                      2009              10:31             15.08.09                                             
 155_DEM_CHANGE                           6                      2008              17:57             25.06.08                         
 155_DEM_CHANGE                           8                      2008              10:43             21.08 08                           

 
155_DEM_CHANGE                           6                      2009              14:24             30.06.09 
155_DEM_CHANGE                           7                      2009              10:17             25.07.09                    

 155_DEM_CHANGE                           7                      2009              10:01             29.07 09                      
 155_DEM_CHANGE                           7                      2009              14:47             31.07.09                      
 166_DEM_CINDY YR                        7                      2008              14.35             29.07.08                                                                                                                         
 166_DEM_CINDY YR                        8                      2009              14:28             05.08.09               
 166_ DEM_CINDY YR                       8                      2009              14:22             11.08.09  
 151_DEM_FRECCIA                          4                      2008               10:41            14.04.08  
 151_DEM_FRECCIA                          4                      2009               10:48            16.04.09                          
 163_DEM_HAPPY  MOZZA              7                      2008               14:17            17.07.08  
 163_DEM_HAPPY MOZZA               8                      2008               18:45            03.08.08                                                                                                                     
 163_DEM_HAPPY MOZZA               7                      2009               14:17            04.07.09                                                                                                                                                 
 163_DEM_HAPPY MOZZA               7                      2009               18:30            04.07.09                                                                                                    
 158_DEM_MAGICIAN                       7                      2008               14:05            04.07.08  
 158_DEM_MAGICIAN                       6                      2009               14:06            10.08.09  
 157_DEM_MINNI                                5                      2008              10:17            29.05.08                                  
 157_DEM_MINNI                                7                      2009              18:29            08.07.09                                                              
 160_DEM_NEED U SO BAD              7                      2008              17:31            04.07 08  
 160_DEM_NEED U SO BAD              7                      2008              19:00            19.07.08                           
 160_DEM_NEED U SO BAD              7                      2009              10:33            19.07.09                               
 162_DEM_ONLY ME                          7                      2008              14:30            09.07.08                                                                 
 162_DEM_ONLY ME                          7                      2008              10:17            10.07.08                                          
 162_DEM_ONLY ME                          7                      2008              14.25            20.07.08  
 162_DEM_ONLY ME                          8                      2008              10:10            21.08.08                 
 162_DEM_ONLY ME                          6                      2009              10:39            10.06.09     
 162_DEM_ONLY ME                          8                      2009              18:27            09.08.09  
 162_DEM_ONLY ME                          8                      2009              10:16            13.08.09  
 162_DEM_ONLY ME                          8                      2009              10:29            16.08.09  
 162_DEM_ONLY ME                          8                      2009              10:06            19.08.09  
 164_DEM_PEARL                               7                      2008              10:59            10.07.08  
 164_DEM_PEARL                               8                      2009              10:49            15.08.09  
 154_DEM_RAZOR                              7                      2008              18:34            19.07.08  
 154_DEM_RAZOR                              8                      2008              18:07            07.08.08  
 154_DEM_RAZOR                              8                      2008              11.11            21.08.08  
 154_DEM_RAZOR                              7                      2009              10:27            11.07.09         
 168_dDES_RICCIOLO                        7                      2008              10:45            08.07.08     
 168_dDES_RICCIOLO                        6                      2009              10:43            10.06.09      
 168_dDES_RICCIOLO                        7                      2009              18:05            07.07.09          
 168_dDES_RICCIOLO                        8                      2009              13:59            05.08.09  
 171_nDEM_SENZA T.                        7                      2008              10:20            09.07.08  
 171_nDEM_SENZA T.                        7                      2009              15:11            17.07.09               
 153_DEM_SIMIL FLICKR                 7                      2008              18:05            17.07.08                                                 
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 153_DEM_SIMIL FLICKR                 7                      2008              10:45            25.07.08                 
 153_DEM_SIMIL FLICKR                 8                     2008               10:50            02.08.08                          
 153_DEM_SIMIL FLICKR                 8                    2008               14:06            19.08.08                 
 153_DEM_SIMIL FLICKR                  7                      2009               14:35            28.07.09                          
 153_DEM_SIMIL FLICKR                  7                      2009               18:00            28.07.09                                                              
 165_DEM_SNOWY MONDAY           7                      2008               10:20            29.07.08  
 165_DEM_SNOWY MONDAY           8                      2008               10:51            02.08.08  
 165_DEM_SNOWY MONDAY           8                      2008               13:57            19.08.08  

 

165_DEM_SNOWY MONDAY           7                      2009               10:34            31.07.09    
167_DEM_BASSO TRI                        8                      2008               10:45            17.08.08 
167_DEM_BASSO TRI                        8                      2009               10:23            10.08.09                                                               

 
 
Table 3.1.3 Total number of individual minke whales re-sighted between 2007 and 2009 
within the study area 
 

 ID #/name                            month              year            time            date  

 

26_DEM_CONDY                              7                       2007              18:47            25.07.07 
26_DEM_CONDY                              6                       2009              18:22            25.06.09 
43_dDES_GOBBA                             7                       2007              10:46            07.07.07  

 43_dDES_GOBBA                             7                       2007              10:43            10.07 07  
 43_dDES_GOBBA                             7                       2009              10:34            11.07.09  
 27_DEM_MISS                                  7                       2007              11:03            31.07.07  
 27_DEM_MISS                                  7                       2007              14:28            31.07.07  
 27_DEM_MISS                                  8                       2007              14:44            06.08.07  
 27_DEM_MISS                                  8                       2007              10:07            17.08.07  
 27_DEM_MISS                                  8                       2007              10:01            29.08.07  
 27_DEM_MISS                                  8                       2009              14:21            19.08.09  
 58_dDES_SIMIL JON                        8                       2007              10:18            18.08.07  
 58_dDES_SIMIL JON                        6                       2009              18:02            10.06.09  
 61_DEM_SMURF                              5                       2007               09:56           15.05.07                                                                                                
 21_DEM_SMURF                              7                       2007              11:31            17.07.07  
 21_DEM_SMURF                              6                       2009              14:31            24.06.09  
 21_DEM_SMURF                              7                       2009              18:28            17.07.09                       
 21_DEM_SMURF                              7                       2009              17:13            25.07.09                           
 10_DEM_SUNNA                              7                       2007              13:52            17.07.07  
 10_DEM_SUNNA                              6                       2009              09:53            28.06.09  
 10_DEM_SUNNA                              8                       2009              14:15            19.08.09  
 44_dDES_WIND                                7                       2007              15:13            07.07.07  
 44_dDES_WIND                                7                       2007              11:21            25.07.07  
 44_dDES_WIND                                7                       2007              10:19            26.07.07  

 44_dDES_WIND                                7                       2009              10:20            04.07.09             
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Table 3.1.4 Total number of individual minke whales re-sighted between 2007, 2008 and 
2009 within the study area 
 

 ID #/name                              month           year            time               date  

 
 
08_DEM_AURA                                  6                     2007             10:45            18.06.07  

 08_DEM_AURA                                  6                     2007             14:14            24.06.07  
 08_DEM_AURA                                  8                     2007             14:22            17.08.07                   
 08_DEM_AURA                                  9                     2007             10:54            08.09.07                              
 08_DEM_AURA                                  7                     2008             14:40            04.07.08  
 08_DEM_AURA                                  7                     2008             10:43            08.07.08                                          
 08_DEM_AURA                                  8                     2008             10:02            06.08.08  
 08_DEM_AURA                                  7                     2009             10:49            23.07.09  
 08_DEM_AURA                                  8                     2009             11:10            05.08.09  
 01_DEM_DONUT                               5                     2007             11:01             28.05.07   
 01_DEM_DONUT                               5                     2007             15:05             30.05.07  
 01_DEM_DONUT                               6                     2007             10:04             22.06.07  
 01_DEM_DONUT                               8                     2007             10:01             20.08.07  
 01_DEM_DONUT                               5                     2008             11:17             30.05.08  
 01_DEM_DONUT                               6                     2008             11:38             14.06.08  
 01_DEM_DONUT                               4                     2009             09:47             14.04.09  
 01_DEM_DONUT                               4                     2009             11:23             30.04.09  
 01_DEM_DONUT                               5                     2009             11:02             06.05.09  
 01_DEM_DONUT                               6                     2009             13:59             13.06.09  
 06_DEM_HAPPY                                6                     2007             10:24             10.06.07  
 06_DEM_HAPPY                                4                     2008             15:00             18.04 08  
 06_DEM_HAPPY                                7                     2009             10:46             08.07.09  
 19_DEM_JAN                                     6                     2007              14.30            19.06.07  
 19_DEM_JAN                                     7                     2007              10:31            12.07.07  
 19_DEM_JAN                                     6                     2008              10:48            22.06.08  
 19_DEM_JAN                                     7                     2009              13:53            05.07.09                                                                                                        
 63_dDES_PIC                                      8                     2007              19:40            30.08.07   
 63_ dDES_PIC                                     8                     2008              14:08            06.08.08   
 63_dDES_PIC                                      6                     2009              10:05            30.06.09       
 25_DEM_PEANUT                             7                     2007              10:26             07.05.07  
 25_DEM_PEANUT                             5                     2008              10:13             27.07.08   
 25_DEM_PEANUT                             4                     2009              14:20             14.04.09  
 25_DEM_PEANUT                             6                     2009              10:37             13.06.09  
 25_DEM_PEANUT                             6                     2009              14:17             14.06.09  
 80_nDEM_PELOPARRA                   7                     2007               10:16             11.07.07  
 80_nDEM_PELOPARRA                   5                     2008               10:01             03.05.08  
 80_nDEM_PELOPARRA                   7                     2009               19:08             07.07.09  
 80_nDEM_PELOPARRA                   8                     2009               15:15             10.08.09                             
 12_DEM_PHIL                                   7                     2007                19:13             22.07.07  
 12_DEM_PHIL                                    6                     2008               09:28             22.06.08  
 12_DEM_PHIL                                    7                     2009               14:07             03.07 09  
 68_dDES_SWORD                              8                     2007               09:53             20.08.07                         
 68_dDES_SWORD                              4                     2008               13:55             25.04.08  
 68_dDES_SWORD                              7                     2008               10:09             20.07.08  
 68_dDES_SWORD                              7                     2008               10:22             25.07.08  
 68_dDES_SWORD                              8                     2008               18:37             20.08.08  
 68_dDES_SWORD                              6                     2009               10:29             14.06.09  
 03_DEM_TACCA                               5                     2007               10:59              16.05.07  
 03_DEM_TACCA                               8                     2008               14:30              15.08.08  
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 03_DEM_TACCA                               7                     2009               14:54              22.07.09   
                

 
2) Minke whale seasonal re-sightings (nn= no name given)  
 
Table 3.2.1 Identified DEM minke whales (Balaenoptera acutorostrata) and relative 
seasonal re-sightings (date listed) in 2007 
 

 ID name               date  ID name    date  

 02_DEM_hook 13.05.07  71_DEM_white 25.07.07  
 04_DEM_jay 20.05.07  14_DEM_gaia 26.07.07  
 23_DEM_micro 28.05.07   17.07.07  
 05_DEM_joy 30.05.07  15_DEM_hope 02.08.07  
 07_DEM_jaybee 10.06.07   26.07.07  
  13.06.07  16_DEM_misterbig 10.08.07  
 09_DEM_tap 16.07.07  28_DEM_sara 21.08.07  
  03.08.07  20_DEM_scott 08.09.07  
 83_DEM_snowy 17.07.07  29_DEM_last 09.09.07  
 24_DEM_loa 21.07.07  13_DEM_file 25.07.07  
 11_DEM_wing 22.07.07     

 
 
 
Table 3.2.2 Identified dDES minke whales (Balaenoptera acutorostrata) and relative 
seasonal re-sightings (date listed) in 2007  
 
 ID name       date  ID name    date  

 30_dDES_piega 15.05.07  54_dDES_rip 22.07.07  
 31_dDES_sword m.a. 15.05.07   25.07.07  
  28.05.07  55_dDES_bee 25.07.07  
  09.06.07  56_dDES_trash 31.07.07  
  20.08.07  57_dDES_speedy 17.07.07  
  25.07.07  59_dDES_calcare 18.08.07  
 32_dDES_nn 28.05.07  60_dDES_ggg 29.08.07  
  22.07.07  61_dDES_seven 29.08.07  
  25.07.07  64_dDES_vela 30.08.07  
 51_dDES_fog 20.07.07  66_dDES_et 07.09.07  
 33_dDES_mount 30.05.07  41_dDES_richy 02.07.07  
 34_dDES_artiglio 31.05.07   02.08.07  
 36_dDES_alto scoop 03.06.07  42_dDES_harry 02.07.07  
 37_dDES_vela cn alto scoop 17.06.07  45_dDES_jon 08.07.07  
 38_dDES_like hw 24.06.07  46_dDES_baby 11.07.07  
 39_dDES_bottom line 24.06.07  47_dDES_merlino 11.07.07  
 40_dDES_boomerang 01.07.07  48_dDES_nn 16.07.07  
 52_dDES_mini 21.07.07  45_dDES_sharp 17.07.07  
  20.07.07  69_dDES_feto 08.05.07  
 53_dDES_babe 21.07.07  
 67_dDES_runner 29.08.07     
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Table 3.2.3 Identified nDEM minke whales (Balaenoptera acutorostrata) and relative 
seasonal re-sightings (date listed) in 2007 
 

 ID name               date  ID name    date  
 70_nDEM_aureola2 04.05.07  82_nDEM_nn 17.07.07  
 71_nDEM_maculato 08.05.07  81_nDEM_clean 08.07.07  
  16.05.07  83_nDEM_snowy 17.07.07  
 72_nDEM_nn 10.05.07   25.07.07  
 73_nDEM_nn 15.05.07  84_nDEM_nikon 25.07.07  
 74_nDEM_second 16.05.07  85_nDEM_noble 08.08.07  
 75_nDEM_rovinato 27.05.07  86_nDEM_nn 10.08.07  
 76_nDEM_nn 27.05.07  87_nDEM_shape 16.05.07  
 78_nDEM_cintura 03.06.07   26.08.07  
 79_nDEM_cavallo 09.06.07  88_nDEM_submarine 16.05.07  
  14.06.07   30.08.07  
  02.07.07  89_nDEM_white 25.07.07  

 
 
Table 3.2.4 Identified DEM minke whales (Balaenoptera acutorostrata) and relative 
seasonal re-sightings (date listed) in 2008   
 
 ID name       date  ID name    date 
 90_DEM_smorfia 13.04.08  98_DEM_fat penella 02.08.08 
 91_DEM_rnd upper 20.06.08   03.08.08 
 92_DEM_close v. 06.07.08  100_DEM_storto 07.08.08 
 93_DEM_a pois 08.07.08  101_DEM_nio 07.08.08 
 94_DEM_ciuffo a.v. 19.07.08  102_DEM_curved thin 07.08.08 
 95_DEM_ind tip 20.07.08  103_DEM_dot lx 08.08.08 
 96_DEM_flash dot 01.08.08  104_DEM_dark ind 08.08.08 
 97_DEM_deep scar 02.08.08  105_DEM_morsettotip 21.08.08 
 99_DEM_triangle style 02.08.08  150_DEM_tailstock 19.07.08 
 106_DEM_sunnastyle 11.04.08  110_DEM_chevron+bm 20.07.08 
  20.06.08  111_DEM_little tiny rnd 20.07.08 
 107_DEM_rnd lower1 26.05.08  113_DEM_rnd tip 01.07.08 
 108_DEM_sorriso b. 09.07.08  115_DEM_mid squared 25.07.08 
  06.08.08    
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Table 3.2.4 continued Identified DEM minke whales (Balaenoptera acutorostrata) and 
relative seasonal re-sightings (date listed) in 2008   
 
 ID name               date  ID name    date  

 
109_DEM_simil jojo 
but not 17.07.08  117_DEM_gunther 06.05.08  

 
114_DEM_rnd 
leading 19.07.08   24.07.08  

  25.07.08  118_DEM_cof sottile 24.07.08  

 
116_DEM_gobba del 
gatto 21.08.08  119_DEM_slot 29.07.08  

 112_DEM_sharknose 19.07.08  120_DEM_blue sky 17.07.08  
  25.07.08  121_DEM_georgia 28.07.08  
  01.08.08  122_DEM_base rnd 02.08.08  
 124_DEM_pulcinella 24.04.08  123_DEM_far ridge 25.08.08  
 125_DEM_arlecchino 25.04.08  127_DEM_heaven 04.07.08  
 126_DEM_andri 19.04.08   26.06.08  
  07.05.08  128_DEM_long 09.07.08  
  11.05.08  129_DEM_bat 02.08.08  
  16.05.08  130_DEM_mia 19.07.08  
  30.05.08   01.08.08  
 133_DEM_simil smile 29.07.08  131_DEM_big handy 25.07.08  

 134_DEM_stabler 02.08.08  
132_DEM_baby 
handy 25.07.08  

  03.08.08   08.07.08  
 135_DEM_r or 40 01.08.08  120_DEM_nn 02.08.08  
  02.08.08  136_DEM_smile 20.07.08  
  05.08.08   06.08.08  
 137_DEM_rain 07.08.08  138_DEM_lower tri 02.08.08  
 139_DEM_perfect rnd 08.08.08   08.08.08  
 140_DEM_midi 19.04.08  143_DEM_beauty 20.08.08  
 142_DEM_gruvi 08.08.08  141_DEM_puffo 01.08.08  
  17.08.08   02.08.08  

 
146_DEM_small 
square 08.08.08  147_DEM_chuva 06.08.08  

 
145_DEM_large sqn 
ridge 03.08.08   07.08.08  

 144_DEM_base sqn 08.07.08   21.08.08  
  29.07.08   19.08.08  
 148_DEM_joker 19.07.08  149_DEM_ananas          17.08.08  
  25.07.08     
  01.08.08     
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Table 3.2.5 Identified dDES minke whales (Balaenoptera acutorostrata) and relative 
seasonal re-sightings (date listed) in 2008   
 

  ID name       date   ID name    date   

 
172_dDES_rippled  with 
back dots 18.04.08  184_dDES_wind style 8.08.08  

 
173_dDES_short silver 
sword 25.04.08  

185_dDES_tra sword e 
banana 11.08.08  

 
174_dDES_sword like 
merlino 25.06.08  186_dDES_pomello style 12.08.08  

 
175_dDES_broad sword 
with dots 6.07.08  187_dDES_quasi gobbo 17.08.08  

 176_dDES_pixel 9.07.08  
188_dDES_dot con 
antenna 19.08.08  

 
177_dDES_s. rippled with 
bm 12.07.08  189_dDES_no fin 19.08.08  

 178_dDES_brutto derma 17.07.08  
190_dDES_sword style 
with rash 19.08.08  

  11.08.08  191_dDES_short sword 1.08.08  

 
179_dDES_simil sword 
with bm 19.07.08   20.08.08  

  19.08.08  
192_dDES_elegante con 
black dot 20.08.08  

 180_dDES_grey with bm 24.07.08  
182_dDES_banana 
maculata 5.08.08  

 181_dDES_eiffel 25.07.08  
183_dDES_speedy 
gonzales 9.07.08  

 193_dDES_tanti cookie 20.08.08   7.08.08  
  194_DES_simil mount                  19.07.08         
 
Table 3.2.6 Identified nDEM minke whales (Balaenoptera acutorostrata) and relative 
seasonal re-sightings (date listed) in 2008 
 

 ID name       date ID name    date  

 195_nDEM_example 11.04.08  205_nDEM_star with kitti 02.08.08  
 196_nDEM_simil healed 03.08.08  206_nDEM_penella left 06.08.08  
 197_nDEM_just fin 20.04.08  207_nDEM_simil noble b.n. 07.08.08  
 198_nDEM_anna 20.05.08  208_nDEM_forse 08.08.08  
 199_nDEM_croissant 22.06.08  209_nDEM_gradino 08.08.08  
 200_nDEM_white dot rx 25.06.08  210_nDEM_bm with tall fin 11.08.08  
 201_nDEM_long2 08.07.08  211_nDEM_verruca 17.08.08  
 202_nDEM_simil wind 10.07.08  212_nDEM_simil bis32 2009 17.08.08  
  27.07.08  213_nDEM_healed cookie 19.08.08  
  19.07.08  214_nDEM_bm1 19.08.08  
 203_nDEM_2009 25.07.08  215_nDEM_young 19.08.08  
  01.08.08  216_nDEM_pomello 20.08.08  

  03.08.08  217_nDEM_striscio 21.08.08  

 204_nDEM_dot 01.08.08  218_nDEM_derma 29.07.08  
 220_nDEM_open ulcers 25.07.08   19.08.08  

 221_nDEM_waves 09.07.08  219_nDEM_large beauty mole 29.07.08  

  08.08.08   03.08.08  

  222_nDEM_young2 20.06.08         
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Table 3.2.7 Identified DEM minke whales (Balaenoptera acutorostrata) and relative 
seasonal re-sightings (date listed) in 2009  
 

 ID name               date  ID name    date  

 
223_DEM_like sword and 
merlino 16.05.09  

232_DEM_tip small 
ind 13.07.09  

 224_DEM_tip nick 09.06.09  233_DEM_scheggia 21.07.09  
 225_DEM_flat lead 13.06.09  249_DEM_flickr 14.06.09  
  20.06.09  234_DEM_nick tip 10.08.09  
  08.07.09  235_DEM_coffee 11.08.09  
  19.08.09  231_DEM_top flat lead 05.07.09  

 
226_DEM_curved with 
chevrons 04.07.09  228_DEM_flat tip 02.07.09  

 
227_DEM_2ind on 
leading 28.06.09  229_DEM_galletto 03.07.09  

  10.08.09  230_DEM_mid leading 05.07.09  

 236_DEM_2twin nick 14.04.09  
248_DEM_2 cheese 
bites 13.06.09  

 237_DEM_all simil jojo 14.04.09  250_DEM_nn 25.06.09  

 238_DEM_simil midi 14.04.09  
251_DEM_rnd notch 
sfuocato 29.06.09  

  16.04.09  252_DEM_twin gruvi 30.06.09  
  23.07.09  253_DEM_2back ridge 11.07.09  
  31.07.09  254_ridge 11.07.09  

  02.08.09  255_DEM_nn 11.07.09  
 239_DEM_nn 13.08.09  256_DEM_nn 13.07.09  
 240_DEM_nn 25.04.09  257_DEM_lead rnd up 17.07.09  
 241_DEM_parasole 08.06.09  258_DEM_nn 18.07.09  
 242_DEM_simil micro 16.05.09  259_DEM_maybe jojo 18.07.09  

 243_DEM_nn 09.06.09  
262_DEM_big rnd and 
small 4.08.09  

 
244_DEM_cof and 
leading 10.06.09   05.08.09  

 245_DEM_upper rnd 11.06.09   11.08.09  
 246_DEM_rnd base 12.06.09  263_DEM_nn 15.08.09  
 247_DEM_nn 13.06.09  265_DEM_mid sqn 29.07.09  

 260_DEM_rnd with birds 19.07.09  
264_DEM_surfacing 
rnd 15.08.09  

 261_DEM_young penella 25.07.09     
  09.08.09     
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Table 3.2.8 Identified dDES minke whales (Balaenoptera acutorostrata) and relative 
seasonal re-sightings (date listed) in 2009  
 

 ID name 
      
date  ID name                                   date  

 
266_dDES_long 
rounded 4.14.09  277_dDES_sword4 30.06.09  

 267_dDES_nn 23.04.09  278_dDES_penella and cookie 4.07.09  

 
268_dDES_like wind 
with ridge 9.06.09  279_dDES_with notch ridge 10.07.09  

 269_dDES_big missing 9.06.09  280_dDES_sword6 18.07.09  
 270_dDES_simil nikon 14.06.09  281_dDES_with scar behind fin 22.07.09  
 271_dDES_sword2 20.06.09  282_dDES_sword5 5.08.09  
 272_dDES_ciuffo 23.06.09  283_dDES_calcare 5.08.09  

 273_dDES_2007 25.06.09  
284_dDES_pomello style with 
back cookie 9.08.09  

 274_dDES_seen 25.06.09  285_dDES_ma 10.08.09  
 275_dDES_sword3 29.06.09  286_dDES_stregato dalla luna 14.08.09  

 
276_dDES_stelle di 
okuto 30.06.09  287_dDES_thin pointed 14.08.09  

 290_dDES_bis32 30.06.09  288_dDES_left side 19.08.09  

 
289_dDES_gravi graffi 
rx 19.08.09     

 
 
Table 3.2.9 Identified nDEM minke whales (Balaenoptera acutorostrata) and relative 
seasonal re-sightings (date listed) in 2009 
 
 ID name       date  ID name    date  

 291_nDEM_raven 23.04.09  300_nDEM_quite 3.07.09  
 292_nDEM_piccolo tri 26.05.09  301_nDEM_simil banana maculata 7.07.09  
 294_nDEM_pancetta 8.06.09  302_nDEM_maculato in feeding 8.07.09  
 295_nDEM_hrefna 29.07.09  303_nDEM_up up with bm 19.07.09  
 296_nDEM_tip bianco 14.06.09  304_nDEM_bm2 21.07.09  
 297_nDEM_spruzzi 25.06.09  308_nDEM_maculato2 25.07.09  
 298_nDEM_creator 2.07.09  307_nDEM_simil 67 2008 29.07.09  
 299_nDEM_peace 3.07.09  309_nDEM_just some white 10.08.09  
  4.07.09  310_nDEM_tri plunge 11.08.09  
 305_nDEM_lucido 19.08.09  311_nDEM_bm3 15.08.09  
    306_nDEM_bis15 3.07.09  
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3) White-beaked dolphin annual re-sightings 
 
Table 3.3.1 Total number of individual dolphins re-sighted between 2007 and 2008 within 
the study area 
 

ID #name  month year time date 
      

14_DEM_angie  7 2007 8:52 22.07.07 
14_DEM_angie  6 2008 14:43 09.06.08 
33_DEM_ascia  8 2007 18:37 24.08.07 
33_DEM_ascia  5 2008 10:34 13.05.08 

15_DEM_cerchiolino  8 2007 10:25 26.08.07 
15_DEM_cerchiolino  7 2008 14:45 27.07.08 

16_DEM_clyde  6 2007 10:25 24.06.07 
16_DEM_clyde  9 2007 18:09 07.09.07 
16_DEM_clyde  5 2008 15:22 16.05.08 
16_DEM_clyde  6 2008 19:18 08.06.08 
16_DEM_clyde  6 2008 14:28 10.06.08 
16_DEM_clyde  6 2008 11:15 22.06.08 
16_DEM_clyde  7 2008 11:19 05.07.08 
05_DEM_future  6 2007 10:24 24.06.07 
05_DEM_future  6 2008 15:37 08.06.08 
05_DEM_future  7 2008 10:29 29.07.08 

35_DEM_mid ind with white  6 2007 14:02 22.06.07 
35_DEM_mid ind with white  7 2008 11:19 05.07.08 

27_DEM_semiluna  7 2007 14:54 11.07.07 
27_DEM_semiluna  8 2008 18:35 08.08.08 
06_DEM_square  6 2007 10:31 24.06.07 
06_DEM_square  8 2007 19:43 24.08.07 
06_DEM_square  8 2007 10:24 26.08.07 
06_DEM_square  5 2008 10:14 05.05.08 
60_DEM_taurus  7 2007 10:30 21.07.07 
60_DEM_taurus  7 2007 14:13 21.07.07 
60_DEM_taurus  6 2008 14:27 22.06.08 
60_DEM_taurus  7 2008 10:30 06.07.08 
13_DEM_tippin  7 2007 10:30 21.07.07 
13_DEM_tippin  8 2008 10:42 06.08.08 

 
 
 
 
 
 
 
 
 
 
 



 155 

Table 3.3.2 Total number of individual dolphins re-sighted between 2008 and 2009 within 
the study area 
 

ID #name  month year time date 
      

139_DEM_all at once  5 2008 10:06 16.05.08 
139_DEM_all at once  7 2009 18:54 17.07.09 
147_DEM_anziano  5 2008 10:06 07.05.09 
147_DEM_anziano  5 2008 10:51 15.05.08 
147_DEM_anziano  5 2008 13:43 16.05.08 
147_DEM_anziano  7 2009 10:00 05.07.09 
143_DEM_base sq.  7 2008 10:25 05.07.08 
143_DEM_base sq.  7 2008 10:09 25.07.08 
143_DEM_base sq.  4 2009 14:05 25.04.09 
143_DEM_base sq.  5 2009 10:51 15.05.09 

148_DEM_december rnd  5 2008 13:43 13.05.08 
148_DEM_december rnd  6 2009 10:00 04.06.09 
148_DEM_december rnd  8 2009 14:21 10.07.09 
148_DEM_december rnd  7 2009 14:49 09.08.09 
141_DEM_escrescenza1  6 2008 18:04 10.06.08 
141_DEM_escrescenza1  6 2009 10:17 01.06.09 

145_DEM_front base leading  8 2008 10:00 06.08.08 
145_DEM_front base leading  6 2009 11:15 04.06.09 

144_DEM_misterious  8 2008 10:10 06.08.08 
144_DEM_misterious  7 2009 14:25 05.07.09 

146_DEM_only gabriela  5 2008 9:22 06.05.08 
146_DEM_only gabriela  6 2009 10:55 04.06.09 

142_nDEM_skratch  5 2008 14:45 03.05.08 
142_nDEM_skratch  5 2008 10:12 13.05.08 
142_nDEM_skratch  7 2009 14:42 24.06.09 

140_DEM_snowy top cof  6 2008 14:43 09.06.08 
140_DEM_snowy top cof  6 2009 10:54 14.06.09 

138_DEM_tri ind tip  6 2008 14.02 07.05.08 
138_DEM_tri ind tip  6 2008 14:53 12.05.08 
138_DEM_tri ind tip  6 2008 15:22 16.05.08 
138_DEM_tri ind tip  7 2009 18:56 05.07.09 
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Table 3.3.3 Total number of individual dolphins re-sighted between 2007 and 2009 within 
the study area 
 

ID #name  month year time date 
17_DEM_bonnie  9 2007 18:09 07.09.07 
17_DEM_bonnie  7 2009 14:48 23.06.09 
17_DEM_bonnie  7 2009 10:33 9.07.09 
07_DEM_tipless  6 2007 14:09 22.06.07 
07_DEM_tipless  8 2009 14:39 10.08.09 

 
 
 
Table 3.3.4 Total number of individual dolphins re-sighted between 2007, 2008 and 2009 
within the study area 
 

ID #name  month year time date 
11_DEM_cut  7 2007 15:00 07.07.07 
11_DEM_cut  5 2008 10:22 05.05.08 
11_DEM_cut  6 2009 14:33 14.06.09 

38_DEM_funny  7 2007 10:54 05.07.07 
38_DEM_funny  7 2008 14:45 27.07.08 
38_DEM_funny  7 2009 10:52 29.07.09 
38_DEM_funny  7 2009 14:36 02.08.09 
38_DEM_funny  7 2009 14:43 16.08.09 
10_DEM_jump  7 2007 10:54 05.07.07 
10_DEM_jump  7 2008 14:45 27.07.08 
10_DEM_jump  7 2009 10:47 29.07.09 
10_DEM_jump  8 2009 14:24 02.08.09 
10_DEM_jump  8 2009 14:34 16.08.09 

37_DEM_punta freccia  8 2007 18:38 24.08.07 
37_DEM_punta freccia  7 2008 18:51 04.07.08 
37_DEM_punta freccia  5 2009 13:43 26.05.09 
37_DEM_punta freccia  7 2009 14:10 07.07.09 
19_DEM_ventiquattro  8 2007 18:36 24.08.07 
19_DEM_ventiquattro  5 2008 15:38 13.05.08 
19_DEM_ventiquattro  6 2008 14:28 10.06.08 
19_DEM_ventiquattro  7 2008 18:09 16.07.08 
19_DEM_ventiquattro  6 2009 10:57 25.06.09 
19_DEM_ventiquattro  8 2009 10:44 14.08.09 
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4) White-beaked dolphins seasonal re-sightings (nn= no name given) 
 
 
Table 3.4.1 Identified DEM white-beaked dolphins (Lagenorhynchus albirostris) and 
relative seasonal re-sightings (date listed) in 2007 
 

 ID name       date  ID name    date  

 20_DEM_rosicchiato 14.05.07  24_DEM_circle 24.06.07  
 01_DEM_ric n tac 27.05.07  28_DEM_slimer 01.07.07  

 02_DEM_percy 30.05.07  29_DEM_primo 01.07.07  

  03.06.07  33_DEM_new 04.07.07  

  08.06.07  37_DEM_scar 07.07.07  

 21_DEM_felix 08.06.07  39_DEM_arco 07.07.07  

 03_DEM_ufo 09.06.07  43_DEM_kate 17.07.07  

 22_DEM_sega 09.06.07  44_DEM_ciop 17.07.07  

 04_DEM_moon 09.06.07  45_DEM_angel 17.07.07  

 30_DEM_cip 17.07.07  
17_DEM_rnd lower in 
couple 13.06.07  

 31_DEM_farina 17.07.07   04.07.07  

 32_DEM_vlad 21.07.07  30_DEM_grampo 04.07.07  

 65_DEM_merlino 16.07.07  26_DEM_arco 07.07.07  

  08.09.07     

 
 
Table 3.4.2 Identified dDES and nDEM white-beaked dolphins (Lagenorhynchus 
albirostris) and relative seasonal re-sightings (date listed) in 2007 
 
 ID name       date  ID name    date  

 39_dDES_macete 18.05.07  51_nDEMwith travel 30.05.07  

 40_dDES_bunny 30.05.07  52_nDEM_travel 30.05.07  

 41_dDES_first 13.06.07  53_nDEM_fine 31.05.07  

 42_dDES_13 13.06.07  54_nDEM_otto with BS 08.06.07  

 43_dDES_july 01.07.07  56_nDEM_baby 22.06.07  

 44_dDES_scheggia 11.07.07  57_nDEM_piccolo 11.07.07  

 45_dDES_fireworks 16.07.07  58_nDEM_mother 17.07.07  

 46_dDES_point 21.07.07     

 47_dDES_with pony 15.08.07  59_nDEM_baby2 17.07.07  

 48_dDES_pony 15.08.07  55_nDEM_macchia 13.06.07  

 
49_dDES_come 
o.d.mare 26.08.07  61_nDEM_strascico destro 08.06.07  

 50_dDES_vela 24.08.07  62_nDEM_front marks 13.06.07  

  08.09.07  63_nDEM_back tatto 20.07.07  
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Table 3.4.3 Identified DEM white-beaked dolphins (Lagenorhynchus albirostris) and 
relative seasonal re-sightings (date listed) in 2008 
 

 ID name       date  ID name    date  
 64_DEM_right lesion 09.06.08  67_DEM_ind and flat tip 16.05.08  
 65_DEM_cut off with missing 02.08.08  68_DEM_nn 16.05.08  
 66_DEM_tozzo with ind 19.08.08  69_DEM_nn 16.05.08  
 88_DEM_ridge1 12.05.08  70_DEM_nn 29.05.08  
 89_DEM_dolphin nio 13.05.08  71_DEM_nn 09.06.08  
 108_DEM_mid squared 16.05.08  72_DEM_up ind  tattoo 10.06.08  
  30.05.08  73_white base fin 19.08.08  
  10.06.08  74_DEM_nn 22.06.08  

 
109_DEM_long squared with 
white 07.08.08  75_DEM_big depigm. 04.07.08  

  19.08.08  76_DEM_piercing dolphin 04.07.08  
 115_DEM_triangular dorsal ridge 02.08.08  77_DEM_calf with 2rnd 04.07.08  
  06.08.08  78_DEM_terzo occhio 10.07.08  
 116_DEM_young with tri 19.08.08  79_DEM_nn 25.07.08  
 117_DEM_wellcome tri 19.08.08  80_DEM_pigm and BM 22.06.08  
 110_DEM_kink 07.05.08   06.08.08  
  18.05.08  81_DEM_back scars 07.05.08  
 111_DEM_e and o peduncle 09.07.08  82_DEM_sfuggente 18.05.08  
 112_DEM_chewy's nose 19.04.08   07.05.08  
  02.08.08  83_DEM_nn 10.05.08  
  08.08.08  84_DEM_nn 12.05.08  
 114_DEM_nn 12.05.08  85_DEM_tsd 13.05.08  
 123_DEM_nn 13.05.08  86_DEM_nn 13.05.08  
 90_lower rnd in couple 07.05.08  87_DEM_macchia latte 2ind 13.05.08  
  12.05.08  91_DEM_nn 30.05.08  
  16.05.08  92_DEM_matthau 10.06.08  
  02.06.08  93_DEM_big rnd tip 14.06.08  
 113_DEM_rondine che vola 05.07.08  94_DEM_4 di luglio 11.06.08  
 114_DEM_double cheese bite 09.07.08   04.07.08  
 107_DEM_magician hat  nick 13.05.08  95_DEM_nn 04.07.08  
  10.07.08  98_DEM_nn 16.07.08  
  06.08.08  99_DEM_pera sul trailing 06.08.08  
 101_DEM_3 rnd at tip 07.05.08  100_DEM_quattro rnd 05.05.08  
 102_DEM_up and down the fin 13.05.08   08.08.08  
 103_DEM_2 small rnd  12.05.08  104_DEM_impronta incisivi 13.05.08  
  13.05.08  105_DEM_ventitre 13.05.08  
    106_DEM_icecream scoop 19.04.08  
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Table 3.4.4 Identified dDES and nDEM white-beaked dolphins (Lagenorhynchus 
albirostris) and relative seasonal re-sightings (date listed) in 2008 
 

ID name       date  ID name    date  
118_dDES_clean in company 30.05.08  129_nDEM_nn 10.05.08  
119_dDES_the eye 09.07.08  130_nDEM_nn 13.05.08  
 19.07.08  131_nDEM_nn 13.05.08  
120_dDESsurfacing in couple 08.05.08  132_nDEM_nn 13.05.08  
 10.05.08  133_nDEM_nn 13.05.08  
 13.05.08  134_nDEM_nn 13.05.08  
121_nDEM_nn 16.05.08  135_nDEM_nn 19.04.08  
122_nDEM_nn 09.07.08  136_nDEM_nn 19.04.08  
123_nDEM_nn 09.07.08  137_nDEM_nn 09.06.08  
124_nDEM_nn 11.06.08  126_nDEM_nn 08.08.08  
125_nDEM_nn 09.06.08  127_nDEM_nn 19.08.08  
   128_nDEM_nn 19.08.09  

 
 

Table 3.4.5 Identified DEM white-beaked dolphins (Lagenorhynchus albirostris) and 
relative seasonal re-sightings (date listed) in 2009  
 

 ID name       date  ID name    date  
 3_DEM_nn 16.04.09  73_DEM_nn 05.07.09  
 4_DEM_nn 16.04.09  75_DEM_nn 05.07.09  
 8_DEM_nn 20.04.09  76_DEM_nn 28.06.09  
 12_DEM_nn 21.04.09   07.07.09  
 14_DEM_nn 25.04.09  79_DEM_nn 07.07.09  
 16_DEM_nn 25.04.09  81_DEM_nn 07.07.09  
 20_DEM_nn 26.04.09  82_DEM_nn 07.07.09  
 24_DEM_nn 08.06.09  84_DEM_nn 07.07.09  
 31_DEM_nn 15.05.09  85_DEM_nn 07.07.09  
  25.05.09  91_DEM_nn 07.07.09  
 39_DEM_nn 04.06.09   08.07.09  
 42_DEM_nn 04.06.09     
 47_DEM_nn 08.06.09  95_DEM_nn 08.07.09  
 51_DEM_nn 14.06.09   09.07.09  
 54_DEM_nn 14.06.09   10.07.09  
 55_DEM_nn 14.06.09  100_DEM_nn 10.07.09  
 57_DEM_nn 15.06.09  102_DEM_nn 09.07.09  
 62_DEM_nn 23.06.09  103_DEM_nn 10.07.09  
 72_DEM_nn 05.07.09  105_DEM_nn 10.07.09  
 113_DEM_nn 17.07.09  106_DEM_nn 10.07.09  
 117_DEM_nn 19.07.09  107_DEM_nn 11.07.09  
 109_DEM_nn 17.07.09  133_DEM_nn 10.08.09  
 140_DEM_nn 16.08.09  137_DEM_nn 14.08.09  
 1_DEM_nn 16.04.09  92_DEM_nn 08.07.09  
 2_DEM_nn 16.04.09  93_DEM_nn 08.07.09  
 5_DEM_nn 16.04.09  94_DEM_nn 08.07.09  
 6_DEM_nn 16.04.09  99_DEM_nn 10.07.09  
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 7_DEM_nn 16.04.09  101_DEM_nn 09.07.09  
 10_DEM_nn 21.04.09  108_DEM_nn 17.07.09  
 11_DEM_nn 21.04.09  110_DEM_nn 17.07.09  
 15_DEM_nn 25.05.09  111_DEM_nn 17.07.09  
 17_DEM_nn 25.05.09  114_DEM_nn 17.07.09  
 18_DEM_nn 25.04.09  116_DEM_nn 19.07.09  
 21_DEM_nn 15.05.09  121_DEM_nn 29.07.09  
 22_DEM_nn 15.05.09  129_DEM_nn 02.08.09  
 30_DEM_nn 27.05.09   05.08.09  
 32_DEM_nn 01.06.09  131_DEM_nn 09.08.09  
 33_DEM_nn 01.06.09  136_DEM_nn 29.07.09  
 46_DEM_nn 08.06.09   14.07.09  
 48_DEM_nn 14.06.09  138_DEM_nn 14.08.09  
 52_DEM_nn 14.06.09  139_DEM_nn 14.08.09  
 56_DEM_nn 14.06.09  59_DEM_nn 15.06.09  
 83_DEM_nn 07.07.09   15.05.09  
 80_DEM_nn 07.07.09  69_DEM_nn 05.07.09  
    70_DEM_nn 05.07.09  

 
 
Table 3.4.6 Identified nDEM and dDES white-beaked dolphins (Lagenorhynchus 
albirostris) and relative seasonal re-sightings (date listed) in 2009 
 

 ID name              date  ID name    date  
 229_nDEM_nn 04.06.09  237_nDEM_nn 13.08.09  
 230_nDEM_nn 20.04.09  228_nDEM_nn 04.06.09  
 231_nDEM_nn 25.04.09  238_nDEM_nn 16.08.09  
 232_nDEM_nn 14.06.09  239_nDEM_nn 08.06.09  
 233_nDEM_nn 23.06.09  240_nDEM_nn 14.06.09  
 234_nDEM_nn 04.06.09  241_nDEM_nn 08.07.09  
  25.06.09  242_nDEM_nn 25.07.09  
 235_nDEM_nn 07.07.09  243_dDES_nn 01.06.09  
 236_nDEM_nn 10.08.09  244_dDES_ddes 17.07.09  
  14.08.09  245_dDES_nn 29.07.09  
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Appendix C 
The different months in which whales and dolphins were sighted are coloured coded: May 
= yellow, June = red, July = blue, August = green, September=violet. 
 

1. Location of minke whale annual re-sightings 

 

 

Fig. 4.1.1  Minke whale 17_DEM_ARCH photographed in 2007, recaptured in 2008 
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Fig. 4.1.2  Minke whale 99_nDEM_MERLIN photographed in 2007, recaptured in 2008 
 

 

Fig. 4.1.3  Minke whale 41_nDEM_NEW photographed three times in 2007, recaptured in 
2008 
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Fig. 4.1.4 Minke whale 83_DEM_SHARK photographed in 2007, recaptured in 2008 

 

 

Fig. 4.1.5  Minke whale 50_nDEM_WELL photographed in 2007, recaptured twice in 

2008. 
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Fig. 4.1.6  Minke whale 45_DEM_BENNY photographed in 2008, recaptured twice in 

2009 

 

 

Fig. 4.1.7  Minke whale 162_DEM_CHANGE photographed in 2008, recaptured twice in 

2009 
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Fig. 4.1.8  Minke whale 101_DEM_CINDY YR photographed in 2008, recaptured twice in 

2009 

 

 

Fig. 4.1.9  Minke whale 124_DEM_HAPPY MOZZA photographed in 2008, recaptured 
twice in 2009 
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Fig. 4.1.10  Minke whale 44_DEM_MAGICIAN photographed in 2008, recaptured twice 
in 2009 
 

 

Fig. 4.1.11  Minke whale 25_DEM_MINNI photographed in 2008, recaptured twice in 
2009. 
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Fig. 4.1.12  Minke whale 60_DEM_ONLY ME photographed in 2008, recaptured twice in 
2009 
 
 

 

Fig. 4.1.13  Minke whale 46_DEM_NEED S.B. photographed in 2008, recaptured twice in 
2009. 
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Fig. 4.1.14  Minke whale 80_DEM_PEARL photographed in 2008, recaptured twice in 
2009 
 
 

 
 
Fig. 4.1.15  Minke whale 75_DEM_ RAZOR photographed in 2008, recaptured twice in 
2009. 
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Fig. 4.1.16  Minke whale 49_DEM_ RICCIOLO photographed in 2008, recaptured twice 
in 2009 
 
 

 
 
Fig. 4.1.17  Minke whale 51_DEM_ SENZA T. photographed in 2008, recaptured twice in 
2009. 
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Fig. 4.1.18  Minke whale 71_DEM_ SIMIL FLICKR photographed in 2008, recaptured 
twice in 2009 
 
 

 
 
Fig. 4.1.19  Minke whale 62_DEM_ SNOWY MONDAY photographed in 2008, recaptured 
twice in 2009 
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Fig. 4.1.20  Minke whale 59_DEM_ SQUARE photographed in 2008, recaptured twice in 
2009 
 

 

Fig. 4.1.21  Minke whale 53_DEM_ TRIANGOLO photographed in 2008, recaptured twice 
in 2009 
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Fig. 4.1.22  Minke whale 11_DEM_ VISTO photographed in 2008, recaptured twice in 
2009 
 

 

Fig. 4.1.23  Minke whale 42_DEM_ YOU photographed in 2008, recaptured twice in 2009 
 

 



 173 

 

Fig. 4.1.24  Minke whale 77_DEM_MISS photographed in 2007, recaptured in 2009 

 

 

Fig. 4.1.25  Minke whale 89_DEM_SIMIL JON photographed in 2007, recaptured in 2009 
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Fig. 4.1.26  Minke whale 00_DEM_SMURF photographed in 2007, recaptured in 2009 

  

 

Fig. 4.1.27  Minke whale 50_DEM_SUNNA photographed in 2007, recaptured in 2009 
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Fig. 4.1.28  Minke whale 35_dDES_WIND photographed in 2007, recaptured in 2009 

 

 

Fig. 4.1.29  Minke whale 23_DEM_AURA photographed in 2007, 2008 and 2009 
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Fig. 4.1.30  Minke whale 01_DEM_DONUT photographed in 2007, 2008 and 2009 

 

 

Fig. 4.1.31  Minke whale 06_DEM_HAPPY photographed in 2007, 2008 and 2009 
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Fig. 4.1.32  Minke whale 93_DEM_JAN photographed in 2007, 2008 and 2009 

 

 

Fig. 4.1.33  Minke whale 100_dDES_PIC photographed in 2007, 2008 and 2009 
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Fig. 4.1.34  Minke whale 37_nDEM_PELO photographed in 2007, 2008 and 2009 

 

 

Fig. 4.1.35  Minke whale 62_nDEM_PHIL photographed in 2007, 2008 and 2009 
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Fig. 4.1.36  Minke whale 109_dDES_SWORD photographed in 2007, 2008 and 2009 

 

 

Fig. 4.1.37  Minke whale 53_DEM_TACCA photographed in 2007, 2008 and 2009 
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2. Location of white-beaked dolphins annual re-sightings 

 

Fig. 4.2.1  White-beaked dolphin 52_DEM_ANGIE photographed in 2007, recaptured in 
2008 
 

 

Fig. 4.2.2  White-beaked dolphin 54_DEM_ASCIA photographed in 2007, recaptured in 
2008 
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Fig. 4.2.3  White-beaked dolphin 59_DEM_CERCHIOLINO photographed in 2007, 
recaptured in 2008 
 

 

Fig. 4.2.4  White-beaked dolphin 60_DEM_CLYDE photographed in 2007, recaptured in 
2008 
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Fig. 4.2.5  White-beaked dolphin 20_DEM_MID IND WITH WHITE photographed in 
2007, recaptured in 2008 
 

 

Fig. 4.2.6  White-beaked dolphin 41_DEM_SEMILUNA photographed in 2007, recaptured 
in 2008 
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Fig. 4.2.7  White-beaked dolphin 22_DEM_SQUARE photographed in 2007, recaptured in 
2008 
 

 

Fig. 4.2.8  White-beaked dolphin 49_DEM_TAURUS photographed in 2007, recaptured in 
2008 
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Fig. 4.2.9  White-beaked dolphin 50_DEM_TIPPIN photographed in 2007, recaptured in 
2008 
 
 

 
 
Fig. 4.2.10  White-beaked dolphin 21_DEM_FUTURE photographed in 2007, recaptured 
in 2008 
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Fig. 4.2.11  White-beaked dolphin 03_DEM_ALL AT ONCE photographed in 2008, 
recaptured  
in 2009 
 

 
 
Fig. 4.2.12 White-beaked dolphin 80_DEM_ANZIANO photographed in 2008, recaptured 
in 2009 
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Fig. 4.2.13  White-beaked dolphin 62_DEM_BASE SQ photographed in 2008, recaptured 
in 2009 
 
 

 

Fig. 4.2.14  White-beaked dolphin 125_DEM_DECEMBER photographed in 2008, 
recaptured in 2009 
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Fig. 4.2.15  White-beaked dolphin 29_DEM_ESCRESCENZA 1 photographed in 2008, 
recaptured in 2009 
 
 

 

Fig. 4.2.16  White-beaked dolphin 81_DEM_FRONT BASE LEADING photographed in 
2008, recaptured in 2009 
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Fig. 4.2.17  White-beaked dolphin _DEM_MISTERIOUS photographed in 2008, 
recaptured in 2009 
 
 

 
 
Fig. 4.2.18 White-beaked dolphin 99_DEM_ONLY GABRIELA photographed in 2008, 
recaptured in 2009 
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Fig. 4.2.19 White-beaked dolphin 29_DEM_SKRATCH photographed in 2008, recaptured 
in 2009 
 
 

 
 
Fig. 4.2.20 White-beaked dolphin 21_DEM_SNOWY TOP COF photographed in 2008, 
recaptured in 2009 
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Fig. 4.2.21 White-beaked dolphin 02_DEM_TRI IND TIP photographed in 2008, 
recaptured in 2009 
 
 

 
 
Fig. 4.2.22 White-beaked dolphin 61_DEM_BONNIE photographed in 2007, recaptured in 
2009 
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Fig. 4.2.23 White-beaked dolphin 23_DEM_TIPLESS photographed in 2007, recaptured in 
2009 
 

 

Fig. 4.2.24 White-beaked dolphin 67_DEM_24 photographed in 2007, 2008 and 2009 
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Fig. 4.2.25 White-beaked dolphin 36_DEM_CUT photographed in 2007, 2008 and 2009 
 
 

 

Fig. 4.2.26 White-beaked dolphin 35_DEM_FUNNY photographed in 2007, 2008 and 

2009 
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Fig. 4.2.27 White-beaked dolphin 34_DEM_JUMP photographed in 2007, 2008 and 2009 

 

 

Fig. 4.2.28 White-beaked dolphin 53_DEM_PUNTA FRECCIA photographed in 2007, 
2008 and 2009
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Appendix D 
 

1) Sightings of foraging minke whales and white-beaked dolphins in association with seabirds (2008) with associated SST (°C) and depth 
(m) (NA= data not available) 
 

date month minke dolphin l.gulls puffins kitti fulmars  a.terns skuas gannets guille razor m.shear DEPTH SST 
26/05/2008 5 1 0 150 30 40 NA 0 2 0 0 0 0 33 7.26 
06/06/2008 6 0 2 0 0 12 0 15 0 0 0 0 0 56 8.74 
06/06/2008 6 0 2 NA 0 0 0 0 0 0 0 0 0 38 8.74 
14/06/2008 6 0 3 0 0 0 3 NA 0 0 0 0 0 24 1095 
14/06/2008 6 0 4 1 0 0 1 6 0 0 0 0 0 32 10.95 
20/06/2008 6 0 6 0 0 0 0 10 0 0 0 0 0 39 10.59 
24/06/2008 6 0 4 0 0 0 0 3 0 0 0 0 0 42 11.64 
24/06/2008 6 2 0 25 0 25 0 12 0 0 0 0 0 45 11.64 
25/06/2008 6 0 4 0 0 0 0 5 0 0 0 0 0 33 1201 
25/06/2008 6 1 0 2 NA 35 0 NA 0 0 0 0 0 47 12.01 
30/06/2008 6 0 2 0 7 0 0 0 0 0 NA 0 0 36 1132 
01/07/2008 7 2 0 54 NA 5 20 10 2 2 0 0 0 28 10.53 
03/07/2008 7 1 0 NA 0 0 0 0 0 0 0 0 0 NA 9.67 
02/07/2008 7 7 0 85 0 5 0 0 0 0 0 0 0 39 1015 
02/07/2008 7 2 0 65 15 95 12 0 0 0 2 0 0 31 10.15 
04/07/2008 7 11 0 64 5 88 165 0 8 0 0 0 0 42 9.59 
04/07/2008 7 4 0 0 0 20 0 0 0 0 0 0 0 26 9.59 
04/07/2008 7 3 3 80 35 140 NA 0 4 2 20 0 0 28 9.59 
04/07/2008 7 4 0 30 NA 123 2 15 2 0 25 0 0 21 9.59 
04/07/2008 7 0 9 0 0 25 0 20 0 0 NA 0 0 39 9.59 
05/07/2008 7 6 0 40 55 0 0 0 0 0 25 0 0 35 10.09 
05/07/2008 7 12 0 85 90 85 0 NA 2 1 85 NA 0 32 10.09 
06/07/2008 7 5 0 72 17 60 25 0 2 0 17 0 0 21 10.53 
06/07/2008 7 1 0 105 65 185 0 0 4 0 60 0 0 23 10.53 
08/07/2008 7 1 0 100 100 200 50 0 0 0 25 0 0 34 11.69 
08/07/2008 7 1 0 333 NA 333 NA 0 6 0 NA NA 0 32 11.69 



 195 

08/07/2008 7 5 0 NA NA NA NA 0 0 0 NA NA 0 32 11.69 
08/07/2008 7 2 0 NA NA 75 NA 0 0 0 NA 0 0 21 11.69 
09/07/2008 7 5 0 0 20 40 0 0 0 0 10 0 0 38 12.50 
09/07/2008 7 7 0 190 70 260 0 0 0 0 30 0 0 27 12.50 
09/07/2008 7 8 0 25 15 200 0 0 1 2 40 25 0 21 12.50 
09/07/2008 7 13 0 30 30 200 0 0 0 0 30 70 0 22 12.50 
10/07/2008 7 3 0 20 35 225 NA 0 0 0 45 0 0 23 12.95 
10/07/2008 7 12 5 17 27 110 0 0 0 10 25 0 0 21 12.95 
10/07/2008 7 7 0 345 92 432 33 0 3 13 262 0 0 27 12.95 
14/07/2008 7 0 3 25 NA 50 NA 0 0 0 0 0 0 36 12.27 
14/07/2008 7 1 0 40 5 85 10 0 0 0 0 0 0 40 12.27 
14/07/2008 7 3 0 105 25 145 38 6 1 0 6 0 1 28 12.27 
15/07/2008 7 1 0 50 35 150 0 0 1 1 0 0 0 32 12.25 
15/07/2008 7 2 0 45 157 290 0 0 0 2 0 0 0 30 12.25 
17/07/2008 7 4 0 2 10 80 NA 0 0 0 0 0 0 46 12.88 
17/07/2008 7 5 0 NA NA NA 0 0 0 0 0 0 0 26 12.88 
17/07/2008 7 2 4 10 NA 175 NA 0 3 0 0 0 0 21 12.88 
17/07/2008 7 5 0 100 NA 100 0 0 0 0 0 0 0 22 12.88 
17/07/2008 7 8 0 142 40 87 15 0 0 0 12 12 0 30 12.88 
17/07/2008 7 1 0 55 5 97 0 0 0 0 0 0 0 16 12.88 
17/07/2008 7 1 NA 65 5 147 47 0 2 0 0 0 0 16 12.88 
18/07/2008 7 2 0 200 35 500 0 NA 0 4 7 0 0 22 12.96 
18/07/2008 7 1 0 0 30 40 5 0 0 0 0 0 0 36 12.96 
18/07/2008 7 2 0 25 0 25 25 0 0 0 10 0 0 20 12.96 
19/07/2008 7 4 0 10 0 32 10 0 0 0 0 0 0 27 12.97 
19/07/2008 7 4 4 5 1 120 NA 10 NA 0 NA 0 0 21 12.97 
19/07/2008 7 3 0 175 35 300 60 0 0 0 10 0 0 NA 12.97 
19/07/2008 7 2 0 250 250 400 NA 0 0 0 7 0 0 35 12.97 
20/07/2008 7 5 0 205 45 255 17 0 1 0 5 0 0 23 12.55 
20/07/2008 7 10 0 35 17 75 0 0 5 0 0 0 0 36 12.55 
20/07/2008 7 12 0 215 307 325 100 0 0 4 8 7 1 36 12.55 
23/07/2008 7 2 0 150 25 325 NA 0 9 0 0 0 0 24 11.59 
23/07/2008 7 4 0 615 40 275 12 0 19 1 0 0 0 22 11.59 
24/07/2008 7 0 4 0 0 0 0 4 0 0 0 0 0 NA 11.64 
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24/07/2008 7 1 0 90 45 150 50 0 0 0 5 0 0 28 11.64 
24/07/2008 7 0 5 55 15 100 0 0 0 1 15 0 0 22 11.64 
24/07/2008 7 7 0 115 40 225 115 0 3 2 NA 0 NA 31 11.64 
24/07/2008 7 4 0 57 112 260 20 0 0 2 0 0 0 26 11.64 
24/07/2008 7 5 0 2900 310 5000 170 0 0 74 NA 0 0 25 11.64 
25/07/2008 7 6 0 360 170 60 35 0 2 18 0 0 0 23 11.82 
25/07/2008 7 10 0 70 225 160 60 0 1 11 40 0 0 23 11.82 
27/07/2008 7 8 0 25 225 55 NA 0 0 5 0 0 0 22 11.66 
27/07/2008 7 7 7 120 0 50 NA 0 0 6 0 0 0 21 11.66 
28/07/2008 7 3 0 110 35 90 NA 0 2 3 0 0 0 29 11.57 
28/07/2008 7 0 4 210 NA 90 NA 0 2 0 NA 0 0 22 11.57 
28/07/2008 7 1 0 75 60  0 0 0 4 0 0 0 23 11.57 
28/07/2008 7 3 0 175 90 225 NA 0 1 27 NA 0 0 33 11.57 
28/07/2008 7 3 3 0 12 13 0 0 0 0 0 0 0 33 11.57 
29/07/2008 7 10 7 715 450 695 90 0 4 29 0 0 0 28 11.93 
29/07/2008 7 1 3 65 NA 50 0 0 0 0 0 0 0 26 11.93 
29/07/2008 7 2 0 25 5 30 10 0 5 4 0 0 0 24 11.93 
29/07/2008 7 5 0 105 60 140 0 0 6 4 5 10 0 33 11.93 
01/08/2008 8 7 0 9 3 0 0 0 0 0 0 0 0 NA 13.47 
01/08/2008 8 17 0 26 5 64 0 0 0 0 0 0 0 NA 13.47 
02/08/2008 8 17 5 475 195 0 NA 0 1 4 70 0 0 26 13.48 
02/08/2008 8 10 2 186 165 175 NA 0 2 13 125 0 1 24 13.48 
02/08/2008 8 1 2 0 NA 0 0 0 0  NA NA 0 24 13.48 
03/08/2008 8 2 0 48 22 50 3 0 0 1 2 0 9 30 13.40 
03/08/2008 8 NA 0 275 100 180 NA 0 2 8 55 0 0 34 13.54 
03/08/2008 8 11 0 245 65 200 NA 0 4 2 30 0 0 38 13.54 
03/08/2008 8 7 0 250 100 550 0 0 5 10 100 0 0 35 13.54 
05/08/2008 8 4 0 75 46 185 40 0 0 2 3 0 0 27 13.59 
05/08/2008 8 12 0 22 49 47 6 0 1 21 0 0 0 38 13.59 
05/08/2008 8 6 0 175 35 15 NA 0 2 0 20 0 0 41 13.59 
05/08/2008 8 2 0 100 20 0 0 0 1 0 0 0 0 27 13.59 
05/08/2008 8 4 0 115 NA 80 NA 0 0 0 0 0 0 30 13.59 
06/08/2008 8 8 0 80 40 90 0 0 2 2 0 0 0 22 13.42 
06/08/2008 8 2 5 425 340 525 7 0 1 3 0 0 12 22 13.42 
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06/08/2008 8 3 0 60 35 35 0 0 2 0 0 1 1 24 13.42 
06/08/2008 8 10 0 25 15 25 0 0 1 0 15 0 18 28 13.42 
06/08/2008 8 10 0 200 210 190 NA 0 0 2 0 0 0 26 13.42 
06/08/2008 8 0 2 325 200 310 NA 0 2 3 0 0 0 31 13.42 
07/08/2008 8 4 3 150 90 150 15 0 1 1 0 1 7 25 13.20 
07/08/2008 8 12 0 185 110 80 NA 0 0 0 0 0 0 25 13.20 
07/08/2008 8 7 0 NA 65 40 NA 0 0 0 0 0 0 22 13.20 
07/08/2008 8 12 0 252 240 140 NA 0 2 0 100 0 0 27 13.20 
08/08/2008 8 29 0 175 190 225 65 0 0 0 NA 0 0 21 13.12 
08/08/2008 8 3 5 175 175 175 NA 0 0 45 0 0 0 35 13.12 
08/08/2008 8 3 0 35 25 25 5 0 0 41 0 0 7 28 13.12 
08/08/2008 8 12 0 4 210 15 4 0 2 1 0 0 0 34 13.12 
11/08/2008 8 5 0 NA 85 110 50 0 5 190 0 0 0 24 13.50 
11/08/2008 8 2 0 0 17 3 2 0 0 35 0 0 0 23 13.50 
11/08/2008 8 6 0 3 17 15 7 0 0 0 0 0 0 23 13.50 
11/08/2008 8 4 0 0 15 0 3 0 0 17 0 0 1 26 13.50 
12/08/2008 8 7 0 0 3 1 3 0 0 7 0 0 0 32 13.39 
12/08/2008 8 6 0 25 35 35 0 0 0 0 0 0 7 28 13.39 
12/08/2008 8 11 2 7 45 2 0 0 0 NA 0 0 3 22 13.39 
13/08/2008 8 10 0 0 1 0 0 0 0 5 0 0 0 NA 13.58 
15/08/2008 8 3 0 41 47 35 53 0 0 1 1 0 5 30 13.11 
15/08/2008 8 6 0 126 25 15 35 0 0 0 0 0 1 33 13.11 
15/08/2008 8 7 6 200 NA 100 150 0 0 400 NA 0 40 23 13.11 
17/08/2008 8 7 0 49 1 9 3 0 0 0 0 0 0 23 12.89 
17/08/2008 8 0 4 0 0 0 0 0 0 150 0 0 0 27 12.89 
17/08/2008 8 0 5 0 3 NA 20 0 1 90 0 0 0 26 12.89 
19/08/2008 8 2 3 1 0 5 3 0 0 210 3 0 2 25 12.93 
19/08/2008 8 5 2 265 3 157 5 0 2 340 0 0 12 22 12.93 
19/08/2008 8 2 2 300 0 100 15 0 0 200 0 0 7 24 12.93 
19/08/2008 8 10 0 140 3 0 0 0 1 0 0 0 0 39 12.93 
19/08/2008 8 2 0 110 2 0 0 0 0 0 2 0 3 54 12.93 
19/08/2008 8 2 0 42 0 35 NA 0 0 35 0 0 0 43 12.93 
20/08/2008 8 5 0 35 12 0 NA 0 0 110 0 0 0 31 13.03 
20/08/2008 8 6 0 42 5 0 7 0 0 22 0 0 0 35 13.03 
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20/08/2008 8 0 4 200 0 NA NA 0 7 200 0 0 0 21 13.03 
20/08/2008 8 1 0 210 NA 35 NA 0 0 55 0 0 0 26 13.03 
20/08/2008 8 15 0 15 0 7 0 0 0 0 0 0 0 45 13.03 
20/08/2008 8 13 0 13 3 25 190 0 0 130 0 0 1 35 13.03 
21/08/2008 8 10 0 200 18 60 12 0 6 3 0 0 5 37 12.97 
25/08/2008 8 5 2 0 0 0 8 0 0 40 0 0 4 40 12.33 
25/08/2008 8 2 0 0 0 0 0 0 0 12 0 0 0 59 12.33 
22/05/2008 5 0 0 120 22 2 NA 34 0 0 1 0 0   
24/05/2008 5 0 0 100 0 0 0 10 0 0 0 0 0   
24/05/2008 5 0 0 NA 1 10 3 70 0 0 2 0 0   
26/05/2008 5 0 0 80 7 0 30 100 2 0 0 0 0   
26/05/2008 5 0 0 90 25 15 15 20 2 0 0 0 0   
27/05/2008 5 0 0 187 12 0 2 90 2 1 0 0 0   
27/05/2008 5 0 0 100 17 0 12 57 0 0 0 4 0   
31/05/2008 5 0 0 67 30 NA 54 97 0 0 0 0 0   
01/06/2008 6 0 0 29 1 0 5 285 1 0 0 0 0   
02/06/2008 6 0 0 132 5 10 0 102 1 0 0 0 0   
03/06/2008 6 0 0 25 0 0 0 50 0 0 0 0 0   
03/06/2008 6 0 0 4 1 0 0 12 0 1 0 0 0   
06/06/2008 6 0 0 NA 0 0 0 0 1 0 0 0 0   
06/06/2008 6 0 0 54 10 7 0 57 1 0 0 0 0   
08/08/2008 6 0 0 95 65 50 4 500 2 2 0 0 0   
11/06/2008 6 0 0 12 5 0 0 12 0 0 0 0 0   
12/06/2008 6 0 0 10 6 0 0 7 0 0 0 0 0   
12/06/2008 6 0 0 57 10 0 7 37 1 0 0 0 0   
13/06/2008 6 0 0 50 44 5 12 44 0 0 0 0 0   
14/06/2008 6 0 0 12 26 5 NA 12 0 0 0 0 0   
26/06/2008 6 0 0 8 57 200 0 0 2 0 0 0 0   
26/06/2008 6 0 0 25 67 67 50 15 2 0 0 0 0   
01/07/2008 7 0 0 NA 40 80 30 NA 2 1 0 0 0   
01/07/2008 7 0 0 80 0 80 0 0 5 1 7 6 0   
02/07/2008 7 0 0 50 0 50 NA 0 3 0 0 0 0   
04/07/2008 7 0 0 20 NA 35 NA 0 2 1 0 0 0   
06/07/2008 7 0 0 85 15 110 15 0 0 1 20 0 0   
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06/07/2008 7 0 0 20 22 80 0 0 0 0 12 0 0   
08/07/2008 7 0 0 55 NA 150 0 0 4 0 0 NA 0   
08/07/2008 7 0 0 45 NA 725 NA NA 2 1 35 0 0   
08/07/2008 7 0 0 NA NA 50 0 0 NA NA NA 0 0   
14/07/2008 7 0 0 115 37 110 112 0 1 0 0 0 0   
15/07/2008 7 0 0 0 80 145 40 0 0 0 0 0 0   
17/07/2008 7 0 0 75 175 350 NA 0 1 0 0 0 1   
18/07/2008 7 0 0 47 25 60 NA 0 0 0 0 0 1   
19/07/2008 7 0 0 0 250 400 0 0 0 0 0 0 0   
20/07/2008 7 0 0 100 200 150 NA 0 6 0 10 0 1   
20/07/2008 7 0 0 15 4 0 5 0 0 0 0 0 0   
23/07/2008 7 0 0 80 45 165 70 0 5 5 10 NA 0   
28/07/2008 7 0 0 475 135 50 NA 0 0 3 0 0 1   
29/07/2008 7 0 0 155 NA 200 NA 0 0 0 0 0 0   
02/08/2008 8 0 0 125 0 125 0 0 2 1 0 0 0   
15/08/2008 8 0 0 NA NA NA NA 0 NA 75 0 0 0   
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2) Sightings of foraging minke whales and white-beaked dolphins in association with seabirds (2009) with associated SST (°C) and depth 
(m) (NA= data not available)  

 
date month minke dolphin l.gulls puffins kitti fulmars  a.terns skuas gannets guille razor m.shear DEPTH SST 

04/05/2009 5 2 0 0 1 1 2 0 0 5 1 1 4 34 577 
05/05/2009 5 0 3 2 2 2 3 0 0 0 6 2 0 34 5.77 
05/05/2009 5 2 0 87 7 99 42 0 0 5 2 2 2 30 5.77 
09/05/2009 5 2 0 385 230 129 48 38 10 0 8 25 0 41 5.83 
09/05/2009 5 0 3 0 7 0 0 15 0 0 5 3 0 19 5.83 
15/05/2009 5 0 2 97 14 92 1 40 3 0 0 0 0 23 7.11 
16/05/2009 5 3 0 36 15 78 4 22 3 0 10 10 4 57 7.39 
17/05/2009 5 1 0 34 10 11 0 0 1 0 0 0 0 NA 8.05 
17/05/2009 5 4 0 112 23 0 1 272 5 0 0 0 0 46 8.05 
19/05/2009 5 1 0 20 1 0 0 0 0 0 0 0 0 19 7.94 
21/05/2009 5 3 0 16 10 16 1 1 2 0 0 0 0 48 8.63 
21/05/2009 5 2 0 61 24 8 0 9 0 0 0 0 0 49 8.63 
23/05/2009 5 0 3 0 0 0 0 10 0 0 0 0 0 26 7.58 
23/05/2009 5 2 0 80 1 0 3 0 0 0 NA NA 0 44 7.58 
24/05/2009 5 0 4 0 0 0 0 6 0 0 0 0 0 42 7.25 
26/05/2009 5 2 0 0 3 0 3 14 0 0 2 0 0 27 7.58 
26/05/2009 5 0 4 17 2 0 0 45 0 0 0 0 0 46 7.58 
26/05/2009 5 1 0 0 0 0 0 35 0 0 0 0 0 55 7.58 
27/05/2009 5 1 0 7 46 3 7 0 0 0 0 0 0 53 8.02 
27/05/2008 5 0 3 NA 2 0 2 2 0 0 0 0 0 36 8.02 
01/06/2009 6 2 1 55 1 2 95 45 0 0 0 0 0 48 8.30 
02/06/2009 6 2 0 NA 0 NA 11 7 1 0 0 0 0 55 8.83 
03/06/2009 6 1 0 0 17 0 11 0 0 1 0 0 0 15 9.03 
08/06/2009 6 1 0 0 0 44 0 0 2 0 1 27 0 29 10.14 
09/06/2009 6 14 12 79 17 203 20 65 1 0 35 17 0 44 10.33 
10/06/2009 6 13 0 0 20 180 0 440 1 0 0 0 0 39 10.59 
10/06/2009 6 7 0 NA 21 NA 1 18 0 0 0 0 0 49 10.59 
11/06/2009 6 8 0 27 NA 175 0 22 6 0 0 0 0 34 10.92 
11/06/2009 6 3 0 275 22 275 0 0 11 0 22 22 0 25 10.92 
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12/06/2009 6 3 0 0 0 575 0 0 3 0 0 0 0 33 11.32 
12/06/2009 6 4 0 NA 29 82 0 0 0 3 6 2 0 34 11.32 
13/06/2009 6 4 0 27 20 27 0 0 0 0 30 0 0 47 11.35 
13/06/2009 6 4 0 2 205 380 0 0 1 0 67 27 0 30 11.35 
14/06/2009 6 23 0 125 16 171 9 0 1 0 NA 1 0 22 10.94 
15/06/2009 6 2 0 0 30 50 0 0 0 0 0 0 0 54 10.57 
16/06/2009 6 2 0 102 35 27 0 27 1 0 0 0 0 24 9.29 
16/06/2009 6 1 0 41 55 172 3 4 0 0 1 NA 4 27 9.29 
20/06/2009 6 2 0 30 20 55 1 0 4 0 0 0 0 32 9.56 
21/06/2009 6 8 0 111 11 233 0 11 2 40 55 0 0 30 8.99 
21/06/2009 6 2 0 37 8 78 0 0 1 2 2 3 0 44 8.99 
23/06/2009 6 2 12 55 17 87 0 0 3 1 0 0 0 32 9.39 
24/06/2009 6 2 0 0 0 0 0 27 0 0 0 0 0 50 9.66 
25/06/2009 6 1 0 79 25 8 0 8 0 0 0 0 0 32 9.91 
25/06/2009 6 4 0 75 44 0 3 16 7 0 NA NA 0 56 9.91 
29/06/2009 6 1 0 0 22 0 0 0 0 0 0 0 0 51 11.41 
29/06/2009 6 4 0 230 78 5 3 60 20 3 NA NA 0 26 11.41 
30/06/2009 6 6 0 NA NA NA 0 NA NA NA NA NA 0 55 11.71 
01/07/2009 7 NA 0 NA NA NA 0 NA NA NA NA NA 0 NA 11.40 
02/07/2009 7 4 0 50 83 48 1 122 2 1 0 0 1 50 11.43 
02/07/2009 7 6 0 134 97 4 3 226 2 0 0 0 0 54 11.43 
03/07/2009 7 13 0 7 3 18 0 30 0 0 0 0 0 47 12.26 
03/07/2009 7 19 0 42 72 254 0 40 0 0 4 0 0 39 12.26 
04/07/2009 7 11 0 92 69 101 12 45 1 0 NA NA 0 40 12.08 
05/07/2009 7 4 3 22 9 167 NA 0 0 0 0 0 1 53 11.72 
05/07/2009 7 4 0 48 16 47 0 22 2 0 16 16 0 29 11.72 
08/07/2009 7 8 0 327 10 127 1 0 15 0 NA NA 0 51 12.97 
09/07/2009 7 4 0 74 66 184 24 35 1 0 3 NA 0 30 13.11 
09/07/2009 7 0 4 63 12 11 5 8 0 0 NA NA 0 25 13.11 
09/07/2009 7 2 0 37 NA 70 0 27 0 0 NA NA 0 35 13.11 
09/07/2009 7 0 NA 0 NA 100 0 77 0 0 NA NA 0 35 13.11 
09/07/2009 7 5 0 7 0 45 0 0 0 0 0 0 0 31 13.11 
09/07/2009 7 1 0 0 2 82 0 0 3 0 NA NA 0 29 13.11 
10/07/2009 7 0 4 0 0 10 0 10 0 0 0 0 0 33 13.26 
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10/07/2009 7 1 0 70 9 37 0 0 10 0 2 0 0 34 13.26 
10/07/2009 7 1 0 16 5 33 0 0 1 0 3 0 0 34 13.26 
10/07/2009 7 4 3 0 2 12 0 3 0 0 0 0 0 32 13.26 
10/07/2009 7 7 0 100 0 100 0 0 0 0 0 0 0 32 13.26 
10/07/2009 7 4 0 200 0 260 0 0 0 0 0 0 0 31 13.26 
11/07/2009 7 10 0 300 180 489 1 0 0 0 1 0 0 34 13.70 
11/07/2009 7 0 4 0 1 0 0 5 1 0 0 0 0 54 13.70 
11/07/2009 7 1 0 100 0 100 0 0 3 0 0 0 0 35 13.70 
13/07/2009 7 5 0 40 40 40 0 NA 2 0 7 0 0 25 14.29 
13/07/2009 7 6 0 29 44 148 1 0 1 5 0 0 0 29 14.29 
14/07/2009 7 2 0 57 NA 105 0 0 1 2 NA NA 0 37 14.20 
16/07/2009 7 1 0 40 10 30 1 0 1 3 1 0 0 26 13.09 
17/07/2009 7 6 0 3 5 12 1 0 0 0 0 0 0 24 13.14 
17/07/2009 7 1 0 10 15 80 2 0 1 0 0 0 0 44 13.14 
17/07/2009 7 7 4 43 205 67 2 0 2 3 17 0 0 25 13.14 
17/07/2009 7 4 0 243 20 67 0 0 1 0 1 0 0 23 13.14 
17/07/2009 7 2 0 0 3 0 0 0 0 0 0 0 0 23 13.14 
17/07/2009 7 5 0 333 5 166 0 0 1 1 0 0 0 35 13.14 
18/07/2009 7 9 0 65 1 30 4 0 0 0 0 0 0 27 13.26 
18/07/2009 7 7 0 25 22 31 3 0 3 0 5 NA 8 25 13.26 
18/07/2009 7 1 0 9 2 18 0 0 1 3 0 0 10 23 13.26 
18/07/2009 7 0 3 0 0 0 0 4 0 0 0 0 0 35 13.26 
18/07/2009 7 0 NA 50 20 35 0 0 2 1 10 0 10 26 13.26 
18/07/2009 7 2 0 50 50 20 0 0 0 0 10 0 0 24 13.26 
18/07/2009 7 4 0 120 85 145 0 0 2 25 0 0 3 22 13.26 
19/07/2009 7 2 0 82 12 55 NA NA 7 NA NA NA 3 41 13.62 
19/07/2009 7 2 0 150 27 85 0 0 0 0 NA NA 0 37 13.62 
19/07/2009 7 2 0 125 75 47 0 0 0 0 NA NA 0 42 13.62 
19/07/2009 7 11 0 60 120 100 0 0 0 10 0 0 10 29 13.62 
19/07/2009 7 3 0 30 50 35 0 0 0 NA 0 0 0 24 13.62 
21/07/2009 7 3 0 260 70 260 1 0 2 3 0 0 0 26 12.59 
21/07/2009 7 1 0 33 23 16 0 0 0 16 0 0 0 27 12.59 
21/07/2009 7 3 0 145 15 229 0 0 1 0 0 0 0 39 12.59 
21/07/2009 7 7 0 83 60 106 1 0 1 4 0 0 0 27 12.59 



 203 

22/07/2009 7 5 0 3 22 104 0 0 1 12 NA NA 7 26 12.79 
22/07/2009 7 4 0 223 65 152 150 0 4 3 NA NA 0 23 12.79 
22/07/2009 7 8 0 160 70 170 0 0 6 6 0 0 0 35 12.79 
23/07/2009 7 2 0 7 7 13 0 0 0 1 NA NA 0 25 12.90 
23/07/2009 7 5 0 155 10 135 27 0 0 27 0 0 10 23 12.90 
25/07/2009 7 2 0 133 30 66 0 0 1 1 0 0 0 33 11.98 
25/07/2009 7 2 0 23 63 26 0 2 1 0 18 0 0 27 11.98 
25/07/2009 7 4 0 110 56 0 0 0 0 2 6 0 0 24 11.98 
25/07/2009 7 8 0 183 298 171 30 0 1 0 0 0 0 29 11.98 
25/07/2009 7 2 5 65 50 50 0 0 2 0 0 0 0 28 11.98 
26/07/2009 7 7 0 0 67 14 2 0 0 10 1 0 0 25 11.69 
27/07/2009 7 12 0 620 NA 95 0 0 2 0 NA NA 50 38 11.56 
28/07/2009 7 5 0 237 22 42 0 0 1 1 0 0 0 32 11.55 
29/07/2009 7 3 0 71 154 49 3 0 0 34 0 0 0 29 11.46 
29/07/2009 7 4 0 61 43 60 0 0 0 5 4 0 0 26 11.46 
29/07/2009 7 3 0 30 675 131 0 0 2 10 0 0 14 26 11.46 
29/07/2009 7 3 0 250 70 NA 0 0 0 4 0 0 2 24 11.46 
31/07/2009 7 1 0 65 6 45 0 0 2 14 0 0 15 26 11.89 
31/07/2009 7 2 0 96 27 83 0 0 0 10 NA NA 0 26 11.89 
31/07/2009 7 5 0 65 NA 160 0 0 0 22 NA NA 0 26 11.89 
31/07/2009 7 1 0 175 22 45 0 0 4 17 0 0 0 26 11.89 
01/08/2009 8 4 0 212 80 144 0 0 2 0 0 0 0 25 11.83 
01/08/2009 8 5 0 4 2 0 0 0 0 4 0 0 0 26 11.83 
01/08/2009 8 5 0 630 145 160 0 0 0 12 0 0 11 27 11.83 
01/08/2009 8 3 0 170 NA 170 0 0 5 14 NA NA 8 58 11.83 
02/08/2009 8 1 0 140 30 0 0 0 1 2 0 0 30 31 11.73 
02/08/2009 8 6 0 175 56 35 12 0 0 0 56 56 0 39 11.73 
05/08/2009 8 3 0 137 NA 159 12 0 0 0 NA NA 0 29 12.37 
05/08/2009 8 4 0 1532 NA 270 25 0 0 0 NA NA 0 33 12.37 
05/08/2009 8 3 0 610 103 0 11 0 1 0 0 0 0 34 12.37 
09/08/2009 8 3 0 47 13 0 0 0 0 0 0 0 3 28 11.78 
09/08/2009 8 2 0 20 83 0 0 0 0 30 0 0 0 53 11.78 
10/08/2009 8 0 5 150 17 0 0 0 2 0 NA NA 22 34 12.15 
10/08/2009 8 4 0 0 23 0 0 0 0 0 0 0 0 34 12.15 
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11/08/2009 8 7 0 182 NA 90 0 0 0 0 NA NA 0 29 12.59 
11/08/2009 8 6 0 20 NA 82 0 0 2 0 NA NA 0 29 12.59 
11/08/2009 8 4 0 75 NA 201 8 0 0 0 NA NA 0 28 12.59 
11/08/2009 8 5 0 25 NA 12 0 0 0 0 NA NA 0 34 12.59 
11/08/2009 8 2 0 100 20 0 7 0 0 0 0 0 0 27 12.59 
13/08/2009 8 4 0 181 37 40 2 0 7 0 14 30 60 29 13.04 
13/08/2009 8 2 10 3 10 2 0 0 0 0 0 0 0 25 13.94 
14/08/2009 8 1 0 45 45 0 0 0 3 0 0 0 30 25 13.24 
14/08/2009 8 1 0 132 0 280 7 0 0 10 0 0 0 25 13.24 
14/08/2009 8 1 0 44 0 8 0 0 0 0 0 0 0 25 13.24 
15/08/2009 8 4 0 225 35 29 4 0 4 0 0 0 42 35 13.53 
15/08/2009 8 6 0 184 33 225 14 0 0 0 NA NA 14 29 13.53 
15/08/2009 8 5 0 215 2 0 0 0 0 22 NA NA 10 30 13.53 
16/08/2009 8 3 0 213 5 142 5 0 3 0 NA NA 0 22 13.65 
04/05/2009 5 0 0 172 8 150 0 2 3 15 14 6 0   
05/05/2009 5 0 0 127 25 97 0 0 0 0 29 25 0   
05/05/2009 5 0 0 135 27 135 25 0 0 2 27 0 0   
09/05/2009 5 0 0 261 100 118 100 2 0 1 28 73 0   
10/05/2009 5 0 0 81 11 0 0 0 1 12 11 9 1   
14/05/2009 5 0 0 225 12 192 117 3 2 0 14 9 0   
15/05/2009 5 0 0 182 4 182 3 8 2 0 0 0 0   
17/05/2009 5 0 0 31 15 30 30 7 0 0 11 3 0   
17/05/2009 5 0 0 204 47 14 0 12 1 0 3 3 0   
19/05/2009 5 0 0 51 17 50 35 61 2 0 0 0 0   
22/05/2009 5 0 0 59 12 29 0 34 0 0 0 0 0   
23/05/2009 5 0 0 20 0 0 0 4 0 0 0 0 0   
23/05/2009 5 0 0 257 124 26 0 70 1 0 0 0 0   
23/05/2009 5 0 0 35 39 0 1 42 1 0 12 12 0   
24/05/2009 5 0 0 62 51 11 9 46 1 0 1 3 0   
24/05/2009 5 0 0 112 54 3 0 55 0 1 0 1 0   
26/05/2009 5 0 0 190 10 27 20 157 3 0 0 5 0   
27/05/2009 5 0 0 85 117 0 14 64 3 0 1 2 0   
27/05/2009 5 0 0 324 172 9 21 111 5 0 2 5 0   
01/06/2009 6 0 0 26 1 6 9 78 0 0 0 0 0   
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01/06/2009 6 0 0 54 99 13 20 112 4 0 6 2 0   
02/06/2009 6 0 0 58 20 0 7 9 0 0 0 0 0   
03/06/2009 6 0 0 0 3 0 2 16 1 0 0 0 0   
08/06/2009 6 0 0 64 33 63 0 0 1 0 0 0 0   
10/06/2009 6 0 0 0 NA 150 0 187 2 0 0 0 0   
11/06/2009 6 0 0 1 1 162 10 0 0 1 2 3 0   
11/06/2009 6 0 0 0 20 0 0 20 0 0 0 0 0   
16/06/2009 6 0 0 0 3 0 1 92 0 0 0 0 0   
20/06/2009 6 0 0 55 30 39 0 24 3 0 0 0 0   
21/06/2009 6 0 0 5 0 12 0 0 0 5 0 0 55   
21/06/2009 6 0 0 32 64 175 0 79 0 23 0 8 227   
25/06/2009 6 0 0 37 8 1 1 0 2 7 0 0 1   
29/06/2009 6 0 0 150 NA 0 17 35 9 0 0 0 0   
30/06/2009 6 0 0 55 NA 0 10 122 0 0 NA NA 0   
01/07/2009 7 0 0 55 NA 0 10 122 0 0 NA NA 0   
09/07/2009 7 0 0 274 NA 32 0 18 0 0 NA NA 0   
10/07/2009 7 0 0 72 35 72 0 0 0 0 0 0 0   
10/07/2009 7 0 0 22 25 0 0 22 0 0 0 0 0   
11/07/2009 7 0 0 0 2 3 0 9 0 2 0 0 0   
11/07/2009 7 0 0 32 10 30 0 0 3 0 0 0 0   
17/07/2009 7 0 0 55 12 45 0 155 4 0 0 0 0   
22/07/2009 7 0 0 0 0 0 0 140 0 0 0 0 0   
22/07/2009 7 0 0 160 100 32 7 0 5 4 0 0 100   
23/07/2009 7 0 0 167 12 39 0 0 0 6 0 0 11   
25/07/2009 7 0 0 0 20 0 0 40 0 0 0 0 0   
26/07/2009 7 0 0 160 320 160 0 0 6 2 0 320 30   
27/07/2009 7 0 0 150 90 22 0 0 9 0 NA NA 7   
01/08/2009 8 0 0 146 NA 145 0 0 3 5 NA NA 0   
04/08/2009 8 0 0 130 73 2 0 0 2 0 0 0 0   
05/08/2009 8 0 0 150 0 0 0 0 0 0 0 0 0   
16/08/2009 8 0 0 112 NA 50 4 0 0 0 NA NA 0   
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Appendix E 
 
1) Chi square and Wilcoxon Ranksum results: minke whale and white-beaked dolphin foraging association with seabirds 
 
  
  Chi-square test 2008       Chi-square test 2009     
  Association χ² p-value     Association χ² p-value   
  Ba + L. spp. 3.1375 0.07651     Ba + L. spp. 2.7522 0.0971   
  Ba + puffin 7.3202 0.006818     Ba + puffin 0.378 0.5387   
  Ba + kittiwake 10.904 0.0009596     Ba + kittiwake 9.1255 0.002521   
  Ba + a. tern 41.714 1.06E-10     Ba + a. tern 32.042 1.509E-08   
  Ba + gannet 5.2063 0.02251     Ba + gannet 3.0692 0.0798   
  Ba + fulmar 0.9354 0.3335     Ba + fulmar 0.0087 0.9258   
  Ba + skua 0.5078 0.4761     Ba + skua 0.5006 0.4792   
  Ba + guillemot 6.0633 0.0138     Ba + guillemot 0.6701 0.413   
  Ba + razorbill 0.1008 0.7509     Ba + razorbill 0.8577 0.3544   
  Ba + m. shearwater 4.1363 0.05051     Ba + m. shearwater 0.3178 0.5729   
              
  La + L. spp. 17.1301 3.49E-05     La + L. spp. 7.3184 0.006825   
  La + puffin 15.6478 7.63E-05     La + puffin 1.0935 0.2957   
  La + kittiwake 3.0176 0.08237     La + kittiwake 2.1369 0.1438   
  La + a. tern 0.0299 0.8626     La + a. tern 0.0326 0.03259   
  La + gannet 1.4670 0.2258     La + gannet 2.9942 0.08356   
  La + fulmar 0.1018 0.7497     La + fulmar 0.0287 0.8654   
  La + skua 0.3134 0.5756     La + skua 1.3977 0.2371   
  La + guillemot 0.0798 0.7775     La + guillemot 0.3927 0.5309   
  La + razorbill 0.2138 0.6438     La + razorbill 0.7107 0.3992   
  La + m. shearwater 1.9464 0.163     La + m. shearwater 0.0999 0.752   
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2) Wilcoxon Ranksum results: minke whale and white-beaked dolphin foraging association with seabirds 

 
                Wilcoxon Ranksum test (2008)                    Wilcoxon Ranksum test (2009)    
  Association  W value  p-value     Association  W value  p-value   

  Ba + L. spp.  3683  0.01711     Ba + L. spp.  4340.5  0.3891   
  Ba + puffin  3529  0.01212     Ba + puffin  3800  0.1356   
  Ba + kittiwake  4321  0.001028     Ba + kittiwake  5255.5  7.09E-05   
  Ba + a. tern  1820  5.99E-16     Ba + a. tern  1459  7.975E-16   
  Ba + gannet  4255  0.003324     Ba + gannet  4671  0.0681   
  Ba + fulmar  2312.5  0.1224     Ba + fulmar  2312.5  0.1224   
  Ba + skua  3229  0.6284     Ba + skua  4323  0.7052   
  Ba + guillemot  3624.5  0.006465     Ba + guillemot  2833  0.9662   
  Ba + razorbill  3370  0.4354     Ba + razorbill  2250.5  0.0067   
  Ba + m. shearwater  3938  0.02066     Ba + m. shearwater  4385  0.5258   
                  
  La + L. spp.  1897.5  0.09384     La + L. spp.  896.5  0.0016   
  La + puffin  1317.5  0.006673     La + puffin  854  0.001327   
  La + kittiwake  2051.5  0.207     La + kittiwake  1132  0.01534   
  La + a. tern  2468  0.8346     La + a. tern  2041.5  0.9534   
  La + gannet  3060.5  0.2183     La + gannet  1277.5  0.02604   
  La + fulmar  1157  0.1598     La + fulmar  3912.5  0.4463   
  La + skua  2230.5  0.2894     La + skua  2230.5  0.2894   
  La + guillemot  1825.5  0.2481     La + guillemot  1825.5  0.2481   
  La + razorbill  2350  0.4363     La + razorbill  1148.5  0.5567   
  La + m. shearwater  2919.5  0.04087     La + m. shearwater  1576.5  0.3066   
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Appendix F 
 

1) minke whales and seabirds (2008) 
 

L. spp.  0-25% 25-50% 50-75% 75-100%  puffins 0-25% 25-50% 50-75% 75-100% 
n 42 42 40 42  n 43 36 39 38 

sqrt(n) 6.480741 6.480741 6.324555 6.480741  sqrt(n) 6.557439 6.000000 6.244998 6.164414 
mean 0.3942354 0.86378 0.6368973 2.623458  mean 0.311105 0.591791 1.399539 2.465469 

sd 0.7595336 0.7313453 0.7000894 0.6503898  sd 0.7625064 0.7458693 0.648279 0.7214493 
se 0.1171986 0.112849 0.1106939 0.1003573  se 0.1162811 0.1243115 0.1038077 0.1170345 
           

CI      CI     
lower 0.1973418 0.6741936 0.4498247 2.243757  lower 0.1157523 0.3817043 1.574974 2.662086 
upper 0.591129 1.053366 0.82397 2.790958  upper 0.5064569 0.801877 1.224104 2.267681 

           
ANOVA 0.006336     ANOVA 0.0009067    

           

          
 
 

gannets 0-50%  50-75% 75-100%  skuas 0-50%  50-75% 75-100% 
n 102  32 42  n 103  49 23 

sqrt(n) 10.10  5.66 6.48  sqrt(n) 10.15  7.00 4.80 
mean 0.4704949  0.7175817 3.06  mean 0.9316149  0.5990508 1.4286617 

sd 0.737021  0.753866 0.559226  sd 0.7079667  0.7843182 0.7075257 
se 0.07297595  0.13326594 0.08629045  se 0.06975803  0.11204546 0.14752930 
           

CI      CI     
lower 0.3493548  0.4923623 2.915735  lower 0.8158166  0.4108144 1.174911 
upper 0.5916350  0.9428012 3.205671  upper 1.050000  0.7872872 1.682412 

           
ANOVA 0.0007248     ANOVA 0.996700    
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kitti 0-25%  25-50% 50-75% 75-100%  a.tern 0-75%   75-100% 
n 45 41 46 40  n 140   32 

sqrt(n) 6.71 6.40 6.78 6.32  sqrt(n) 11.83   5.66 
mean 0.1964353 1.004874 1.251992 2.169367  mean 1.729701   0.001726502 

sd 0.7479286 0.6974263 0.7166860 0.6389026  sd 0.6586034   0.4829626 
se 0.1114946 0.1089197 0.1056696 0.1010194  se 0.05566214   0.08537654 
           

CI      CI     
lower 0.009124317 0.821088733 1.074407 1.999654  lower 1.637302   -0.142560 
upper 0.3837462 1.187059 1.429517 2.339908  upper 1.820999   0.146013 

           
ANOVA 0.0004909     ANOVA  1.605e-12    

                   

 
 
  

guille 0-50%  50-75% 75-100%  razor 0-75%   75-100% 
n 116  8 40  n 163   9 

sqrt(n) 10.77  2.83 6.32  sqrt(n) 12.77   3.00 
mean 0.5279207  0.7671818 2.52  mean 0.8013466   2.53 

sd 0.7409949  0.5833146 0.6509598  sd 0.7295608   0.7401756 
se 0.06879965  0.20623287 0.10292578  se 0.05714361   0.24672521  
           

CI      CI     
lower 0.4137133  0.3774017 2.345758  lower 0.7070596   2.069808 
upper 0.6421281  1.156962 2.691588  upper 0.8956335   2.987626 

           
ANOVA 0.003093     ANOVA  0.209600    
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fulmar 0-25% 25-50% 50-75% 75-100%  manx 0-75%   75-100% 
n 64 4 33 33  n 151   26 

sqrt(n) 8.00 2.00 5.74 5.74  sqrt(n) 12.29   5.10 
mean 0.6167892 0.1794475 0.9599708 1.686216  mean 0.6688586   2.50 

sd 0.7587069 0.7571358 0.6952087 0.7081917  sd 0.7413797   0.5918472 
se 0.09483836 0.37856789 0.12102031 0.12328035  se 0.06033262   0.11607078 
           

CI      CI     
lower 0.4584092 -0.7101870  0.7554464 1.477872  lower 0.5693098   2.304264 
upper 0.7751693 1.069082 1.164495 1.894560  upper 0.7684074   2.701226 

           
ANOVA  0.111     ANOVA  0.02235    
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2) minke whales and seabirds (2009) 

 
L. spp. 0-25% 25-50% 50-75% 75-100%  puffins 0-25% 25-50% 50-75% 75-100% 

n 50 45 47 48  n 46 47 39 42 
sqrt(n) 7.07 6.71 6.86 6.93  sqrt(n) 6.8 6.86 6.24 6.48 
mean 0.3867038 0.5092063 1.08 0.7603940  mean 0.3582861 0.3974004 1.10 1.21 

sd 0.6569734 0.6662472 0.6548990 0.7135950  sd 0.6578490 0.7016938 0.5578556 0.6992414 
se 0.09291008 0.09931827 0.09552683 0.10299857  se 0.09699455 0.10235257 0.08932838 0.10789528 
           

CI      CI     
lower 0.2306149 0.3423516 0.9199380 0.5873564  lower 0.1953352  0.2254481  0.9461994 1.026339 
upper 0.5427927 0.6760610 1.240908 0.9334316  upper 0.5212369 0.5693527 1.248129 1.388867 

           
anova 0.1588     anova 0.0193    

 
 
gannets 0-50%  50-75% 75-100%  skuas 0-50%  50-75% 75-100% 

n 133  11 48  n 97  59 38 
sqrt(n) 11.53  3.32 6.93  sqrt(n) 9.85  7.68 6.16 
mean 0.5235336  0.4426795 1.16  mean 0.5390612  1.06 0.4718467 

sd 0.6565946  0.6413645 0.7400636  sd 0.6764278  0.6709145 0.6646585 
se 0.05693398  0.19337866 0.10681897  se 0.06868084  0.08734563 0.10782185 
           

CI      CI     
lower 0.4290232  0.09266412 0.9794316  lower 0.4250510  0.9097075 0.2896278 
upper 0.6180440  0.7926949  1.338343  upper 0.6530714  1.201442 0.6540656 

           
anova 0.1290     anova 0.6380    
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kitti 0-25%  25-50% 50-75% 75-100%  a.tern 0-50%  50-75% 75-100% 

n 54 22 67 48  n 117  28 47 
sqrt(n) 7.35 4.69 8.18 6.93  sqrt(n) 10.81  5.29 6.86 
mean 0.1227307 0.4366600 0.8203717 1.94  mean 1.49  0.04078698 0.16264671 

sd 0.6323938 0.6681138 0.6376320 0.6534898  sd 0.5509042  0.6254631 0.7717881 
se 0.08605789 0.14244233 0.07789914 0.09432314  se 0.05093111  0.11820142 0.11257686  
           

CI      CI     
lower -0.02098597 0.19165920 0.69028014 1.784592  lower 1.406942  -0.16015544 -0.02648242 
upper 0.2664474 0.6816608 0.9504633 2.101518  upper 1.576034  0.2417294 0.3517758 

           
anova 4.40e-06     anova 2.65e-07    

   

 
 
     

 
 
   

guille 0-50%  50-75% 75-100%  razor 0-75%   75-100% 
n 108  15 34  n 122   33 

sqrt(n) 10.39  3.87 5.83  sqrt(n) 11.04   5.74 
mean 0.4926430  0.6709795 0.6502015  mean 0.7360394   0.1279115 

sd 0.6629798  0.6081519 0.7425766   sd 0.6510469   0.7353906 
se 0.06379526  0.15702415 0.12735084  se 0.05894302   0.12801507 
           

CI      CI     
lower 0.3867429  0.3946170 0.4349786  lower 0.63819404   -0.08843399 
upper 0.5985432  0.9473420 0.8654244  upper 0.8338849   0.3442570 

           
anova 0.6044     anova 0.0135    
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fulmar 0-50%  50-75% 75-100%  manx 0-75%   75-100% 
n 117  33 44  n 160   36 

sqrt(n) 10.82  5.74 6.63  sqrt(n) 12.65   6.00 
mean 0.6226739  1.27 0.4126898  mean 0.6167361   0.9010632 

sd 0.6565946  0.6413645 0.7400636  sd 0.6805422   0.6447673 
se      se 0.05380159   0.10746121 
           

CI      CI     
lower 0.5219082  1.086011 0.2252543  lower 0.5279635   0.7194537 
upper 0.7234395  1.463379 0.6001254  upper 0.7055088   1.082673 

           
anova 0.8740     anova 0.4798    
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Appendix G 
 

1) Minke whale: student t and one way Anova graphs (2008) 
                                                              
 a)  Minke whales and L. gulls                                       b)  Minke whales and kittiwakes                       c)  Minke whales and fulmars 

                                                      
 
 d)  Minke whales and puffins                                      e)  Minke whales and arctic terns                                f)  Minke whales and gannets 
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 g)  Minke whales and guillemots                                 h)  Minke whales and razorbills                                  i) Minke whales and skuas 
 

                                               
 
j) Minke whales manx 
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2) Minke whale: student t and one way Anova graphs (2009) 
                                                                                   
 a)  Minke whales and L. gulls                                     b)  Minke whales and kittiwakes                           c) Minke whales and fulmars 
 

                                               
 
d)   Minke whales and puffins                                       e) Minke whales and arctic terns                     f) Minke whales and gannets 
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 g)  Minke whales and guillemots                         h)  Minke whales and razorbills                                   i)  Minke whales and skuas                                                                    

                                                
 
j) Minke whales and manx        
 

 
 
 
  
 
 
                                              


