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Abstract 

As the planet undergoes rapid climate change, the many species that inhabit it are forced to adapt. 

This is seen vividly when looking at a species shifting its distribution. This process gets further 

complicated as one species moves into a new area. This range expansion has the potential to 

displace a species that has been filling a specific ecological niche in an ecosystem for a long time. 

These changes have been observed in both the marine and terrestrial environment. Given that these 

changes can affect multiple levels of an ecosystem, it was determined to be essential to begin 

looking into the groups of humpback whales in Ísafjarðardjúp, Iceland. These cetaceans were 

observed for a total of 111 hours from May to September 2018. This time was spent, primarily, 

onboard a whale watching vessel that operated within Ísafjarðardjúp that was equipped with a 

single beam echo sounder. The location of the whales was calculated by taking the ship's 

coordinates and heading and combine them with the observed distance of the whale from the ship 

and the whale’s angle to the ship about the bow of the ship. Photo-identification techniques were 

used to identify individual whales by creating a database of photographs in which individual whales 

were identified by analyzing the natural markings on their flukes. The use of a drone was intended 

for monitoring behavior, but no useful data was collected. As a result of these observations 34 

individual humpback whales were identified, humpback whale distribution was mapped, and 

images of the echosounder were recorded in the presence of humpback whales. Fifteen of the 

observed whales were matched to other locations in Iceland or previous years in Ísafjarðardjúp. 

The distribution of humpback whale sightings changed month to month. Local fishermen were also 

consulted to gather additional data on the distribution of humpback whales and interpret the images 

of the echosounder. This process also confirmed the changes in humpback distribution within 

Ísafjarðardjúp throughout the feeding season and that the whales were often found in the presence 

of potential prey. 

Útdráttur 

Á tímum loftslagsbreytinga þurfa hinar fjölmörgu tegundir lífvera jarðar að aðlagast. 

Þetta sést vel þegar breytingar á útbreiðslu tegunda eru skoðaðar. Ferlið verður svo flóknara 

þegar tegundir nema ný svæði. Það getur leitt til breytinga á tegundasamsetningu þannig að 

tegundir sem fyrir voru á búsvæðinu láta undan. Þar sem slíkar breytingar geta haft áhrif á 

öllum þrepum vistkerfisins var í þessu verkefni talið mikilvægt að byrja að rannsaka 

staðbundna hópa hnúfubaka í Ísafjarðardjúpi. Þessir hvalir voru rannsakaðir í 111 

klukkustundir frá maí – september 2018. Gagnasöfnun fór aðallega fram um borð í 

hvalaskoðunarskipi í reglubundnum ferðum í Ísafjarðardjúpi, en skipið var útbúið eingeisla 

bergmálsmæli. Staðsetning hvalanna var reiknuð út frá staðsetningu og stefnu skips ásamt mati 

á fjarlægð hvala frá skipi og hornamælingum miðað við siglingastefnu skipsins. 

Ljósmyndatöku var beitt til að skilgreina einstaklinga. Stefnt var að atferlisathugunum með 

aðstoð dróna, en ekki tókst að afla nothæfra gagna. Alls voru greindir 34 mismunandi 

hnúfubakar í rannsókninni, úbreiðsla hvalanna var kortlögð og myndir af bergmálsmælingum 

voru varðveittar í nærveru hvala. 15 þessara hvala höfðu sést annars staðar við Ísland eða áður 

í Ísafjarðardjúpi. Útbreiðsla hnúfubaka breyttist frá mánuði til mánaðar. Upplýsingar frá 

sjómönnum á svæðinu voru nýttar sem viðbótargögn og einnig til túlkunar á bergmálsgögnum. 

Það ferli staðfesti niðurstöðurnar að útbreiðsla hnúfubaka í Ísafjarðardjúpi breytist yfir sumarið 

og að hvalirnir héldu gjarnan til á svæðum þar sem möguleg bráð var til staðar.  
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1 Introduction 

 A Changing Planet 

In 1968 the Stanford Research Institute delivered a report to the American Petroleum 

Institute (Robinson et al., 1968). This report focused on the increase of carbon dioxide (CO2) 

being released into the atmosphere as a result of the booming fossil fuel industry. This and 

other early studies on the changing planet often referred to these anthropogenic induced 

changes as “inadvertent climate modification.” However, in 1975, Wallace Broecker would 

change how the world would talk about a changing planet forever. Broecker used the term 

“global warming” to describe the global average surface temperature increase for the first 

time (Broecker, 1975). Through four years, the term gained more support, but in 1979, Jule 

Cherney, a researcher from the Massachusetts Institute of Technology, not only adopted 

Broecker’s terminology but expanded upon it. Cherney added “climate change” to our 

everyday vocabulary as a term to describe the changes induced by increased levels of CO2 

(National Research Council, 1979).  

The topic of the changing planet gets perhaps its most significant boost on to the 

global stage in 1988. A scientist testified to the United States of America’s Congress about 

the state of the climate, and the statement made referred directly to “global warming” as a 

result of increased greenhouses gasses, such as CO2 (Shabecoff, 1988). At that time people 

began to realize what had been happening and also adopted “global warming” as their go-to 

term when referring to anthropogenic global climate change (Leiserowitz et al., 2014).  

Since the beginning of climate change talks, governments have made many attempts 

to combat the damage, such as initializing clean air and water acts, the founding of the 

International Panel on Climate Change, the Kyoto Protocol, and the Paris Accord to name a 

few. Increasingly, media alongside scientific data report higher temperatures, polar vortexes, 

floods, fires, and other natural disasters. Moreover, as much as these things are affecting our 

lives as humans, they are affecting the lives and well-being of the plants and animals all 

around us.  
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An increase in greenhouse gases is driving changes in the marine environment, and 

this translates to a similar environmental condition to that which was observed millions of 

years ago (Hoegh-Guldberg and Bruno, 2010). These changes were observed as taking 

millions of years to reach pre-anthropogenic climate change levels. This slow process has 

created the rich biodiversity that we currently observe. Due to the rapid changes observed in 

the environments around the world, the evolutionary process cannot keep up (Badgley et al., 

2008). However, it has been observed that at the interior of ranges that species have 

developed adaptations to tolerate warmer temperatures while at the edges more adaptability 

to ecological niches develops (Parmesan, 2006). It is generally understood that these rapid 

changes in the climate will affect ocean temperature, water circulation, and encourage ocean 

acidification (Doney et al., 2011). These changes will also likely affect the abundance and 

distribution of marine species as a result. Moreover, in conjunction with the changes 

mentioned above the following are expected to change: ocean productivity, the abundance 

of pioneering species, food web dynamics, species home ranges, and an increased chance of 

disease (Hoegh-Guldberg & Bruno, 2010). However, changes in the ocean’s chemistry may 

have further reaching effects (Harley et al., 2006).   

Polar and tropical ecosystems are the most sensitive to these changes because the 

species that inhabit these areas have strict ecological parameters, and these areas experience 

changes at a faster rate than temperate mid-latitude regions. Cheung et al. (2009) emphasize 

that environmental changes are likely to force localized extinctions. As a result, the 

ecological niches that they leave behind will most likely be filled by species currently 

inhabiting lower latitudes, for now.   

Humankind is staring into the eyes of one of the most significant extinctions this planet 

has ever seen (Barnosky et al., 2011), and anthropogenic forcing will likely exaggerate the 

effects felt by global climate change (Harley et al., 2006). That is why an in-depth look at 

subtle scale movements of a long distance migratory marine mammal has been proposed as 

a means of shedding light on changing ecosystems in the sub-arctic. Humpback whales were 

chosen as the target species for observations based on the ease of access to them in 

Ísafjarðardjúp of the Westfjords of Iceland and the extensive dataset that exists in Iceland 

for comparison.  This research will fill gaps in knowledge about the movements and 

individuals present in a little study area of Iceland. 
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2 Background 

 Home Range Shifts 

As the earth’s climate changes, researchers seek to understand what effects such changes 

will have on both terrestrial and marine environments (Hoegh-Guldberg & Bruno, 2010; 

Hughes, 2000). One of the effects that climate change will have on the marine environment 

will be that a species preferred range will be shifted, expanded, or contracted as a means of 

keeping a species within is preferred habitat or ecological niche. This process is known as a 

range shift, range expansion, or colonization (Onofri, 1970). Moving forward, the term range 

shift will be used. Sea temperature, salinity, food availability, habitat destruction, and many 

more factors contribute to changes in ranges (US EPA, 2012).  

All around the world, home range shifts have been observed for a wide variety of species 

marine environment as they attempt to stay within their preferred environmental parameters 

(Greenstein & Pandolfi, 2008; Celliers & Schleyer, 2008; Yamano et al., 2011). As species’ 

ranges shift, other ecosystem impacts are observed, such as competition with native species 

(Hughes, 2000). These ecological shifts can also alter entire food webs by changing predator-

prey relationships, foraging habits, and mating strategies (Hughes, 2000).  

Coral reefs receive much attention for their beauty, but also because of their biological 

significance. These ecosystems can have high levels of biological diversity and abundance. 

However, anthropogenic global climate change is having a dramatic effect on coral 

communities. Coral bleaching is becoming more common as average global temperature 

rises. However, as a response to these changes, coral communities have been shifting their 

home ranges to minimize the effects of increased temperatures. This is not a new response 

to these changes, as Greenstein and Pandolfi (2008) prove. By using fossil records of coral 

in the coastal areas around Australia, they revealed that over time coral communities shifted. 

Interestingly, coral shifting their range would often colonize areas that were previously 

occupied by a coral species that had also shifted its range. Yamano et al. (2011) reported that 

the coral observed in the East China Sea and the Pacific Ocean around Japan shifted their 

communities poleward by a maximum of 14 km per year. These shifting coral communities 

have the potential to affect many aspects of other species life cycles by limiting the amount 

of viable habitat (Harley et al., 2006).  
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Within Icelandic waters, range shifts have also been observed in several marine species, 

some of them being considered to be in critical condition. Perhaps the most famous is the 

mackerel (Scombrini scombrus), which was virtually unknown in Icelandic waters until 

recently (Astthorsson et al., 2012). As reported, Iceland has gone through many warm and 

cold periods, and the presence of mackerel is a result of the warm periods. Similarly, the 

northward range expansion of the Atlantic herring (Clupea harengus) has been observed 

since the late 1970s, and from 1998 to 2006 the number of individuals in populations of 

Atlantic herring overwintering off the west coast of Iceland has steadily increased 

(Óskarsson et al., 2009).  

While there is continued monitoring of shifting forage fish stocks such as mackerel and 

herring, there is also recent research in the understanding of how this affects the migratory 

cetaceans that rely on these fish as forage species. A recent study by Samarra et al. (2017) 

describes the response of Icelandic orcas (Orcinus orca) to long-term shifts in herring 

populations. They found that orcas followed the herring between the orca’s breeding and 

overwintering grounds or stayed at one or the other due to the occurrence of herring, 

indicating a dependence on prey availability.  

Common minke whales (Balaenoptera acutorostrata) are well studied in Iceland, and 

since 1986, their abundance and distribution have been monitored under North Atlantic 

Sighting Surveys (NASS) (Pike et al., 2009). As a result of the aerial surveys, the estimated 

abundance of minke whales reached its maximum in 2001, and since this time a decrease in 

abundance has been observed. As to be expected this translates to large amounts of variation 

in the density of minke whales in the Icelandic shelf waters. However, the highest densities 

were consistently found in the south-west, south-east, and north of Iceland. Even though the 

total abundance of minke whales in the most populated area (Central North Atlantic) had not 

changed much, their distribution within that area had, and so too did their diet composition 

(Sigurjónsson & Víkingsson, 1997). During the months of June-July of the years of 1977-

1984, the diet of minke whale consisted of 81% krill and capelin. However, during the 

months of June-July in 2003-2007, the proportion of the diet composition made up of krill 

and capelin dropped to 38%. Some of that diet was compensated by an increase in the 

consumption of gadoids (Vikingsson et al., 2014).  
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 Humpback Whales 

2.2.1 Biology 

 Humpback whales (Megaptera novaeangliae) are huge marine mammals that are 

commonly compared to the size of a school bus (National Marine Mammal Laboratory, 

2006). Their pectoral fins in which their Latin name is given can reach as much as 1/3 of the 

total length of the whale. Their Latin name roughly translates to "big-winged New 

Englander" (Bradford, 2017). These whales are a part of the family Balaenopteridae of the 

order Cetacea (Banks et al., 1987), and they are easily identified by the hump or arching 

motion in their back before diving and their abnormally large pectoral fins as compared to 

other cetaceans. The hump they make before diving is commonly believed to be the reason 

for the whale's common name.  

 Humpback whales typically grow to 15-16 m in the northern hemisphere and 18 m 

in the southern hemisphere. However, females tend to be larger than males regardless of the 

hemisphere that they inhabit. These gigantic mammals weigh approximately 35-50 tons 

(Bradford, 2017). These whales are characterized as being black on their dorsal side and 

black and white on their ventral side (see Figure 2-1). Many studies have shown that dorsal 

fins, fluke shape, and fluke patterns are as unique to each whale as fingerprints are to humans 

(National Marine Mammal Laboratory, 2006).  

Figure 2-1. Humpback whale (Encyclodaedia Britannica, Inc., 2010). 

1. 

2. 

3. 

4. 

5. 

1. Pectoral fins 

2. Ventral side  

3. Fluke  

4. Dorsal fin  

5.Throat pleats 
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2.2.2 Behavior  

Humpbacks are considered by many to be the most charismatic of the baleen whales 

because of the surface behavior that they exhibit (Humpback whale, n.d.). They are often 

seen rolling or slapping the surface of the water with their large pectoral fins or flukes. 

However most impressively, these enormous mammals can hurl themselves entirely out of 

the water; a behavior called breaching. There are many theories as to why humpback whales 

exhibit these behaviors. It is believed that these whales do this as a way of communicating, 

showing dominance or health, or just because they enjoy it (Clapham, 2000)  

 Although their surface behavior is not entirely understood as a communication 

behavior, it is certain that their songs are used for communication (Yirka, 2018). These songs 

can be heard up to 160 kilometers away from the singer and are made up of a series of 

complex moans, howls, and cries that can reach frequencies up to 1,200 hertz (Ball, 1999). 

These songs are assumed to be shared amongst individual whales inhabiting the same area 

of the ocean and may occur during times of intermingling (Humpback whale, n.d.).   

2.2.3 Monitoring and Distribution 

 

Monitoring of humpback whales has taken place starting around the time of their 

comprehensive protection that started in the 1960s (Whale Watching, n.d.), and it has 

revealed important information about their preferred habitat, behavior, migratory route, and 

life cycle. Humpback whales are a long-range migratory species with documented annual 

migrations from their breeding grounds in low latitude areas to their feeding grounds in 

higher latitude areas (see Figure 2-2). Stevick et al. (2003) determined that humpback whales 

from the Caribbean migrating north along the western boundary of the Atlantic Ocean would 

be seen significantly earlier in the Gulf of Maine and Eastern Canada than in the feeding 

grounds farther north in Greenland, Iceland, or Norway. Researchers have been able to 

anticipate their arrival based on mean arrival dates, and that males tended to arrive before 

the females (Allen et al., 2003). Thanks to this knowledge we know that some of the 
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Caribbean breeding population 

of humpback whales are 

migrating to feeding grounds in 

Iceland (Martin et al., 1984).  

The International Union for 

Conservation of Nature (IUCN) 

last assessed the global 

humpback whale population in 

2018 and determined that the 

species should be listed as “least 

concern” and that the population 

is showing a growing trend 

overall (Cooke, 2018).  

However, in an article published 

in 2015, the humpback whale is 

cited as having a “least concern” 

label on the IUCN red list. The article goes on to say that this listing by the IUCN reflects 

the population as a whole, not the subpopulations. For example, the Arabian Sea and Oceania 

humpback whales are still at a low population level and are listed as endangered or critically 

endangered (Thomas et al., 2016). As of now, this population could be reaching a high of 

10,000-15,000 individuals in the North Atlantic (Víkingsson et al., 2015). 

Photo-identification has been used to identify humpback whales in Icelandic waters. 

These photo-identification studies of humpback whales have been conducted in Iceland by 

the Marine and Freshwater Research Institute of Iceland (MFRI) since the 1980s (Smith et 

al., 1999) and more recently by Háskóli Island and from various whale watching platforms. 

Continued photo-identification studies of Humpback whales within Icelandic waters has 

been recommended by Lavin (2017) as part of a master’s thesis to increase the understanding 

of precise scale movements of humpback whales during their migration. The individuals that 

visit Icelandic waters have been shown to migrate to both the Caribbean and Cape Verde 

breeding grounds (Fisheries, 2015; Jann et al., 2003; Víkingsson, 2004; Martin et al., 1984). 

However, the estimated abundance of humpback whales has increased from around 2,000 in 

Figure 2-2. Known feeding and breeding areas of 

humpback whales (© YoNAH, 2012). 
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1987 to more than 10,000 in 2007, and the population been stable since then (Víkingsson et 

al., 2015).  

2.2.4 Feeding 

To reach their massive size, humpback whales feed on some of the smallest creatures in 

the ocean, crustaceans and schooling fish (Sigurjónsson & Víkingsson, 1997). When 

feeding, their mouths gape open revealing 270 to 400 baleen plates that the whale uses to 

filter out its food from the water. When swimming with its mouth agape, 14 to 35 throat 

pleats expand allowing the whale to hold a vast amount of water in its throat before closing 

its mouth and filtering its food (Fisheries, 2015). This process is best observed during states 

of surface feeding.  Carter et al. (1982) observed many different feeding behaviors in 

humpback whales, and they found that humpback whales may feed individually or together. 

For example, an individual may use a rush or lunging technique to catch schooling fish by 

swimming through or on the edge of a ball of prey with an open mouth. Alternatively, a 

humpback whale may exhibit a bubbling technique (Hain et al., 1982). These feeding 

behaviors have been observed by other researchers as well (Watkins et al., 1979). Within 

Icelandic waters, humpback whales as a species consumed an estimated 229,681-279,960 

tons per year in the 1980s (Sigurjónsson & Víkingsson 1997). 

Studies have shown that humpback populations are also changing feeding behavior and 

expanding to new feeding grounds (Askin et al., 2017). In Alaska, humpback whales have 

been observed following schools of herring during their southward migration. Some of these 

humpbacks will stay and continue to forage while others continue their migration (Straley et 

al., 2017). A similar event may have been observed in the Canadian Atlantic around the same 

time as Humpback whales were seen feeding and breaching the surface of the water in the 

Bay of Fundy during an abnormally warm period. These individuals followed a school of 

herring into the bay, and it is speculated that the herring were present because a late plankton 

bloom that was brought on by a warm period (Askin et al., 2017). In Icelandic waters, 

humpback whales are known to feed on krill and capelin (Sigurjónsson & Víkingsson, 1997; 

Víkingsson et al., 2015) and can also be expected to feed on herring. 

Between 2014 and 2017, locals living around Ísafjarðardjúp in the Westfjords of Iceland 

have observed an increase in cetacean presence, mainly humpback whales (Personal 

correspondence with Kari Jóhannsson, 15/07/2018). These whales are assumed, by locals, to 
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be following Atlantic herring into the fjords. However, there is no dedicated research looking 

into humpback whales in Ísafjarðardjúp. For example, we do not know when the whales 

arrive, what they are doing there, or how many individuals are present throughout the feeding 

season in Ísafjarðardjúp. Also, Atlantic herring and other pelagic species in the North 

Atlantic may be changing home ranges due to changing sea surface temperature causing the 

humpbacks to change their finer scale ranges as a result. This lack of information and 

understanding provides the ideal opportunity to investigate the factors influencing the range 

expansion of humpback whales, and the associated effects that this has on populations of 

other species within Ísafjarðardjúp.  

Increasing our understanding of the relationship between climate changes and the 

potential range expansion of marine mammals is critical if we are to protect essential feeding 

grounds of highly migratory species, such as the humpback whale. More specifically, filling 

this knowledge gap is crucial for the future planning of the anthropogenic use of 

Ísafjarðardjúp. Aquaculture is expected to expand in the region, which may become 

problematic as species are shifting their ranges and following their food sources into new 

areas, and the aquaculture cages could draw their attention. Würsig & Gailey (2002) mention 

that the interaction between marine mammals and other species and aquaculture can lead to 

the damage of the aquaculture industries gear and the aquaculture species. The aquaculture 

industry has retaliated by installing Acoustic deterrent devices and acoustic harassment 

devices or by shooting marine mammals. Würsig & Gailey (2002) are also quick to mention 

that these methods for deterrence are not highly successful. The interaction between the 

aquaculture industry, whale-watching industry, and the wild species could lead to an 

increased stress level in the marine mammals of the area. Knowing the locations that 

humpback whales most frequently inhabit could assist with developing a marine spatial plan 

that limits the potential of stress and ship strikes affecting marine mammals.  
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 Research Aims and Questions 

Aims: 

• To document current locations of humpback whales and their activity in 

Ísafjarðardjúp 

• To determine the behaviors that humpback whales are exhibiting, such as breaching, 

feeding techniques, and associations between individuals  

• To provide data to inform management decisions based on the different human 

activities in the fjord such as tourism, aquaculture, and fisheries.  

Research Questions:  

• Who are the individual humpbacks whales present in Ísafjarðardjúp? 

• What breeding population are they a part of? 

• Where else have they been seen? 

• When are they present in Ísafjarðardjúp, what are they doing there? 

• Where are the humpback whales most likely to occur in Ísafjarðardjúp? 
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3 Methods 

To address the research questions, a mixed method approach was developed. 

Shipboard surveys were conducted in Ísafjarðardjúp during the known feeding season of 

humpback whales to collect data. After the observations were made and some of the analysis 

completed a Workshop was held with local fishermen to discuss the results.  

 Study Location & Research Vessel 

Fjords are long relative to their 

width. They are also steep-sided, deep, 

contain submarine sills, and typically 

possess rivers that discharge water into 

them. Fjords are created by glacial 

erosion over many years. Fulfilling 

these categories means that fjords occur 

most often in high latitude regions of the 

world (Farmer & Freeland, 1983), and 

Ísafjarðardjúp is no exception (See 

Figure 3-1).  

Located just south of the Arctic 

circle in the Northwest region of 

Iceland, Ísafjarðardjúp and the 

mountains that frame it provide shelter 

to the plants and animals that inhabit the 

area (Farmer & Freeland, 1983). 

Ísafjarðardjúp is a collection of eight 

fjords that open into one large one (Visit 

Westfjords, n.d.). Each of these fjords is unique in form and depth. However, they all are 

contributing fresh mountain runoff water into the greater fjord area. As a result, the terrestrial 

nutrient-rich runoff water provides an excellent source of freshwater and nutrients to spur 

primary production and establish a solid foundation for a thriving ecosystem (Liess et al., 

2015). A robust primary production leads to a healthy population of zooplankton and 

crustacean (Capuzzo et al., 2017). This abundance of life attracts predators higher up on the 

Figure 3-1. Sea chart of Ísafjarðardjúp. The red 

circle indicts the intended extent of the survey 

area (Originated from the Icelandic 

Hydrographic Service). 



12 

food chain such as schooling fish, larger predatory fish, seabirds, sharks, seals, toothed 

whales, and baleen whales who visit these rich waters to feed at various times throughout 

the year.  

Ísafjarðardjúp was the chosen 

location (23.10455° W – 22.76755° W, 

66.05444° N – 66.19930° N) for shipboard 

surveys because of its easy access and 

little marine traffic. The fjord’s humpback 

whale population is not being studied in 

depth. Therefore, studying these marine 

mammals within Ísafjarðardjúp provides a 

better understanding of humpback whales 

within Icelandic waters as it lies between 

two well-studied areas, Reykjavik and 

Húsavík. This study will contribute to 

present information about the whale’s distribution and their migratory paths around Iceland 

(see Figure 3-2). 

The surveys were conducted on thirty-three different days in Ísafjarðardjúp and took 

place from May 2018 to September 2018. Occasionally surveys were canceled during this 

time due to inclement weather conditions. The extent of the whale survey area was defined 

by the ability of the primary whale watching vessel, Ölver owned by Amazing Westfjords 

(see Figure 3-3), to travel from its home port of Ísafjörður to the whale’s location and back 

to port within 3-hour increments. The Ölver was built in 1990 to fish along the coasts of 

Iceland as a longliner, and it did so for 20 

years. In 1992, a second deck was added 

to protect the crew from harsh weather. 

By 1997, the workload of the Ölver had 

outgrown its size, and the ship was made 

longer and wider to accommodate more 

crew and fish. The Ölver saw another 

refit in the year 2000, and this time the 

Ölver received a new bow and bridge. 
Figure 3-3. The Ölver in Ísafjarðardjúp (Photo 

credit: Justin Brown). 

Figure 3-2. Map of Iceland. The red squares 

represent the areas indicate the three areas that 

are a part of the photo-id analysis. From left to 

right: Ísafjarðardjúp, Steingrímsfjörður, and 

Skálfandi (Gj Travel, n.d.). 



13 

 

Even though it’s fishing days are over, it remains a prominent sight in the harbor of 

Ísafjörður. The number of tourists interested in whale watching was anticipated to dictate the 

number of observations made. Six tourists were required to make a whale watching trip into 

Ísafjarðardjúp, and this requirement did eventually dictate the number of available trips and 

times of surveys throughout the humpback whales feeding season. Most of the trips made 

started by 13:30 and ended by 16:30. The typical tourist season in Ísafjörður lasts from May 

to September (Personal correspondence with Edward Hoblyn on 15/01/ 2019). Even though 

the shipboard surveys were limited, being aboard the Ölver was an excellent platform for the 

collection of data for the research, but also a great experience to get to know members of the 

community and tourists.  

 Photo-Identification 

The equipment used for the photographic identification portion consisted of a pair of 

binoculars, a Nikon D3400 DSLR camera body and a Nikon DX AF-P NIKKOR 70-300 

mm 1:4.5-6.3G ED lens. During shipboard surveys the following settings were used to 

photograph individual whales: ISO < 600, a shutter speed of 1/1000, Autofocus, and 

capturing images continuously, and saved in JPEG format. 

During shipboard surveys, the images collected of individual whale’s flukes’ ventral 

surface and dorsal fins are the most useful. This method was first described and proven by 

Katona and Whitehead in 1981 as a means of identifying individual whales. All of the images 

were collected during displays of surface behavior such as shallow dives, traveling, or 

fluking. Continuous shooting of the whales from the beginning of a dive till its termination 

produced hundreds of images in each survey. This method increased the number of hours it 

took to sort through the images, but it did assist in the matching of images collected by 

contributors to the catalog of humpback whales in Ísafjarðardjúp.  

Whales excluded in the Photo-ID analysis are a result of the inability to identify them 

accurately. Exclusion of these whales is a result of them being out of photographic range, 

and if a whale is out of range, the image will most likely be too blurry to identify the whale 

accurately and must be discarded. 
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Post-survey analysis of the images consisted initially of sorting images into an 

orderly manner, and the analysis was done as soon as possible to decrease the risk of mixing 

images from different surveys. The images were transferred from the camera’s 64 GB SD 

card to a file on a laptop computer, and then they were organized, first, by day then by an 

individual whale. For further organization, a catalog was produced to identify individual 

humpback whales quickly. Also, recorded in the catalog is the date that the whale was 

sighted. An individual whale’s entry into the catalog requires at least one image of its fluke 

and the day of the photo. However, images of an individual whale’s dorsal fin, when 

available, were also added. Once a whale enters the catalog, a code (i.e., IsaMn007) is 

attributed to the individual as an identifying code name along with a series of codes 

describing the natural markings on the individual whale’s fluke. The codes used for the 

flukes coding are from a chart (see Figure 3-4) provided by the MFRI but originates from 

the Allied Whale, College of the Atlantic. 

The analysis of these images was done manually in the context of this research. The 

catalogs used were from the University of Iceland’s research center in Husavik, and MFRI 

in Ísafjörður. Comparing natural markings of individual whales was easiest with both 

catalogs open simultaneously. This analysis was done by having a single whale shown in 

one catalog while searching for a match on the other catalog. The search was conducted by 

Figure 3-4. Chart of fluke types used to identify whales (From Allied Whale, College of the 

Atlantic). 
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typing the fluke codes into the search bar of each catalog. As part of this comparison, the 

matched whales were then further analyzed to determine how these whales were moving 

around Iceland and which individuals return to Ísafjarðardjúp. This additional analysis 

compared the days and years an individual whale’s presence in one location affected its 

presence in another area.  

Cooperation with an online citizen science platform, Happywhale, further expands 

the analysis of the humpback whales observed in Ísafjarðardjúp. Contributors to this 

platform are both scientists and citizen scientists (Personal correspondence with Ted 

Cheeseman 02/15/2019). The citizen scientists are commonly whale watching enthusiasts 

and or tourists from around the world. The platform is not species specific. However, the 

humpback whale database is the most developed with 43,009 encounters recorded 

(Happywhale, Retrieved February 7, 2019). Instead of the manual photo-ID method 

described earlier, Happywhale uses a computer-based identification system (Personal 

correspondence with Ted Cheeseman 02/15/2019). This cooperation is intended to reveal the 

other locations that the whales of Ísafjarðardjúp visit when they are not present in the fjord. 

After identifying when the individual whales were first captured and recaptured it 

was easy to calculate the Sightings Per Unit of Effort (SPUE). In the context of this study, 

an hour defines the unit of effort. To calculate the SPUE, divide the number of sightings by 

the amount of time spent on the effort. 

𝑆𝑖𝑔ℎ𝑡𝑖𝑛𝑔𝑠 𝑝𝑒𝑟 𝑈𝑛𝑖𝑡 𝑜𝑓 𝐸𝑓𝑓𝑜𝑟𝑡 =  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑆𝑖𝑔ℎ𝑡𝑖𝑛𝑔𝑠

𝐻𝑜𝑢𝑟𝑠 𝑜𝑛 𝐸𝑓𝑓𝑜𝑟𝑡
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 Distribution 

While on shipboard surveys, the recording of the coordinates of the ship and 

heading of the ship is essential for beginning to map the distribution of whales. The data 

recording is done only when whales are present. The distance from the ship to the whale 

and the whale’s angle from the bow of the ship is also recorded. The distance and angle 

estimations made are done by eye (see Figure 3-5). For example, by envisioning the boat 

sitting at the center of a giant clock in which the whales are envisioned to be near the 

numbers of the clock. The clock times were then used to estimate the angle of the whale 

corresponding to the bow of the boat. As a clock is evenly divided into twelve equal 

sections, the estimations can be made quickly. Ultimately, the location of the whale was 

the most critical information. In order to determine the whales coordinates the ship's 

coordinates had to be converted to decimal degrees and combined with the ship’s heading, 

the distance to the whale, and the whale’s angle to the bow of the boat to find the whale’s 

coordinates. The program used to make the calculations was Microsoft Excel. 

Figure 3-5. Visualization of the data required to determine the whale’s coordinates 

The following series of equations were used to convert Degrees/Minutes/Seconds to 

Decimal Degrees.  
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1⁰ =  60’ =  3600” 

1’ =  (1/60) ⁰ =  0.01666667⁰ 

1” =  (1/3600) ⁰ =  0.000277778⁰ 

 

Once converted, the boat’s coordinates are used in trigonometric functions to determine 

a whale’s coordinates corresponding to the boat. A conditional statement is a logical 

statement that states that if a hypothesis is correct, then this is the outcome. The equation is 

read as,” if p then q” (Math Planet, n.d.).  

𝑝 → 𝑞 

A conditional statement is known as an IF statement in Microsoft Excel. It is a code used to 

execute different codes whether or not a statement is true or not.  The IF statements used to 

find the whale's coordinates were constructed in the following manner:  

IF(logical test, value if true, value if false). 

Many of the following IF statements were nested within each other to minimize the number 

of columns needed to complete the conversion in Microsoft Excel. The first step in finding 

the whale’s coordinates was to find the azimuth (Az) of the whale. The azimuth is the 

observed angle (ObA) of an object based off a due north or 0⁰. The ships heading (H) and 

the observed angle of the whale to the bow are added together. If the sum is lower than 360⁰ 

than that is the azimuth, but if it is higher than 360⁰ than 360⁰ is subtracted from the sum of 

the H and ObA. 

𝐴𝑧𝑖𝑚𝑢𝑡ℎ = (𝐻𝑒𝑎𝑑𝑖𝑛𝑔 + 𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝐴𝑛𝑔𝑙𝑒 < 360⁰) → 𝐻𝑒𝑎𝑑𝑖𝑛𝑔 + 𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝐴𝑛𝑔𝑙𝑒 

𝐴𝑧𝑖𝑚𝑢𝑡ℎ = (𝐻𝑒𝑎𝑑𝑖𝑛𝑔 + 𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝐴𝑛𝑔𝑙𝑒 ≥ 360⁰)

→ 𝐻𝑒𝑎𝑑𝑖𝑛𝑔 + 𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝐴𝑛𝑔𝑙𝑒 − 360⁰ 
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Entered into Microsoft Excel as: 

Az=IF(H+ObA>360,H+ObA-360,H+ObA) 

Once the Az is found, the angle (FrmA) needed for the trigonometric function has to be 

found. To do this, the Az has to be deciphered as being in one of the four hemispheres of a 

standard X, Y graph. For example, if the Az was below 90⁰, that angle could be used in the 

function. The number used in the formula has to be below 90⁰ because the three angles of a 

right-angle triangle added together has too equal 180⁰. However, if the number was higher 

than 90⁰ it had to be made to equal a number lower than 90⁰. Another conditional statement 

was entered to determine this.  

𝐹𝑜𝑟𝑚𝑢𝑙𝑎 𝐴𝑛𝑔𝑙𝑒 = (𝐴𝑧𝑖𝑚𝑢𝑡ℎ < 90⁰) → 𝐴𝑧𝑖𝑚𝑢𝑡ℎ − 0⁰  

𝐹𝑜𝑟𝑚𝑢𝑙𝑎 𝐴𝑛𝑔𝑙𝑒 = (900 < 𝐴𝑧𝑖𝑚𝑢𝑡ℎ < 1800) → 𝐴𝑧𝑖𝑚𝑢𝑡ℎ − 90⁰ 

𝐹𝑜𝑟𝑚𝑢𝑙𝑎 𝐴𝑛𝑔𝑙𝑒 = (1800 < 𝐴𝑧𝑖𝑚𝑢𝑡ℎ < 2700) → 𝐴𝑧𝑖𝑚𝑢𝑡ℎ − 180⁰ 

𝐹𝑜𝑟𝑚𝑢𝑙𝑎 𝐴𝑛𝑔𝑙𝑒 = (2700 < 𝐴𝑧𝑖𝑚𝑢𝑡ℎ < 3600) → 𝐴𝑧𝑖𝑚𝑢𝑡ℎ − 270⁰ 

Entered into Microsoft Excel as: 

FrmA=IF(Az<90,Az,IF(Az<180,Az-90,IF(Az<270,Az-180,IF(Az<360,Az-270, False)))) 

With the proper angle to be entered into the function found, a trigonometric function 

could be run to find the number of meters that the coordinates of the ship needed to be 

adjusted to become the coordinates of the whale. The latitude adjustment in meters (LatM) 

is calculated by multiplying the estimated distance of the whale from the ship by the sine 

(SIN) of the FrmA multiplied by the dividend of Pi divided by 180. The longitude adjustment 

in meters (LongM) is calculated by multiplying the estimated distance of the whale from the 

ship by the cosine (COS) of the FrmA multiplied by the result of Pi divided by 180. 
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𝐿𝑎𝑡𝑖𝑡𝑢𝑑𝑒 𝐴𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡 𝑖𝑛 𝑀𝑒𝑡𝑒𝑟𝑠 = 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 × sin(𝐹𝑜𝑟𝑚𝑢𝑙𝑎 𝐴𝑛𝑔𝑙𝑒 ×
𝜋

180
) 

𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒 𝐴𝑑𝑗𝑢𝑠𝑡 𝑖𝑛 𝑀𝑒𝑡𝑒𝑟𝑠 = 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 × cos (𝐹𝑜𝑟𝑚𝑢𝑙𝑎 𝐴𝑛𝑔𝑙𝑒 ×
𝜋

180
) 

Entered into Microsoft Excel as: 

LatM=D*SIN(FrmA*(3.14/180)) 

LongM=D*COS(FrmA*(3.14/180)) 

The resulting number of meters to be adjusted is then converted to decimal degrees. The 

decimal degrees adjustment for latitude (LatDD) was calculated by dividing the LatM by 

111,507, the number of meters in 1⁰ of latitude at 66⁰N. The decimal degrees adjustment for 

longitude (LongDD) was calculated by dividing the LongM by 45,405, the number of meters 

in 1⁰ of longitude at 66⁰N. 

𝐿𝑎𝑡𝑖𝑡𝑢𝑑𝑒 𝐴𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡 𝑖𝑛 𝐷𝑒𝑐𝑖𝑚𝑎𝑙 𝐷𝑒𝑔𝑟𝑒𝑒𝑠 =
𝐿𝑎𝑡𝑖𝑡𝑢𝑑𝑒 𝐴𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡 𝑖𝑛 𝑀𝑒𝑡𝑒𝑟𝑠

111,507
 

𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒 𝐴𝑑𝑗𝑢𝑠𝑡 𝑖𝑛 𝐷𝑒𝑐𝑖𝑚𝑎𝑙 𝐷𝑒𝑔𝑟𝑒𝑒𝑠 =
𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒 𝐴𝑑𝑗𝑢𝑠𝑡 𝑖𝑛 𝑀𝑒𝑡𝑒𝑟𝑠

45,405
 

Entered into Microsoft Excel as: 

LatDD=LatM/111507 

LongDD=LongM/45405 

Finally, the adjustment gets combined with the ship’s coordinates. However, the 

adjustment is either added or subtracted from the ship’s coordinates based on the azimuth. 

For example, if the azimuth is 160⁰, the latitude adjustment will be subtracted from the ships 

corresponding latitude, but the longitudinal adjustment will be added to the corresponding 

ship coordinates (ShLat and ShLong). Thus, creating the whale’s coordinates (WLat and 

WLong). 
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𝐿𝑎𝑡𝑖𝑡𝑢𝑑𝑒 𝑜𝑓 𝑊ℎ𝑎𝑙𝑒 = (90 > Azimuth > 270)

→ 𝑆ℎ𝑖𝑝′𝑠 𝐿𝑎𝑡𝑖𝑡𝑢𝑑𝑒 + 𝐿𝑎𝑡𝑖𝑡𝑢𝑑𝑒 𝐴𝑑𝑗𝑢𝑠𝑡 𝑖𝑛 𝐷𝑒𝑐𝑖𝑚𝑎𝑙 𝐷𝑒𝑔𝑟𝑒𝑒𝑠 

𝐿𝑎𝑡𝑖𝑡𝑢𝑑𝑒 𝑜𝑓 𝑊ℎ𝑎𝑙𝑒 = (90 < Azimuth < 270)

→ 𝑆ℎ𝑖𝑝′𝑠 𝐿𝑎𝑡𝑖𝑡𝑢𝑑𝑒 − 𝐿𝑎𝑡𝑖𝑡𝑢𝑑𝑒 𝐴𝑑𝑗𝑢𝑠𝑡 𝑖𝑛 𝐷𝑒𝑐𝑖𝑚𝑎𝑙 𝐷𝑒𝑔𝑟𝑒𝑒𝑠 

𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒 𝑜𝑓 𝑊ℎ𝑎𝑙𝑒 = (Azimuth < 180)

→ 𝑆ℎ𝑖𝑝′𝑠 𝐿𝑜𝑛𝑔𝑡𝑢𝑑𝑒 + 𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒 𝐴𝑑𝑗𝑢𝑠𝑡 𝑖𝑛 𝐷𝑒𝑐𝑖𝑚𝑎𝑙 𝐷𝑒𝑔𝑟𝑒𝑒𝑠 

𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒 𝑜𝑓 𝑊ℎ𝑎𝑙𝑒 = (Azimuth > 180)

→ 𝑆ℎ𝑖𝑝′𝑠 𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒 + 𝐿𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑒 𝐴𝑑𝑗𝑢𝑠𝑡 𝑖𝑛 𝐷𝑒𝑐𝑖𝑚𝑎𝑙 𝐷𝑒𝑔𝑟𝑒𝑒𝑠 

Entered into Microsoft Excel as: 

WLat=IF(270>Az<90,ShLat+LatDD,ShLat-LatDD) 

WLong=IF(Az<180,ShLong+LongDD,ShLong-LongDD) 

The method used could have been problematic if the distances of the whales were 

further apart. However, because the distances were relatively short, the curvature of the earth 

has minimal effect on the results. These functions also made converting the coordinates 

easier when processing the many coordinates pairs collected over the field season. The 

whale’s coordinates created a series of maps in a geographic information systems platform 

called, Quantum Geographic Information System 3.2 Bonn (QGIS).  
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Maps of the distribution of whales were made first. Two different base maps were 

used to create distribution maps. The first base map used was the sea chart for Ísafjarðardjúp 

(see Figure 2-1) and the second was the Bathymetric map of Ísafjarðardjúp (see Figure 3-6) 

provided by the MFRI. This map was chosen to show the distribution of whales in relation 

to the depth contours present in Ísafjarðardjúp. Microsoft Excel provided the platform for 

these conversions. A separate page was made in the excel file to make the transfer to QGIS 

easier. Therefore, QGIS was not confused by the format of the columns. The “Add New 

Vector Layer” tool was used to import the data set from Microsoft Excel. Once the proper 

Excel file was chosen the sheet within the file that contained the data was chosen, and the 

import was completed. The next tool used was the “Create Point Layer from Table.” This 

tool pulled the whale's coordinates from the imported table and projected them onto the base 

Figure 3-6. Bathymetric map of Ísafjarðardjúp. Although difficult to read, the legend 

states that a range in water depth is assigned a specific color (i.e., red is the shallowest, 

and purple is the deepest) (From the Marine and Freshwater Research Institute of 

Iceland). 
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map. The symbology was then defined as graduated and separated by the month the 

observation was made.  

A series of heat maps were created using the “Kernel Density Estimator” tool in QGIS. 

Once the input data set was selected, in this case, the coordinates from the distribution map, 

the following parameters were used to create the heat maps: 

• Radius layer units – 0.01 degrees 

• Rows – 4000 

• Columns – automatically generated based on entering a value into the row’s category 

• Pixel size X, Y – 0.000036, 0.000036 

 

The most important unit that required input was the radius layer and rows, as the rest of the 

input parameters generate automatically. Four more heat maps were created in the same way. 

However, these maps were generated based on months that observations of whales were 

made to show the distribution of whales in finer detail.  

 Echosounder 

The Ölver is outfitted with a Kaijo corporation single beam echo sounder set at 24 

kHz. The screen displays the water column in the direction and angle in which the beam is 

focused. When a mass in the water column is picked up, it is displayed as a specific color 

from the color spectrum. The less dense an object is, the closer it is displayed as blue. If the 

mass present on the screen is closer to red on the color spectrum than it is denser than a mass 

closer to the blue end of the spectrum (Personal correspondence with Ragnar Kristinsson 

10/06/2018). Images of the echo sounder were recorded in the presence of humpback whales, 

for future interpretation. The following analysis of the echosounder images can be 

considered to be subjective since the images were not collected on an echosounder that the 

fishermen in the meeting were familiar with. The fishermen then suggested that the owner 

of the echosounder would be better at interpreting the images, but the owner did not have as 

much experience fishing. Therefore, the fishermen made their best attempts at interpreting 

the images presented. Determining the locations of the echosounder readings was done by 

cross-referencing the time in which the image was taken with known locations of the boat 

when observing whales. The majority of images were within one minute of a known location. 

If there was more than one minute of variability, the image was not included in the map. 

Once the locations of images were verified, the coordinates were imported into QGIS in the 
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same way as the whale coordinates that were previously discussed. The coordinates of the 

echosounder images were layered on top of the kernel density layer generated for the 

distribution of whales throughout the observation season. The use of the echosounder was 

put in place to understand better what was happening below the surface of the water and how 

that may be affecting the humpback whales that were present 

 Workshop with Local Fishermen 

An additional step in processing the data from the echosounder was done by conducting 

a workshop with local fisherman to determine the potential prey species depicted on the 

echosounder and explore the spatial aspects of the mapping data through the eyes of 

fishermen who have an intimate knowledge of these fishing grounds. The workshop was 

held on December 19th, 2018. Workshops with local resource users have been used to 

triangulate environmental data and can provide insight into research findings a process 

known as participatory mapping. Klain and Chan’s (2009) research utilized participatory 

mapping as a way of developing spatial plans based off of stakeholder monetary and non-

monetary values that they have.  This methodology has also been utilized as a means of 

collecting data on animal abundance and distribution trends, and in the case of Anadón et al. 

(2009), local ecological knowledge provided similar results to linear transects when 

determining the distribution and abundance of terrestrial tortoises. This methodology 

provides a wealth of qualitative data that can be used with the confidence of experience. The 

data collected from this method in conjunction with the whale catalogs and the results from 

the field season provides a better understanding of the Ísafjarðardjúp humpback whale 

population during the past decade.  

Two fishermen agreed to meet and discuss the research, represent different fishing 

methods used in the area. A private room at the local restaurant, with the anticipation of more 

participants, was used to host the workshop because of its non-threatening atmosphere, the 

many television screens were used for presentations and displaying the images of the 

echosounder and the preliminary results of the mapping study. The structure of the workshop 

was predetermined to keep to a schedule. This was done to give time for the fishermen to 

ask questions and provide their feedback on the results.  

A brief introduction to the research opened the workshop, and the floor was open to a 

discussion about Ísafjarðardjúp and some of the changes that have occurred over the past 
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few decades. The topics of discussion included but were not limited to the distribution of 

fish, krill, and marine mammals. The fishermen were asked if the whales were affecting the 

fish and or krill stocks in Ísafjarðardjúp and if this relationship has changed over the past 

decade. The final question posed was if the fisherman thought the presence of whales 

reflected a healthy ecosystem.  

Next, printed copies of the Ísafjarðardjúp sea chart (see Figure 2-1) were passed around 

to be drawn on and compared. The fishermen were asked to make a point indicating the 

location of an individual or group of humpback whales that they had observed in 2018. The 

fishermen placed points freely on the paper maps and indicated that they placed multiple 

points in the same area to show a higher density of humpback sightings.  

 Drone 

The drone used was purchased with a small equipment grant provided to the project by 

IDEA WILD. When conducting aerial surveys of the humpback whales in Ísafjarðardjúp two 

sets of protocol were followed. The first being Iceland’s rules and regulations regarding the 

operation of drones, and the second concerning the safety of people and the drone during 

launching and landing procedures. The Icelandic Travel Authority has a list of rules that 

need to be followed when operating a drone, but the following are the most relevant rules to 

this research (Icelandic Travel Authority, 2017): 

• Mark drone with name, address and phone number 

• Do not fly over crowds of people 

• Do not fly higher than 120 meters above ground or sea 

• Keep the drone in sight at all times 

• Follow general rules of protection of property and privacy 

• Forbidden to fly within 2 km of international airports and 1.5 km of others 

• Check flight regulation in the flying area 

• The operator is responsible for damages 

• The flight may not interfere with air, ship or vehicle traffic 

The following list of operations during launching and landing procedures was developed 

with the help of Joonas Kinni, who worked with humpback whales in the Arabian Sea 

(Personal correspondence with Joonas Kinni on 16/07/2018): 

• Monitor weather conditions 

• Launch drone downwind of passengers 

• Maintain safe distance 
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• Have an extra observer watch the drone 

• When retrieving the drone, fly into the wind and away from passengers 

• Work with the extra observer to retrieve the drone 

Once the drone was successfully launched, and protocol followed, the drone could then 

capture images and video. The drone was intended to be used in the assessment of behavior 

with a particular interest in feeding. However, due to the nature of shipboard surveys, the 

opportunities to use the drone were limited even further. If whales were found, the drone 

would follow them at a safe distance until the whale's dove out of sight or the battery ran 

out. All of the analysis of this methodology took place after the survey. If possible, the 

individual whales would be identified, behavior recorded, and the locations of both would 

be determined by cross-referencing the time in the video or photo with the recorded flight 

plan. The behavior that was intended to be assessed during the surveys consisted of the 

following: moving alone, moving as a group, feeding alone, feeding as a group, still, blow, 

breach, tail slap, pectoral fin slapping, and special attention will be paid to lounge feeding 

and other feeding behaviors.  
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4 Results 

 Photo-ID 

Photographic identification of the humpback whale’s presence in Ísafjarðardjúp 

throughout the four-month field season revealed thirty-four individuals. These individuals 

were identified and recaptured during the 111 hours spent on thirty-seven surveys. Ninety-

three hours were spent on effort were between the hours of 13:30 and 16:30, and twelve 

hours were spent on effort between the hours of 09:00 and 12:00. The six hours left of the 

total were spent on board the Pen 

Duick VI from 15:00 to 21:00. The 

majority of this time was spent 

onboard the whale watching vessel, 

Ölver. 

As seen in Figure 4-1, the 

number of whales sighted for the 

first time, per month, during the field 

season increased from zero in May 

to a maximum of twenty-one in 

August. This steady rise in newly 

observed whales came to a quick halt in September, as only one new whale was observed. 

The total number of whale sightings includes new whales to the area and the resightings of 

whales. This total number of sightings followed the same trend as the observations of new 

whales. The total sightings per month reached its maximum in August before dropping again 

in September. Also, the numbers of hours spent on effort followed the same trend as the 

previous two datasets.  

The SPUE value for the entire season was 0.757. 

However, this value is not indicative of the fluctuations 

presented in Figure 1 (see Table 4-1). The SPUE per month 

tells more of the story. As expected, May and August 

represented a minimum of 0 and a maximum of 1.333 

SPUE per month values, respectively. July and September 

are similar in their respective SPUE per month values even 

Figure 4-1. Breakdown of new whales, the total 

number of new whales and resighted whales, and the 

number of hours spent on effort per month. 

Table 4-1. SPUE per month 

and total. 

SPUE

May 0.000

June 0.238

July 0.700

August 1.333

September 0.667

Total 0.757
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though more time was spent on effort during July. This month has an SPUE of 0.7 while 

September’s SPUE is 0.667.  

 Once the 34 individual whales captured in Ísafjarðardjúp were put into a catalog and 

their flukes coded they were compared to the 2018 Húsavík humpback whale catalog and 

the series of humpback whales previously captured by MFRI in Ísafjörður. The comparison 

to the 2018 Húsavík catalog provides insight into what whales are moving around Iceland 

while the comparison to previously captured humpback whales in Ísafjarðardjúp indicates a 

degree of site fidelity.  

When the individual whale sightings data without resightings is analyzed per day 

throughout the survey season, a positive trend is revealed (see Figure 4-2). As previously 

mentioned, few sightings of humpback whales were made before the end of June. However, 

the trend indicates that the population of humpback whales present in Ísafjarðardjúp 

increased over time until August. The sightings dropped the at the end of August however 

the SPUE remained similar to the values observed in July, as previously stated.  

 

Figure 4-2. Sightings of individual whales per observation day.  
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Table 4-2. 2018 Photo-Id matches between Ísafjarðardjúp and Húsavík. The red circle is 

indicating the natural markings on the flukes used to identify the whales (Photo Credit:  

Justin Brown and Researchers associated with Háskóli Island in Húsavík). 

 

  

Whale Code  Ísafjarðardjúp 2018 Húsavík 2018 

Ísafjarðardjúp -> 

Húsavík 

  

IsaMn004 -> Mn695 

  

IsaMn007->Not 

registered 

 
 

IsaMn012 -> Mn544 

  
IsaMn013 -> Mn171 

  
IsaMn017->Not 

registered 

 

 

IsaMn018 -> Mn33 

 
 

IsaMn022->Not 

registered 

 

 

IsaMn031 -> Mn702 
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Upon review of the 2018 Húsavík catalog, eight matches have been made (see Table 4-

2). Five of these matches were first captured in Húsavík in previous years, leaving the last 

three matches, captured in Húsavík for the first time during the summer of 2018. These three 

matches are listed as “Not registered” in the tables because at the time of writing they had 

not been given a code in the 2018 Húsavík humpback whale catalog. Interestingly, every 

match made between Ísafjarðardjúp and Húsavík has one thing in common. Each match 

during the summer of 2018 was 

captured first in Húsavík.  

These whales were recaptured 

weeks to months later in 

Ísafjarðardjúp (see Table 4-3). 

Four of the matched whales made 

the migration in close to one 

month. The whale recaptured the 

soonest in Ísafjarðardjúp was 

IsaMn004, which made the 

migration in twenty-four days. 

However, this does not indicate 

that the whale was traveling from 

Húsavík to Ísafjarðardjúp the 

entire time. The whale could have 

left Skjálfandi bay near Húsavík 

days later, ventured into another 

bay in search of food along the 

way, or arrived in Ísafjarðardjúp 

days before it was recaptured. The 

remaining four whales made the 

migration in approximately two 

months. This analysis has 

revealed that humpback whales are willing to swim against the predominant North Icelandic 

Irminger Current. 

Whale Code

Isafjardardjup -> Husavik Day Month Year

IsaMn004 -> Mn695 10 June 2018

11 June 2018

6 July 2018

IsaMn007 -> Not registered 4 May 2018

5 May 2018

7 May 2018

8 May 2018

10 May 2018

13 July 2018

22 July 2018

27 July 2018

28 July 2018

3 August 2018

13 August 2018

15 August 2018

23 August 2018

IsaMn012 -> Mn544 16 May 2018

17 May 2018

20 May 2018

23 May 2018

25 May 2018

22 July 2018

IsaMn013 -> Mn171 24 May 2018

3 July 2018

3 August 2018

13 August 2018

15 August 2018

IsaMn017 -> Not Registered 28 June 2018

16 August 2018

IsaMn018 -> Mn33 28 June 2018

1 July 2018

2 July 2018

6 July 2018

20 August 2018

22 August 2018

IsaMn022 -> Not registered 19 July 2018

20 July 2018

22 July 2018

23 August 2018

26 August 2018

IsaMn031 -> Mn702 30 June 2018

17 August 2018

Husavik

Isafjardardjup

Isafjardardjup

Husavik

Husavik

Husavik

Isafjardardjup

Isafjardardjup

Husavik

Husavik

Husavik

Isafjardardjup

Isafjardardjup

Isafjardardjup

Isafjardardjup

Husavik

Isafjardardjup

Husavik

Husavik

Husavik

Isafjardardjup

Husavik

Husavik

Isafjardardjup

Isafjardardjup

Husavik

Husavik

Husavik

Isafjardardjup

Isafjardardjup

Isafjardardjup

Isafjardardjup

Isafjardardjup

Husavik

Husavik

Husavik

Husavik

Isafjardardjup

Husavik

Husavik

Isafjardardjup

Husavik

LocationDate Sighted

Table 4-3. Dates and location of capture and recapture 

of matches between Ísafjarðardjúp and Húsavík during 

the summer of 2018. 
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Table 4-4. 2018 Photo-Id matches between Ísafjarðardjúp in 2018 and previous years. The 

red circle is indicating the natural markings on the flukes used to identify the whales (Photo 

Credit: Justin Brown and Researchers associated with MRFI in Ísafjörður). 

Whale code Ísafjarðardjúp 2018 Ísafjarðardjúp in Previous years 

IsaMn008 -> Hwl2014 

  
IsaMn010 -> Hwk2014 

 
 

IsaMn011 -> Hwj2016 

 

 

 

IsaMn012 -> Hwh2017 

 

 

IsaMn018 -> Hwk2016 

  
tIsaMn023 -> Hwb2017 

  
IsaMn024 -> Hwe2016 
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Although the MFRI office in Ísafjörður does not have adequate funding to consistently 

monitor humpback whales in the fjord, photographs of whales have been collected when the 

opportunity presents itself. In 2013, five individual whales were sighted on three different 

surveys during July, August, and September. One year later, fourteen individual whales were 

identified. This time these individuals were sighted over four months, May, June, July, and 

August. One of these whales was first observed in 2013, and two of them were not seen again 

until the 2018 season as part of this research. Unfortunately, no data was collected during 

the 2015 season. However, sixteen individuals were sighted during the 2016 season. The 

observations in 2016 were made in October and November. One whale was matched to a 

whale first observed in 2014. Three of the whales observed in November 2016 were resighted 

in 2018.  During May of 2017, nine individual whales were recorded. None of which had 

been seen before. However, two of them were resighted in 2018. In total, seven individual 

whales were recaptured in 2018 out of the 

forty-one whales previously captured in 

Ísafjarðardjúp (see Table 4-4). Two of these 

individuals were first captured in August 

2014. However, in both of these cases, these 

whales were observed for the first time in 

2018, in July. In 2016 three whales were seen 

during an observation made in November. 

This observation tells us that humpback 

whales can stay in Ísafjarðardjúp well into 

the beginning of winter. All the observations 

made in 2018 were made in months earlier in 

the year. The remaining two whales were 

first observed in 2017 during May. As this 

observation was made early in the year the 

observations of these two whales in 2018 

were made in months after May (see Table 4-

5).. 

Whale Code

Isafjardardjup Day Month Year

2018 -> Previous years

IsaMn008 -> Hwl2014 N/A August 2014

13 July 2018

3 August 2018

4 August 2018

15 August 2018

15 September 2018

IsaMn010 -> Hwk2014 N/A August 2014

16 July 2018

22 July 2018

12 August 2018

IsaMn011 -> Hwj2016 N/A November 2016

1 July 2018

22 July 2018

22 August 2018

IsaMn012 -> Hwh2017 N/A May 2017

22 July 2018

IsaMn018 -> Hwk2016 N/A November 2016

20 August 2018

22 August 2018

IsaMn023 -> Hwb2017 N/A May 2017

17 August 2018

23 August 2018

26 August 2018

IsaMn024 -> hwe2016 N/A November 2016

26 August 2018

6 September 2018

Date Sighted

Table 4-5. Dates of capture and recapture 

between years in Ísafjarðardjúp. 
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Some of the humpback whales in 

Ísafjarðardjúp throughout the 2018 survey 

season were around for a day while others 

were present for months (see Table 4-6). 

Throughout the survey season, a total of 

eighty sightings were made. These sightings 

translate to a mean value of 2.353 sightings 

per whale. However, fourteen of the thirty-

four whales observed were only sighted once. 

The analysis of the resightings per whale 

reflects a similar value. Forty-six resightings 

were made and have a mean value of 1.353 

over all of the whales. The sum of the number 

of days between the first and last observation 

is 415. Therefore, the mean estimated 

minimum stay is 12.206 days in 

Ísafjarðardjúp by the whales sighted. 

However, this number is misleading because 

it is downward biased, as it includes whales 

only observed one time. If those whales are 

excluded and only whales observed more than 

once are used the minimum value is 1, and the 

maximum value is 69. Therefore, the mean 

minimum of stay in Ísafjarðardjúp for whales 

during the 2018 season is 20.75. 

IsaMn001 3 2 26

IsaMn002 7 6 69

IsaMn003 2 1 1

IsaMn004 1 0 0

IsaMn005 1 0 0

IsaMn006 2 1 33

IsaMn007 8 7 41

IsaMn008 5 4 33

IsaMn009 1 0 0

IsaMn010 3 2 27

IsaMn011 3 2 52

IsaMn012 1 0 0

IsaMn013 3 2 12

IsaMn014 2 1 12

IsaMn015 7 6 19

IsaMn016 3 2 16

IsaMn017 1 0 0

IsaMn018 2 1 2

IsaMn019 1 0 0

IsaMn020 2 1 3

IsaMn021 1 0 0

IsaMn022 2 1 3

IsaMn023 3 2 9

IsaMn024 2 1 11

IsaMn025 3 2 24

IsaMn026 2 1 11

IsaMn027 1 0 0

IsaMn028 1 0 0

IsaMn029 1 0 0

IsaMn030 2 1 11

IsaMn031 1 0 0

IsaMn032 1 0 0

IsaMn033 1 0 0

IsaMn034 1 0 0

Mean 2.353 1.353 12.206

Median 2 1 3

Total 80 46 415

Max 8 7 69

Min 1 0 0

No. of 

sightings

No. of 

resightings

Isafjardardjup 2018

Whale

Days between 

first and last

Table 4-6. The total number of sightings, resightings and the number of days between the 

first and last sighting per whale in Ísafjarðardjúp throughout the 2018 survey season. 
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The collaboration with 

the citizen science platform 

Happywhale revealed 

additional matches to the 34 

individual whales observed 

during the 2018 whale survey 

season in Ísafjarðardjúp (see 

Table 4-7). The first whale 

matched from the 2018 

Ísafjarðardjúp Humpback 

Whale catalog is IsaMn003. 

The first recorded sighting of 

this whale was on the 17th of June 2017 in Steingrímsfjörður near the town of Hólmavík. 

This whale was not resighted for just over a full year, and this time it was sighted in 

Ísafjarðardjúp. As of now, IsaMn008 has been matched to a whale in the Happywhale 

database. However, the data associated with this whale is not available on the Happywhale 

website at this time. IsaMn013 was first recorded on Happywhale on the 2nd of July 2018 in 

Skálfandi bay. This sighting lines up with the observations made by the team in Húsavík 

observing the whales of Skálfandi bay. This whale was observed twice by that team (May 

24 and July 3 as seen in Table 4-3). IsaMn018 has a similar story to IsaMn013. IsaMn018 

was first recorded by Happywhale the 28th of June 2018 in Skálfandi Bay. The last sighting 

of the whale extended the known time that this whale was present in Skálfandi by one day 

as it was sighted on the 7th of July 2018 according to Happywhale. This additional analysis, 

in turn, shortens the time in which the whale spent traveling between Skjálfandi Bay and 

Ísafjarðardjúp. The last whale to be matched with Happywhale, IsaMn021, was first sighted 

in Steingrímsfjörður the 8th of July 2017. It was seen again nearly a year later in the same 

place on the 19th of June 2018, before being sighted in Ísafjarðardjúp on the 23rd of August 

2018.  

  

Whale Code Location

Isafjardardjup -> HappyWhale Day Month Year

IsaMn003 -> HW-Mn0100270 17 June 2017 Steingrimsfjordur

30 june 2018 Isafjardardjup

1 July 2018 Isafjardardjup

IsaMn008 -> HW-MN0101181 N/A N/A N/A N/A

13 July 2018 Isafjardardjup

3 August 2018 Isafjardardjup

4 August 2018 Isafjardardjup

15 August 2018 Isafjardardjup

15 September 2018 Isafjardardjup

IsaMn013 -> HW-MN0100294 2 July 2018 Skalfandi

3 August 2018 Isafjardardjup

13 August 2018 Isafjardardjup

15 August 2018 Isafjardardjup

IsaMn018 -> HW-MN0100285 28 June 2018 Skalfandi

7 July 2018 Skalfandi

20 August 2018 Isafjardardjup

22 August 2018 Isafjardardjup

IsaMn021 -> HW-MN0100266 8 July 2017 Steingrimsfjordur

19 June 2018 Steingrimsfjordur

23 August 2018 Isafjardardjup

Date Sighted

Table 4-7. Result of the collaboration with Happywhale.  

 

Figure 4-3. Distribution of whale sightings throughout the 

field season: light green dots represent individual sightings 

in June, green dots represent individual sightings in July, 

dark green dots represent individual sightings in August, 

and black dots represent individual sightings in September. 

The red square represents the extent of the survey area 

generated by QGIS.Table 4-8. Result of the collaboration 

with Happywhale.  
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 Distribution 

As a result of the seaboard surveys, the distribution of humpback whales observed is 

presented in Figure 4-3. The westernmost observations were made due north of 

Skutulsfjörður while easternmost observations were made due east of Vigur Island. The area 

covered by surveys, whether they produced whale sightings or not, was approximately 

243.11 km2. This value was generated by calculating the extent of the coordinates. However, 

as seen in Figure 4-3, the extent of the coordinates extends onto land. The area surveyed is 

smaller than the extent presented. The use of the sea chart provides a clear vision of the 

boundaries between the terrestrial and marine environments; however, because of the quality 

of the base map after importing into QGIS the ability to read the number associated with the 

depth contours a second including the overall distribution of whales is included.  

Figure 4-4. Distribution of whale sightings throughout the field season: light green dots 

represent individual sightings in June, green dots represent individual sightings in July, dark 

green dots represent individual sightings in August, and black dots represent individual 

sightings in September. The red square represents the extent of the survey area generated by 

QGIS. 
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The map covering the distribution of whales was overlaid onto a bathymetric map of 

Ísafjarðardjúp, provided by the MFRI (Figure 4-4). The whales were typically found in the 

area of a deep basin. Over time the distribution of whales changed. During June, the majority 

of the Whales were found just northwest of Vigur Island. In July the whales were found 

further north West of this location, and this trend continued into August. At the beginning of 

September, the whales were found due north of the town of Ísafjörður. However, during the 

next survey, the whales moved farther into the fjord. 

  

Figure 4-5. Distribution of whales during field season represented on a Bathymetric map: light 

green dots represent sightings in June, green dots represent sightings in July, dark green dots 

represent sightings in August, and black dots represent sightings in September. 
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The heat map of sightings from the entire field season shows four areas of high 

density, relative to the rest of the survey area (see Figure 4-5). These areas are located along 

the drop-offs into the basin in the middle of the fjord. The Kernel density statistics related to 

the entire season's distribution are as follows: Minimum value 7.302e-18, Maximum value 

8.629, and Mean value: 1.253. These values indicate that the distribution of whales observed 

is not evenly distributed throughout the survey area.  

However, the map of the entire field season does not show hotspots of whales during their 

distribution shifts during individual months. Therefore, additional maps were produced to 

show these hotspots throughout the field 

season. During June (see Figure 4-6), the 

first hot spot was located North by North 

West of Vigur island. Analysis of the map 

revealed the following values for the 

density: Minimum value 6.718e-16, 

Maximum value 3.512, and Mean value of 

0.580. Observations made in July were 

made in relatively the same area as for June, 

Figure 4-5. Heat map of the distribution of sightings throughout the entire survey season. 

The red arrows indicate areas of high density relatively. 

Figure 4-6. Heatmap of the distribution of 

sightings in June. The red arrow indicates the 

area of relatively higher density North by 

North West of Vigur Island. 

 

 

Figure 4-6. Heatmap of the distribution of 

sightings in June. The red arrow indicates the 
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but there were more recorded sightings 

further to the west. The increase in 

sightings meant that the areas of highest 

density also shifted to the west during 

July (see Figure 4-7). In addition to the 

area of highest density moving west, the 

second area of high density emerged. The 

heat map of July has the following values 

for the density: Minimum value 7.734e-

14, Maximum value 6.957, and Mean 

value 1.149. In August the distribution completely shifted. Only one observation was made 

in the areas previously observed in June and July.  

The observations revealed that the whales had made a significant shift toward the 

mouth of the fjord during August (see Figure 4-8). The analysis of Augusts humpback 

distribution revealed the following values for the density: Minimum value 1.074e-15, 

Maximum value 8.626, and Mean value 1.207. There are two areas of relatively higher 

density. Both of which are located due north of Skutulsfjörður. August also represented the 

most extensive range of area covered by observations showing a greater distribution of 

humpback whales during this time. The observations also represented the North West extent 

of the survey area. During September, two locations were identified as having humpback 

whales (see Figure 4-9). Though few observations were made in September, the following 

values were calculated for the density: Minimum value 1.502e-13, Maximum value 4.767, 

and Mean value 0.739. The first sighting of September was located near some of the 

Figure 4-7. Heatmap of the distribution of 

sightings in July. The red arrows indicate the 

areas of relatively higher density North West of 

Vigur Island. 

 

 

Figure 4-7. Heatmap of the distribution of 

sightings in July. The red arrows indicate the 

areas of relatively higher density North West of 

Vigur Island. 

 

Figure 4-8. Heatmap of the distribution of 

sightings in August. The red arrows indicate 

areas of relatively higher density. 

Figure 4-9. Heatmap of the distribution 

sightings in September. The red arrows 

indicate the areas of relatively higher density 
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observations made in August. However, the second observation made in September revealed 

that the whales had moved significantly further back into the fjord. The whales were found 

due north of where they were observed in June, north of Vigur Island. The month of 

September also shows that the whales were distributed on the opposite side of the fjord. As 

seen in the distribution maps of June, July, and August the whales were occurring mostly 

along the Southern coast of the fjord. However, in September the whales were staying on the 

North side of the fjord. 

As mentioned before in section 3.2 Photo-Id, some data on the distribution of whales 

during the field season is missing. This data is missing because the whales were too far away 

to be correctly identified as the species of interest or images of the whale were too blurry. 

Therefore, taking a coordinate reading and determining the location of the whale could have 

skewed the data set.  

 Echosounder 

The workshop with the fisherman 

concluded with the interpretation of the 

echosounder images and the creation of a 

map of the humpback whales that the 

fishermen had observed in 2018. Out of 

the 33 images taken on 11 different days, 

the fishermen identified 14 images that 

revealed potential prey species for the 

humpback whales.  The remaining 19 

images were too poor of quality to be 

used, or there was not enough 

information available on the screen to be 

used. Refer to Figure 4-10 for the 

locations in which the images were 

taken in relations to the density of 

whales previously presented.  

Due to the uncertainty of the classifications of species, three groups were created within 

the 14 useful images based on the species the fishermen attributed to each image. Images 

Figure 4-10. Distribution of echosounder images 

in relation to humpback whale density. The red 

diamonds indicate the point in which the images 

of the echosounder were taken. 
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containing only schools of fish were categorized as such, and this category contained three 

images. The most populated group, crustaceans, includes plankton, krill, and shrimp as the 

translations from Icelandic are not always accurate and can be confused. This group consists 

of six images. The last group is made up of images that combine both fish and plankton, and 

the remaining five images make up this category. 

Figure 4-11 shows an image of the Kaijo echosounder monitor used on board the 

Ölver. The image shown was 

taken on the 13th of July 2018. The 

upper half of the monitor shows 

the entire water column while the 

lower half shows the bottom two 

fathoms of the water column. The 

colors present represent the 

density of whatever is present. 

The blue color represents a low 

density and the dark red 

representing a high density. In this 

image, the giant red spot to the left 

of the upper half of the monitor is 

expected to be a school of herring. 

However, it is not for sure. Along 

the seafloor, the fisherman 

unanimously decided that the 

pixels represented krill or 

plankton. 

The useful images only 

show a snapshot of what was 

going on underneath the surface of 

the water during the survey 

season. As the useful images only 

represent seven different days 

beginning on the 13th of July and ending on the 6th of September. This dataset is biased when 

Figure 4-11. Image interpreted as containing both fish 

and plankton. The echosounder shows the depth of the 

water in fathoms, 67.6, a school of what is thought to be 

herring, and plankton or krill near the sea floor. Image 

taken on July 13th, 2018 (Photo credit Justin Brown). 
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taking all of the images into account because six of the fourteen usable images were taken 

on the same day, the 13th of July.  

 However, if only the days of the usable images are taken into account, the data 

becomes more reliable. During those seven days, an average of four whales per day was 

observed. This at least means that during periods of discernable prey species the presence of 

whales is more likely than the average of whale sightings per day, 2.545, during the survey 

season.  

 When the number of whales in the presence of prey per month and the total whale 

sightings per tour per month are compared a different story unfolds. During July, whales in 

the presence of potential prey were recorded twice and consisted of seven whales sighted. In 

total during July, there were twenty-one whale sightings on nine different days. This 

translates to an average of 3.5 whales in the presence of potential prey and an average of 2.3 

whales per day during July. In August, sixteen whales were observed in the presence of 

potential prey in four days, and a total of fifty-two whales were sighted on thirteen days. 

This translates to an average value of an even four for both. In September, five whales were 

observed in the presence of potential prey on a single day, and six whales were seen on the 

two observations made that month. This translates to a value of five whales in the presence 

of potential prey and an average of three whales per day for September.  

 As part of the workshop with the fishermen, multiple blank maps of the 

Ísafjarðardjúp sea chart (see Figure 3-1) were given to the fishermen, and in turn, they were 

asked to put dots on the map that represent humpback whale sightings that they had made 

during the 2018 humpback whale feeding season. As before the data presented is also 

subjective. The coordinates given by the fishermen represent a humpback whale sighting. 

All of the coordinates were given by memory not recorded at the initial sighting. However, 

when all of the fishermen maps were collected, and the coordinates of each point on the 

paper map were assessed. The coordinates were added together and put onto one single map 

to show the overall distribution (see Figure 4-12). The distribution observed by the fishermen 

far exceed the boundaries of the survey area used to gather the data used in the quantitative 

methods of this research. However, there is an overlap in observations around the basin 

present within Ísafjarðardjúp. As previously stated, this process is somewhat subjective, and 

the fisherman liberally placed multiple dots to represent a higher density of whale sightings 

as seen in the red outline in Figure 4-12. 
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As previously stated in section 4.2 Distribution, the humpback whales were observed 

shifting their distribution within the fjord as the season progressed. The fisherman also 

confirmed that the whales are typically found further into the fjord in spring and early 

summer before shifting closer to the mouth of the fjord as summer progresses and turns into 

early autumn. The shift is once again observed in late autumn and early winter when the 

whales move further back into the fjord. 

  

Figure 4-12. Distribution of humpback whales during the 2018 feeding season as observed by 

the fishermen. Brown dots represent sightings, and the red circle represents an area in which 

the fisherman reported a high density of humpback whale sightings. 
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  Drone  

The use of a drone offered no useful data regarding answering the original research 

questions. However, in the many attempts with a drone, lessons were learned. With that 

being said the proposed method of using a drone could not be considered a failure. Weather 

played a role in the lack of data collected by the use of a drone. On many of the surveys, the 

drone was brought on board the whale watching vessel. However, the weather conditions 

were non-conducive to a safe drone flight.  

The next issue encountered was capturing usable footage of whales if weather 

conditions were conducive. Whales were not always present when the drone was in flight. 

Also, retrieval of the drone was difficult because of the movement of the vessel and it’s 

heading as the drone had to be kept within arm’s reach of the individual retrieving the drone.  

Perhaps the most important lesson learned is that it is not difficult to launch a drone 

off of a whale watching vessel, given the proper weather conditions, but the landing of the 

drone on board the vessel after the survey is. For example, when landing the drone onboard 

the whale watching vessel the drone must be flown near the vessel as it is adjusting its course 

as it searches for the best vantage point of the whales. The restriction means that during the 

landing procedure the drone pilot needs to be consistently adjusting the trajectory of the 

drone in order to keep it within a safe distance of the vessel for an assistant to retrieve the 

drone safely. Therefore, a simple landing procedure can take many minutes, and if battery 

levels are not appropriately monitored this could lead to the loss of a drone.  
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5 Discussion 

 Photo-ID 

Although humpback whale abundance has increased dramatically in Icelandic shelf 

waters during the past decades (Pike et al., 2009, Víkingsson et al., 2015) the details at a 

small scale like Ísafjarðardjúp are poorly known. Regarding scientific data, the records go 

back to 2013, and the observations that were made were infrequent. Therefore, verifying an 

increase in population cannot be made for the area. However, it is generally understood that 

they are. Reasons for this general understanding of population increase could be a result of 

paying more attention as a result of marine mammals generating much interest. This opinion 

was brought up by one of the local fishermen. Another potential reason for the supposed 

increase could be the food availability has increased in the area.  

Since 2013 images of individual whales have been collected in Ísafjarðardjúp; 

through the years of 2013 and 2017 images have been collected by the Marine Research 

Institute of Iceland. In addition to these, the images collected during the field season were 

used for the creation of the 2018 Ísafjarðardjúp Humpback Whale Catalog. To date, 68 

different individual humpback whales have been observed in Ísafjarðardjúp. As mentioned 

before, seven individual humpback whales were observed, for the first time returning to 

Ísafjarðardjúp. This indicates some degree of site fidelity (White and Garrott. 2012). 

However, calculating the actual site fidelity value of the species at this time would not be 

accurate, because a long-term data set for the area is required. This claim is backed up by 

site fidelity studies conducted on humpback whales, and a few examples of this type of study 

used datasets spanning nine to seventeen years (Craig & Herman, 1997; Wedekin et al., 

2010; Baracho-Neto et al., 2012) 

Comparison of the Ísafjarðardjúp whales and the Húsavík catalog from 2018 showed 

eight matches. All of which were first captured in Húsavík in 2018 then recaptured a few 

weeks to many months later. This indicates that whales are leaving Húsavík and swimming 

against the North Icelandic Irminger Current (see Figure 5-1). Most likely these whales are 

stopping off at other known hotspots along the northern coast of Iceland, such as 

Steingrímsfjörður.  



46 

Skjálfandi Bay, 

near Húsavík, is known as 

the whale watching capital 

of Iceland (Martin, 2012). 

However, with a massive 

whale population and the 

timing in which these mid-

season migrations take 

place, it may be that the 

whales that arrived later or 

are less competitive are 

being pushed out of the 

area due to the competition 

for space and resources in 

a small area. Braithwaite et 

al. (2012) state that 

humpback whales require 

1.22 to 3.1 km of spacing 

between an average pod 

size of 1.7 whales. Interspecific competition is unlikely to be the driving factor in these shifts 

as humpback, fin (Balaenoptera physalus) and minke whales have shown to occupy different 

spatial niches in the intermediate, offshore, and inshore habitats respectively (Piatt et al., 

1989; Sigurjónsson, 1995; Friedlaender et al., 2009). However, in regards to an intraspecific 

competition of humpback whales, it has been determined that a decline in predatory fish has 

increased the carrying capacity of whales in an area (Pike et al., 2005). If this is the case than 

the opposite is also likely to be accurate, and these whales are then forced to migrate to other 

areas with high levels of prey abundance. Therefore, this mid-feeding season migration could 

be based on food availability.  

Jónsdóttir et al. (2017a) reported that northern shrimp (Pandalus borealis) stocks 

have been in decline since around 2000. This timing corresponds with an increase of the 

gadoid species, cod (Gadus morhua) and haddock (Melanogrammus aeglefinus). This was 

observed from the North-west to the North-east of Iceland. However, the North-west of 

Figure 5-1. Map showing the significant currents around 

Iceland and East Greenland (Retrieved from Óskarsson, G. J., 

et al. (2009)). 
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Iceland sustained a higher population of northern shrimp stock as compared to the North and 

North-east, because the stocks of gadoids did not increase as much as the other areas studied. 

This shift in species abundance signals a shift from a crustacean dominated ecosystem to a 

predatory fish dominated ecosystem (Jónsdóttir et al., 2019). It is supposed that the shifts 

observed are likely the result of the 18 of the 19 hottest years on record have happened since 

2001 (Nasa, n.d.), and as haddock have exhibited a poleward range expansion, they have 

altered the structure of the fjord ecosystem-based off of prey availability (Jónsdóttir, 2017b). 

According to Astthorsson (1990), chlorophyll a in Ísafjarðardjúp reaches its height in May 

and phytoplankton have been observed by that time, historically. When comparing 

chlorophyll a levels around Húsavík, it was found that the sea around Ísafjarðardjúp had 

higher levels than Skjálfandi. The Westfjords has shown higher chlorophyll a levels than 

Skjálfandi during the months of June-September as well (Guthmundsson et al., 2009), and 

as a result higher primary production. This process leads to the abundance of krill that 

Ísafjarðardjúp is known for (Astthorsson, 1990), and Silva’s et al. (2017) study describes the 

krill abundance in three study areas, the south-west, north, and east of Iceland. The south-

west area in the study is made up of the coastline from Ísafjarðardjúp counter-clockwise to 

the complete opposite side of the island.  A map of the distribution of krill abundance shows 

that the sea around the south-west of Iceland has the highest abundance of krill species. The 

charts on the map show that in the South-west study area that the sea around Ísafjarðardjúp 

is second only to the sea around the Reykjanes peninsula in abundance. Therefore, the more 

stable ecosystem of Ísafjarðardjúp could be encouraging humpback whales to travel there 

because of Skjálfandi bay reaching it is carrying capacity for top predators. If this is the case, 

the carrying capacity of humpback whales in Skálfandi bay is most likely being met because 

the whale’s high energetic cost of feeding on prey that does not have the abundance 

necessary to sustain the intraspecific competition of the humpback whales found there.  

Although the collaboration with Happywhale did not reveal any data regarding where 

the observed whales spend their time during the breeding season, it does provide a bit more 

observational data for Iceland. For instance, observations made in Steingrímsfjörður in 2017 

and 2018 reveal that humpback whales are likely to occur and have crossover into other areas 

in which these magnificent animals are being studied. This platform provides a unique 

opportunity for marine mammal researchers to expand the data sets in their studies. The data 

set that Happywhale is collecting is not very robust in regards to Iceland when compared to 
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the database that has been collected for the eastern Pacific. However, if the database were to 

be publicized on Icelandic whale watching tours, the data regarding marine mammals in 

Iceland would benefit. This citizen science platform would assist in understanding migration 

patterns and provide insight into the groups of humpback whales in Icelandic waters. 

 Distribution 

The results from the distribution analysis indicate that humpback whales of 

Ísafjarðardjúp undergo seasonal distribution shifts within the fjord. Whales were first 

observed further into the fjord and as the summer progressed the whales were found closer 

to the mouth of the fjord. Moreover, as the summer became autumn, the whales began to 

move further back into the fjord. These shifts coincide with the changes in sea temperature 

(see Figures 4-6,7,8, and 9 and 5-2 for comparison). Upon review of average sea temperature 

of Ísafjarðardjúp, the significant shifts in humpback whale distribution took place when the 

average sea temperature was above 8⁰ Celsius, in June/July. This shift could also take place 

when the average sea temperature drops back below 8⁰ Celsius again, typically in November. 

However, in the autumn of 2018, the whales were observed shifting further back into the 

fjord during September, just before the drop in average temperature. Since the observation 

period ended in September, it is unclear if the shift in distribution continues. Therefore, it is 

unclear as to the exact date of the shifts and the extent of the shift within the fjord. Accurate 

daily temperature data would help make correlations to this shift in and out of the fjord. 

However, the sea temperature may not be affecting the humpback whales directly. 

The changes in sea temperature may be affecting the whale’s potential prey. Therefore, the 

changing sea temperature would be affecting the potential prey species’ distribution and 

indirectly affecting the humpback whale’s distribution.  
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The distribution analysis also showed that the humpback whales were focused around 

one specific area throughout the observations made during the field season. They seem to be 

centralized around a relatively deep basin in the middle of Ísafjarðardjúp. It is unclear as to 

why this was their central area. It could be that the deeper water provided a more consistent 

temperature throughout the feeding season. This could have also been an area of high 

abundance of food for the humpback whales. The reason for this area’s high population 

density could also be that it is a corridor used by the humpback whales during their seasonal 

distribution shifts as they moved from the inner part of the fjord to its mouth. Alternatively, 

the high density of whale sightings in this area may be a result of this area being observed 

on a regular base because of the nature of the whale watching tourism industry, and just 

because an area was not surveyed it does not mean that whales are not likely to occur there, 

as pointed out by the fishermen. 

The kernel density analysis indicates that as the field season moved along and the 

sightings of whales increased, until September, so too did the density of whales during the 

distribution shifts.  This could indicate a socializing behavior. However, few behavior 

observations were made to justify the claim. The observed whales increase in density could 

also be explained as an increase in humpback whale population at that time. This most likely 

is the case when reviewing the dates in which the whales were observed for the first time. 

Figure 5-2. Ranges of sea temperature per month in Ísafjörður (Retrieved from © Global 

Sea Temperatures). 
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One final reason for this increased density could also be that the observer became more 

experienced and was able to record more observations at a higher rate.  

Upon reflection of the seasonal distribution shifts, there is an apparent correlation 

with changes in sea temperature. However, this may be a result of a limited data set. Without 

reliable long-term humpback whale distribution data or more precise sea temperature data 

than a monthly average, an accurate correlation cannot be made. Alternatively, if the 2018 

sea surface temperature datasets were collected, then a correlation between sea temperature 

and humpback whale distribution patterns within Ísafjarðardjúp could be made more 

accurately. This does not discount the fact that these shifts are happening. It means that more 

attention needs to be paid to environmental conditions. 

 Echosounder 

The majority of the observations were made between the hours of 13:30 and 16:30. 

As these times were the most popular times for whale watching tourist choose to go on tours 

during 2018. At these times most of the observed prey in the images of the echosounder were 

near or on the seafloor within Ísafjarðardjúp. Based on this observation it is presumed that 

the species present on or near the seafloor in 11 of the images are some species of crustacean. 

This is based on crustaceans typically occurring at these depths during the day and rising 

through the water column at night to feed and is known as a diurnal vertical migration 

(Forward, 1976). It is believed that because of these behaviors exhibited by crustaceans that 

no surface feeding behavior was observed during the 2018 survey season. The map of the 

echosounder images presented in the results section (see Figure 3-10) shows that the images 

were taken in areas of relatively higher whale density. As a result of the higher density of 

whales is a higher chance of recording an image with potential prey species present because 

whales were more likely to be seen in these areas.  

Only one workshop was conducted based off of the information received from the 

local community. The survey was conducted on December 19th, 2018, and the data received 

from this survey can be used in conjunction with more traditional scientific results. However, 

it cannot be compared directly. Alternatively, it provides data that provides insights into the 

reasoning for humpback whale presence. As a community that is attached to the sea as much 

as Ísafjörður is, it has a considerable amount of ecological knowledge concerning the sea. 

The fishermen survey provided the following: the humpback whale population increased 
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over the past decade, the seasonal distribution change within Ísafjarðardjúp is an annual 

pattern and the insight that potential prey species were observed while on the shipboard 

surveys. The seasonal distribution shift observed by the fishermen corresponded with the 

data collected as part of the survey. The fishermen’s ecological knowledge of humpback 

whale distribution proved to be beneficial much like studies conducted elsewhere in the 

world. For example, Poizat and Baran (1997) concluded that fishermen’s ecological 

knowledge could be utilized when conducting preliminary studies. This recommendation 

was made because the fishermen’s knowledge of distribution patterns and relative abundance 

closely resembled the results from the studies statistical analysis.  

 Although the surveys conducted at sea to collect data on humpback whales ended on 

the 15th of September 2018, the survey with local fisherman confirmed the suspicion that 

humpback whales were still present well into late autumn and early winter as predicted by 

the sighting’s analysis (see Figure 3-2) and the SPUE analysis (see Table 3-1). At the time 

of this meeting, the last known sighting of a humpback whale in 2018 was made on the 19th 

of December by Ragnar Kristinsson, owner of Amazing Westfjords (Personal 

correspondence with Ragnar Kristinsson 19/12/2018).  

 Drone 

The use of the drones during the field season of 2018 was unsuccessful regarding 

useful data to answer the research questions about the assessment of surface behavior. 

Surface behavior was observed without the use of a drone but was not quantified due to the 

amount of other data collection that was taking place. However, the struggles with the drone 

did solidify the fact that there could be a proper protocol in place for the operation of drones 

on cetacean surveys. If this research is to be continued, then the recording of cetacean 

behavior with the use of a drone could be conducted aboard a personal or research specific 

vessel. This would allow the researcher to be free from the constraints of somebody else's 

agenda. 

Moreover, as such the timings of the launch, flight, and retrieval of the drone can be 

done with little risk to the passengers, the drone, or the researchers own stress levels. Outside 

of that the protocol proposed in the methods section of this Master's thesis should suffice. 

However, additional research could be done in the development of a proper drone survey 

protocol when researching cetaceans in the wild. 
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 Tourism 

As stated in the methods section, the number of hours spent collecting data during 

the field season were mostly dependent upon the number of tourists interested in whale 

watching tours within Ísafjarðardjúp. However, the more time spent on the water did not 

mean that more whales were observed. For example, the observations made in May recorded 

no humpback whale sightings. The whales of Ísafjarðardjúp seem to show up in early June. 

This does not mean that it is the same every year. A more extensive data set would be needed 

to confirm this. As the summer progressed the observed number of humpback whales within 

Ísafjarðardjúp grew. Unfortunately, only a few observations were made in September. This 

is because whale watching tourism began to decline and the number of opportunities to 

collect data declined with it. However, when analyzing the sightings per unit of effort the 

values of July and September we were very similar. July received a value of 0.7 and 

September received 0.67. This indicates that the population of humpback whales were 

potentially the same during these months. If observations had continued, a similar value 

could have been expected. This is because humpback whales have been continually observed 

in Ísafjarðardjúp well into the winter months of 2018 (Personal correspondence with Ragnar 

Kristinsson 10/06/2018).  

  As previously stated, the boat in which most of the surveys were conducted upon was 

an old fishing boat. It is quite slow and in order to do a 3-hour tour the distances traveled 

must be quite short. This means that even though whales had been observed sometimes at a 

far distance, they could not necessarily be recorded because they were too far away. No 

photographic evidence of the whales could be taken. Therefore, accurate identification of the 

species was impossible. There was also the difficulty in the estimation of the distance of 

these whales that limited the accuracy of the data that could have been collected on the 

whales in question. To mitigate this in future studies collaboration with the other whale 

watching company in town could have been implemented for better results. This is most 

likely the case because the other company operates a much smaller boat that can travel farther 

faster. Therefore, this collaboration could have broadened the survey area and increased the 

number of observations in the hopes of better-understanding humpback whale distribution 

within Ísafjarðardjúp and their ecology. 
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During the tourist season, many cruise ships were entering the survey area as they 

arrived and departed from the port of Ísafjörður. This provided a source of tourists interested 

in whale watching tours, and many of the shipboard surveys were conducted when cruise 

ships were present. As these cruise ships are not entering into the areas of the highest density 

of whales, they do not pose a direct threat to humpback whales during the spring and late 

autumn. However, during July and August humpback whales were observed in the shipping 

routes of cruise ships, fishing vessels, smaller tourism-based vessels, such as the shuttle to 

Vigur Island and sea angling boats. This overlap in human uses and whale activity could 

increase the risk of whales strikes within Ísafjarðardjúp. The implementation of similar rules 

to the Right Whale Ship Strike Reduction Rule used by NOAA on the East coast of the USA 

restricts vessels longer than 19.8 m to a speed of 10 knots in certain areas as a way of 

reducing collisions with right whales could alleviate potential pressure on marine mammals 

in Ísafjarðardjúp (Dasgupta, 2016).  
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6 Recommendations 

In addition to working aboard a single whale watching vessel conducting tours within 

Ísafjarðardjúp, the cooperation with more whale watching vessels, other types of tours 

operating within the fjord, the acquisition of a boat that could be used at the convenience of 

the researcher could be considered. As for now, whale watching platforms are the most cost-

effective way of collecting data. These addition survey opportunities would broaden the 

survey area the timing of surveys during the day, and the survey season. There is a pretty 

good understanding of when the humpback whales arrive in Ísafjarðardjúp. However, future 

studies would benefit from multiple people collecting the data. It is unclear what the 

population looks like after the tourism season comes to a close, and the additional control 

over the surveys could reveal more data regarding the individuals present, seasonal 

distribution shifts, the interaction between the whales and human uses of the fjord, and their 

preferred prey in the area.  

If the above recommendation is followed, continued use of a drone is also advised. 

Even though the use of a drone did not reveal the intended results during the survey season 

of this research, it is likely that it could reveal new results in the future. An additional way 

of using the drone could be implemented to collect other types of data as seen in the studies 

conducted by Pirotta et al. (2017), Christiansen et al. (2016; 2017), and Ash (2017). 

It is advised that research on the humpback whales of Isafjardardjup continue. Since 

both quantitative and qualitative analysis compliments each other, it is advised that 

additional workshops with fishermen be utilized in future research. A long-term dataset 

consisting of individual humpback whales of Ísafjarðardjúp and when they are present would 

benefit all of the organizations involved with this and future research. For example, a long-

term data set for Ísafjarðardjúp could be used to calculate the site fidelity for the area, a more 

comprehensive whale catalog could reveal more interesting facts about whale migration 

patterns in Iceland and their respective breeding grounds, and more insight into their 

preferred prey in Ísafjarðardjúp.  

This master’s thesis laid the framework for the creation of future humpback whale 

catalogs. The format used for the 2018 Ísafjarðardjúp humpback whale catalog could be used 

to make future catalogs as well to make analysis easier in the area. This catalog is intended 

to be added to the Icelandic national catalog held at MFRI in Reykjavik. 
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In regards to the various stakeholder groups around Ísafjarðardjúp, a few 

recommendations need to be mentioned based on the abundance and distribution of 

humpback whales. The tourism industry plays a significant role in the local economy during 

the spring, summer, and early autumn in the area around Ísafjarðardjúp. Cruise ships enter 

into Ísafjarðardjúp and typically come into port in the town of Ísafjörður or anchor in the 

fjord Skutulsfjörður. These ships tend to be quite large and travel at a low speed. Their path 

does cross known areas of high density of humpback whales but only in August at this time. 

In this case, strikes may not be an issue, but the noise that they generate will likely affect the 

whales and other marine species. Cruise ship tourism is set to increase for the 2019 tourism 

season as well. It is recommended that ships reduce speed further to reduce the potential of 

ship strikes and noise. The smaller boats that operate shuttles to and from various 

destinations within the fjord cross areas of high density frequently. As these boats are quite 

small, they tend to travel quite fast to shuttle people to their destinations. The speed and size 

of the boats could pose a risk to humpback whales as they surface to breathe, increasing the 

chance of a ship strike. It is therefore recommended that these shuttles adjust the time it takes 

to transport tourists to accommodate to these marine mammals, similar to whale watching 

tour operators. Whale watching tours operating within Ísafjarðardjúp follow the protocols 

put into place by the Icelandic organization IceWhale, which has various guidelines to follow 

in different situations. These rules could also be applied to the various shuttles operating in 

Ísafjarðardjúp. However, these regulations could be restricted further to reduce the potential 

stress on the animals.  

As mentioned previously, a set of rules similar to the Right Whale Ship Strike 

Reduction Rule, implemented by NOAA, could be put in place for Ísafjarðardjúp and other 

fjords in Iceland. As it stands, the rule restricts vessels longer than 19.8 m to a speed of 10 

knots in certain areas during certain times of the year. An analysis of ship size and speed 

would have to be conducted for a proper recommendation to be made for Ísafjarðardjúp, but 

it is expected that a reduction in vessel size and speed could be made to better accommodate 

to marine mammals.  

At this time there is little to no interaction between the aquaculture industry and 

humpback whales. This tends to be the case in the area around Ísafjarðardjúp because 

aquaculture cages tend to be located within the smaller fjords that make up Ísafjarðardjúp. 
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However, aquaculture is expected to expand. It is still unlikely that the two will encounter 

each other, but a similar protocol to whale watching tourism could be implemented.  

 The local fisheries industry is unlikely to encounter whales in Ísafjarðardjúp as they 

typically operate outside of it. If they do then a similar protocol to whale watching tour 

operators could be followed. However, shrimp fisherman regularly catches shrimp in the 

fjord. As they are actively fishing, they are traveling quite slow. Since they are actively 

fishing, there is a different risk present, entanglement. Therefore, it is advised that these 

fishers reduce the amount of time their nets are in areas of high density of humpback whales.  
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7 Conclusion 

As one of the first attempts in understanding humpback whales within Ísafjarðardjúp, 

this study was successful in describing the distribution of humpback whales through the 

observations made aboard the whale watching vessel, Ölver, and with the cooperation of 

fishermen operating in Ísafjarðardjúp. The mixed method approach to gathering data 

revealed that humpback whales were found throughout the fjord. However, particular areas 

exhibited higher densities than others. This approach also confirmed that humpback whales 

within Ísafjarðardjúp undergo a distribution shift throughout the feeding season.  

The first comprehensive Ísafjarðardjúp humpback whale catalog was created. Thirty-

four individual whales were sighted during the 2018 survey season. This nearly doubles the 

whales sighted by MFRI of Ísafjörður from 2013-2017. The total number of whales 

identified in Ísafjarðardjúp is now up to sixty-eight. None of the whales sighted in 2018 were 

connected to one of the two breeding populations associated with the North Atlantic 

humpback whale population. However, many of the whales sighted in Ísafjarðardjúp were 

seen in other parts of Iceland during the same year and in Ísafjarðardjúp during previous 

years. Future research could seek to build upon this research building a longer-term data set 

for Ísafjarðardjúp by continuing this collaboration with Háskóli Island, MRFI, and 

Happywhale.  

This data will likely improve the sightings made by whale watching tours, but shipping 

lanes through Ísafjarðardjúp are at times going through areas of relatively high density of 

humpback whale sightings. This could become problematic as cruise ship tourism in 

Ísafjarðardjúp is set to increase during the 2019 feeding season.  

Humpback whale behavior observations were few. No surface feeding events were 

recorded. Even though there was no observed surface feeding, it is expected that they were 

feeding beneath the surface due to the presence of potential prey revealed by the images 

recorded of the echosounder. On many occasions’ humpback whales were seen surfacing 

and traveling together, and a few times seen lob-tailing, fin slapping, and even breaching.  
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This project had a few shortcomings. The tourism industry is slow to start then it peaks 

in August, consistent access to a boat is difficult, and inclement weather can limit the number 

of surveys. Collecting all of the data alone during sea surveys was difficult, and the data 

available for analysis suffered because of it. However, with more studies, we can begin to 

understand why Ísafjarðardjúp is essential not only to us but too large migratory marine 

mammal.  
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