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Abstract 

Whale watching has become a billion-dollar industry around the world that provides 

employment and economic benefits to communities and nations. In Northeast Iceland, a 

small town on Skjálfandi Bay has established itself as the whale watching capital of Europe 

and attracts visitors from all over the world for its wildlife viewing and natural landscape. 

With this development and anthropogenic influence comes concern for the well being of 

whales that migrate to the bay for its rich feeding opportunities. A code of conduct was 

established by a group of local whale watching operators that seek to provide management 

and sustainable practices in the industry to limit harmful impacts to cetaceans. This study 

aims to identify any disturbances to the behaviour of humpback whales in Skjálfandi Bay in 

the presence of vessels and assess compliance to the code of conduct regulations. Data was 

collected for three months from July-September 2019 on board a whale watching vessel 

where measurements such as vessel speed, distance to whale, number of boats during an 

encounter and general behaviour of whales were recorded. Results found no significant 

changes in diving behaviour of humpback whales when in the vicinity of whale watching 

vessels when dive time was correlated with number of boats, vessel speed and distance to 

whale. A kruskal-wallis test revealed a significant relationship between surface number and 

directness index (p-value 0.02), indicating that swimming patterns of whales changed as an 

encounter progressed and that whales respond to vessel presence progressively rather than 

immediately. Compliance with the code of conduct was adhered to for distance to whale but 

varied in length of encounters and speed restraints each month, due to fewer whales in the 

area and pressure on captains. Future long-term studies should continue to monitor whale 

watching activities in Skjálfandi Bay and stricter enforcement on the code of conduct should 

be applied.   

Útdráttur  

Hvalaskoðun er orðinn iðnaður með meira en milljarð dollara hagnað um allan heim og felur 

með sér atvinnu og efhagslegan ávinning fyrir samfélög og þjóðir. Á norðaustur Íslandi hefur 

lítill bær í Skjálfanda orðið að hvalarskoðunarhöfuðborg Evrópu og dregur að sér ferðamenn 

víðs vegar um heiminn vegna tækifæri til náttúruskoðunar og fallegs landslags. Með þessari 

þróun og mannvirkni koma áhyggjur varðandi vellíðan þeirra hvala sem hafa flutt í flóann 

vegna betri tækifæra varðandi fæðu. Siðareglur voru gerðar af hvalarskoðunarrekstraraðilum 

á svæðinu sem vildu koma á stjórnun og sjálfbærum vinnubrögð í iðnaðinum til að takmarka 

skaðleg áhrif á hvali. Markmið þessarar rannsóknar er að bera kennsl á raskanir í hegðun 

hnúfubaka í Skjálfanda með nærveru báta og að meta hvort siðareglunum sé fylgt eftir. Á 

þriggja mánaðar ferli frá júlí til september 2019 voru tekin saman gögn um borð í 

hvalarskoðunarskipi þar sem mælingar voru gerðar á hraða bátsins, fjarlægð frá hvölum, 

fjöldi báta á svæðinu í kringum sýnilega hvali og almenn hegðun hvalanna voru skráð. 

Niðurstöður sýndu ekki fram á neinar verulegar breytingar á hegðun hjá hnúfubökum þegar 

þeir voru í nærveru hvalarskoðunarbáta þegar fylgni var á milli fjölda báta, hraða þeirra og 

fjarlægð frá hvölunum. Sundmynstur hvala breyttust þegar þeir urðu varir við báta og sýndu 

þeir tilhneigingu að synda í beina línu þegar margir bátar voru viðstaddir. Siðareglum var 

fylgt eftir varðandi fjarlægð frá hvölum en var fjölbreytilegri þegar kom að lengd viðveru 

hvala og takmörun hraða í hverjum mánuði, vegna færri fjölda hvala á svæðinu. Framtíðar 

langtímarannsóknir ættu að halda áfram að fylgjast með starfsemi hvalarskoðunar í 

Skjálfanda og ýta á strangari framfylgni siðareglana. 
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“Is there anything more free, independent and unattached than whales going their way 

across the ocean plain.” 

Jóhannes Kjarval artist 1948 
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1 Introduction 

Cetaceans are charismatic megafauna that trigger feelings of excitement, awe and inspiration 

for many people. A humpback whale leaping its full body out of the water, a pod of killer 

whales chasing their prey, or the fluke of a diving sperm whale are just a few experiences in 

the natural world that have led to a widespread rejection of whale hunting and a growth in 

ecotourism such as whale watching (Hoyt, 2001; O’Connor et al., 2009; Cisneros-

Montemayor et al., 2010). Since its beginning in the 1950s, whale watching has seen 

exponential growth and development in coastal areas around the world. An international ban 

on commercial whaling in 1982 by the International Whaling Commission (IWC) gave rise 

to a profitable tourism industry that offered sustainable use and conservation of whale 

species. Whale watching has transformed local economies in many areas, including a small 

town Húsavík in northeast Iceland nestled on Skjálfandi Bay. Here, the success of the 

industry has given the town the title of the whale watching capital of Europe (Parsons & 

Rawles, 2003).  

Many studies have been conducted on the benefits of whale watching (Cisneros-

Montemayor et al., 2010; Hoyt & Iñíguez, 2008; IFAW, 2005; Hoyt, 2001; Bejders et al., 

2006). Some of these benefits include economic growth in communities through 

employment and tourism, educational outreach through trained naturalists on board, and 

conservation efforts by locals, tourists and NGOs to ensure protection of cetacean species. 

However, there have also been studies suggesting whale watching, if done unsustainably, 

can pose negative threats to whale populations and cause disturbances in feeding, breeding 

and social behaviours (Christiansen et el., 2011; Parsons, 2012; Corkeron, 1995).  

Codes of Conduct (CoCs) have been implemented in some places in an effort to reduce these 

potential harmful impacts caused by whale watching. CoCs include a set of guidelines and 

regulations that vessels and passengers should follow while on board during a tour, including 

limiting the number of boats around a whale, reducing speed of the vessel and keeping a safe 

distance. In Iceland, the Icelandic Whale Watching Association (IceWhale) was formed by 

whale watch operators around the country to ensure protection of cetacean species and limit 

disturbance. 
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Unfortunately, the code of conduct set by IceWhale is largely unregulated and is not legally 

binding. In Skjálfandi Bay, where whale watching tourism is well established and dominates 

the economy, sustainable practices and adherence to the code of conduct is a debated topic 

and raises concerns. This study will determine if the presence of whale watching vessels in 

Skjálfandi Bay causes any disturbances to the behaviour of humpback whales, as well as 

assess the compliance and effectiveness of IceWhale regulations. Humpback whales are a 

widely distributed species and are commonly found in feeding grounds in Skjálfandi Bay 

during the summer months, making them a desirable species to observe. Data was collected 

from a whale watching vessel where a number of measurements were recorded including the 

number of boats present during an encounter, the speed of the vessel, the distance to the 

whale, the behaviour displayed by the whale and the GPS coordinates of the vessel. A drone 

was also used for land-based observations to collect aerial images and videos of the whales 

in the absence of whale watching vessels. The results of this study allow for management 

plans and guidelines from around the world to be researched and compared to those currently 

in place in Skjálfandi Bay in order to enforce whale watching practices that limit 

disturbances to cetaceans.  

The following report will provide background information on the important themes of the 

study, explain the methodology that was used to conduct the research, and present the overall 

findings. The findings will then be discussed in relation to whale watching management and 

conservation, and any limitations of the study and recommendations for future studies will 

be provided.   
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1.1 Research Questions and Aims 

Research Questions: 

• Does the presence of commercial whale watching vessels have an impact on the 

behaviour of humpback whales in Skjálfandi Bay? 

• Are the whale watching companies operating in Skjálfandi Bay adhering to the code 

of conduct set by IceWhale?  

Aims: 

• To determine if whale watching activity is causing a disturbance or negative impact 

on the behaviour of humpback whales in important feeding grounds in Northeast 

Iceland  

• To access the effectiveness of a code of conduct currently in place pertaining to 

sustainable whale watching and address any issues or non-compliance to the 

regulations   
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2 Background 

2.1 Humpback Whales 

2.1.1 Anatomy 

Humpback whales (Megaptera novaeangliae) are a large cetacean whose Latin name translates 

to “big-winged New Englander” (Bradford, 2017). They are baleen whales with long pectoral 

fins reaching about one-third of their total body length, a small dark dorsal fin and a streamlined 

body (Bettridge et al., 2015) (Figure 1). Humpback whales typically have a dark grey body 

colouration with patches of white on their pectoral fins, flukes and belly (Bettridge et al., 2015). 

This colouration can vary between different populations, with the dorsal side of the pectoral fin 

typically being white in the North Atlantic and black in the North Pacific (Perrin et al., 2002). 

They are of the order Cetacea and the family Balaenopteridae and are characterized by the 

curve or hump in their back noticeable before diving (Banks et al., 1987). The flukes of 

humpbacks are similar to a fingerprint in humans with each individual having different 

markings and pigmentation, allowing for identification (Katona et al., 1979). Humpback whales 

grow to a length of 16-17 metres with body lengths differing between males and females where 

adult females are approximately 1-1.5m longer than males (Bettridge et al., 2015). Adults can 

weigh up to 40 tons which characterizes them as one of the largest mammals on earth (Ohsumi, 

1966).  

 

 

 

 

 

                     

  

  

Figure 1. Illustration of a humpback whale (From northsailing.is, 05-02-20). 
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2.1.2 Distribution and Migration 

                                                                                                                                         

Figure 2. Global distribution of low latitude breeding grounds for all 15 distinct humpback 

whale populations, including whale populations that will be present around Iceland for 

foraging (1 & 2). Four populations are considered at risk including those in the Cape 

Verde/North West Africa (2), Okinawa/Philippines (6), second Western North Pacific (7), 

Central America (4) and the Arabian sea (15) (From Bettridge et al., 2015).  

   

Humpback whales display seasonal migration patterns with migratory routes of up to 8000 km 

reported (Stevick et al., 2003). They spend the summer months feeding at northern latitudes in 

biologically productive waters and spend the winter months at southern latitudes where they 

mate and calve. They are a widely distributed species with 15 distinct populations and breeding 

grounds found throughout all major oceans (Figure 2). In the North Atlantic Ocean, feeding 

areas are located around 42° to 78°N and include hotspots in the Gulf of St Lawrence, Iceland, 

Norway, western Greenland and Newfoundland and Labrador (Bettridge et al., 2015). These 

feeding areas are often located on the continental shelf and are rich in prey due to cooler 

temperatures and oceanographic features (Moore et al., 2002; Zerbini et al., 2006). Since whales 

do not eat in their breeding areas or during their migration, it is crucial for them to go 

somewhere to feed where there are factors influencing the abundance of nutrients such as 

upwelling, ice edge zones and currents (Garcia et al., 2016). Humpback whales do not usually 

form large groups however they have been known to form small groups when foraging and feed 

cooperatively (Weinrich et al., 2006). 



  

7 

The humpbacks found feeding in Iceland in the summer months are part of the two North 

Atlantic populations that come from breeding grounds in the Cape Verde Islands and the West 

Indies (Bettridge et al., 2015), as shown in Figure 3. A photographic match was made using the 

fluke of a humpback whale that was first seen in the Denmark Strait west of Iceland in 1982 

and again in the Bay of Sal Rei, Boavista, Cape Verde Islands in 1999, providing first evidence 

of humpback migrations between these places (Jann et al., 2003; Martin et al., 1984). A study 

in 2003 by Stevick et al found that within the North Atlantic breeding populations, western and 

eastern humpbacks do not follow the same migratory schedule and arrive to feeding grounds at 

different times, with individuals from western regions arriving earlier.  

While the breeding grounds of the two North Atlantic populations are site specific and do not 

overlap, there is overlap in feeding aggregations (Bettridge et al., 2015). If the West Indies 

population was lost, the humpbacks found in feeding areas in the Northwest Atlantic (United 

States, Canada, Greenland) would also be lost. If the Cape Verde population was lost, Iceland 

and Norway would see a significant decrease in whales that aggregate to feed (Bettridge et al., 

2015).  

Figure 3. Map showing the main breeding zones at low latitude (dark blue) and feeding zones 

at high latitudes (light blue) for the two North Atlantic humpback populations (From Bettridge 

et al., 2015).   
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2.1.3 Behaviour  
 

Humpback whales are one of the most charismatic species of cetaceans, displaying aerial leaps 

and high-energy acrobatic behaviours (Clapham, 2000). Some of these behaviours include the 

whale jumping headfirst out of the water (breaching), lifting its pectoral fin and slapping it on 

the surface (pectoral slapping), slapping the surface with its tail (lobtailing) and lifting its head 

up and down out of the water (spyhopping) (Clapham, 2000). These behaviours are shown in 

both sexes across all age groups in both high and low latitude populations (Clapham, 2000). 

One of the most active behaviours displayed by humpbacks is a peduncle throw where the whale 

throws its tail sideways, splashing it into the water. This is seen as an act of aggression or 

annoyance (Clapham, 2000). Breaching is a behaviour where the function is not completely 

known among scientists. A study by Whitehead in 1985 concluded that breaching is more 

common in breeding grounds and can possibly be used as a form of communication or a playful 

activity. This study also suggests that by lifting its body out of the water and smashing it down, 

this can also be an effective way to remove dead skin or parasites.  

Humpback whales engage in a surface feeding strategy called bubble net feeding. They will 

produce a ring of air bubbles underwater around their prey while circling them in order to trap 

them and gain easier access (Friedlaender et al., 2011). The bubble net forces the prey to the 

surface where the whales engulf them in their large mouths. At the surface, the bubbles appear 

in a closed circle or figure ‘9’ shape (Jurasz & Jurasz, 1979). A study by Hain et al. in 1982 in 

the Gulf of Maine describes a bubble net as a rotated whale blowing bubble columns at a depth 

of 3-5 metres, with small bubbles at the bottom and larger bubbles at the top. This type of 

feeding behaviour is quite complex and is unique to the humpback whale species. 

There has been extensive research done in winter breeding grounds on humpback whale 

vocalizations and sounds. Humpbacks have been recorded producing long songs consisting of 

units, phrases and themes. Units put together creates a phrase, phrases repeated creates a theme 

and several themes in sequence forms a song (Payne & McVay, 1971). The reason for this 

behaviour is suggested to be a function of inter-sexual selection (females choosing between 

male mates) and/or intra-sexual selection (male competition for female). Only males have been 

documented singing, showing strong evidence for sexual selection and male breeding success 

(Helweg et al., 2005).  
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2.2 Whale Watching  

2.2.1 Global Industry  

Whale watching gained momentum as an ecotourism industry after overexploitation of whale 

stocks led to a worldwide moratorium on whaling in 1986 (Herrera & Hoagland, 2006). Since 

then, a substantial growth in the industry has led whale watching to become the leading form 

of marine based tourism (Cunningham et al., 2012). Erich Hoyt, a renowned whale and dolphin 

researcher, has reported on the global development of whale watching where he found that it is 

a USD $1 billion industry that attracts more than 9 million participants a year in 87 countries 

and territories (Hoyt, 2001). A later study by O’Connor et al. (2009) published that these 

numbers have increased to 13 million participants in a total of 113 countries.  Figure 4 illustrates 

the countries worldwide that offer whale watching ecotourism.   

 

 Figure 4. Map of global distribution of whale watching in 2008. Black represents countries 

that offer whale watching activities. (From O’Connor et al., 2009).  
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Whale watching growth and development is more prominent in certain parts of the world than 

others. The following information on whale watching growth in various regions is from Whale 

Watching Worldwide: tourism numbers, expenditures and expanding economic benefits. A 

special report from the International Fund for Animal Welfare (0’Connor et al., 2009).  

North America 

North America comprises 50% of total global whale watchers, making it the largest whale 

watching region. The US and Canada are dominating countries with the US taking close to 5 

million passengers and Canada taking over 1 million passengers. The industry in North America 

accounts for 1.2 billion in expenditures with an annual growth rate of 1.2%.  

Central America and Caribbean  

Whale watching in this region is not as big as others, accounting for only 2% of global whale 

watchers in 2008. However, there has been an increase in the past decade with the industry 

growing at 13% every year with $54 million in expenditure and 23 countries participating in 

the activity.  

South America  

Nearly 700,000 people went whale watching in 2008 making the industry a positive contributor 

to the economy. Argentina and Brazil support the most whale watchers with 200,000 

participants. The industry is growing at 10% every year with $200 million in expenditure.  

Europe 

Whale watching is a growing industry in Europe over the last ten years. Participants doubled 

from 418,000 in 1998 to 830,000 in 2008, representing an annual growth of 7.1% and $100 

million in expenditure. There is currently a total of 22 countries in Europe that participate in 

whale watching with Scotland showing the highest proportion of participants at 27%.  

Africa and Middle East  

There are 22 countries that participate in whale watching in Africa and the Middle East. Over 

1.3 million people go whale watching here with $164 million expenditure, making this region 

a top player in the global industry.  
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Asia  

Whale watching in Asia has increased five-fold from approximately 22,000 participants to 1 

million in the last ten years. China, Taiwan, India, Japan, Cambodia and Laos are countries that 

have seen the largest growth. Twenty countries participate in whale watching with a high annual 

growth rate of 17% and $66 million expenditure.  

Oceania and Antarctica  

Many small island countries and territories in the North Pacific and South Pacific have adopted 

whale watching into their economy. There is a total of 17 participating countries with close to 

2.5 million visitors on whale watching trips, which accounts for 20% of global whale watchers. 

Expenditure is $330 million and New Zealand, Australia, Guam and Antarctica lead the 

growing industry.  

2.2.2 Economic Value  

Whale watching provides a source of income and employment for many people around the 

world. O’Connor et al (2009) concluded that there is an estimated 3,300 whale watching 

operators globally and around 13,200 people employed in the industry. Most whale watching 

jobs provide seasonal employment due to migratory patterns of cetacean species, creating a lack 

of job permanence and an industry that relies on peak seasons (O’Connor et al., 2009). Table 1 

summarizes the jobs created by whale watching in different regions. 

 
Table 1. Employment in the whale watching industry by region (O’Connor et al., 2009). 
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A study by Cisneros-Montemayor et al. (2010) found that around 20% of employers are in 

developing countries, and suggested that if whale watching started in countries where there 

currently is none, jobs would increase to 5,700 and an additional $413 million would be made 

in the industry. The study concluded that if all countries in the world offered whale watching, 

it would generate $2.5 billion a year and provide 19,000 jobs. In developing countries, whale 

watching is beneficial to local fishers who can seek alternate employment and expand income 

through marine tourism at times when fisheries are declining or collapsing (Cisneros-

Montemayor et al., 2010).  

 

One region where whale watching has seen substantial economic growth is Latin America. A 

report on the state of whale watching in Latin America by Hoyt and Iñíguez (2008) refers to 

Peurto López in Ecuador as an example of a community that transformed from a quiet fishing 

town to a busy tourist destination. Approximately 3,000 visitors a year visited Machalilla 

National Park in the 1980’s and 1,630 whale watchers were attracted to the area in 1994 for 

humpback whale watching. By 1997, five hotels, four restaurants and seven whale watching 

operators had established themselves and a humpback whale festival was created which has 

raised visitor numbers to currently over 30,000 a year. By 2008, whale watch tourism had really 

taken off with 22 operators, 32 hotels, and 10,000 people attending the festival, with 30% being 

foreigners from outside the country. This is one of many examples of how marine based tourism 

such as whale watching can enhance local economies and provide community benefits.  

2.2.3 Educational Value 
 

Whale watching has the potential to go beyond economic benefits and also provide education 

to tourists on the animals they are viewing. Hoyt (2001) describes the educational benefit to the 

industry: 

“Whale watching educates children and adults about our ocean planet, the magnificent creatures 

that share our world, and the importance of maintaining their habitat; it provides a method for 

scientists to gain substantial information and monitoring capability with whales and dolphins 

and thereby contributes to their conservation” (p.1).  

A workshop on the educational values of whale watching took place in Provincetown, 

Massachusetts in May 1997 and included twenty-three whale watching experts and eleven 

observers from sixteen countries (IFAW et al., 1997).   
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The workshop focused on creating a report (IFAW et al., 1997) which would assess the current 

educational efforts in the industry, the roles of NGOs and local communities, and identify 

problems in the transfer of education. The most important educational values that came from 

the workshop are shown in Figure 5. Education was regarded as a very important component 

to a whale watching tour and all members agreed that it should continue to be the driving force 

behind passenger experiences. The report found that education on the tours is primarily focused 

on the type of animal that is being viewed and the habitat they live in, but also spans to include 

any research that is being done on the boat, why whales are studied and what can be done for 

conservation. Educational outreach was found to be present throughout most entire whale watch 

experiences, from brochures and posters before the boat departs to having a certified and 

experienced guide or naturalist on board during the tour. The report also highlighted that 

regulations, code of conduct and ethics are often communicated to passengers to ensure 

protection of whales in their habitat and enforce the importance of sustainable wildlife viewing. 

The participants in the workshop found incorporating academic programs into whale watching 

to be beneficial and teaches children why it’s important to respect nature and the environment. 

For teenagers and young adults, educational whale watching can spark interest and open doors 

for studies and careers in disciplines such as oceanography, marine biology, ecology, and 

conservation biology.  

Figure 5. Educational values of whale watching (IFAW et al., 1997).  

 
 EDUCATIONAL VALUES OF WHALE WATCHING: 
 
 1. Whales are emblems for promoting awareness of endangered species and habitat protection.  
 
 2. Whale watching provides the opportunity for people across all ages and cultures to become familiar with 
 environmental issues and to become involved in conservation efforts on a personal, local, regional, 
 national and international level.  
 
 3. The development of education programs forges links between the whale watch industry and local 
 communities as well as building bridges between the public and scientific communities.  
 
 4. Natural history knowledge gained through whale watching has intrinsic value.  
 
 5. Whale watching provides an opportunity to observe animals in the wild, transmitting factual information 
 and dispelling myths.  
 
 6. Whale watching is a model for marine educational programs in adventure travel and ecotourism.  
 
 7. Whale watching provides the opportunity for appreciation and understand of local history, culture, and       
environment.   
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2.2.4 Icelandic Industry   

Iceland is an example of a nation that transformed from an industry mainly focused on whaling 

and consumption of whale meat to whale watching (Rasmussen, 2014). Today, whaling and 

whale watching still co-exist in the country, a topic that causes much debate both nationally 

and internationally (Rasmussen, 2014). Modern whaling has been occurring in Iceland since 

1935, with the first whaling station opening in Tálknafjörður. The Icelandic Ministry of 

Fisheries estimates that in 2009 the whaling industry was worth $US 41 million. Most whale 

meat that is hunted in Iceland is sold in restaurants to tourists, while fin whale meat is exported 

to Japan. In 2010, 1776 tonnes of fin whale meat were caught, and 501 tonnes were exported 

(Rasmussen, 2014).   

Whale watching began in Iceland in 1991 in Hofn, a town in Southeast Iceland (Cunningham 

et al., 2012). In 1995, operations expanded to Húsavík in the North with 2,200 whale watching 

participants in the first summer (O’Connor et al., 2009). Since then, four companies have 

established themselves in Húsavík providing whale watching with the season running from 

March to November. Two companies offer tours on smaller and faster inflatable rib boats, while 

the others have larger vessels that can carry up to 75 passengers. One of these companies, North 

Sailing, was founded by fishermen who needed alternate employment after a collapse in the 

fishing industry and saw potential in a whale watching business (Cunningham et al., 2012). 

Whale watching has shown explosive growth in Iceland since starting in 1991, as shown in 

Table 2. From 1998 to 2008 the number of whale watchers went from 30,330 to 114,500 with 

an annual average increase of 14% (O’Connor et al., 2009).  

Table 2. Growth of Icelandic whale watching industry since 1991. Amount is in USD dollars 

based on 2009 currency rate. (O’Connor et al., 2009).  

Year 

Number of Whale 

Watchers 

Average Annual 

Growth 

Number of 

Operators  Total Expenditure 

1991 100 N/A 1 $60,000 

1994 200 26% 4 $146,000 

1998 30,330 251% 12 $6,470,000 

2008 114,500 14% 10 $16,708,987 

 

Whale watching in Iceland is concentrated in two main areas: Reykjavík (Faxaflói Bay) which 

accounts for 51% of total whale watch visitors and Húsavík (Skjálfandi Bay), which accounts 

for 36%. Other areas in Iceland where whale watching is offered is in the northern towns of 
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Dalvik and Hauganes, Olafsvik and Drangsnes in the northwest and the Vestmann Islands in 

the south (O’Connor et al., 2009). Figure 6 illustrates the number of whale watchers in different 

regions in Iceland between 1995 and 2014.  

The number of whale watchers in Iceland exceeded 272,000 in 2015, with 89,500 of these 

passengers partaking in tours in Húsavík. A visitor survey done by the Icelandic Tourist Board 

found that 28% of all foreign visitors in Iceland paid for a whale watching tour during the 

summer of 2014 (Rögnvaldsdóttir, 2016). The success of whale watching in Iceland can be 

attributed to the diverse wildlife and productive waters found in Faxaflói and Skjálfandi Bay 

and the transformation of Húsavík in the north through a shift from fishing to tourism 

(Einarsson, 2009).   

 

 

Figure 6. Number of whale watchers in each region in Iceland between 1995-2014. (From 

Rögnvaldsdóttir, 2016)  
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2.3 Skjálfandi Bay 

Skjálfandi Bay is a large bay located in Northeast Iceland, on the edge of the town of Húsavík. 

The bay is formed over time from the input of two glacial rivers, Laxa and Skjálfandafljót, 

which flows from Iceland’s largest glacier, Vatnajökull. Skjálfandi translates to “shaky bay” 

due to the fissure that runs along the bay, creating seismic activity on the sea floor (Gíslason, 

2004). The bay is approximately 100 metres in depth and runs 25 kilometres long (Gíslason, 

2004).  

Skjálfandi Bay is home to a wide array of marine species, including seals, seabirds, porpoises, 

dolphins and large cetaceans such as humpbacks and blue whales (northsailing.is, 20-02-20). 

The bay is rich in nutrients because of the input from the rivers and the upwelling that occurs 

on the seafloor which brings cold water to the surface. This nutrient influx creates an ideal 

environment for plankton to bloom which attracts fish such as lance and herring to the area 

(Smith et al., 1986). An abundance of fish makes the bay a primary feeding ground for 

migrating whales in the summer months, in particular humpbacks. Due to the biologically 

productive waters and abundance of wildlife, Húsavík has been titled the “whale-watching 

capital of Europe” (Parsons & Rawles, 2003).  

2.4 Code of Conduct 

Whale watching tourism has been shown to have negative impacts on an individual whales 

breeding, feeding, social and resting behaviour when not conducted properly (Argüelles et al., 

2016; Weinrich & Corbelli, 2009). Underwater noise generated from vessels have potential to 

be harmful to marine mammals and can reduce communication ranges and feeding activities 

(Jensen et al., 2009).   

As ocean-based tourist activities such as whale watching continue to grow around the world, 

there is concern for the welfare and protection of cetacean species (Weinrich & Corbelli, 2009). 

NGO’s and governments have adopted ways to reduce disturbances and impacts caused by 

these activities, such as the implementation of a code of conduct or a set of guidelines for vessels 

to follow when in the presence of cetaceans, as shown in Figure 7 (Argüelles et al., 2016). A 

code of conduct exists to inform tourists and companies how to behave without causing damage 

or offense (Cole, 2007). Whale watching is commonly done close to shore, since viewing 

whales far offshore would be timely and costly. Whales that are close to shore and are 

susceptible to vessel disturbance are often undergoing important parts of their life cycles, such 
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as breeding, feeding or calving (Garrod & Fennell, 2004). Engine noise, crowding of boats and 

risk of collisions are all disturbing factors that can cause individuals to leave the area or change 

their behaviour (Garrod & Fennell, 2004).  

 

 

Figure 7. Appropriate and inappropriate ways to manoeuvre a vessel around a whale during 

an encounter (From Argüelles et al., 2016). 
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2.4.1 IceWhale 

A code of conduct regarding sustainable whale-watching practices was put in place in Iceland 

in 2015 by IceWhale – the Icelandic Whale Watching Association (IceWhale, 2015). IceWhale 

is a non-profit organization formed by whale watching companies in Iceland that aims to 

provide whale watching tours and education to tourists while conserving and protecting whale 

species that inhabit Icelandic waters. A lack of regulations in the whale watching industry in 

Iceland fueled the need for a code of conduct to minimize impact to cetaceans. The existing 

code of conduct was signed on February 20, 2015 and is based on previous work by NGOs and 

whale watching companies worldwide. The main motives of IceWhale are to ensure a positive 

encounter both for the whales and the passengers, and to bring awareness to appropriate 

practices when viewing cetaceans in the wild (IceWhale, 2015).   

 

Before IceWhale, the Wild North Project was formed in 2011 to ensure sustainable 

development and wildlife tourism in Iceland, Greenland, the Faroe Islands and Norway (The 

Wild North Project, 2020). The project brought together researchers, NGO’s and tourist 

operators in each country to create a set of guidelines to monitor and understand the wildlife in 

the region. A code of conduct for wildlife viewing was set for different species including seals, 

foxes, birds and whales and dolphins (The Wild North Project, 2020). The project was funded 

by NORA (Nordic Atlantic Cooperation) and NATA (North Atlantic Tourism Association) and 

paved the way for IceWhale to adopt a set of guidelines specific to operators in Iceland years 

later.  

The IceWhale code of conduct is built around three critical zones depending on where the vessel 

is in relation to the whale (Figure 8).  These zones are the searching zone, where the vessel is 

more than 3000 metres from the whale, the approaching zone, where the vessel is within 300 

metres from the whale, and the caution zone, where the vessel is in within 50 metres from the 

whale. Figure 9 highlights more in detail the speed and distance regulations vessels must follow 

in each zone.   
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Figure 8. The code of conduct for responsible whale watching highlighting the three zones – 

searching, approaching and caution, and how vessels should handle themselves in each zone. 

(From Icewhale, 2015). 
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   Figure 9. Description of the code of conduct guidelines at different distances from the   

  whale. (From Icewhale, 2015) 

 

 

 

 

 

 

 

 

Searching Zone, 3000 m >  

- Look out for cetaceans while staying in radio contact with other whale-watching  

vessels.  

Approaching Zone, 300 m >  

- Maintain a distance of 300 m at the beginning of the encounter and get closer with 

time.  

- Set the speed to 4.3-5.2 knots and only exceed to maximum 7 knots if the animal 

travels fast.  

- Make sure the cetacean is approached correctly. Do not follow behind or approach 

from the front. Move parallel to them.  

- Avoid moving closer to the cetacean if another vessel is already in the approaching 

zone.  

- Do not spent more than 20-30 min with an individual. Take turns if you are more 

vessels in the same area.  

Caution Zone, 50 >  

- When a cetacean approaches the vessel, the propeller should be stopped. No 

approaching the cetacean until all cetaceans is clearly observed.  

- No swimming with, touching or feeding the cetaceans.  

Approaching  

- Do not approach the animal from the front.  
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3 Methods 

3.1 Study Area 

This study took place over a span of three months from the 1st of July until the 30th of 

September 2019 in Húsavík, Skjálfandi Bay, North Iceland (66°02'48.6"N 17°20'01.7"W) 

(Figure 10 & 11). This study was done through the University Centre of the Westfjords and the 

University of Iceland’s Research Centre in Húsavík.    

 

Figure 10. Map of Iceland. Red rectangle indicates the study site location of Skjálfandi Bay, 

Húsavík. (From Google Maps, 20-11-19). 
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Figure 11. Study site location of Skjálfandi Bay, Húsavík. (From Google Maps, 20-11-19). 

3.2 Boat Based Observations  

3.2.1 Data Collection  

The whale watching company North Sailing was used as a platform to collect data. North 

Sailing has a partnership with the University of Iceland’s Research Centre in Húsavík, allowing 

research to be conducted onboard their vessels. Researchers were able to join two to three tours 

a day on their refurbished Icelandic oak fishing boats, weather and space permitting. If the tour 

was fully booked, tourists had priority and researchers would have to go on another boat at a 

different time. Tours were sometimes cancelled due to high winds and rough sea conditions 

(Beaufort scale >3), making it unsafe to take passengers in the bay to view whales. Tours left 

from Húsavík harbour and lasted approximately three hours in length. Most trips were done on 

the boat Garðar, as it had a crow’s nest at the top which only the guide and researchers could 

access. This provided an optimal viewing area as well as space and quiet away from tourists to 

collect data in an efficient way (Figure 12). When space was limited or Garðar wasn’t operating, 

Skjálfandi Bay 
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trips were done on the other boats in the North Sailing fleet: Bjössi Sör, Náttfari and Sæborg 

(Figure 13).  

Once on the boat, the time of departure from the harbour and the weather conditions were 

recorded on a data sheet. The weather conditions were not used in the analysis; however, it was 

important to note because data was not collected in sea states greater than Beaufort 2 or in high 

rain and wind. Locating the whales in the bay took around 30-60 minutes from departure. The 

guides and captains used their expertise and knowledge of the bay to direct the boat in the 

appropriate direction of where there would be a good chance of whale activity. Communication 

with other boats in the bay between captains was effective in locating the whales quickly. There 

was a general acknowledgement between captains from all four whale watching companies in 

Húsavík for open communication and assistance while at sea, allowing for equal viewing 

opportunities. A whale was spotted by either their spout as they surface to breathe, their fluke 

upon going down for a deep dive, their black back at the surface or a large splash created by 

leaping out of the water.  

 

 

 

 

 

 

 

 

  

 

Figure 12. Data collection from the crow’s nest on Garðar.                                                                                             

Photo credit: Hanna Vatcher, July 2019 
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Figure 13. Vessels used in this study for data collection. (a) Bjössi Sör, (b) Garðar, (c) Sæborg, 

and (d) Náttfari. (From northsailing.is, 21-10-19). 

 

 

For this study, only data on humpback whales was collected as they were the main species of 

interest and the most common whale species found in the bay. Once a humpback whale was 

spotted, there were many parameters that were measured. First, the time at the start of the 

encounter with the whale was recorded. This was as soon as a whale was spotted and was within 

900 metres from the vessel. Next, the GPS position of the boat was taken using Boatspeed app 

on an iPhone. The speed of the boat at the start of the encounter was recorded also using 

Boatspeed. The number of whales and boats present throughout the encounter were visually 

observed and recorded, as well as the behaviour the whale was displaying. The common 

behaviours whales display is shown in Table 3. The heading of the boat was recorded using 

Boatspeed, and the angle from the bow of the boat to the whale was recorded using the clock 

system on the boat. The bow of the boat was always 12 o’clock and the stern 6 o’clock, and 

every hour in between. The guide would announce to the passengers what time on the clock the 

whale was located, which was a fast way to record this information. Later, the clock times were 

a b 

c d 
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converted to a cardinal direction using the heading and a compass. When the whale surfaced 

and was in view, the distance from the boat to the whale was measured and recorded using a 

rangefinder (Bushnell ProX2 Slope Edition Rangefinder black). The rangefinder was always 

positioned on the back of the whale close to the hump for consistent and accurate readings. The 

amount of time the whale spent at the surface or underwater was recorded by taking note of the 

time when the whale surfaced to breathe and when it arched its back for a shallow dive or raised 

its fluke for a deep dive.  

These parameters were recorded every time the whale surfaced during an encounter, as 

displayed in Table 4. When the captain decided to leave the whale and end the encounter, the 

time was noted. After every trip, the recorded data was transferred onto an excel sheet for better 

organization and analysis.  

 

Table 3. Common behaviours shown by humpback whales (Corkeron 1995). 

 

 

 

 

 

Behaviour Description  

Blow 
Whale exhales above the surface of the water, releasing air from 

lungs 

Lying/resting Whale rests its body at the surface of the water 

Full breach Whale leaps its full body out of the water 

Half breach Whale leaps half its body out of the water  

Pectoral fin slapping Whale raises its pectoral fin and slaps the surface of the water  

Lobtailing 
Whale raises its fluke and slaps the ventral side on the surface of 

the water   

Fluke up dive Whale lifts its fluke above the water upon diving  

Fluke down dive Whale dives without lifting its fluke above the water 

Lunge feeding 
Whale feeds by lunging its head across the surface of the water at 

a low angle  

Bubble feeding  
Whale feeds, alone or in group, by enclosing prey in a circle of 

bubbles  
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Table 4. Example of field sheet used on the boat for data collection. Data was recorded for 

species, time at start and end of encounter, the time at every surface and dive, number of 

cetaceans and boats present, GPS coordinates and heading of the boat, angle of the boat to the 

whale, distance to whale and behaviour observations. The date, start time and end time of the 

trip, weather conditions and general comments were also noted on the bottom.  
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3.3 Land Based Observations 

3.3.1 Drone 

A DJI Mavic Pro drone was rented from the University Centre of the Westfjords for use during 

half the field season. While operating the drone for this study, the following rules and 

regulations regarding use of drones in Iceland was strictly followed (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 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 

In addition, the DJI Mavic Pro operation guide and specifications were strictly followed which 

includes the following (DJI Official, 2019):  

• Maximum flight time in air of 27 minutes  

• Maximum flight speed of 40 mph/65kph 

• Maximum total travel distance of 4.3 miles/7 km 

• Maximum altitude of 5000m 

• Maximum wind speed of 22 mph/35kph 

• Do not fly in rain or fog  

The drone was intended to be used from land in Húsavík, more specifically from a cliff top 

overlooking Skjálfandi Bay about two minutes out of town. Once the drone was successfully 

launched and protocol followed, it could be used to capture aerial footage of the whale’s 

behaviour in the absence of whale watching vessels. Therefore, the drone would be operated 

only during the hours when the tours weren’t operating, either early in the morning or late at 

night. First, a visual scan would be done from the cliff to locate whales in the bay. If none were 

spotted, the drone would fly to the area where whales were observed on the last tour. Once the 

drone was in the vicinity of the whales, it would follow them from a safe distance and record 

their behaviours until they went out of range or the battery became low and the drone needed 

to be returned.   
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3.4 Data Analysis 

3.4.1 Whale Sightings  

To start analyzing the data, first the number of whale-watching trips, number of whale sightings, 

and the total number of hours spent on effort over the entire field season and by month was 

calculated in excel. 

Next, a value for the Sightings per Unit of Effort (SPUE) was calculated for the entire field 

season and for each month. For this study, one unit of effort is equal to one hour. The SPUE 

was calculated by dividing the number of sightings by the hours spent on effort.  

Sightings per Unit of Effort = 
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑆𝑖𝑔ℎ𝑡𝑖𝑛𝑔𝑠

𝐻𝑜𝑢𝑟𝑠 𝑜𝑛 𝐸𝑓𝑓𝑜𝑟𝑡
  

3.4.2 Distribution    

While on the boat, the heading, boat coordinates, angle from the bow to the whale and distance 

to whale were recorded for every whale sighting. To get the coordinates of the whale, first the 

boats coordinates needed to be converted from Degrees/Minutes/Seconds to Decimal Degrees. 

This was done using the following equation:   

1⁰ = 60’ = 3600”  

1’ = (1/60) ⁰ = 0.01666667⁰  

1” = (1/3600) ⁰ = 0.000277778⁰ 

Once the coordinates were converted, they could be used along with the other measurements 

and run through trigonometric functions in excel to get the location of the whales in the bay. 

The following series of equations were used from Brown, 2019 Masters thesis as well as 

through personal communication with the author.   

The first step was to find the azimuth (Az) of the whale. The azimuth is the angle between an 

object and true north or 0°. This was calculated by adding the boat’s heading (H) with the 

observed angle of the whale to the bow of the boat (ObA). If the sum is less than 360°, that is 

the azimuth. If the sum is greater than 360° then 360 is subtracted. An IF statement was used to 

do this, which tells excel to do certain actions whether a statement is true or not.   
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Equation in Excel:  

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

Next, the formula angle (FrmA) needed to be calculated to determine in which hemisphere on 

a standard X,Y graph the azimuth is located. The angle needs to be below 90° in order for the 

three sides of a right-angle triangle to equal 180°. Therefore, if the angle was higher than 90° it 

had to be adjusted to equal less.  

Equation in Excel: 

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

270,IF(Az=360,Az-360,FALSE))))) 

Once the formula angles were calculated, the next step in determining the whale’s coordinates 

was to adjust the boat’s latitude and longitude in metres. The latitude adjustment in metres 

(LatM) was calculated by multiplying the distance to the whale by the cosine (COS) of the 

formula angle, then dividing 180 by the dividend of Pi. The longitude adjustment in metres 

(LongM) was calculated the same way except using the sine (SIN) function instead of cosine. 

  

Equation in Excel:  

LatM=IF(FrmA=0,(D)*COS(FrmA*(3.14/180)),(D)*SIN(FrmA*(3.14/180)))                                    

LongM= IF(FrmA=0,(D)*SIN(FrmA*(3.14/180)),(D)*COS(FrmA*(3.14/180))) 

The latitude and longitude adjustments in metres were then converted back to decimal degrees. 

For the latitude adjustment in decimal degrees (LatDD), the adjustment in metres was divided 

by 111507, the number of meters in 1⁰ of latitude at 66⁰N. For the longitude adjustment in 

decimal degrees (LongDD), the adjustment in metres was divided by 45405, the number of 

meters in 1⁰ of longitude at 66⁰N. 

Equation in Excel: 

LatDD =LatM/111507 

LongDD=LongM/45405 

Finally, the adjustment in decimal degrees is either subtracted or added to the boat’s coordinates 

(BLat, BLong) depending on the azimuth, giving the final latitude and longitude coordinates of 

the whale (WLat, WLong). 
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Equation in Excel: 

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

LatDD,BLat+LatDD)) 

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

Once the whale’s coordinates were calculated, the software Quantum Geographic Information 

Systems 2.18.28 (QGIS) was used to plot the coordinates. A base map of Skjálfandi Bay was 

created using the QuickMapServices plugin and projection CRS WGS 84/Pseudo Mercator. 

Next, the whale coordinates were exported into QGIS by going to Layer – Add Layer – Add 

Delimited Text Layer. The excel file containing the coordinates was selected and the settings 

were set to “Point coordinates” and “X field = longitude, Y field = latitude.” The coordinates 

were then successfully projected onto the map.  

On a separate excel file, the whale coordinates were separated by month and exported again 

individually onto a second map of Skjálfandi Bay. Different colours were given to the 

coordinates corresponding to each month of the field season July, August and September. This 

gave a visual representation of the location and distribution of the whales by month.  

3.4.3 Code of Conduct  

To see if the vessel was adhering to the code of conduct guidelines, the duration of encounters 

was calculated to see if the vessel was within the 20-30 minute time constraint for each whale 

sighting. The sightings were sorted into time intervals of five minutes and an average time spent 

with whale was calculated. 

Next, the speed of the vessel during the encounters was analyzed to see whether the speed 

restriction of 4.3-5.2 knots in the approaching zone (<300m) was followed. To do this, the 

amount of times the boat was within 300 metres of the whale was calculated. Out of this total, 

speeds higher than 5.2 knots were recorded to get an average number of times the vessel was 

traveling too fast within close proximity to the whale.   

The code of conduct suggests limiting the number of boats viewing any whale at one time. The 

number of boats in relation to number of whales was analyzed next by creating a matrix table 

and calculating how many times there was one boat with one whale, two boats with one whale, 

three boats with two whales etc.   
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Lastly, distance to the whales were analyzed to see if the vessel was adhering to the minimum 

50 metre guideline. The sightings were sorted into distance intervals of 10 metres and an 

average amount of time spent closer than 50 metres from the whale was calculated. 

3.4.4 Diving Behaviour 

When looking at the behaviour displayed by the whales, the majority of behaviour type recorded 

was diving and surfacing. There were few times the whale showed behaviours such as 

breaching, feeding or resting. Therefore, for this study the diving behaviour was chosen to be 

analyzed. When looking at the diving behaviour of the whales, the average dive time and 

surface time was calculated first to see how long the whale spent underwater during an 

encounter. Next, the dive times were then correlated against the different parameters measured 

to determine significant differences. The statistical program RStudio was used to run 

spearman’s rank correlation coefficient and one-way analysis of variance (ANOVA) on dive 

time against distance to whale and number of boats to test for possible association between 

variables. A linear regression was done on dive time against vessel speed, since speed is a 

continuous fixed variable and running ANOVA would treat it as a factor. A students t-test was 

done on dive time against time of day since there were only two groups: morning and afternoon. 

When looking at correlations between dive time and distance, the distances were grouped into 

categories depending on how close or far they were from the whale: very close (0-100 metres), 

close (101-300 metres), moderate (301-500 metres), and far (501-1000 metres). When looking 

at correlations between dive time and time of day, trips were grouped into morning (08:30-

12:00) and afternoon (12:00-16:30). This made it easier for R to estimate the distribution and 

plot the data in a boxplot. 
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3.4.5 Directness Index 

Directness index was calculated to determine the whale’s swimming pattern. This was done by 

finding the difference between the first and last position of a whale during a tracking session 

and dividing by the cumulative surface distance covered between all recorded positions (Figure 

14) (Scheidat at al., 2004). A value is produced ranging from 0 (whale swimming in a circle) 

to 1 (whale swimming in a straight line).  

An excel file was created compiling all data for each encounter including date, sighting number, 

surface number, latitude and longitude of whale, number of whales and boats present, distance 

to whale and speed of vessel. This was then imported into RStudio where encounters with less 

than three surfacing’s were excluded as this can only result in a directness index of one. Once 

directness index values were calculated, they were correlated against surface number, number 

of boats, distance to whale and vessel speed to see if whales changed their swimming direction 

in the presence of vessels. A Shapiro-Wilks test was done to check for normality on the data. 

To check for correlation, a Kruskal-Wallis test was done. 

 

 

 

 

 

 

 

 

Figure 14. Directness Index (DI) is calculated by dividing the track diameter (T) by the 

combined distance between surfacing points (dn) to determine the whales swimming pattern 

(From Scheidat et al., 2004).  
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4 Results 

4.1 Whale Sightings   

During the three-month field season, 119 hours was spent collecting data on forty-one whale-

watching trips with a combined total of fifty-two whale sightings (Table 5). If broken down by 

month, most sightings and time spent on effort was in the month of July with seventeen trips, 

forty-nine hours and thirty-five sightings. The least number of sightings and time spent on effort 

was in the month of September with eleven trips, thirty-two hours and seven sightings (Figure 

15). Fifteen hours was spent on effort in the morning between 08:30 and 12:00, eighty-three 

hours was spent on effort in the afternoon between 12:00 and 17:00, and twenty-one hours was 

spent on effort in the evenings between 17:00 and 20:00. 

Table 5. Total number of whale-watching trips, hours spent on effort and whale sightings 

during each month of the field season. 

Month Number of trips Hours spent Number of whale sightings 

July 17 49.05 35 

August 13 38.2 10 

September 11 32.22 7 

Total 41 119.47 52 

 

 Figure 15. Number of trips, hours spent on effort and number of whale sightings during 

each month of the field season.  
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The SPUE values per month are shown in Table 6. The total 

value for the season was 0.435. July had the highest SPUE of 

0.714 indicating the most whale sightings this month. Next, 

August had an SPUE of 0.262 and September had the lowest 

SPUE value of 0.217.  

A negative trend can be observed when sightings for each day of 

the month are graphed in Figure 16, showing a decline in sightings from July through to 

September. Frequent sightings of humpbacks were made in July, with no observation day 

producing less than one sighting. The highest number of sightings on one day was in July with 

four humpbacks observed. There is a sharp decline in sightings at the beginning of August with 

no sightings for a period of 16 days from August 6th to August 21st. It is worth mentioning that 

during August 7th to August 12th there was persistent bad weather and unsafe sea conditions, 

resulting in a loss of days available to collect data. September showed mostly one sighting per 

day, except for a few days where there were no sightings.   

 

Figure 16. Whale sightings per day during each month of the field season. 

 

 

 

Month SPUE 

July 0.714 

August 0.262 

September 0.217 

Total 0.435 

Table 6. SPUE values by 

month and total.   

 

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

3 4 6 8 9 10 12 15 16 17 18 21 22 25 28 29 31 5 6 13 15 19 21 23 24 25 26 28 30 31 3 5 9 10 12 13 17 19 23 25

July August September

Whale Sightings



  

35 

4.2 Distribution 

The movements of all 52 whale sightings in Skjálfandi Bay during the field season are shown 

below in Figure 17. In total, there were 294 coordinates corresponding to the tracks of the 

whales. The coordinates were calculated by triangulating the boat coordinates, distance to 

whale and the angle from the bow to the whale. Most of the sightings were concentrated in the 

middle of the bay and in the Northwest region close to the mountains opposite Húsavík.  

The distribution of whale sightings changes by month, as seen in Figure 18. Whales were mostly 

sighted in the middle of the bay and to the Southwest in July. In August, the sightings shifted 

more to the North of the bay, and in September the sightings were observed in the Northwest 

area of the bay.     

Figure 17. Movements from all 52 whale sightings observed in Skjálfandi Bay over the field 

season. Map generated by QGIS.  
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Figure 18. Movements from all 52 whale sightings observed in Skjálfandi Bay over the field 

season. Dark blue dots represent sightings in July, medium blue dots represent sightings in 

August, and light blue dots represent sightings in September. Map generated by QGIS.  

 

4.3 Code of Conduct  

4.3.1 Time Spent with Whale  

The duration of encounters for all 52 sightings are shown below in Figure 19. The average time 

of an encounter was 23.7 minutes, with a minimum time of one minute and a maximum time 

of 69 minutes. The 30-minute threshold in the code of conduct was adhered to 77% of the time, 

with 23% of the time vessels staying longer than 30 minutes with a whale.  



  

37 

 

Figure 19. Duration of encounters for all 52 whale sightings (no encounters were between 40-

45 minutes). The red vertical line indicates the 30-minute threshold for vessels viewing whales 

as indicated by the code of conduct.  

 

4.3.2 Vessel Speed  

The vessel was in the approaching zone (<300m to whale) for 89% of the distance 

measurements during trips in July, 73% during trips in August and 81% during trips in 

September. While in the approaching zone, the vessel speed was higher than the 5.2 knot 

threshold 9% during trips in July, 21% during trips in August, and 11% during trips in 

September (Figure 20). Overall, it was found that the vessel was in the approaching zone for 

83% of the distance measurements and the speed of the whale-watching vessel was higher than 

the 5.2 knot threshold in the approaching zone 12% during all trips throughout the field season.  
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Figure 20. Number of times the boat was in approaching zone when the distance to the 

whales were measured, and number of times the vessel speed was higher than the 5.2 knot 

threshold in the approaching zone.  

 

4.3.3 Distance to Whale  

The distances from the vessel to the whales for all 52 sightings are shown below in Figure 21. 

The average distance to a whale was 200 metres with a minimum distance of two metres and a 

maximum distance of one kilometre. The 50-metre minimum distance suggested in the code of 

conduct was adhered to 94% of the time, with only 6% of the time vessels getting closer than 

50 metres to a whale. 
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Figure 21. Distance to whale divided into five metre intervals. The red vertical line indicates 

the 50-metre minimum distance to whale as indicated in the code of conduct.  

 

4.4 Diving Behaviour  

The length of time the whale spent underwater was recorded for 16 encounters from August 

23rd to September 25th. The average dive time was 444.88 seconds (SD=149.33) (Figure 22), 

and the average surface time was 196.60 seconds (SD=170.47). In the presence of one boat 

only, the average dive time was 465 seconds (SD=207.30), and in the presence of two or more 

boats, the average dive time was 440 seconds (SD=131.01).     

Dive times were correlated against distance to whale, time of day, number of boats and vessel 

speed to look for significant relationships. Dive time did not show a significant difference when 

correlated to distance to whale, Spearman (P=0.2213, S=9238.9, rho= 0.1952202). When 

correlated with the number of boats, there was no significant difference, Spearman (P=0.4689, 

S=12815, rho= -0.1163248). Lastly, there was no significant difference found when correlating 

dive time with vessel speed, Spearman (P=0.2709, S=9458.8, rho=0.1760598).   

The results from a one-way ANOVA also indicate no significant differences between dive time 

and distance to whale (p=0.128) and dive time and number of boats (p=0.427). A linear 

regression model was run for dive time and vessel speed since speed is a fixed variable. No 
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significant difference was calculated (p=0.404). A student’s t-test showed no significant 

relationship between dive time and time of day (p=0.3283). There are slightly lower dive times 

noticed when the boat is very close to the whale (Figure 23), and during morning trips (Figure 

24), however it is not significant enough to assume correlation. This could be due to a small 

data set with dive times recorded for only 16 out of 52 sightings.  

 

Figure 22. The number of dives at each dive time recorded for 16 sightings. Most dives lasted 

420 seconds. 
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Figure 23. Boxplot of dive time (seconds) against distance to whale. Distances are grouped 

into categories of very close (0-100 metres), close (101-300 metres), moderate (301-500 

metres), and far (501-1000 metres). 

 

Figure 24. Boxplot of dive time against the time of day of whale watching trip. Trips are 

grouped into categories of morning (08:30-12:00), and afternoon (12:00-16:30).   
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4.5 Directness Index  

Directness index values were correlated with surface number, number of boats, distance to 

whale and speed of vessel. A kruskal-wallis test revealed a significant relationship between 

surface number and directness index (p-value 0.02). This means that whales changed their 

swimming pattern as an encounter progressed and the longer the vessel was viewing them, 

suggesting that whales respond to vessel presence progressively rather than immediately. A 

Loess-smoothed relationship between directness index and surfacing number indicates a strong 

trend between surface number one to four, despite the large scatter (Figure 25). Throughout an 

encounter, directness index values were high at the start and low by surface number 3 or 4, 

indicating a less linear swimming path over time.  

 

 

Figure 25. Loess-smoothed scatter plot indicating relationship between whales swimming 

pattern (directness index) and surfacing number during an encounter.  

 

 



  

43 

A kruskal-wallis test revealed no significant relationship between directness index and distance 

to whale (p-value 0.28), vessel speed (p-value 0.12) or number of vessels (p-value 0.06). It is 

worth mentioning that the relationship between directness index and number of vessels is very 

close to being significant at the p=0.05 level. Figure 26 shows a higher directness index 

correlating to a more linear swimming path in the presence of seven to eight vessels. Given a 

small data set and field season, this can be interpreted as more of a tendency.  

 

Figure 26. Boxplot of directness index against number of vessels. There is a tendency for higher 

directness index values when 7 or 8 vessels were present during an encounter.  
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4.6 Drone 

The drone did not produce any results for this study. While it could have been a valuable tool 

in recording whale behaviour, problems were encountered that hindered its success. First, the 

drone was not available for use until halfway through the field season. A short amount of time 

with the drone as well as bad weather resulted in few days that the drone could be used to collect 

data. Second, technical problems were encountered when launching the drone from the cliff in 

Húsavík. Due to the presence of the lighthouse, a geothermal spa with parking lot, and a new 

silicon factory not far away, there was too much magnetic interference with the drone’s 

compass and GPS. The drone would only fly roughly 300 metres into the bay until it lost signal 

and would not fly properly. Lastly, during the months of August and September, the whales 

were located far into the bay, approximately eight kilometres from the cliff. Flying the drone 

to the whale’s location would have exceeded the 4.3 mile maximum distance the drone can fly 

and would pose the risk of draining the battery very quickly and losing signal with the 

controller, resulting in damage or loss of the drone.   

While launching a drone from a whale-watching vessel with tourists is difficult and not advised, 

it may have been advantageous to launch the drone from a small, private boat that could get 

closer to the whale’s location and away from any magnetic interference. This was not possible 

for this study however it is something that could work in future research involving drones.  
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5 Discussion  

5.1 Distribution  

From the GPS coordinates that were calculated, whales were distributed in different parts of 

Skjálfandi Bay throughout the study. Most sightings occurred in the western part of the bay 

opposite Húsavík close to the mountains. This area is the deepest part of the bay at about 220 

metres and is located on a steep slope allowing for nutrient upwelling and vertical mixing 

(Figure 25). Colder, deeper water has higher solubility and sinking processes of heavier 

materials which allows for upwelling to increase nutrient concentration in surface waters, 

promoting primary production and phytoplankton growth (Allen et al., 2001; Olson and Backus 

1985; Woodley and Gaskin, 1996). Furthermore, these areas in the western part of the bay 

where whale sightings were frequent are fed with nutrient input from freshwater rivers which 

leads to an abundance of food source for feeding humpback whales.  

The distribution of humpback whales in Skjálfandi Bay varied between the months. During 

peak season in July the whales were observed primarily in the middle of the bay and to the 

Southwest. During this month, it did not take long to find whales once the vessel left the 

harbour. In August, this distribution shifted, and whales moved farther North and to the 

Northwest. During this month the location of the whales were much farther from the harbour 

and more effort was spent on locating the whales for viewing. In September, whales were 

sighted frequently far west of the bay close to shore. Sightings became fewer after July, with 

many trips at the end of August and into September returning with no encounters. A study by 

Klotz et al. (2017) analyzing the monthly and yearly fluctuations of humpback whales in 

Skjálfandi Bay found similar results. This study found that whales were found widespread 

throughout the bay in July and to the north or northwestern part of the bay in August and 

September.  

Weinrich et al. (2006) found that social organization of humpback whales can influence the 

distance to shore distribution patterns, and mother-offspring pairs favor habitats closer to shore. 

This is something to consider when explaining the distribution shifts of whales in an area 

throughout the feeding season. Another factor to consider is seasonal variances in primary 

production. In spring and autumn, nutrients from deeper waters are brought to the surface 

through wind mixing the water column. In summer, nutrient concentrations can decrease due 
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to a strong thermocline, leading to a shift in whale feeding areas as one area becomes exhausted 

or depleted (Behrenfeld et al., 2006; Harder, 1968). 

 

 

Figure 27. Map of bathymetry and topography of North Iceland highlighting the seismic 

lineaments Húsavík-Flatey fault (HFF) and depth contours. Red X indicates the steep slope 

present in the deepest part of Skalfandi bay that creates nutrient upwelling and serves as a 

favourable feeding ground for whales (From Riedel et al., 2006).  
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5.2 Code of Conduct 

The use of enforced regulations and codes of conduct in conservation and tourism is increasing, 

despite a lack of knowledge of their value (Wiley et al., 2008). Voluntary approaches for 

environmental management, including protection of biodiversity and endangered species, are 

becoming a popular agreement tool between regulatory agencies, private enterprises and 

industrial firms (Dietz & Stern 2002; Ashford & Caldart, 2005; Brouhle et al., 2005). 

Advantages of voluntary agreements are that they are less confrontational, less prone to 

expensive and long judicial proceedings, promote technological innovation and are designed to 

enhance the environmental performance of a group and communicate changes to the public 

(Wiley et al., 2008; Nash, 2002). In the whale watching tourism industry, guidelines and codes 

of conduct are examples of voluntary agreements in place to manage and reduce impacts. 

Compliance studies around the world have been conducted to analyze efficacy of voluntary 

whale watching guidelines (Allan et al., 2007; Duprey et al., 2008; Wiley et al., 2008). These 

studies have revealed low compliance by passengers and companies, placing little value or 

power on the regulations.  

For this study, compliance with IceWhale’s set of regulations for sustainable whale watching 

was reviewed on board a whale watching vessel in Skjálfandi Bay where whale watching is a 

large and growing contributor to the local economy. Guidelines regarding the speed of the 

vessel, distance to whale and duration of encounters were assessed for adherence and efficacy. 

The results of this study concluded that some aspects of the code of conduct were followed 

while others were not (Table 7). The length of time the vessel stayed viewing a whale was 

longer than the recommended 20-30-minute time constraint 23% of the time during the field 

season. An average sighting was found to be 23.7 minutes, which is within the limit but is on 

the higher end. The duration of encounters was shortest in the month of July, correlating with 

the highest number of whale sightings, and was longest in the month of August, correlating 

with a drop in whale sightings. The abundance of whales in the bay each month appears to 

influence the length of time captains decided to spend with a whale during a tour. When there 

were plenty of whales in the area to choose for viewing, captains shortened encounters and 

moved to other individuals throughout the three-hour trip. However, when there were fewer 

whales in the area, captains likely felt pressure to stay with a whale for more than 30 minutes 

to avoid disappointing tourists by leaving and not finding something else.  
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It was found that the distances between the vessel and whale was within the 50-metre guideline 

94% of the time throughout the field season, showing high compliance to this regulation in the 

code of conduct. In cases where the whale was closer than 50 metres to the vessel, this can’t be 

faulted on the captain as it is sometimes the whales decision to approach the vessel on its own 

and it is impossible to predict where the whale will surface after a deep dive. The speed of the 

vessel in the approaching zone (less than 300 metres from the whale) was found to be over the 

5.2 knot threshold 21% of the time during the field season. The speed was highest in August, 

again correlating with the low number of whales in the bay this month. During many tours in 

August, it took substantially longer to find whales once departing the harbour. When a whale 

was spotted, 1.5- 2 hours had already been spent sailing into the bay to their location and trying 

to find them. Therefore, when a whale was eventually spotted, captains increased vessel speed 

throughout the encounter to try and give passengers a good viewing opportunity before having 

to leave and sail back to land.  

Table 7. Overview of whale watching vessel compliance to code of conduct regulations 

 

A study by Wiley et al. (2008) reviewing voluntary guidelines for whale watching in Stellwagen 

Bank National Marine Sanctuary, a 2181 km2 federally designated marine protected area, found 

that code of conduct compliance was low and conservation goals were not met. Through 

interviews with various operators it was reported that guidelines were difficult to comply with 

when there were few whales in the area. Operators expressed feeling pressure to show 

passengers whales and give a satisfying encounter while adhering to the company schedule. 

The study concluded that voluntary agreements tend to fail because there is the option for 

participants to ignore the guidelines at times when it causes a strain or negative influence on 

business.  

 

If sustainability and conservation goals are to be achieved, formal management efforts and 

enforcement need to take priority over informal voluntary agreements (Allen et al., 2007; Wiley 

Code of Conduct Regulation Adhered to Not adhered to 

Duration of encounters < 30 minutes  x 

Distance to whale < 50 metres x  
Speed of vessel < 5.2 knots in approaching zone   x 



  

49 

et al., 2008). The challenge is maintaining enough monitoring and evaluating to ensure efficacy 

and raising participant standards up to a level that is needed for conservation (Wiley, 2008). 

In Iceland, providing incentives to encourage compliance with the code of conduct as well as 

educating operators and tourists on their value will help strengthen management and create a 

sustainable whale watching industry.  

5.3 Diving Behaviour and Movements  

It was found that as an encounter progressed, the directness index of the whales decreased 

indicating a switch from a linear swimming path to a more circular one. The number of vessels 

viewing a whale seemed to have a small effect on directness index as well, although not 

statistically significant. There appears to be a general decrease in directness index as number 

of vessels increases from one to six, and then a large increase in the presence of more than 

seven vessels. A study by Christiansen et al. (2013) found that whales movements became more 

sinuous in the presence of vessels, and a study by Scheidat et al. in 2004 researching behaviour 

responses of humpbacks to vessels in Ecuador found a more direct path was taken by whales 

after the whale watching vessel left the area.  

When comparing dive time to vessel speed, no significant relationship was found, indicating 

that the speed of the whale watching vessel had no impact on the length of time a whale 

remained underwater during an encounter. When comparing dive time to number of boats, no 

significant relationship was found although the average dive time was slightly lower in the 

presence of two or more boats. Comparing dive time to distance also yielded insignificant 

results, however there was a tendency for lower dive times at very close distances of 0-100 

metres. Due to a small sample of dive times recorded in the field season, this tendency can’t be 

interpreted as real change, which is reflected in the statistics that generated a high p-value.  

While this study may be too short to determine the effects of vessel presence on whale 

movements, it can confirm that the length of an encounter with a whale changes the directness 

of their swimming path. The distance from the vessel to the whale and vessel speed showed no 

impact to their movements.  
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5.4 Noise Disturbance 

Previous studies have documented that noise generated from vessels can have adverse affects 

on marine mammals. This generates concern in Skjálfandi Bay, an area with high marine vessel 

traffic from cruise ships, whale watching activities and industrial fishing. With whale watching 

tours from different companies overlapping throughout the day and in peak season running 

from 08:30 to 23:00, there is little time when the whales are not disturbed by some level of 

anthropogenic noise. The range in size of vessels operating in the bay creates a broad spectrum 

of sounds the whales are exposed to. A study by Au and Green (2000) found that inflatable 

boats with outboard engines produce more noise than larger boats with inboard engines (Figure 

26). This is problematic in Skjálfandi where the smaller rib boats often traveled above the 

recommended speed limit and approached the whale at close distances.   

During an encounter, the whale watching vessel would slow down or stop completely when 

passengers were viewing a whale. At times there were up to seven boats around the same whale. 

However, when a whale would go down for a dive and then surface at a different location farther 

away, all the boats at the same time would go from standing still to fast speed in a short amount 

of time and race towards the whale, increasing noise levels beneath the surface and possibly 

stressing the animal.  

 

Figure 28. Spectrograms of noise that was recorded for five vessels – two outboard engines 

and three inboard engines (From Au and Green, 2007).  
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Prior research shows that baleen whales and toothed whales react differently to noise pollution 

(Richardson et al., 1990; Buckstaff, 2004). Male fin whales in the Mediterranean were found 

to modify their songs when vessels approached (Castellote et al., 2012), and bottlenose dolphins 

in Florida communicated more frequently in the presence of vessels (Buckstaff, 2004). Changes 

in feeding behaviours in humpback whales have been documented. A study by Blair et al. 

(2016) found that heightened levels of boat noise resulted in decreased foraging activity. In the 

Beaufort Sea, various responses to noise was found in bowhead whales ranging from decreased 

feeding and resting to modified communication (Richardson et al., 1990). Both baleen and 

toothed whales are present in Skjálfandi Bay and as long as there continues to be high vessel 

traffic the potential for these reactions and changes to occur in this area are quite probable.  

5.5 Drone 

The section of this master’s study involving the use of a drone was unsuccessful in producing 

results. The struggles encountered with the drone, including magnetic interference on land and 

the location of whales in the bay, were difficult to foresee prior to the field season. If drones 

are to be used in cetacean research moving forward, a personal or research specific vessel would 

be beneficial in obtaining easier access to whales and limiting distance confines.  

 

The protocol proposed in the methods set by the Icelandic Transport Authority was easy to 

follow and should suffice for general use of drones. However, a proper protocol should be made 

for using drones for research on cetaceans in the wild, both from land and on a vessel at sea. 

Further research using drones in conservation should be considered and are detailed below in 

the recommendations section of this paper.  
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5.6 Study Limitations  

Throughout the course of the study, some limitations were encountered that should be 

discussed. The drone was only available for use for half of the field season, resulting in fewer 

days to collect footage and obtain results for this part of the research. In order to observe the 

whales in the absence of vessels, the drone could only be operated during hours when there 

were no whale watching tours scheduled. During peak season with tours happening frequently 

throughout the day, this left a small timeframe from 06:00-08:30 and after 23:00 for drone 

usage. Unfavourable weather conditions also limited the number of days that the drone could 

be operated. If the wind was too strong in the bay or there was any precipitation or fog the drone 

would risk damage and its ability to properly function would be compromised. 

When the crow’s nest on the whale watching boat was unavailable or full, overcrowding of 

passengers made it difficult at times to record data and maintain a good view of the whale as 

the vessel followed their movements. This could have resulted in error when taking distance 

measurements or angle and heading of the vessel, and observing the behaviour displayed by the 

whale. The weather conditions at sea would change rapidly during a three-hour tour. During 

rough sea conditions it was difficult to maintain balance and use the instruments to take 

measurements at the same time. If the swell was large, whales would easily become hidden in 

the waves, making surface times and dive times a challenge to record. In heavy precipitation or 

wind, recording of data sometimes had to be stopped until the weather improved.  

Whales were located in the bay quite far from Húsavík harbour for the entirety of the field 

season (Figure 17). While the lighthouse on the cliffs overlooking the bay is an optimal location 

on land to make observations and do cetacean surveys, it was not successful for this study as 

the whales were not close enough. The use of a whale watching vessel was therefore imperative 

to conduct research, however this eliminates the possibility of a control to observe behaviour 

in the absence of vessels. The captain of the whale watching vessel may have also changed his 

behaviour if he/she knew that there was a researcher on board, creating indirect bias that is 

difficult to measure.  

This study was short-term and included a small sample size, both which may limit the 

possibility of determining the impact of whale watching on humpback whales’ behaviour. Long 

term studies assessing impacts over time are needed to fully understand the consequences of 

the industry. 
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6 Recommendations 

Using a whale watching vessel as a platform to collect data was beneficial for the purpose of 

the study in determining the impacts of whale watching activities on the behaviour of humpback 

whales in the bay. While it did have its challenges such as overcrowding of tourists while 

collecting measurements, being present on the vessel during an encounter allowed for more 

accurate results. 

Despite the ineffective results of the drone in this study, continued use of drones in cetacean 

surveys is advised. Drones have potential to yield interesting results and can provide different 

perspectives and data than the observer including social behaviour displays, photo identification 

and population estimates. They can also be used in future studies assessing whale watching 

impacts by acting as a control to collect data in the absence of vessels. Recently, drones have 

become a desirable tool in impact studies by collecting blow samples from a whale’s breath to 

measure levels of the stress hormone cortisol in the presence of vessels (Keller and Willke, 

2019). It is recommended that if drones are used from land, there is little to no magnetic 

interference from the launch site, and whales are in close vicinity to land or within the distance 

range capabilities of the drone. Launching a drone from a personal research boat at sea could 

eliminate these problems.  

Photo-identification in Skjálfandi has revealed that many whales are reoccurring in the bay, 

meaning they return to the rich feeding ground every summer. This raises questions on whether 

older whales are becoming accustomed to the presence of whale watching vessels and are not 

disturbed by them. Future studies investigating the cumulative impacts of whale watching and 

responses to repetitive exposure would be a beneficial topic to explore.   

Lastly, studies should continue assessing compliance and implementation of codes of conduct 

and regulations to ensure sustainable whale watching practices in Iceland and around the world. 

This study touched on some of the issues when a code of conduct is merely a suggestion and is 

not enforced in an area with high vessel traffic and abundance of wildlife. Strict regulations for 

captains to follow while operating a tourist vessel around cetaceans and education to passengers 

on the guidelines and proper behaviours will lead to effective management between human 

activity and whales in Skjálfandi Bay. 
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7 Conclusion  

Whale watching is a USD $1 billion dollar industry around the world that provides employment 

and economic benefits to many places. Through educational outreach and conservation 

initiatives, perceptions of whales and their value have shifted as whaling practices and the 

consumption of whale meat have come under a negative light. In Northeast Iceland in Skjálfandi 

Bay, an abundance of cetacean species has given rise to a booming and successful tourism 

industry with numerous established whale-watching operators providing tours. With this 

development and anthropogenic influence comes concern for the well being of whales that 

migrate to the bay for its rich feeding opportunities. A voluntary code of conduct with 

guidelines was put in place to minimize any harmful impacts of whale watching and vessel 

activity.  

This study aimed to determine if whale watching has any behavioural impacts on humpback 

whales in Skjálfandi Bay by collecting data and assessing compliance to guidelines while on 

board a local operator vessel. Results found no significant disturbance or change to the whales 

diving behaviour, although tendencies were found between decreasing dive times in the 

presence of more than one boat and at very close distances of less than 100 metres. Whales 

were found to change the directness of their swimming path the longer a vessel stayed to view 

the animal. Compliance to the code of conduct was upheld for the 50-metre distance limit 

throughout the field season however compliance to the length of encounters and vessel speed 

fluctuated by month. It appears that during periods of few whales, captains feel pressure to 

break the guidelines and stay longer with the animal or increase speed in order to give 

passengers a good experience and keep business in good state.  

It is important for management plans and monitoring of whale watching activities to be 

implemented in Skjálfandi Bay. Education on eco-tourism and the importance of regulation 

compliance will not only enhance the image of businesses leading to a stronger economy but 

will create an understanding and appreciation for the environment and the wildlife in the area. 
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