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Abstract
The harbour seal population in Iceland is currently in decline and many factors could
be contributing to this. Currently there is insufficient evidence to show exactly what is
causing this. In the first part of this project, population count data from around the
Icelandic coastline and more locally from around Vatnsnes and Heggstaðanes peninsulas,
was analysed to look at abundance changes between the years 2008 and 2015. The results
from this project showed that between some areas there has been a decline in the
abundance of seals from 2011 to 2014. Overall the total number of seals has not
significantly changed between years on Vatnsnes and Heggstaðanes but the abundance of
the seals is not uniform around the coastline. Leaving out areas with a very small number
of seals (1-3) would cause significant bias to the results of population counts. Distribution
changes of the seal population at some sites could be related to increasing tourism.
Tourism is fairly new to Iceland and therefore the effect of wildlife watching on the
Icelandic seal population is largely unknown. In the second part of this project the effect of
tourism will be studied; this is focused on harbour seal (Phoca vitulina) behaviour within
Miðfjörður from a seal watching boat that operates from Hvammstangi and this behaviour
data was compared to data collected in 2010 and 2011 from the same boat. The results
from this show that vigilance and flushing of seals increased as the distance to the boat
decreased and the amount of time the boat stopped and the day of the year also had an
effect. The compliance to the voluntary code of conduct was assessed using this data and it
was found on average the boat complied 70% of the time with all guidelines in the code of
conduct. These results will provide a basis on which to compile management and
conservation plans for the seal population locally and nationally. It is important to
investigate both seal abundance and the effect of tourism as they could both have an
impact on each other.
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1 Introduction
Harbour seals (Phoca vitulina) are abundant along the temperate and arctic
coastlines of the Northern Hemisphere and they are one of the two species of seal, along
with grey seals (Halichoerus grypus) that breed in Iceland (Hauksson, 2006). Other
pinniped species occasionally found in Iceland include bearded seals (Erignathus
barbatus), hooded seals (Cystophora cristata), harp seals (Pagophilus groenlandics)
and Atlantic walruses (Odobenus rosmarus). Harbour seals are true seals meaning they
lack external ears and use their hind flippers for swimming, not for walking on land.
They can grow up to 1.9 m long with the male being slightly larger than the female
(Evans and Raga, 2012). Around the Icelandic coast, harbour seals produce one pup a
year in May or June and their mating season commences in August and moulting occurs
shortly after this (Hauksson, 2006; Granquist et al., 2015).
The harbour seal is considered least concern by the IUCN red list (Thompson
and Härkönen, 2008) meaning that it has been evaluated but not qualified for any other
category. They do not qualify as threatened, near threatened or conservation dependent.
Widespread or abundant taxa are usually included in this category (IUCN, 2001). Even
though harbour seals are considered as least concern (LC), the Icelandic harbour seal
population is declining and has been for a few years (Granquist et al., 2011; Granquist
et al., 2015). The least concern category has been assigned because different
populations of the harbour seal vary in their population trends, so some populations are
increasing (including the populations in British Columbia, Washington, Oregon,
California, Kuril Islands and the Eastern USA (Thompson and Härkönen, 2008)). The
harbour seal population in Iceland is fairly small in comparison to other populations and
therefore the population may be vulnerable if it is declining at a considerable rate
(Hauksson, 2006).
In Iceland the size of the harbour seal population has been estimated around the
coastline using aerial surveys since 1980. Until 2014 all of them were conducted from a
small Cessna aeroplane but there was an experiment using a drone to count harbour
seals in a small area in the North-West of Iceland, Vatnsnes peninsula in 2014
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(Granquist et al., 2015). Only a partial population aerial survey was carried out in
Iceland in 2014 and this showed an indication that the seal population had decreased
substantially since 2011. Because of this indication it is important to undertake research
into this population. This decline in the seal population could be due to a number of
reasons, which Hauksson and Einarsson explored in 2010, including hunting and
entanglement in fishing gear. However there can be other reasons for this decline such
as shifts in distribution, prey availability, climate change and tourism.
There are many factors that could potentially affect changes in harbour seal
abundance. Climate change can affect the harbour seal abundance as Arctic sea ice
could be lost, which would potentially increase the sea water level as well as the air and
water temperature. This could cause the potential harbour seal prey species to change
their distribution and also cause the seals to change their distribution to seek out colder
waters (Kovacs and Lydersen, 2008). Prey availability could contribute to the seals
decline as the diet of harbour seals is dominated by pelagic species (Bowen and
Harrison, 1996). Pelagic fish are more vulnerable to a number of factors including
climate change and overfishing, therefore harbour seal populations could be affected
more than other populations, as this is what they generally eat.
As shown by the monk seal, tourism can also significantly contribute to the decline of
the species due to habitat loss and deterioration as well as overfishing in the same areas
(Johnson and Lavigne, 1999). The Caribbean monk seal was formally declared extinct
in 1996 and the Mediterranean monk seal is the most endangered pinniped. The tropical
environmental preferences of these species place them in direct competition with
humans. Tourism can also affect the behaviour of animals, which can change animal
distribution patterns as they move to areas that are not as tourism heavy (Fowler, 1999;
Gales et al., 2003).
Tourism has increased considerably in Iceland over the past decade, by around
150% (Iceland Tourist Board, 2013). In 2014 there were 997,556 tourists visiting
Iceland (Icelandic Tourist Board, 2014). Around 70-80% of tourists who chose Iceland
for their vacation in 2014 did so because of the abundant wildlife in Iceland, especially
in the sea surrounding the country. There are many species of cetaceans and pinnipeds
in the surrounding sea and whale watching has become a big draw for Iceland as a
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tourism destination. During summer 34% of visitors participated in whale watching in
2012, as well as 16.5% of visitors participating in boat trips other than whale watching
(Icelandic Tourist Board, 2013). Hence boat-based wildlife watching is a major tourist
attraction and the effects of it need to be closely monitored. Even locally there has been
an increase in boat watching tourism on the seal watching boat operating from
Hvammstangi. In 2010, 115 trips were taken with 760 passengers, which has increased
to 246 trips with 1,821 passengers in 2015 (E. Daníelsson, personal communication,
February 26, 2016).

1.1 Aim
The first aim of the project is to gain knowledge on the different techniques used
to monitor populations. This will be undertaken in the form of a literature review. This
review will also include the impact of tourism on animals, including behavioural and
physiological aspects. This research will help interpret and explain the results that are
produced from this study.
The second aim of the project is to gain knowledge on the distribution pattern of
harbour seals. Changes in abundance of the harbour seal population along the Icelandic
coast will be investigated. Further the abundance of harbour seals on the Vatnsnes and
Heggstaðanes peninsulas in Northwest Iceland will be investigated in detail. The project
will look at the abundance of harbour seals by using models and abundance changes
will also be investigated. Further, group sizes of seals hauling out along the Vatnsnes
and Heggstaðanes peninsulas will be investigated. The possibility of conducting partial
counting studies will be researched by creating models, one with the original data and
one with the smallest haul outs missed out to assess what the bias of missing out these
smallest haul out groups would be. Such information may be useful when designing
population censuses.
The third aim is to look at the effect of a seal watching boat on seal behaviour at
Heggstaðanes, which will help assess the impact of the seal watching boat. Since boat
based seal watching has increased in the area since its launch in 2010, it is important to
research potential effects on seal behaviour. The project will look at the direct effects of
the tourism to the seal behaviour as well as the change in the seal behaviour between the
years 2010, 2011 and 2015. To assess the management of tourism in Hvammstangi for
3

the seal watching boat, the compliance to a local code of conduct will be tested. The
possible negative effects of wildlife watching boats to the animal being watched have to
be considered when managing the harbour seal population around Iceland.
1.1.1 Research Questions
1. How are population estimates determined? What methods of survey techniques have
been used in the past?
1a. What are the new techniques and how are these performing?
1b. What research has been done in Iceland on using different surveying
techniques?
2. What impact can tourism have on animals?
2a. How does tourism affect marine mammals? How does it affect pinnipeds in
particular?
2b. Has the impact of tourism on animals been investigated in Iceland? Is there
any code of conduct in place for wildlife watching?
3. How has the abundance of harbour seals around Iceland changed over the years?
3a. Regarding the whole coastline in the period 2011-2014?
3b. Regarding Vatnsnes and Heggstaðanes peninsulas in the period 2007-2015?
3c. How do factors, such as weather, tide, day of the year, affect the abundance?
How do these factors affect the abundance of harbour seals around the whole coastline
of Iceland as well as Vatnsnes and Heggstaðanes peninsulas?
4. What parts of the Vatnsnes and Heggstaðanes peninsulas need to be surveyed in order
to maintain up to date data of the seals found in this area?
4a. How great is the percentage missed if very small haul out groups are
skipped?
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4b. What is the bias of leaving out haul outs? Can this bias determine how
effective would partial surveys be in Iceland?
5. Does the operation of the seal watching boat, which departs from Hvammstangi,
Northwest Iceland affect the behaviour of harbour seals?
5a. What variables affect the proportion of seals appearing vigilant?
5b. What variables affect the proportion of seals flushing into the sea?
5c. How has the flushing rate changed between the years 2010 and 2015?
5d. How well has the seal watching boat complied with the local code of
conduct for seal watching boats and has the compliance changed over the years?

1.1.2 Value
The literature study will investigate the different survey techniques that are used
for population estimate counts and the effect tourism wildlife watching can have on the
animals. The value of investigating different survey techniques is great as different
survey techniques have different benefits and drawbacks. This is a valuable part of the
project as the results that are produced from this project can then be compared to these
studies to assess if the seal watching boat affects the seals.
The results from this thesis will highlight the abundance of seals around the
Icelandic coastline and locally around the Vatnsnes and Heggstaðanes peninsulas. The
Icelandic harbour seal population is declining, and in this study recent patterns of
decline will be investigated. Since this has already been conducted for the surveys up
until 2006 this study will focus on the 2011 and 2014 survey data. This study will
update the previous study by Hauksson in 2010 since the population is in a decrease at
the moment. This study will also look at abundance changes within the Vatnsnes and
Heggstaðanes peninsulas for the years from 2007 to 2015. This will give an indication
of the abundance changes over the past few years and it will also indicate whether the
whole coastline needs to be surveyed because it will look at what proportion of seals
would be missed if part of the coastline were skipped. This would be in the form of
looking at what bias occurs when the smallest haul outs are skipped. The information of
5

this trend can help formulate management plans for the seals, because if the seal
population is in decline or if its abundance is changing, plans need to be made for better
conservation of the seals at the areas where their abundance has changed. Research into
if their abundance is changing also needs to be undertaken so these reasons can be
mitigated. At the moment no current conservation plans are in effect for harbour seals in
Iceland. A reason for the abundance change may be due to anthropogenic disturbance.
This can force seals to move and one example of anthropogenic disturbance is tourism.
In this project, the effect a seal watching boat is having on harbour seal behaviour
will also be investigated. The code of conduct will be studied and see if it is being
followed and discuss how not complying with the code could affect the seals. This is
useful not only for this area but these findings can also be applied to other areas that
conduct seal watching. If the behaviour of the seals changes then it could indicate the
boat might be having a negative effect on the seals, but other factors could also be
affecting their behaviour. Mitigation measures would then need to be put in place. This
will help towards improving the code of conduct the boat follows and maybe increase
the awareness that other measures may need to be implemented in Iceland as wildlife
watching tourism increases.
Both counting the seals and observing their behaviour are of importance to
monitor the population and assess the effects that tourism and disturbance is having on
the seals. This will ultimately help with the management of seals. The abundance data
of the seal population will help assess where they are most likely to be and this can in
turn help tourism management plans. When planning partial counts the bias needs to be
taken into consideration especially when the population is going to be estimated from
these counts. The results from this project can be applied when managing harbour seals,
for example to assess surveying techniques and perhaps help to make them more
efficient. The results will also help indicate if tourism could become a problem for
harbour seals in the future. To formulate a management plan for the harbour seal
population in Iceland, population data and the effect tourism disturbance has on the
population is needed.
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2 Literature review
The literature review in this study will look into different survey methods and
their benefits and drawbacks. This is important to this study because new methods of
surveying the harbour seals in Iceland are being developed. The literature will look at
land-based counts, as that is the method used to count seals around the Vatnsnes and
Heggstaðanes peninsulas, which is conducted annually. Disturbance of animals can
have an effect on the abundance of animals. Therefore this literature study will also look
at tourism and the effect it can have on different animals, marine mammals and
ultimately pinnipeds. This is important to understand as this study is investigating
whether seal behaviour has changed over the years in response to a seal watching boat.

2.1 Methods for surveying seal populations
It can be hard to estimate the population size of seals because they can be hard to
detect from land and even from aerial photographs. Further, only proportions of the
population are hauled out and can be seen above the water surface. The number of seals
counted then has to be put into a model to get an estimation of the whole population
(Thompson et al., 1989). However surveys have been conducted on seals and in Iceland
aerial surveys of the whole coastline have been conducted twelve times since 1980
(Hauksson, 2010).
Thompson et al. (1997) conducted regular low tide counts of harbour seals to
determine the best time for an annual count. The researchers conducting the study
recommend to conduct 2 annual counts at two different points in the annual cycle as
numbers vary. They came to the conclusion that conducting surveys during the pupping
season and during the moult season would provide the best estimates of abundance in
this habitat.
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2.1.1 Aerial harbour seal surveys
Aerial surveys have been conducted on many species over the years and have
been used for marine mammals in many studies including whales (George et al., 2004;
Andriolo et al., 2006), walruses (Barber et al., 1991; Burn et al., 2006), manatees
(Miller et al., 1998; Craig and Reynolds, 2004) and seals (Øritsland and Øien, 1995;
Bowen et al., 2003; Cronin et al., 2004; Hauksson, 2010).
The aerial surveys conducted by Øritsland and Øien (1995) on harp and hooded
seal pups have shown that image analysis could be used to obtain the spatial distribution
of the seals and the number of seal pups present in the pack-ice breeding patches. An
analysis of the aerial survey in Iceland of seals by Hauksson (2010) has shown that
aerial surveys can provide data on the distribution changes over the years and can give
an indication of the status of the population.
However there can be visibility bias from aerial surveys and this can result in up
to 30-50% of animals being missed and this bias is heightened by factors such as dense
vegetation, bad weather and observer fatigue. The type of camera, for surveys that use
cameras instead of real time counting, and height at which the vehicle is flown also
affects the bias of aerial surveys (Pollock and Kendall, 1987).
The main drawbacks to manned aerial surveys include: decreased detection
compared to land counts, the high cost (especially if only small areas need to be
surveyed), the logistics of obtaining a licence to conduct the survey and the danger
posed to researchers. From 1937 to 2000, 60 biologists from the US alone perished from
aircraft accidents (Sasse, 2003).
Aerial surveys are, however, cost effective as they cover large areas in a short
amount of time, they cause minimum disturbance to the animals and they provide an
overhead view that generally allows clear identification (Mejias et al., 2013).
Population estimates and abundance surveys of harbour seals are traditionally
conducted using aerial surveys (Hauksson, 2010; Stringell et al., 2014), which have
been relatively effective. Measuring the population using aeroplanes or helicopters
gives a fairly accurate count of the seals hauled out at that time (Stringell et al., 2014).
However other safer and cheaper techniques are being researched including drones.
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2.1.1.1 Aerial surveys using drones
The use of drones has been explored for many disciplines including journalism,
wildlife research, agriculture, disaster relief and traffic monitoring. In wildlife research
the use of them is expanding. There have been studies using drones to help reduce
poaching in national parks (Lunstrum, 2014; Mulero-Pázmány et al., 2014) and
measuring biodiversity and land use change (Koh and Wich, 2012).
Legislation on the use of drones can make it difficult for their use in certain areas.
Over Iceland manned aeroplanes are not allowed to fly lower than 150 meters above
ground level (AGL) (Flugmálastjórn Íslands, 2014). To reduce the risk of collisions
drones should not be flown higher than 150 meters AGL. Furthermore, in Iceland
drones cannot be flown within 1.5km of an airport unless they have special permission.
New regulations are in the process of being written and these will stipulate that the
drones must also keep a distance of at least 150m from the presidential residence, police
stations and prisons. Special permission is also required to fly over densely populated
areas (RÚV, 2015). Special licences may need to be obtained for certain types of drones
so this has to also be taken into consideration when deciding which type of drone to use
in Iceland (RÚV, 2015).
In wildlife research, drones have been used to measure elephant density by
Vermeulen et al. (2013) who also found that the photographs were of such a high
quality they could even be used to determine age. Elephant density measurements were
previously calculated from photographs taken from aeroplanes (Trimble et al., 2011).
This example shows that the use of drones will open up more possibilities into studying
lots of different aspects of the species not just counts of animals in the area.
More recently the use of drones has been investigated for the use of population
censuses of animals (Marburg et al., 2009; Mulero-Pázmány et al., 2014; Nilssen et al.,
2014). Drones have been used for different species of pinnipeds (NOAA, 2009; Nilssen
et al., 2014) and have been tested on harbour seals in Iceland (Granquist et al., 2015).
NOAA (2009) tested drones on Alaskan ice seals and found they were able to
take high-resolution photographs and concluded the method could be used for other
pinnipeds. In the study in Iceland on harbour seals in 2014 the method of using a drone
was compared with the previously used method of counting from a Cessna aeroplane
(Granquist et al., 2015). The data from this study show that the seals can be counted
from the drone photos equally well as from photos taken from the Cessna aeroplane
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survey. It also showed the drone would not disturb the seals. The purpose of Granquist
et al. (2015) was also to compare the cost and effectiveness of the two methods. The
drone would ultimately cost more if surveying the whole coastline, as it has a smaller
range and has to be in line of sight, but on a local level it may be more cost effective. If
the drone was being used at smaller more defined locations it could be complementary
to aircraft.
Drones can be effective at investigating how many individuals are grouped
together (Jones et al., 2006; Watts et al., 2010) but due to either habitat features or large
groups of animals, digital photos from drones may not be the best way to identify
specific individuals. However high quality digital cameras are effective at identifying
the number of seals from drones.
2.1.2 Land Based Surveys
Land counts have been conducted in many studies before air travel became
cheaper and other technology was developed to take aerial photos (Thompson et al.,
1997; Oliver et al., 2012). Land counts can be used to identify changes in seal
abundance as land counts can be conducted frequently because of their low costs and
can be used alongside aerial survey counts.
Oliver et al. in 2012 used land counts to assess the disturbance of a structure
removal project that was located near harbour seal haul outs. Land counts have the
advantage of being relatively low cost. They are also real time counts so no long review
process is needed. They can be performed frequently because of the low cost (Daniels,
2006) and they do not require a licence like some aerial surveys. However land counts
have drawbacks; they are more time consuming, the presence of surveyors may disturb
the seals, landscape features may cause miscounts or obscure the view and they can not
be done in less accessible areas (Thompson and Harwood, 1990).

2.2 Surveying the harbour seal population in Iceland
2.2.1 Aerial Surveys in Iceland
In Iceland the size of the harbour seal population has been monitored
periodically around the coastline using aerial surveys (Granquist et al., 2011; Granquist
et al., 2015; Hauksson, 2010; Hauksson & Einarsson, 2010). When there are large haul
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outs, photos instead of real time counts are taken because there are too many seals to
count in real time (Hauksson, 2010).
In 2014 an experiment using a drone to count harbour seals was tested in a
defined area of the coastline (Granquist et al., 2015). It is important to try and conduct
surveys as often as possible because there is an indication that the population size has
been decreasing over the past few decades. Since aerial surveying is expensive, new
methods such as drones and partial counts are being trialled. This is especially
important for the seal population in Iceland as it seems the national population could be
below the number the authority recommends which is 12,000 harbour seals (Granquist
et al., 2015) and 4,000 grey seals (Marine Research Institute, 2014).
2.2.2 Land Based Surveys in Iceland
Land-based surveys of seals in Iceland have been conducted in the area around
Vatnsnes and Heggastaðanes peninsulas. For example, the Great Seal Count has been
conducted annually since 2007 and is conducted by locals and volunteers who count
seals from land. 100 km of coastline is counted which is split into 27 areas of varying
lengths of 2 - 7 km. The counts are carried out on one day in either July or August
during the 2 hours before and 2 hours after low tide (See appendix A.1). This data has
been used to create reports based on the seals in this area and to further understand their
abundance and decline over the years (Granquist and Hauksson, 2013).

2.3 Tourism
Tourism is a rapidly growing industry and contributed nearly 3% of the whole
economy GDP in 2014. International tourist arrivals reached 1138 million in 2014,
which was a 4.7 % increase from 2013 (World Tourism Organization, 2015). There are
economic, social and ecological effects of tourism and the ecological effects are often
overlooked. These include the damage caused to flora, the impact of increased boat
traffic on marine species and the disturbance to birds with increased footfall to their
nesting sites (International Ecotourism Society, 2011).
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2.3.1 Effect of tourism on wild animals
Tourism can affect wildlife in many different ways, all of which are not yet
understood. Wildlife tourism can impact wildlife and the effects depend on the scale of
tourist development, the nature of any resulting behaviour, the behaviour and resilience
of wildlife to the presence of humans and the subsequent habituation of species to
visitors (Mathieson and Wall, 1982). Tourist presence can cause physical disturbance of
the animals (Yalden, 1992; Henry and Hammill, 2001; Lusseau 2003; Treves and
Brandon, 2005) or cause physiological changes (Fowler, 1999; Orams, 2004; Maréchal
et al., 2011).
2.3.1.1 Physiological effects on wildlife
A study by Fowler (1999) showed that even just the presence of tourists at
Magellanic penguin (Spheniscus magellanicus) nest sites proves to be physiologically
stressful. Another study concerning birds in 2003 suggested that juvenile hoatzins
(Opisthocomus hoazin) were susceptible to tourist-induced stress, which could lead to
lower survival of these juveniles to adulthood (Müllner et al.). These studies showed
that birds can be stressed by human presence and therefore management techniques
need to be implemented for nature based tourism.
Hormonal changes can also occur in the presence of people. Since tourists
generally are in large groups, these large numbers of people can alter the hormones of
animals in the area. Maréchal et al. (2011) found that the presence of groups of tourists
elevated Barbary macaques’ (Macaca sylvanus) anxiety level, which was shown by an
increase in their stress hormone levels. Primates that have an increased stress hormone
level can become aggressive which will not be beneficial to either the tourist or the
macaque.
2.3.1.2 Behavioural effects on wildlife
Disturbance due to tourism may also affect the natural behaviour of wildlife. For
example, sea bird nest sites have been greatly disrupted by tourists in Patagonia through
destruction of nests or their contents and desertion of offspring and this has led to the
need to find a management plan that balances tourism with conservation (Yorio et al.,
2001). Recreational tourism activities, such as fishing, skiing, river rafting and hiking,
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can also lead to the disturbance of birds. A study on common sandpipers (Actitis
hypoleucos) showed they took flight 29% more often when disturbed by anglers in a
National Park (Yalden, 1992). Another study regarding birds (Thiel et al., 2007) showed
capercaillie, forest grouse (Tetrao urogallus), use additional energy and their fitness
costs are altered during the winter because of outdoor recreation activities such as
skiing.
Studies on primates have also shown behavioural changes in relation to tourism.
De la Torre et al. (2000) found pygmy marmosets (Callithrix pygmaea) were less likely
to use the lower stratum of the forest and social play was decreased with increasing
tourism pressure. This is a clear behavioural change and it could have longer reaching
consequences such as reduced fitness costs or increased energy expenditure. Treves and
Brandon (2005) found that black howling monkeys’ (Alouatta caraya) behaviour was
changed in the presence of tourists shown by the monkeys climbing to higher branches.
Their behaviour also changed with the number of tourists and the duration of the
interaction as well as the behaviour of tourists.
Other mammals are also affected by tourism including large mammals such as
rhinos. Lott and McCoy (1994) found that Asian rhinos (Rhonoceros unicornis) spent
more time alert and less time feeding during elephant riding tourist visits. If the rhinos
spend more time alert and less time feeding this reduces their fitness cost and as the
rhinos are already endangered this disturbance could potentially contribute to their
extinction.
2.3.1.3 Managing the effects of tourism on wildlife
Studies on various wildlife species suggest many different techniques to manage
the effect of tourism on the wildlife species being watched. For bird populations,
recommendations have included limited the zones to where tourists are allowed and
implementing area specific guidelines (Fowler, 1999; Müllner et al., 2004). Other
measures that are suggested include sanctuaries and limitations on visitor numbers
(Yorio et al., 2001).
For other disturbances such as outdoor activities, studies recommend restricting
the time and area in which these occur to help mitigate the effect they have on the

13

wildlife in that area (Yalden, 1992; Thiel et al., 2007). Most studies recommend
controlling the human activities better to reduce the behavioural response seen from
wildlife that include limiting the number of tourists visiting and increasing the distance
between tourists and wildlife (De La Torre, 2000; Treves and Brandon, 2005). Using
these methods it may be possible to reduce the effect of tourism on wildlife that is being
watched.
2.3.2 Effect of tourism on marine mammals
Since tourism can affect marine mammals in many ways it is essential monitor
the effects (Constantine et al., 2001; Christiansen et al., 2010). Studies on dolphins
(Lusseau, 2003; Constantine et al., 2004; Christiansen et al., 2010), whales (Williams et
al., 2002; Erbe, 2002; Richter et al., 2003; Richter et al., 2006) and seals (Henry and
Hammill, 2001; Cassini et al., 2004; Boren et al., 2008; Curtin et al., 2009) have shown
that tourism can affect marine mammals in physiological and behavioural ways.
2.3.2.1 Physiological and behavioural effects on wildlife
Dolphins in New Zealand have been greatly monitored, as the increase in dolphin
watching has been significant. There has also been a significant increase in the number
of ‘swimming with dolphins’ programs (Constantine et al., 2001). A study by Orams in
2004 showed that dolphins might be getting ulcers from the stress that is caused by
tourism boats. Dolphins have been shown to change their behaviour and respond the
same way to the boats as they do to a predator, which initiates the stress response. This
could have long-term effects for the dolphins including health problems such as ulcers.
Another study looking at the effects of whale watching found that whale watching
boats were a chronic intermittent stressor to cetaceans, which had short-term effects on
the lives of cetaceans. This could lead to long-term consequences for the viability and
fitness of individuals and their populations (Lusseau and Bejder, 2007). There are few
studies assessing the physiological effects of tourism on cetaceans mainly because
physiological effects are harder to measure on marine based species, as they are harder
to obtain samples from. Physiological effects for cetaceans are generally stress
responses to tourism and these can have long-term effects on the fitness of the
populations. If the fitness of the population is reduced this can impact the state of the
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population and the potential future of it. This is why it is important that further research
is conducted regarding these.
A study in 2003 by Lusseau showed that socialising and resting behaviours of
bottlenose dolphins were disrupted by interactions with boats to a significant level of
concern. Dolphins were more likely to be travelling after the interaction, however
because there is a low intensity of boats in the study area the dolphins behavioural
budget was not affected. Lusseau and Higham (2004) also found that bottlenose
dolphins (Tursiops spp.) were more sensitive to interactions with boats when resting and
less sensitive when they are socialising.
Christiansen et al. (2010) looked at the short-term effects on indo-pacific
bottlenose dolphins (Tursiops aduncus) and constructed behavioural budgets. These
showed travelling increased in the presence of tourism boats whereas foraging, resting
and socialising decreased in the presence of tourism boats. This behaviour change has
energetic implications as it increased their physical demand.
Whales have also been shown to change their behaviour in the presence of
tourist boats. Williams et al. (2002) found that in the presence of a whale watching boat,
female killer whales (Orcinus orca) swam faster and increased their angle between
successive dives whereas males maintained their speed and chose less direct paths. The
results also showed that weakening whale watching guidelines in the area or not
enforcing them would result in higher disturbance. The study found that there is high
variability in their behaviour depending on the individual that could indicate that some
have become habituated to the boats. Another study on killer whales by Erbe (2002)
established the level of noise that affected the killer whales. Their results can be used to
develop regulations for killer whale watching in the area as well as other areas that
killer whales populate.
Studies on sperm whales (Physeter macrocephalus) showed that resident sperm
whales in the area changed direction more in the presence of whale watching boats than
research vessels. The studies showed that the blow interval of the whales decreased in
the presence of any boat. Behaviour varied between individuals, some were more
tolerant but the behaviour also varied with season. Resident sperm whales responded
less to the boats than transient sperm whales, which possibly indicates habituation and
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there is a need to monitor the behaviour changes closely (Richter et al., 2003; Richter et
al., 2006).
2.3.2.2 Managing the effects of tourism on marine mammal
Studies researching the effects of tourism on dolphins are plentiful and suggest
many different techniques for mitigating the effects. They suggest making marine
sanctuaries, implementing codes of conduct, implementing regulations or enforcing
existing regulations and consistent monitoring of the effects (Lusseau and Higham,
2003; Christiansen et al., 2010). Other measures which have proven successful in the
past have also been suggested in these studies such as limiting the number of boats
present around one or a group of marine mammals, limiting the time spent with one
group of animals and limiting the season when the boats are allowed to operate
(Constantine, 1999).
With these measures tourism could co-exist with marine mammal watching with
minimal effect on the animal. However because some individuals respond differently
and lots of factors affect the animal’s stress response and energy expenditure, constant
monitoring needs to be carried out to ensure tourism is not effecting the marine
mammals to a large extent (Smith et al., 2008).
2.3.3 Effect of tourism on pinnipeds
Most of the current research on tourist disturbance on marine mammals is
focused on the impact of tourists on cetaceans. The cetacean viewing industry is more
advanced in protection as well as being seen as more valuable (Gales et al., 2003).
Although there are not as many studies on pinnipeds (Kovacs and Innes, 1990; Johnson
and Lavigne, 1999; Cassini, 2001; Henry and Hammill, 2001; Cassini et al., 2004;
Orsini, 2004; Orsini and Newsome, 2005; Boren et al., 2008; Curtin et al., 2009) they
still show that the presence of tourists can change seal behaviour and affect the seals’
fitness and energy expenditure. The behaviour of marine mammals in the presence of
tourists can change and this is a current research area that is expanding globally in
relation to tourism.
In the presence of tourists, seals are generally more vigilant from both land and
sea (Kovacs and Innes, 1990) and they are also more likely to flush into the water if the
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risk seems great. For instance if the tourists approach the seals they may become
aggressive or flush (Cassini, 2001).
A study on harp seals (Kovacs and Innes, 1990) showed that in the presence of
tourists, female harp seal attendance was significantly reduced; meaning female seals
were less likely to be present alongside their pups when tourists were. The ones who
stayed with their pups spent more time alert and less time nursing their pup. Pups were
more active when tourists were present and changed location more frequently.
Therefore adults were more vigilant and pups increased their energy expenditure when
tourists were present. The adults spent significantly more time alert when tourists
approached within 3 m or touched pups. Young seals exhibited the freeze response
when touched. The factors that affected this were pup age and tourist behaviour. The
study showed that the harp seals resumed normal behaviour within one hour of the
interaction, however during the interaction seal pups were fed less and they used more
energy, as they were more active in the presence of tourists.
Reviews of different studies on monk seals (Neomonachus schauinslandi)
(Johnson and Lavigne, 1999;Karamanlidis et al., 2015) have shown that mass tourism
played a major role in the decline of the species in several countries. Tourism is still
continuing to act as a significant force of extinction in the last Mediterranean
strongholds of monk seal populations as overfishing and habitat loss and degradation is
still continuing (Karamanlidis et al., 2015). Unless the tourist industry can be persuaded
to work with the conservation aspect the consequence could be the extinction of the
remaining monk seal population (Johnson and Lavigne, 1999).
Studies on South American fur seals (Arctocephalus australis) have shown that
they elicited a strong response when tourists came closer than 10 m on foot (Cassini,
2011; Cassini et al., 2004). They found that the attitude of the tourists was important,
calm tourists were able to approach with almost no disturbance. They found a presence
of a fence could reduce overall fur seal response to tourists by 60%. Fences could be a
simple and affordable measure for minimising human disturbance effects.
Studies on Australian sea lions (Neophoca cinerea) have shown that they are
more vigilant and also display a different type of vigilance in the presence of tourists
(Orsini and Newsome, 2005). The sea lions are more likely to retreat or leave the beach
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or display aggressive behaviour when tourists are present (Orsini, 2004). The study also
showed that tourists did not believe their presence was disturbing the sea lions but 78%
of the tourists said they had seen sea lions being disturbed by human presence (Orsini
and Newsome, 2005).
In New Zealand a study has found that fur seals are more likely to avoid
individual swimmers than commercial seal swim groups. There was also 15% less
response to guided walks than independent walks. They found seals responded
significantly more to groups of 7 to 9 tourists than to smaller groups. The information
this study shed light on will be useful for establishing guidelines in the area for both
land and sea based tourism (Boren et al., 2008). It shows that seals may have become
habituated to commercial sea swims and guided walks as they showed less of a response
to these than independent walks and seal swims.
Henry and Hamill (2001) found that harbour seals were most vigilant towards
kayaks and canoes (33.3%), motorboats (27.8%) and sailboats (18%). The seals had a
flushing response of 86% with the approach of kayaks and canoes. Further, there was an
increase in the alert behaviour of seals during all of these types of disturbance. This
study shows that kayaks and canoes are most disruptive to seals and this has to be taken
into consideration. This is especially important in Iceland as kayaking and canoeing are
popular sports among tourists as it allows them to get closer to nature. Around 18% of
the North American and 23% of the European tourists who visited Iceland in 2010
participated in soft adventure activities, which included canoeing and kayaking (The
Boston Consulting Group, 2013).
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2.3.3.1 Pinniped tourism in Iceland
Tourism in Iceland has been increasing in the past few years and as previously
mentioned in 2014 there were 997,556 tourists visiting Iceland (Icelandic Tourist Board,
2014). This has increased considerably over the past decade by around 150 % (Iceland
Tourist Board, 2013).

Figure 1: International tourists visiting Iceland from 2000-2014 (numbers in
thousands) (Source: Icelandic Tourist Board, 2014)
Stakeholders in eco-tourism fear that uncontrolled encounters between tourists
and harbour seals may negatively affect the seals, which is a consideration as ecotourism increases more and more in Iceland. As previously mentioned around 70-80 %
of tourists visiting Iceland are visiting because of the nature in Iceland therefore it
important to consider the effects of these increased numbers (Granquist and Nilsson,
2011).

Figure 2: Results from a survey asking participants which of the following factors had a
major impact on their decision to visit Iceland in 2014 for both summer and winter
(Source: Icelandic Tourist Board, 2014)
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2.3.3.2 The effect of seal watching on harbour seals in Iceland
Land-based seal watching is popular near Hvammstangi as there are several big
harbour seal haul-out sites around the Vatnsnes peninsula. Granquist and Sigurjónsdóttir
(2014) found that land-based tourists could affect seal behaviour. However during the
study the seals never all flushed into the sea when the tourists approached, which would
indicate the disturbance was excessive. This could suggest habituation of the seals to
seal watchers. But the seals were more likely to be vigilant when tourists were in the
area. The study also found that the behaviour of tourists mattered since tourists walking
fast/running, speaking loudly and with big hand movements had a larger effect on seal
vigilance. The study also found that seals hauled out further away from land as the
number of tourists in the area increased. This indicates that the land-based tourists did
have an effect on seal behaviour.
A seal watching boat that visits the harbour seal colonies on the western shores of
Miðfjörður has been running from Hvammstangi since 2010. It currently operates
around 3 tours a day depending on the demand of tourists. In 2010, 115 trips were taken
with 760 passengers and in 2011 74 trips were taken 480 passengers. By 2015 this has
increased to 246 tours with 1,821 passengers (E. Daníelsson, personal communication,
February 26, 2016). However no boat based disturbance studies have been conducted
here.
2.3.4 Managing marine mammal tourism
Ecotourism has become an increasing business over the past few decades and 20
- 40 % of all international tourists from around the world have an interest in some form
of wildlife watching (International Ecotourism Society, 2011). Because of this there is a
need to monitor the effects of wildlife watching.
There is a need to manage wildlife watching in general so it has the least impact
on the species that is being watched. There are a few different techniques to manage
wildlife watching including limiting the number of tourists (Treves and Brandon, 2005),
implementing a code of conduct (Williams et al., 2002), having off limit zones or
sanctuaries (Lusseau and Higham, 2004; Müllner et al., 2003), limiting the intensity of
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trips taken by boats (Lusseau, 2003; Christiansen et al., 2010), creating a public
education and awareness program and setting up a sanctuary zone (Orsini, 2004).
Codes of conduct can be effective management strategies for wildlife watching.
A code of conduct is a set of guidelines, which outlines the proper practices towards
certain species of animals. They are very common in tourism rich countries however
they are sometimes not enforced or only voluntary which can lead to problems between
tourists and wildlife.
Studies have shown code of conducts can be effective at lowering the impact of
tourism towards marine mammals (Williams et al., 2002). However sometimes they
have not reduced the impact as they may not be properly enforced or may be only
voluntary (Constantine et al., 2004). It is also difficult to get wildlife watching
companies to sign up for codes of conduct in some places because they usually specify a
distance to stay from the animal and this is generally further than they would like to be
to gain good views for their customers. However this is not the case for every country as
some tourists who are seen as more educated choose companies who are signed up to
code of conducts for the welfare of the animals.
In Scotland a survey found 86% of tour operators referred to a code of conduct.
Out of these only 27% of them were aware that the government also had a code of
conduct, as the tour operators used either the tour operators association or other
environmental NGO’s code of conduct (Parsons and Wood-Ballard, 2003). This shows
that lack of awareness of the codes of conduct could be a problem with implementing
them and perhaps informing tour operators of the range of codes of conduct may
increase the use of them generally and the use of the governmental one specifically.
2.3.4.1 Iceland
There is currently no management plan for harbour seal watching in Iceland;
however there is a voluntary code of conduct that wildlife watching boats can agree to.
The Wild North code of conduct is followed for wildlife watching in certain areas of
Iceland. The Wild North is a non-profit organisation dedicated to the development and
success of the wildlife and nature tourism industry. The Wild North code of conduct has
guidelines for whales, seals, birds, foxes as well as general wildlife watching guidelines.
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The seal guidelines have been split into two, approaching by land and approaching by
sea (The Wild North, 2011).
The guidelines for approaching by sea include but are not limited to: remaining a
minimum distance of 50 m from hauled out seals, minimising the time at the haul out
site with a maximum limit of 15 minutes and moving way from the site if the seals show
any signs of disturbance such as visual signs (vigilance, shuffling or flushing) or vocal
signs (barking, grunting or growling) (The Wild North, 2011). The guidelines are
voluntary and companies can sign up to follow the Wild North code of conduct. The
Hvammstangi seal watching company has agreed to follow these guidelines.
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3 Methods
3.1 Abundance of Harbour seals in Iceland
3.1.1 Study Area
The data used in this analysis was collected in 2011 (Granquist et al., 2011) and
2014 (Granquist et al., 2015) by aerial survey of the coastline of Iceland. In Iceland it
appears the national population was below the number the authority recommends in past
surveys; in 2011 there was an estimated average of 11,000 harbour seals and 4,200 grey
seals in 2012 (Marine Research Institute, 2014). The authority recommends the
population should be at least 12,000 harbour seals (Granquist et al. 2015) and 4,000
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grey seals (Marine Research Institute, 2006).
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Figure 3: Map of Iceland. The red square highlights the local study area, which are the
Vatnsnes and Heggastaðanes peninsulas in the Northwest of Iceland (Source:
Granquist, 2013)

The local study areas are the Vatnsnes and Heggastaðanes peninsulas as shown by
the red square in figure 3 and the more detailed figure 4. A large proportion of the
Icelandic seal population are hauled out in these areas. The seal count in the area has
decreased from 727 seals in 2007 to 446 seals in 2015. These numbers indicate there
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has been an overall decrease in the number of seals counted over the 8 years, which is
reflected at both Vatnsnes and Heggstaðanes peninsulas (Granquist et al., 2015).

Figure 4: Map of the local study area (Vatnsnes and Heggastaðanes peninsulas) with
the four tourism harbour seal (Phoca vitulina) watching sites marked around Vatnsnes
(Source: Google Maps, 2015)

This local study area is separated into 27 areas for the Great Seal count as shown
by figure 5. The Great Seal Count has been conducted annually since 2007 to monitor
the number and location of hauled out seals around Vatnsnes and Heggastaðanes. The
Great Seal Count is based on volunteers counting seals from land and allows the public
to participate in the research that is undertaken in this area. The entire coastline of the
Vatnsnes and Heggastaðanes peninsulas are counted (Figure 4 and 5) which involves
100 km of coastline. The counts were always carried out on one day during July or
August 2 hours before and after low tide (during the spring tide in Iceland) and usually
the whole 100 km was surveyed except 2007, 2008 and 2014 (See appendix A.1). The
number of seals was recorded at each area and the weather.
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Figure 5: Map of the breakdown of the 27 areas for Great Seal Count, which is
conducted annually and has been since 2007. This comprises of Vatnsnes and
Heggastaðanes peninsulas in the Northwest of Iceland. See appendix A.2 for break
down of area names (Source: Google Maps, 2015)

3.1.2 Temporal and spatial abundance changes in harbour seals for
the Icelandic coastline
The seal population on the Icelandic coastline is periodically aerial surveyed and
has been since 1980. Hauksson (2010) analysed data from 1980-2006 and calculated the
abundance changes between the years for the various haul-out sites along the coastline.
There have been two more surveys, one in 2011 (Granquist et al., 2011) and a
partial survey in 2014 (Granquist et al., 2015) since Hauksson’s review was written.
The data from these will be used in this study to investigate abundance changes further
between the years.
3.1.3 Temporal and spatial abundance changes in harbour seals
around the Vatnsnes and Heggastaðanes peninsula
The Great Seal Count provides annual seal counts since 2007 that can be used to
identify changes in abundance and indicates that there has been a decline in population
number over the years (Granquist and Hauksson, 2013). Therefore, this data was used in
the present project to understand what factors affect the haul-out patterns of harbour
seals around the Vatnsnes and Heggastaðanes peninsulas. The Great Seal Count data
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was also used to investigate the possibility of conducting partial counting surveys
instead of counting the whole coastline. This was investigated by looking at if harbour
seal abundance changes over the years and seeing how much of a bias would occur if
the smallest haul out sites would be skipped.
The Great Seal Count data for years 2011 to 2015 was also broken down into
seal group size within the 27 areas. The hauled out group size within areas before 2011
was not recorded fully and therefore could not be used. This was partly due to
Heggastaðanes not being included before 2011 and partly because there is no record of
some of the hauled out group sizes before 2011 for within the area. The data from 2007
to 2015 was also split into numbers for each area rather than haul out group size. This
was undertaken to assess if it would be possible to leave out areas whilst surveying the
population without significant bias. This principle could indicate that partial surveys
could be conducted for the entire coastline if no significant bias is found.
3.1.4 Statistical analysis
For investigating the changes in abundance for the whole coastline and the local
coastline general linear models (GLMs) were used. These allow different variables to be
included and show which are significantly affecting the number of hauling out seals.
The model investigating what affected the number of hauled out seals along the
whole coastline included the variables: Year and Area.
The initial model investigating what affected the number of hauled out seals on
Vatnsnes and Heggstaðanes included: rain (0 for no rain, 1 for rain), wind (0-4 m/s for
low wind, 5 - 12 m/s for high wind) (Source: www.wunderground.com), area, year and
DOY (day of the year, in which January 1st is Day 1). A Pearson correlation coefficient
was run on these factors first to investigate potential correlations between variables. If a
pair of variables were highly correlated the analysis would be false (Table 1).
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Table 1: Pearson Correlation Coefficient between covariates of year, day of year, rain
and wind against harbour seal (Phoca vitulina) count of the data from the annual Great
Seal Count from 2007 to 2015 around the peninsulas of Vatnsnes and Heggastaðanes
(n=217)
Year

Day of year

Rain

Wind

Year

1

Ns

ns

ns

Day of Year

-0.555

1

ns

ns

Rain

0.547

-0.228

1

ns

Wind

0.273

-0.221

0.5

1

The results from the Pearson correlation coefficient show that the variables did
not correlate with each other and therefore they could all be included in the original
GLM. Backwards selection was used to investigate the importance of the different
variables in the model by individually deleting one variable at the time and examining
variation in the models. Only factors significantly (p<0.05) affecting the number of
hauled out seals were kept in the final model. Models were compared with anova (chi
squared) to assess which was the better model.
A negative binomial GLM was used. The fit of the final models were
investigated with Akaike Information Criteria (AIC) and the 2x log-likelihood. The
dispersion parameter theta () and the standard error of the parameters were also
estimated by the GLM.
For assessing the difference in occurrence of small and larger haul out sites
groups of seals were categorised as follows. The haul-out groups were classed: 1-3 seals
(very small haul-out sites), 4-10 seals (small haul-out sites), 11-30 seals (medium haulout sites) and more than 30 seals (large haul-out sites). First the percentage of each
group type within the counting area (1-27) was calculated and then the percentage of
each group type for the whole study area was calculated. To assess if partial counts
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would be feasible, GLM models were compared, one of the original model and one with
the very small haul outs missed. The data was significantly tested using the same glm as
the local coastline data. The model used for the local coastline data was run and another
model for the same data without the very small haul-outs included was run. These
models were then compared using an anova to distinguish if the bias of skipping the
very small haul outs would be significant.

3.2 Boat Observations
3.2.1 Study Area
Brimill ehf operate boat tours from Hvammstangi 3 times a day when there is a
demand for them, at 10 am, 1 pm and 4 pm. They commenced in 2010, July through to
August and have since extended their period of tours from May to October every year.
For this study boat observations were made throughout July and August in 2015. The
boat visited 4 haul out sites at the beginning of summer. The female adult seals move
further out of the bay in late summer after the pupping period therefore locations further
out in the bay are added to these original haul out sites. The study area is within
Miðfjörður and contains 6 sites, as shown by Figure 5.

Figure 5: A map of locations the seal watching boat, which departs from Hvammstangi,
has stopped at to view harbour seals (Phoca vitulina) during the years 2010, 2011 and
2015 on the western coast of Miðfjörður (Source: Google Maps, 2015)

28

The boat visited different sites for 2010, 2011 and 2015 and this is reflected in
Table 2. These sites are defined as A to G and consisted of different landscape features.
Table 2: A table of locations the seal watching boat, which departs from Hvammstangi,
has stopped at to view harbour seals (Phoca vitulina) during the years 2010, 2011 and
2015 on the western coast of Miðfjörður
Sites used

Year

A

2010, 2015

B

2010, 2011

C

2010, 2011 and 2015

D

2010, 2011

E

2010, 2011 and 2015

F

2015

G

2010, 2011 and 2015

3.2.2 Data collection
Data was collected from June to August 2015 on 27 individual boat trips. For
comparative purposes, data collected in 2010 and 2011 was also used. This was
collected from June to August 2010 and 2011 and was collected on 20 individual boat
trips during 2010 and 29 during 2011. For both sets of data a table was filled out on
every boat tour with information including: the state of the tide, the wind, the rain and
the temperature.
Once the seal colony was spotted, observations of seal behaviour were initiated.
During every observation, the number of seals on land and in the water as well as their
behaviour and the distance between the seal colony and the boat was recorded. A table
was filled out for the seal’s behaviour (see appendix A.3). An ethogram was established
where definitions of recorded behaviour was described (Table 3). The behaviours
recorded were vigilance and flushing of the seals. The distance to the seals from the
boat was measured using a distance binocular as soon as a new colony of seals was
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spotted. A new observation was then made every 3 minutes while the boat was
approaching or stopped near the colony until the boat set off to another haul out site.
Other behaviours such as sound production, aggressive behaviour and moving from
resting position are hard to observe from a distance therefore they were not recorded.
Table 3: An ethogram of harbour seal (Phoca vitulina) behaviour that was used when
recording seal behaviour data in 2010, 2011 and 2015 from the seal watching boat,
which departs from Hvammstangi and visits the western coast of Miðfjörður
Behaviour

Description

Flushing

Moving into the water

Vigilant

Looking in the direction of the
boat from land

3.2.3 Boat compliance and the assessment of the code of conduct
The distance from the boat to the seals was measured every 3 minutes when a new
observation was made. The time the boat was stopped was recorded from the start of the
interaction until the boat left the colony. This gave an indication of whether the code of
conduct was being followed.
To assess the compliance of the current code of conduct used by the seal watching
boat, the mean distance and time stopped was calculated for each location for all three
years as well as the minimum distance from the seal and maximum time stopped at the
colony. The proportion of boat trips that the boat went closer than 50 m was calculated
for all three years and the proportion of time stopped over 15 minutes was also
calculated.
3.2.4 Statistical Analysis
The relationship between the proportion of seals being vigilant or flushing and
different predictor variables was analysed using a logistic regression, in the form of a
General Linear Model (GLM) with the family=binomial for each behaviour variable.
The initial model included all the following predictor variables to see if they affected
the behaviour in question: rain (0 for no rain, 1 for rain), wind (0 m/s for no wind, 1 - 4
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m/s for low wind, 5 - 8 m/s for mid wind, 9 - 12 m/s for strong wind) (Source:
www.wunderground.com), tide (low (within 2 hours each side of low tide), mid (2 - 4
hours from low tide), high (4 - 6 hours from low tide)) (Source:
http://www.ukho.gov.uk/), number of tourists, temperature, cloud cover (%), distance
from boat to seal, amount of time stopped, year (either 2010, 2011 or 2015), location (A
to G, see Table 2) and DOY (day of the year, in which January 1st is Day 1).
Backwards selection was used to investigate the importance of different factors
by individually deleting one variable at the time and examining variation in the models.
Only factors significantly affecting (p < 0.05) the vigilance or flushing proportion of the
seals were included.
A binomial abundance was used for both models because they were proportions.
An anova was used to compare models after the drop one function was used for a
variable. The better of the two models was then used to compare to the new model after
the drop one function had been applied as explained before. The fit of the final models
were investigated with Akaike Information Criteria (AIC).
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4 Results
4.1 Abundance changes
4.1.1 Temporal and spatial abundance changes in harbour seals
around the Icelandic coastline
The final GLM model for abundance for the whole coastline showed some areas
were significantly different from Area 1 (Akraós) but also significant between years
(See appendix B.1 for R scripts used). As shown by table 4 Year had a significant
effect on the seal count.
Table 4: Results from GLM to show that the year has a significant effect on harbour
seal (Phoca vitulina) counts around the Icelandic coastline using the variable Year and
using aerial survey data
Significant codes: p<0 ‘***’, p<0.001 ‘**’, p<0.01 ‘*’
Effect

Coefficient

SE

z-value

p-value

Area

111.77

19.45

5.746

P<0.0001***

Year

-65.88

27.51

-2.395

0.0204*

There is a clear decrease in the number of seals at most areas between 2011 and
2014, which can be seen in figure 6.
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Figure 6: Graph of the number of harbour seals (Phoca vitulina) found at specific
areas around the Icelandic coastline during the aerial surveys undertaken in 2011
and 2014

Some areas were significantly different between 2011 and 2014 and these are
shown in table 5. For all areas except Heggstadanes, Munadarnessker and Trekyllisvik
the count of seals was greater in 2011 than in 2014. This shows that there has been a
decrease at all the other sites from 2011 to 2014. There has been a great decrease at
Longufjorur and Reykjanes.
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Table 5: Results from GLM to show which areas around the Icelandic coastline had
significantly different harbour seal (Phoca vitulina) counts between the years using the
variable Year and using aerial survey data
Significant codes: p<0 ‘***’, p<0.001 ‘**’, p<0.01 ‘*’
Coefficient

SE

z-value

p-value

Akraos

-0.58

0.21

-2.76

0.006**

Heggstadanes

0.91

0.29

3.15

0.001**

Hvammsfjardarbotn

-0.58

0.26

-2.25

0.025*

Kollafjordur

-2.70

0.75

-3.60

p<0.001***

Longufjorur

-1.85

0.29

-6.55

p<0.001***

Munadarnessker

1.75

0.61

2.88

0.004**

-1.25

0.39

-3.13

0.002**

Reykjanes

-1.98

0.33

-5.95

p<0.001***

Trekyllisvik

0.95

0.34

2.82

0.005**

Vatnsfjordur

-0.75

0.27

-2.83

0.005**

Vogasker

-0.83

0.31

-2.64

0.008**

Area

Þjorsa

4.1.2 Temporal and spatial abundance changes in harbour seals
around the Vatnsnes and Heggastaðanes peninsulas
The only variable that was found to affect the number of hauling out seals was the
Area (Table 6). The year, day of the year, rain and wind did not have significant effect
on the seal count for this data. This means that the weather did not effect the count and
the year also did not affect the count even though the counts for the years overall were
different.
The final GLM model contained only area as a variable and it was the model
that had the lowest AIC value. Results of the negative binomial GLM: AIC = 1489.1
and 2 x log-likelihood = -1483. Dispersion parameter for the negative binomial
abundance (�) was 0.1714 (SE=0.018).
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Table 6: Results from the GLM analyses of area on loge(count) of harbour seals (Phoca
vitulina) seen on the Great Seal Count from 2007 to 2015, which is conducted annually
around the Vatnsnes and Heggastaðanes peninsulas
Effect

Coefficient

SE

z-value

p- value

Area

0.057

0.0202

2.81

0.005

The year did not have a significant effect on the seal count, therefore only the
differences of abundance between the areas were investigated. The final GLM model
for abundance contained area 3, area 4, area 8, area 9, area 12, area 14, area 15, area 16,
area 18, area 22, area 23 and area 25 as these were the only areas that are significantly
different from area 1 (Table 7). Results of the negative binomial GLM: AIC = 1368.4
and 2 x log likelihood = -1308. Dispersion parameter for the negative binomial
abundance (�) was 0.5150 (SE=0.0679).
These results show that these areas varied significantly in the harbour seal count
from area 1, all other areas were similar to Area 1 (Miðfjarðarós to Norðurgarður
Hvammst.). Area 1 has a low seal count, on average 2 seals have been counted every
year therefore all other areas that were not significant also have a low average seal
count. These areas are all significantly different to area 1, with area 8, area 9, area 12,
area 14, area 15 and area 18 being most significantly different.
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Table 7: Results from the GLM analyses of area on loge(count) of harbour seals (Phoca
vitulina) seen on the Great Seal Count from 2007 to 2015, which is conducted annually
around the Vatnsnes and Heggastaðanes peninsulas
Significant codes: p<0 ‘***’, p<0.001 ‘**’, p<0.01 ‘*’
Effect

Name

Coefficient SE

z-value

p- value

Area 3

Gravarvik

-3.39

1.27

-2.66

0.008 **

Area 4

Grimsá

-2.40

0.96

-2.51

0.012*

Area 8

Svalbarð

2.68

0.69

3.87

p<0.001***

Area 9

Stapar

3.71

0.69

5.39

p<0.001***

Area 12

Tjarnará

2.8

0.69

4.05

p<0.001***

Area 14

Hindisvíkvestur

4.07

0.69

5.90

p<0.001***

Area 15

Krossanesvík

3.32

0.69

4.81

p<0.001***

Area 16

Þórsá

1.45

0.7

2.09

0.037*

Area 18

Hvítserkur

4.41

0.7

6.39

p<0.001***

Area 22

Útblikstaðir

1.86

0.7

2.68

0.007**

Area 23

Heggstaðir

1.47

0.96

2.11

0.035*

Area 25

Bálkastaðir

-2.1

0.9

-2.33

0.02*

4.1.3 Large Vs. Small Groups
The seals that were hauled out along the Vatnsnes and Heggastaðanes whole coast
were split into group size for the years 2011 to 2015, as the data was incomplete for
earlier years. On average, 24 % of the seals on Vatnsnes and Heggstaðanes were hauling
out in groups larger than 11 seals (medium and large haul-out sites in total) within areas
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as shown by table 8. If only groups that are classed as medium seal haul outs (11 - 30)
and large seal haul outs (> 30) are surveyed this would miss out a large percentage of
seals within the areas.
There are different percentages each year within each area. However for all the
years seals were hauling out in very small or small haul outs within the areas on an
average of 37% and 39% respectively. This means that these group sizes of seals cannot
both be skipped, as it would mean 76 % of the population would be missed. This is still
a fairly large number of seals that would be missed out.
Table 8: The number of groups for each year and the corresponding percentage of each
group type within the area for the Great Seal Count data from 2011 to 2015, which is
conducted annually around the Vatnsnes and Heggastaðanes peninsulas
Year

1-3 seals

4-10 seals

11-30 seals

No. of
groups

2011

8

21
%

18

47% 8

21%

4

11%

38

2012

18

37
%

18

37% 9

18%

4

8%

49

2013

10

26
%

18

46% 7

18%

4

10%

39

2014

26

48
%

19

35% 6

11%

3

6%

54

2015

12

57
%

5

24% 3

14%

1

5%

21

37%

No.
of
grou
ps

39%

%

16%

38

No. of
groups

Total

No. of %
groups

Mean

%

>30 seals

8%

%

201

If the Great seal count areas that have had only very small haul out size (1-3
seals) on average over the nine years, were excluded from the count, 14% of the total
number of seals would be left out on average as shown by table 9. If areas that have 410 seals were also excluded this would miss out 39% of the seals on average (Table 9).
This result showed that missing the areas that are classed as very small haul outs
in the population counts would cause significant bias. The model with the complete set
of data was the better model as it had a lower 2 x log likelihood = -871.6, Chi-Squared
= 436.8083, df=108 and p<0.001. Compared to the model with the very small haul outs
removed, 2 x log likelihood = -1308.
Table 9: Percentage of each group type of the whole study area, which is the Vatnsnes
and Heggastaðanes peninsulas. The percentage is the number of seals that would be
missed if these areas were to be missed out. This data is from the Great Seal Count,
which has been conducted annually from 2007 to 2015
Year

1-3 seals

4-10 seals

11-30 seals

>30 seals

Number
of Areas

% of
seals
missed

Number
of Areas

% of
seals
missed

Number
of Areas

% of
seals
missed

Number
of Areas

% of
seals
missed

2007

3

18%

3

18%

4

24%

7

41%

2008

1

7%

5

33%

3

20%

6

40%

2009

4

22%

3

17%

4

22%

7

39%

2010

0

0%

2

20%

4

40%

4

40%

2011

0

0%

6

43%

2

14%

6

43%

2012

3

23%

3

46%

2

15%

5

38%

2013

3

25%

0

0%

3

25%

6

50%

2014

2

13%

5

31%

3

19%

6

38%

2015

2

13%

5

36%

4

29%

3

21%

Mean

14%

25%

22%

39

39%

4.2 Boat Observations
4.2.1 Behaviour effects
4.2.1.1 Flushing
The final logistic regression model investigating predicted variables for flushing
proportion of hauled out seals contained the following variables: distance from the boat,
wind and the day of the year (Table 10). The model contained these variables as wind
was significantly affecting the seal count and the day of year and distance from the boat
were included because they produced the lowest AIC of the models that were tested and
compared.
Results of the logistic regression (binomial GLM) on the proportion flushing
with day of year (DOY), wind and Distance as factors: AIC = 612.4

Table 10: Results from the GLM analyses to show the factors that significantly affected
the proportion of harbour seals (Phoca vitulina) flushing during the seal behaviour
observations in 2010, 2011 and 2015. All data was collected on board the seal watching
boat that operates out of Hvammstangi and stops on the western coast of Miðfjörður
Significant codes: p < 0.001 ‘***’,p < 0.01 ‘**’ p<0.1’*’

Effect

Coefficient

SE

z-value

p- value

DOY

-0.002

0.007

-2.73

0.78

Distance

-0.003

0.002

-1.6

0.11

Wind

-0.003

0.004

-2.43

p<0.001**

The model shows that the day of year variable increases the proportion of seals
flushing increases. This means the seals were more likely to flush later in the summer
than earlier on in the summer (Figure 6).
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Figure 6: Day of year against proportion flushed during harbour seal (Phoca vitulina)
behaviour observations in 2010, 2011 and 2015. The line in the data is a line of best fit.
All data was collected on board the seal watching boat that operates out of
Hvammstangi and stops on the western coast of Miðfjörður
The model also showed that a larger proportion of seals flushed when the boat
was nearer to the seals (Figure 7, Table 10).

Figure 7: Distance from boat against proportion flushed during harbour seal (Phoca
vitulina) behaviour observations in 2010, 2011 and 2015. The line in the data is a line
of best fit. All data was collected on board the seal watching boat that operates out of
Hvammstangi and stops on the western coast of Miðfjörður
The average flushing percentage of seals was calculated for each location
according to the year. This shows that some locations such as A and B have quite a high
percentage of flushing compared to other areas such as C and F.
Flushing was affected by the wind significantly as shown by figure 8. As shown
from this figure the flushing of seals was higher when the wind was stronger.
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Figure 8: Flushing proportion of harbour seals (Phoca vitulina) in relation to wind.
Harbour seal (Phoca vitulina) behaviour observations were collected in 2010, 2011 and
2015. All data was collected on board the seal watching boat that operates out of
Hvammstangi and stops on the western coast of Miðfjörður. Wind category 0 is 0 m/s, 1
- 4 m/s is category 1, 5 - 8 m/s is category 2, 9 - 12 m/s is for category 3.

The flushing percentage of the harbour seals was calculated to see if the seals
changed their behaviour over the years. However from table 11 you can see that
depending on the location the flushing percentage varied much.
For example at location A the percentage was 1.5% in 2010 which then increased
to 2.7% in 2011 and then dropped back down to 1.5% in 2015.
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Table 11: Average flushing percentage of harbour seals (Phoca vitulina) in reference to
location (see figure 6 for location details) and years 2010, 2011 and 2015. All data was
collected on board the seal watching boat that operates out of Hvammstangi and stops
on the western coast of Miðfjörður. Sample size (n)=5642.
Location

Year

Average % of seals flushing

A

2010

1.5

2011

2.7

2015

1.5

2010

4.5

2011

3.2

2015

5.7

2010

0.5

2011

0.0

2010

4.2

2011

6.8

2015

0.0

E

2011

5.9

F

2010

0.5

2011

0

2015

5.9

B

C

D

4.2.1.2 Vigilance
The final GLM model for vigilance proportion contained cloud cover, distance
from the boat and how long the boat stopped at the sites as these were all significantly
affecting the proportion of vigilant seals (Table 12). These variables were chosen as
they were all significantly affecting the vigilance proportion and they gave the lowest
AIC value when compared with other models. Results of the logistic regression on
Proportion vigilant with Cloud cover, Distance and Time stopped: AIC = 1617
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Table 12: Results from the GLM analyses to show the factors that significantly affected
the proportion of harbour seals (Phoca vitulina) vigilant during the seal behaviour
observations in 2010, 2011 and 2015. All data was collected on board the seal watching
boat that operates out of Hvammstangi and stops on the western coast of Miðfjörður
Significant codes: p<0 ‘***’, p<0.001 ‘**’
Effect

Coefficient

SE

z-value

p- value

Cloud

0.004

0.001

2.74

0.006**

Distance

-0.003

0.001

-3.76

0.0002***

Stopped

-0.056

0.011

-4.95

p<0.001***

As the cloud cover increased, the proportion of seals vigilant increased (Figure 9,
Table 10).

Figure 9: Cloud cover against proportion vigilant during harbour seal (Phoca vitulina)
behaviour observations in 2010, 2011 and 2015. The line in the data is a line of best fit.
All data was collected on board the seal watching boat that operates out of
Hvammstangi and stops on the western coast of Miðfjörður
The model showed that as the distance between the boat and the seals increased
the proportion of vigilant seals decreased (Table 12, Figure 10).
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Figure 10: Distance from seal against proportion vigilant during harbour seal (Phoca
vitulina) behaviour observations in 2010, 2011 and 2015. The line in the data is a line
of best fit. All data was collected on board the seal watching boat that operates out of
Hvammstangi and stops on the western coast of Miðfjörður
A significant negative correlation was found between the time the boat stopped
and the proportion of seals vigilant. This means that the seals became less vigilant if the
boat was stopped for longer (Figure 11).

Figure 11: Time stopped against proportion vigilant during harbour seal (Phoca
vitulina) behaviour observations in 2010, 2011 and 2015. All data was collected on
board the seal watching boat that operates out of Hvammstangi and stops on the
western coast of Miðfjörður
As shown by figures 7 and 10 there is a clear correlation that the vigilance and
flushing proportion increases as the distance decreases to less than 50 m.
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4.2.2 Assessing the code of conduct
As table 13 shows for 2010 the nearest distance was 38 m, at the site B. This is
less than the code of conduct limit of 50m, and location D is also under at 40m.
Location A is at the limit of 50m.
The longest time the boat stopped was 22 minutes and the code of conduct limit
is 15 minutes, so this was 7 minutes over the limit. The mean times spent were lower at
all the sites than 15 minutes except site C.
Table 13: Mean distance and time, nearest distance and longest stopping time of the
seal watching boat according to location for 2010 (see figure 6 for locations). All data
was collected on board the seal watching boat that operates out of Hvammstangi and
stops on the western coast of Miðfjörður. Sample size (n)=61.
Location

Mean
distance
(metres)

Mean Time
(minutes)

Nearest
Distance
(metres)

Longest Time
(minutes)

A

132

12

50

20

B

119

12

38

22

C

78

16

40

19

D

98

3

86

3

F

116

5

78

8

As table 14 shows for 2011 the nearest distance was 50 m, at the C site. This is
the code of conduct limit, and A and B are both 52 m.
The longest time the boat was stopped was 24 minutes and the code of conduct
limit is 15 minutes, so this was 9 minutes over the limit. The mean times spent were
lower at the sites than 15 minutes, however the highest mean time was at site A.
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Table 14: Mean distance and time, nearest distance and longest stopping time of the
seal watching boat according to location for 2011 (see figure 6 for locations). All data
was collected on board the seal watching boat that operates out of Hvammstangi and
stops on the western coast of Miðfjörður. Sample size (n)=82
Location

Mean distance
(metres)

Mean Time
(minutes)

Nearest
Distance
(metres)

Longest Time
(Minutes)

A

129

12.7

52

24

B

134

8.76

52

14

C

160

4.13

50

6

D

168

4.43

91

7

E

156

6.71

64

11

F

125

5.4

71

6

As table 15 shows for 2015 the nearest distance was lower than 50m, for two of
the locations, which is the code of conduct limit. The A and the F locations have nearer
distances than the B area.
The longest times are over 15 minutes, which is the code of conduct limit,
however, they are only over by 5-7 minutes and the mean time spent at the sites was
lower than 15 minutes.
Table 15: Mean distance and time, nearest distance and longest stopping time of the
seal watching boat according to location for 2015 (see figure 6 for locations). All data
was collected on board the seal watching boat that operates out of Hvammstangi and
stops on the western coast of Miðfjörður. Sample size (n)=54
Location

Mean
distance
(metres)

Mean Time
(minutes)

Nearest
Distance
(metres)

Longest Time
(minutes)

A

100

11

31

21

B

115

10

66

20

D

200

3

200

3

F

87

12

34

22
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These results show that on average the 2015 sites had lower nearest distance
figures (The boat did not stop at D site in 2015 it stayed at a great distance whilst
travelling to the next site). The longest time for all years is generally over the limit for
the code of conduct of 15 minutes. The mean distance was always over 50 m for all
years. The nearest distances for 2010 and 2015 were under the code of conduct limit for
A and B and C and F sites.
In 2011, none of the boat tours went closer than 50 m however in 2010 15.2% of
the boat tours went closer than 50m and in 2015 29.6 % of the boat tours went closer
than 50 m. In 2010 the two locations this occurred at were B and C and in 2015 the two
locations this occurred was the A and F locations.
In 2010, 14.7% of boat tours stopped longer than 15 mins at the sites. In 2011,
17.2 % of boat tours stopped longer than 15 mins at the site. In 2015 22.2 % of boat
trips stopped longer than 15 minutes at least one of the sites during the trip. During
2010 the boat stayed for longer than 15 minutes on average at location C. During 2011
the only location where the boat stayed longer than 15 minutes was A. During 2015 A,
B and the F locations were all stopped at least once for longer than 15 minutes.
Flushing proportion for each year was calculated during all the boat tours at all
locations (Table 16).
Table 16: Proportion of harbour seals (Phoca vitulina) flushing by year during seal
behaviour observations taken on board the seal watching boat. All data was collected
on board the seal watching boat that operates out of Hvammstangi and stops on the
western coast of Miðfjörður. Sample size (n)=5642
Year

Average % of
seals that flushed

2010

2.15

2011

2.65

2015

3.28
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5 Discussion
Many reasons have been suggested for changes in abundance and decline of the
harbour seal in Iceland including hunting (Hauksson and Einarsson, 2010), fishing
related deaths (Hauksson, 2010) and perhaps even tourism (Granquist and
Sigurjonsdottir, 2014). These reasons have to be considered in future studies to
understand why the population may change. Tourism is increasing rapidly in Iceland
and this is putting pressure on the wildlife as nature and wildlife is a major draw for
tourists visiting Iceland. The effects of this increasing tourism need to be assessed and
managed.

5.1 Abundance changes
5.1.1 Temporal and spatial abundance changes in harbour seals
around the Icelandic coastline
It is indicated from the data collected in 2011 and in 2014 that there has been a
decline in the number of seals at most of the areas. In some areas this decline is larger
than others. The changes in the abundance of seals were investigated in previous studies
(Hauksson, 2010) and some areas do vary more in their abundance than others. These
changes in the abundance can be due to many factors as discussed in the introduction of
this study.
The causes for these changes of abundance are hard to measure and it could be a
combination of them, which could cause shifts in the seal abundance. Prey availability
is a common variable for shifts in abundance. If there are not enough of their preferred
prey species they may have a declined population size (Tollit et al., 1997). However
climate change could also alter their abundance. This is particularly important in Iceland
as it is very close to the Arctic circle and will feel the impact of arctic sea ice loss more
dramatically than countries further south (Katz, 2013). This can also affect their prey
distribution. There is also data lacking over the current shooting numbers as salmon
angling associations hire someone to ‘guard’ the rivers and this harvesting is not always
reported.
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As tourism is relatively new and is mainly focused on cetaceans in north Iceland
it has not been attributed to the decline or change in distribution of seals in Iceland.
However elsewhere tourism has shown to contribute to the decline of a species (Monk
seal) (Johnson and Lavigne, 1999). As shown by this study tourism can change the
behaviour of the wildlife, which can have far reaching implications.
These changes in distribution need to be analysed periodically to ensure the
population stays above the recommended numbers. This is why there is a need for less
expensive survey techniques. Currently there are companies within Iceland who are
developing drones and these have already been tested on seals in Iceland (Granquist et
al., 2015). In the future these drones could be to survey small local areas and then the
distance of the aerial survey, with the Cessna aeroplane, could be reduced.
5.1.2 Temporal and spatial abundance changes in harbour seals
around the Vatnsnes and Heggastaðanes peninsula
The first GLM model of the local data showed only area had a significant effect
on the seal count. This is expected, as the areas are very different to each other.
However none of the other variables had significant effects on the number of seals. It
was unexpected that the year did not have a significant effect on the count even though
the population has decreased over the years. The local population has declined over the
eight years since the Great Seal Count was started. The seal counts in this area have
decreased from to 727 seals in 2007 (Granquist and Hauksson, 2013) to 446 seals in
2015.
This decrease indicates that the population of seals between years has not
significantly differed but each area has different seal numbers. Different areas have
different landscape features and different disturbances (including farms and tourists) so
different numbers hauled out at different sites is expected.
These results also suggest that the presence of rain and wind does not significantly
alter the seal counts. Weather does not significantly affect the seal counts and this is
unexpected because a study found that there was a weak relationship between
precipitation and haul out numbers. However this was not the main factor that affected
the haul out numbers and there was no evidence of the effect of wind on haul out
numbers (Grellier et al., 1996). However another study found that precipitation and

wind could affect seal haul out counts during the moulting and pupping seasons
(Jemison et al., 2006). Therefore the effect of weather needs further consideration
during analysis of this data. It may not have a significant effect for the Great Seal Count
but it is worth recording for future seal counts. Because the Great Seal Count takes
place in between the pupping and moulting season this could explain why the
precipitation and wind does not have a significant effect on the harbour seal haul out
count.
Investigating which areas of the local peninsulas had on average the most seals
hauling out provided interesting data. Certain areas can now be pinpointed for
conservation and monitored to see if the seals change their distribution or decline at
these areas as land-based tourism is more prevalent at some sites or other disturbances
could be affecting them.
Area 8 covers Svalbarð (for locations see figure 5), which is one of the major seal
haul out points that tourists can visit on foot during the summer. Area 9 covers
Illugastaðir, which is another haul out spot tourists can visit during the summer. Area 12
is around a side of a cliff and therefore the seals are very undisturbed. This could be
why there are a large number of seals hauled out here. Area 14 covers Hindisvik, which
is a research site for the Icelandic seal centre, as it used to be open for tourists but is
now closed to tourists. Area 15 is on a cliff edge on the side of the Vatnsnes peninsula
therefore it is undisturbed so large numbers of seals may congregate here. Area 18
covers Ósar, which is the third tourist spot for watching seals. The results show that
these areas all have large numbers of seals, some are listed as seal watching spots for
tourists whereas others are difficult to access (area 12 and 15). Land based seal
watching could have an effect of the seal abundance in these areas. Land based
watching has increased around these local areas in the past few years and this
anthropogenic disturbance could cause the seals to shift their distribution to less tourist
heavy areas.
Area 2 and area 22 are less significantly different from area 1. Area 22 covers part
of Heggstaðanes where the seal watching boat stops at. This means there are generally
seals in this area. Area 2 is just down the coast from the town, however the road is set
back from the coastline so this could be why there are seals hauled out here.
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Area 4, area 16, area 23 and area 25 are all the least significantly different from
area 1. Area 4 is nearer the road and there is a tourist spot to spot birds however there
are still seals hauled out here because it is a big drop down to the sand from the road so
they would be undisturbed. Area 16 is a cliff area and therefore the seals would be
undisturbed but they conditions may not be suitable therefore there are less seals here.
Area 23 is on a marked footpath for tourists to walk round so this is why there are less
seals here and it is on the edge of peninsula so there may be no shelter from the wind.
However it is very isolated on the edge of a small peninsula so they would not be
disturbed very often. Area 25 is the edge of the small peninsula nearest the main road so
this could explain why there are a few seals but not a large haul out.
5.1.3 Large Vs. Small Groups
It would not feasible to miss out sections of coastline within the designated areas,
as the seals tend to haul out either very small or small haul out groups. These had the
largest percentages of 37% and 39% so if these were missed it would miss out most of
the seal population around the Vatnsnes and Heggstaðanes peninsulas.
If some of the defined areas of the Vatnsnes and Heggstaðanes coastline were
missed it would have a small effect but if all areas with very small haul outs (1-3 seals)
were missed it would only miss 14% of the seals, which would be a significant bias in
the data. In the future if areas that have in the past only had 1-3 seals hauled out, were
missed this could save time as well as decrease the amount of manpower needed to
conduct the Great Seal Count. However this would not be recommended, as it is best to
survey the whole of the peninsula if there are enough volunteers.
The anova comparison of the two models showed that it would be significant bias
to skip the very small haul out sites. If these very small haul out sites were missed this
could cause problems in the future. The seals could change their distribution and move
into these areas.

5.2 Boat Observations
Seal reactions to disturbance can vary and generally depend on the frequency,
magnitude and proximity of the disturbance (Suryan and Harvey, 1999). Seals can react

to disturbance by increasing their level of vigilance, moving closer to the water in
preparation for escape, and ultimately flushing into the water to escape (Fox, 2008).
Harbour seals routinely exhibit vigilance behavior and this behaviour functions to
detect potential predators. Vigilance levels could potentially increase in response to
increased disturbance levels (Fox, 2008). Long-term consequences of disturbance can
be reduced fitness and decreased health. As shown by studies on dolphins, long term the
stress of these interactions can cause ulcers (Orsini et al., 2004) as well as reduce their
fitness, which can be detrimental to the population especially if it not very large to
begin with, like the Icelandic harbour seal population.
5.2.1 Flushing behaviour
The flushing model showed that a larger proportion of seals flushed when the boat
was nearer the seals. This result is backed up by many studies that show that boat
tourism can lead to increased flushing. Henry and Hammill found that the proportion of
seals that entered the water increased when boats were at distances of less than 100m
(2001). A study showed that seals were tolerant of the brief presence of vehicles as
close as 39m (Johnson and Acevedo-Gutlérrez, 2007) and that harbour seal disturbance
is mainly caused by vessels that slowly moved or stopped near the haul out sites (Henry
and Hammill, 2001; Johnson and Acevedo-Gutlérrez, 2007).
The data showed the seals were less likely to flush if there were a larger number
of seals on land. This could be the ‘many eyes’ effect. As there are many seals on land
there is less of a risk posed to each individual seal therefore the seal is less likely to
flush in presence of a perceived threat (Krause and Ruxton, 2002).
This could be due to an artefact in the data as more seals flush this increases the
number of seals in the sea. This was not controlled for and due to methodological
reasons this could not be investigated in this study. However this could also be a
significant effect even if it was controlled for as group animals such as seals often show
synchronised responses. This means if one individual goes into the water then it is likely
other seals would follow. Their synchronisation is shown in breeding and pupping
seasons where females benefit from group breeding as it increases the survival of their
pups (Campagna et al., 1991).
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The seals were more likely to flush earlier in the summer than later on in the
summer. This could be due to the seals having pups in the early summer which they do
not want to leave and later in the summer that have left their pups and are now in their
breeding season. They are more likely to enter the water, as they do not have their pup
to protect (Stein, 1989). Females with pups may be more sensitive to disturbance,
however Suryan and Harvey (1999) reported no difference in recovery after disturbance
between pups, sub adults and adults.
5.2.2 Vigilant behaviour
The data showed that if there were more seals on land, the proportion of seals
vigilant was lower. This could also be due to the many eyes affect (Krause and Ruxton,
2002; Granquist and Sigurjonsdottir, 2014). If more seals are in the sea then the seals do
not need to be as vigilant as the seals in the sea will react to any disturbance first as they
will be nearer to the perceived risk. This was also the case for the number of seals in the
sea. Studies have shown that a higher numbers of seals at a haul-out site increases the
ability for the group to detect disturbance while allowing for decreased scanning activity
by individual animals (Fox, 2008).
The proportion of vigilant individuals decreased when the boat stopped for longer,
suggesting that the seals became accustomed to the boat if it stopped for a longer period
of time. This could suggest the seals have become habituated and are used to the boat
stopping at the sites for a period of time. They may become comfortable around the boat
once it has been present for a certain amount of minutes and this time could be
identified to help adjust the current code of conduct surrounding this. Seals have been
known to habituate in the presence of tour boats but they will remain vigilant in other
areas (Constantine, 1999). It has been suggested that habituation is related to breeding
stage or age and experience of the animals (Richardson et al., 1995).
The proportion of seals vigilant increased as the boat came closer to the seals.
This was expected as the same result occurred with flushing. This is why set codes of
conduct have been implemented as vigilant and flushing behaviour can affect the fitness
costs of the seals and their energy expenditure (Kovacs and Innes, 1990; Henry and
Hamill, 2011; Lusseau and Higham, 2004)

The data also showed that a larger proportion of seals are vigilant when there is
more cloud cover. Other studies have found that more seals haul out in cloudy weather
(Henry and Hammill, 2001), however they thought this could be due to a reduction in
the number of disturbances on cloudy days. Sundberg and Soderman (2001) also found
that cloud cover affected the number of hauled out seals but did not offer an explanation
of why this could be. Other weather such as rain and wind have been shown to have an
effect on disturbance of seals from tourism so cloud cover could also contribute. Due to
the many different variables of weather, such as rain, cloud, temperature, wind,
precipitation, it is not prone to strict experimental design. Therefore correlations
between hauled out seals and the weather are difficult to detect.
There are many zeros in the data, which could have an impact on the significance
of variables. However since this data was collected, it could not be ignored as the zeros
show that the seals did not react so the data is very important.
5.2.3 Assessment of the code of conduct
The Wild North code of conduct is the main management technique in Iceland for
seal watching boats. However this is only voluntary so the data collected in this study
allowed the assessment of how effective the code was for the seal watching boat in
Hvammstangi.
The distance was measured between the boat and the seal colony for every boat
trip that behaviour data was collected on and the mean for each area was calculated. The
boat went nearer than 50 m for some of the trips in 2010 and 2015 but not in 2011. In
2011 the boat went 50m but no nearer. This could be because the boat had just started
running and they were more aware of the code of conduct and therefore followed it
more closely.
In 2011 the boat went closest to the C location and then A and then the B location.
The boat did not approach the other locations (D and E and F) as closely which could be
because the boat did not stop for as long in these locations. Especially the D and E
locations as they generally had a lower number of seals hauled out at. In 2015 the A and
the F locations have nearer distances than the B location which could be due to the
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landscape as it is harder to get near that area because of shallower water and more
rocks.
The amount of time the boat stopped at each location was also measured and the
mean for each location was calculated. The boat in general stopped for longer in 2015
than in 2011 apart from the A location in 2011. This could be because they were more
cautious of the code of conduct in 2011 and only stopped for long periods of time at the
A location as lots of seals were present at this location. They stopped for longer in 2015,
which could mean they are becoming lenient with following the code of conduct.

5.3 Management
The management of harbour seals in Iceland is limited. In 2010 a plan was drafted
and the decision was made to keep the population at or above the size it was in 2006 of
12,000 seals. The management plan states that if the population drops below this level
then measures would be taken to reverse the decline. It also states that the population
must be monitored every 2 - 3 years but this is not always possible due to funding issues
(Hafro, 2015).
Due to this lack of funding the population has only been surveyed twice since
2006, in 2011 and only partially in 2014. In 2011 it showed the population to be around
11,000-12,000 but in 2014 the partial survey of the whole coastline indicated there was
an annual decrease of 30% since 2011 (Granquist et al., 2014). This indication shows a
need to increase the surveys so they are performed more frequently as the current
population is shown to be declining. The use of drones could help with this surveying as
they can reduce the cost of surveying and provide more data to help decide whether the
management plan needs to be implemented. The abundance comparison carried out in
this thesis shows that the seal abundance has decreased considerably since 2014. This
information can be used to indicate there is a need to increase the number of surveys
and also look at new techniques of how to survey the coastline.
Except for the voluntary code of conduct, there is currently no management plans
for wildlife watching tourism in Iceland, (The Wild North, 2011). This could become an
issue as tourism is increasing rapidly in Iceland. Nature is one of the main draws of
Iceland as a holiday destination and the Icelandic Tourist Board have established a

tourist site protection fund to help maintain, develop and protect tourist attractions
(Icelandic Tourist Board, n.d.). Since this study has shown that tourism boats can cause
behavioural changes to the seals, the amount of tourism needs to be monitored and
wildlife changes also need to be monitored. Behavioural changes need to be considered
and this should be investigated further as the research from this study have indicated
behaviour does change in the presence of boats.
The number of tourists has tripled over the past 12 years and this has raised
concerns about the fragile nature of Iceland. Mass tourism is damaging the fragile
ecosystems and the steep increase will put a strain on the ecological system. There is no
regulation or infrastructure in place to prevent the long-term effects of mass tourism in
Iceland (Vol, 2014). Management plans need to be drawn up to prevent this from
happening further, however tourism is still being encouraged and it is expected to
increase from around 1 million tourists to 3 million tourists per year within the next few
years under the governments aims (Vol, 2014). Since this study has shown the code of
conduct is not being exactly followed the enforcement of this needs to be considered.
Stronger enforcement needs to be considered, either making the code of conduct
compulsory or encouraging tourist operators to follow them more closely.

5.4 Strength and limitations of research
The findings of the changes in the abundance of harbour seals were derived from
data that was collected during previous years. This data was therefore not collected first
hand, which made the data analysis more difficult. However this data provided me with
much more than I would have been able to obtain myself. This past data showed that
there has been a decline from 2011 to 2014 in the number of seals around the Icelandic
coastline areas, which I had data for. Since Hauksson (2010) did not find any significant
trends in abundance of harbour seals at the North west coast including at Vatnsnes it
indicates the decline in the Vatnsnes area probably occurred after 2006. However since
the results from this project indicate that there has been a decline in the local area of the
Vatnsnes and Heggstaðanes peninsulas from 2011 to 2014, an aerial survey in this area
would be helpful in the near future. The distribution around the local study area was not
significantly affected by year. However the data showed there has been a significant
decline in the number of seals over the 8 years this data has been collected (See
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appendix A3). Therefore this data needs to be periodically analysed to observe when the
decline and change in abundance becomes significant over the years.
The aerial survey data used was not complete for 2014 as only part of the
coastline was surveyed. This is due to the financial circumstances as it is quite
expensive to survey the whole coastline. The survey data from 1980-2014 could be used
in the future to indicate which parts, if any, could be missed. The results from the GLM
for the local haul outs being missed could be used when investigating further into the
possibilities of conducting partial surveys.
Since the Great Seal Count has only been conducted since 2007 there are few data
points for the analysis of this data. This could mean that a larger sample of 15-20 years
of data will provide a more accurate view of the distribution changes and apparent
decline of the local populations.
Since the data collection for the boat study was conducted in the field there are
other possible confounding factors that can affect the data collected in the research
compared to a laboratory study. In future studies it would be beneficial to collect more
data by collecting research on more boat tours. Only 27 boat tours data was collected
during this study due to bad weather and a limited time frame for the data collection.
The 2010 and 2011 data was used alongside this primary data as not as many tours were
run these two years, as it was the first two years the boat operated. The data from 2010
and 2011 had to be analysed to determine locations, as the locations in the data were not
defined. In future studies the areas of the coastline should be defined as in this study
when collecting data from the seal watching boat in Hvammstangi. Behaviour data was
easy to collect and this can be used towards improving the current code of conduct. In
future studies the data collected on this seal watching boat could be used alongside
future years data and these results could help determine if the seals have become
habituated over time and if the code of conduct is still followed.
There is a need to determine the disturbance level that affects them which can be
tested by varying the intensity of boat traffic. Once the level has been determined this
can be implemented as the maximum threshold for the intensity of boats.

The need for the management of the seal population in Iceland can be determined
by studies such as this one. The management of the seal population needs to consider
their distribution which this study and other studies (Hauksson, 2010) have shown
changes, their decline or stable state, which is indicated from comparing the 2011 and
2014 aerial surveys and the contribution of tourism to these two aspects. However the
2014 aerial survey was only a partial one and a more comprehensive one would be
needed to form any firm conclusions about the population status in 2014. The partial
survey in 2014 indicates that the harbour seal population in Iceland has not increased
and is possibly stable or still declining. This study has shown that a seal watching boat
can increase the vigilance and flushing response of seals and this has to be taken into
consideration, when management plans are made.
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6 Conclusions
Abundance shifts in the seal population have been shown in this report and this means
that the population of seals in Iceland needs to be monitored and surveyed frequently to
study this decline further. This is needed to eventually be able to suggest proper
countermeasures by the Icelandic Government, for turning this decline around. This is
especially key as the management plan for harbour seals will only be implemented if the
population is below 12,000, which the partial survey in 2014 indicated it was. However
because this was not a full survey, a whole coastline survey is needed to determine if
this indication is true.
The local population that was studied in this thesis of Vatnsnes and
Heggastaðanes peninsula was shown to have a varied abundance depending on the area
of the peninsula. However the data showed that the distribution of the harbour seals was
not affected by the year. There has however been a significant decline over the 8 years
these land-based surveys have been conducted. This indicates that the seal population is
declining in all the areas on the peninsula rather than the seals changing their
distribution. This data is useful for management plans as some of the areas surveyed
include tourist-viewing areas, which need to be closely monitored. This is key as it has
occurred before where seals have stopped frequenting a haul out site because of an
increase in land-based tourists (Granquist and Nilsson, 2011). This thesis also found
that skipping surveying parts of the coastline would not be possible due to increased
uncertainty involved in the results, which would not give viable information about the
local population. However this idea cannot be applied to the larger coastline so
significance testing should be done on the larger national population as well.
The research into boat tourism and the effect this had on seal behaviour will also
help form management plans for the protection of wildlife from the effects of tourism.
The results showed that seal behaviour did change as the boat approached and the
flushing and vigilance rate both increased as the distance between the boat and seal
decreased. The management of tourism in Iceland is fairly limited and when it comes to
wildlife watching tourism there is only a voluntary code of conduct. The results from

61

this thesis showed the seal watching boat complied to the code of conduct but there
were around 30% of boat tours which went nearer than the code sets out and 22% of
them stopped for longer than recommended. On average in 2015 the boat did not
comply with the guidelines around 26% of the time. This needs to be managed as this is
a fairly large percentage and if all wildlife-watching boats were to do this, the code of
conduct would not be sufficient enough to protect the wildlife.
Future research needs to be conducted to look at the distribution of seals around
Iceland. Studies need to be conducted more regularly so that the apparent decline in the
population can be monitored. The indication of the decline in 2014 needs to be
investigated as there has not been a full coastline survey since 2011. This could be
helped with drones being used on a local scale at some popular seal haul outs such as
Vatnsnes peninsula. Another option to reduce the cost would be to base the aerial
surveys from a different town in Iceland other than Reykjavik. A cost analysis could be
calculated to see if it would be cheaper to fly from another area. More research into the
impact of boat-based tourism on seals needs to be conducted, as there is a need to
implement a strong management plan and perhaps even update the code of conduct due
to the results found in this study. Since tourism is growing rapidly this is a key area,
which needs to be focused on over the next few years as the nature in Iceland is fragile
and can easily be destroyed.
This thesis has shown that the abundance of seals has changed over the years
nationally and that these changes have also shown an apparent decline in the population.
The local population in Vatnsnes has different abundances in different areas, which
indicates which areas could need more protection and skipping sections of surveying in
the local area would not be viable as the bias would be too significant. The tourism data
from this thesis shows that seal behaviour changes as the distance of the boat from the
seal decreases as well as a few other factors such as the time stopped and the number of
seals on land. It has also showed that the seal watching boat in Hvammstangi, most of
the time, follows the code of conduct.

References
Andriolo, A., Martins, C. C. A., Engel, M. H., Pizzorno, J. L., Más-Rosa, S., Freitas, A.
C., Morete, M. E. & Kinas, P. G. (2006). The first aerial survey to estimate abundance
of humpback whales (Megaptera movaeangliae) in the breeding ground off Brazil
(Breeding Stock A). Journal of Cetacean Research and Management, 8(3), 307

Barber, D. G., Richard, P. R., Hochheim, K. P., & Orr, J. (1991). Calibration of aerial
thermal infrared imagery for walrus population assessment. Arctic, 58-65

Bowen, W. D., & Harrison, G. D. (1996). Comparison of harbour seal diets in two
inshore habitats of Atlantic Canada. Canadian Journal of Zoology, 74(1), 125-135

Bowen, W. D., McMillan, J., & Mohn, R. (2003). Sustained exponential population
growth of grey seals at Sable Island, Nova Scotia. ICES Journal of Marine Science:
Journal du Conseil, 60(6), 1265-1274

Burn, D. M., Webber, M. A., & Udevitz, M. S. (2006). Application of airborne thermal
imagery to surveys of Pacific walrus. Wildlife Society Bulletin, 34(1), 51-58

Boren, L. J., Gemmell, N., & Barton, K. (2008). The role and presence of a guide:
preliminary findings from swim with seal programs and land-based seal viewing in New
Zealand. Tourism in Marine Environments, 5(2-3), 187-199

Campagna, Claudio, Claudio Bisioli, Flavio Quintana, Fabian Perez, and Alejandro
Vila. (1992). "Group breeding in sea lions: pups survive better in colonies”. Animal
Behaviour 43, no. 4: 541-548

Cassini, M. H. (2001). Behavioural responses of South American fur seals to approach
by tourists—a brief report. Applied Animal Behaviour Science, 71(4), 341-346

63

Cassini, M. H., Szteren, D., & Fernández-Juricic, E. (2004). Fence effects on the
behavioural responses of South American fur seals to tourist approaches. Journal of
Ethology, 22(2), 127-133
Christiansen, F., Lusseau, D., Stensland, E., & Berggren, P. (2010). Effects of tourist
boats on the behaviour of Indo-Pacific bottlenose dolphins off the south coast of
Zanzibar. Endangered Species Research, 11(1), 91-99
Constantine, R. (1999). Effects of tourism on marine mammals in New Zealand.
Wellington: Department of Conservation.
Constantine, R. (2001). Increased avoidance of swimmers by wild bottlenose dolphins
(Tursiops truncatus) due to long‐ term exposure to swim‐ with‐ dolphin
tourism. Marine Mammal Science, 17(4), 689-702
Constantine, R., Brunton, D. H., & Dennis, T. (2004). Dolphin-watching tour boats
change bottlenose dolphin (Tursiops truncatus) behaviour. Biological
Conservation, 117(3), 299-307
Craig, B. A., & Reynolds, J. (2004). Determination of Manatee population trends along
the Atlantic coast of Florida using a Bayesian approach with temperature-adjusted aerial
survey data. Marine Mammal Science, 20(3), 386-400
Cronin, M., Duck, C., Ó Cadhla, O., Nairn, R., Strong, D. & O’ Keeffe, C. (2004).
Harbour seal population assessment in the Republic of Ireland: August 2003. Irish
Wildlife Manuals, No. 11. National Parks & Wildlife Service, Department of
Environment, Heritage and Local Government, Dublin, Ireland
Curtin, S., Richards, S., & Westcott, S. (2009). Tourism and grey seals in south Devon:
management strategies, voluntary controls and tourists’ perceptions of
disturbance. Current Issues in Tourism, 12(1), 59-81
Daniels, M. J. (2006). Estimating red deer Cervus elaphus populations: an analysis of
variation and cost‐ effectiveness of counting methods. Mammal Review, 36(3), 235-247

De la Torre, S., Snowdon, C. T., & Bejarano, M. (2000). Effects of human activities on
wild pygmy marmosets in Ecuadorian Amazonia. Biological Conservation, 94(2), 153163
Erbe, C. (2002). Underwater noise of whale‐ watching boats and potential effects on
killer whales (Orcinus orca), based on an acoustic impact model. Marine mammal
science, 18(2), 394-418
Evans, P. G. and Raga, J. A. (Eds.). (2012). Marine mammals: Biology and
conservation. Springer Science & Business Media.
Flugmálastjórn Íslands. (2014). Part 2 - Flugleidir En-Route. Flugmálahandbók [pdf].
Available at: <http://ww2.caa.is/media/PDF/ENR.pdf> [Last Accessed: 17 September
2015]

Fowler, G. S. (1999). Behavioral and hormonal responses of Magellanic penguins
(Spheniscus magellanicus) to tourism and nest site visitation. Biological
Conservation, 90(2), 143-149
Fox, K. S. (2008). Harbor seal behavioral response to boaters at Bair Island refuge.

Gales, N., Hindell, M., & Kirkwood, R. (Eds.). (2003). Marine Mammals: Fisheries,
Tourism and Management Issues: Fisheries, Tourism and Management Issues. Csiro
Publishing.

George, J. C., Zeh, J., Suydam, R., & Clark, C. (2004). Abundance and population trend
(1978‐ 2001) of western arctic bowhead whales surveyed near Barrow, Alaska. Marine
Mammal Science, 20(4), 755-773

Granquist, S. and Hauksson, E. (2013) Niðurstöður 2007-2012. Veiðimálastofnun.
[Online] Available at: <http://veidimal.is/Files/Skra_0059670.pdf? [Last Accessed 10
December 2015]

65

Granquist, S., Hauksson, E., Árnadóttir, A. and Kasper, J. (2011) Landselatalning úr
lofti árið 2011: Framvinda og niðurstöður. Veiðimálastofnun. [Online] Available at: <
http://veidimal.is/files/Skra_0055483.pdf> [Last Accessed 14 July 2015]
Granquist, S., Hauksson, E. and Stefánsson, T. (2015) Landselatalning árið 2014,
Notkun Cessna yfir þekju flugvélar, þyrilvængju og ómannaðs loftfars (flygildi) við
landselstalningar úr lofti. Veiðimálastofnun. [Online] Available at: <
http://veidimal.is/files/Skra_0070212.pdf> [Last Accessed 3 July 2015]
Granquist, S. M., & Nilsson, P. Å. (2011). Harmony between man and nature. The case
of seal watching at Vatnsnes peninsula, Iceland. In 3rd International Conference on
Solutions on Harmonising Sustainability and Nature Protection with Socio-economic
Stability, at Vidzeme University, Valmiera, Latvia Aug (Vol. 19, p. 2010)
Granquist, S. M., & Sigurjonsdottir, H. (2014). The effect of land based seal watching
tourism on the haul-out behaviour of harbour seals (Phoca vitulina) in Iceland. Applied
Animal Behaviour Science, 156, 85-93

Grellier, K., Thompson, P. M., & Corpe, H. M. (1996). The effect of weather conditions
on harbour seal (Phoca vitulina) haul out behaviour in the Moray Firth, northeast
Scotland. Canadian Journal of Zoology, 74(10), 1806-1811

Hauksson, E. (2006). Growth and reproduction in the Icelandic common seal (Phoca
vitulina L., 1758). Marine Biology Research, 2(01), 59-73
Hauksson, E. (2010). Monitoring trends in the abundance of harbour seals (Phoca
vitulina) in Icelandic waters. NAMMCO Scientific Publications, 8, 227-244
Hauksson, E., & Einarsson, S. T. (2010). Historical trend in harbour seal (Phoca
vitulina) abundance in Iceland back to the year 1912. NAMMCO Scientific
Publications, 8, 147-159
Henry, E., & Hammill, M. O. (2001). Impact of small boats on the haul out activity of
harbour seals (Phoca vitulina) in Metis Bay, Saint Lawrence Estuary, Quebec,
Canada. Aquatic Mammals, 27(2), 140-148

Higham, J., & Lusseau, D. (2004). Ecological impacts and management of tourist
engagements with cetaceans. Environmental impacts of ecotourism, 173-188
Icelandic Tourist Board (n.d.) The Tourist Site Protection Fund. Quality and
Environment. Available at: <http://www.ferdamalastofa.is/en/quality-andenvironment/the-tourist-site-protection-fund> [Last Accessed: 15 December 2015]
Icelandic Tourist Board. (2013). Tourism in Iceland in Figures, April 2013. [Online]
Available at: <
http://www.ferdamalastofa.is/static/files/ferdamalastofa/talnaefni/tourism-in-iceland-infigures-april-2013.pdf> [Last Accessed 1 December 2015]
Icelandic Tourist Board. (2014). Tourism in Iceland in Figures, April 2015. [Online]
Available at: <
http://www.ferdamalastofa.is/static/files/ferdamalastofa/Frettamyndir/2015/mai/tourism
-in-iceland-in-figures_15.pdf> [Last Accessed 15 December 2015]
International Ecotourism Society. (2011). Ecotourism and Sustainable Tourism Market.
International Ecotourism Society. Available at:
<http://www.slideshare.net/ecoTravel/the-international-ecotourism-society-tiessponsorship-menu> [Last Accessed: 4 November 2015]
IUCN (2001). 2001 IUCN Red List Categories and Criteria version 3.1 [online]. IUCN
Key Documents. Available at: < http://www.iucnredlist.org/technicaldocuments/categories-and-criteria/2001-categories-criteria#categories> [Last Accessed:
15 November 2015]
Jemison, L. A., Pendleton, G. W., Wilson, C. A., & Small, R. J. (2006). Long‐ term
trends in harbor seal numbers at Tugidak Island and Nanvak Bay, Alaska. Marine
Mammal Science, 22(2), 339-360

Johnson, A., & Acevedo-Gutierrez, A. (2007). Regulation compliance by vessels and
disturbance of harbour seals (Phoca vitulina). Canadian Journal of Zoology, 85(2), 290294

67

Johnson, W. M., & Lavigne, D. M. (1999). Monk seals in antiquity. The Mediterranean
monk seal, 1-101
Jones IV, G. P., Pearlstine, L. G., & Percival, H. F. (2006). An assessment of small
unmanned aerial vehicles for wildlife research. Wildlife Society Bulletin, 34(3), 750-758

Karamanlidis, A. A., Dendrinos, P., Larrinoa, P. F., Gücü, A. C., Johnson, W. M.,
Kiraç, C. O., & Pires, R. (2015). The Mediterranean monk seal Monachus monachus:
status, biology, threats, and conservation priorities. Mammal Review.
Katz, C. (2013). “A land foraged by fire and ice is losing the latter. And with the glacier
go a cultural and societal touchstone-for without ice, Iceland ‘is just land’”. The Daily
Climate. [online] 18 December. Available at: < http://www.dailyclimate.org/tdcnewsroom/2013/12/iceland-ice-climate> [Accessed 28 February 2016]
Koh, L. P., & Wich, S. A. (2012). Dawn of drone ecology: low-cost autonomous aerial
vehicles for conservation. Tropical Conservation Science, 5(2), 121-132

Kovacs, K. M., & Innes, S. (1990). The impact of tourism on harp seals (Phoca
groenlandica) in the Gulf of St. Lawrence, Canada. Applied Animal Behaviour
Science, 26(1), 15-26
Kovacs, K. M., & Lydersen, C. (2008). Climate change impacts on seals and whales in
the North Atlantic Arctic and adjacent shelf seas. Science Progress, 91(2), 117-150

Krause, J., & Ruxton, G. D. (2002). Living in groups. Oxford University Press.

Lott, D. F., & McCoy, M. (1995). Asian rhinos Rhinoceros unicornis on the run?
Impact of tourist visits on one population. Biological Conservation, 73(1), 23-26
Lunstrum, E. (2014). Green militarization: anti-poaching efforts and the spatial contours
of Kruger National Park. Annals of the Association of American Geographers, 104(4),
816-832

Lusseau, D. (2003). Effects of tour boats on the behavior of bottlenose dolphins: using
Markov chains to model anthropogenic impacts. Conservation Biology, 17(6), 17851793
Lusseau, D., & Bejder, L. (2007). The long-term consequences of short-term responses
to disturbance experiences from whale watching impact assessment. International
Journal of Comparative Psychology, 20(2)
Marburg, A., Brown, J. A., & Thomas, M. D. (2009). Low-Cost Airborne Thermal
Sensors for Animal Monitoring

Maréchal, L., Semple, S., Majolo, B., Qarro, M., Heistermann, M., & MacLarnon, A.
(2011). Impacts of tourism on anxiety and physiological stress levels in wild male
Barbary macaques. Biological Conservation, 144(9), 2188-2193
Marine Research Institute. (2014). Nytjastofnar sjávar 2013/2014 — aflahorfur
2014/2015: 2.37 Seals. Marine Research Institute [pdf]. Available at:
<http://www.hafro.is/Astand/2014/english/37-seals-14.pdf> [Last Accessed 17
September 2015]

Mathieson, A., & Wall, G. (1982). Tourism, economic, physical and social impacts.
Longman.

Mejias, L., Duclos, G., Hodgson, A., & Maire, F. (2013). Automated marine mammal
detection from aerial imagery. In Oceans-San Diego, 2013 (pp. 1-5). IEEE

Miller, K. E., Ackerman, B. B., Lefebvre, L. W., & Clifton, K. B. (1998). An evaluation
of strip-transect aerial survey methods for monitoring manatee populations in Florida.
Wildlife Society Bulletin, 561-570

Mulero-Pázmány, M., Stolper, R., Van Essen, L. D., Negro, J. J., & Sassen, T. (2014).
Remotely piloted aircraft systems as a rhinoceros anti-poaching tool in Africa

69

Müllner, A., Linsenmair, K. E., & Wikelski, M. (2004). Exposure to ecotourism reduces
survival and affects stress response in hoatzin chicks (Opisthocomus hoazin). Biological
Conservation, 118(4), 549-558
Nilssen, K. T., Storvold, R., Stødle, D., Solbø, S. A., Johansen, K. S., Poltermann, M.,
& Haug, T. (2014). Testing UAVs to perform aerial photographic survey of harp and
hooded seals in the West Ice area

NOAA. (2009) Unmanned Aircraft Helping Scientists Learn About Alaskan Ice Seals.
NOAA. [Online] Available at: <
http://www.noaanews.noaa.gov/stories2009/20090602_aircraft.html> [Last Accessed:
22 July 2015]

Oliver, J. S., Diehl, B. A. & Jeffries, S. J. (2012). Monitoring Incidental Harassment of
Harbor Seals (Phoca vitulina) at Woodard Bay Natural Resources Conservation Area
during Derelict Creosote Piling and Structure Removal between November 16 and
December 16, 2011

Orams, M. (2004). Why dolphins may get ulcers: Considering the impacts of cetaceanbased tourism in New Zealand. Tourism in Marine Environments, 1(1), 17-28
Øritsland, T. & Øien, N. (1995). Aerial surveys of harp and hooded seal pups in the
Greenland Sea pack ice. Developments in Marine Biology, 4, 77-87

Orsini, J. P. (2004). Human impacts on Australian sea lions, Neophoca cinerea, hauled
out on Carnac Island (Perth, Western Australia): implications for wildlife and tourism
management (Doctoral dissertation, Murdoch University).
Orsini, J. P., & Newsome, D. (2005). Human perceptions of hauled out Australian sea
lions (Neophoca cinerea) and implications for management: a case study from Carnac
Island, Western Australia. Tourism in Marine Environments, 2(1), 129-132
Parsons, E. C. M., & Woods-Ballard, A. (2003). Acceptance of Voluntary Whale
watching Codes of Conduct in West Scotland: The Effectiveness of Governmental
Versus Industry-led Guidelines. Current Issues in Tourism, 6(2), 172-182

Pollock, K. H., & Kendall, W. L. (1987). Visibility bias in aerial surveys: a review of
estimation procedures. The Journal of wildlife management, 502-510

Richardson, W.J., Greene, C.R., Malme, C.I., Thomson, D.H. (1995). Marine mammals
and noise. Academic Press, San Diego, California.

Richter, C. F., Dawson, S., & Slooten, E. (2003). Sperm whale watching off Kaikoura,
New Zealand: effects of current activities on surfacing and vocalisation patterns (p. 78).
Wellington: Department of Conservation.
Richter, C., Dawson, S., & Slooten, E. (2006). Impacts of commercial whale watching
on male sperm whales at Kaikoura, New Zealand. Marine Mammal Science, 22(1), 4663
RÚV (2015). Drónar fljúgi ekki nærri Bessastöðum. RÚV. [Online] Available at:
<http://www.ruv.is/frett/dronar-fljugi-ekki-naerri-bessastodum> [Last Accessed: 14
September 2015]

Sasse, D. B. (2003). Job-related mortality of wildlife workers in the United States,
1937-2000. Wildlife society bulletin, 1015-1020

Stein, J. L. (1989). Reproductive parameters and behavior of mother and pup harbor
seals, Phoca vitulina richardsi. Grays Harbor, Washington. MA thesis, San Francisco
State University, San Francisco, CA.

Smith, H., Samuels, A., & Bradley, S. (2008). Reducing risky interactions between
tourists and free-ranging dolphins (Tursiops sp.) in an artificial feeding program at
Monkey Mia, Western Australia. Tourism management, 29(5), 994-1001

Stringell, T. B., Millar, C. P., Sanderson, W. G., Westcott, S. M. & McMath, M. J.
(2014). When aerial surveys will not do: grey seal pup production in cryptic habitats of
Wales. Journal of the Marine Biological Association of the United Kingdom, 94(06),
1155-1159

71

Sundberg, J., and M. Soderman. (2001). Wind power and Grey Seals: An Impact
Assessment of Potential Effects by Sea-Based Wind power Planets in a Local Seal
Population. Energyimyndigheten. Department of Animal Ecology, Uppsala University.

Suryan, R. M., & Harvey, J. T. (1999). Variability in reactions of Pacific harbor seals,
Phoca vitulina richardsi, to disturbance. Fishery Bulletin, 97(2), 332-339

The Boston Consulting Group. (2013). 2. Affluent Adventurers Page 77. Northern
Sights: The future of tourism in Iceland [pdf]. Available at: <
http://www.icelandictourism.is/servlet/file/store36/item699669/version1/report%20from
%20bcg%20on%20the%20future%20of%20tourism%20in%20iceland.pdf> Last
Accessed: 6 November 2015
The Wild North. (2011). Guidelines and Advice for Sustainable Wildlife Tourism in
Iceland, Greenland, Faroe Islands and Norway. Sustainable Wildlife Tourism – The
Wild North. Available at: <http://www.thewildnorth.org/> [Last accessed: 21 July
2015]
Thiel, D., Ménoni, E., Brenot, J. F., & Jenni, L. (2007). Effects of recreation and
hunting on flushing distance of capercaillie. The Journal of Wildlife
Management, 71(6), 1784-1792
Thompson, D. & Härkönen, T. (IUCN SSC Pinniped Specialist Group) (2008). Phoca
vitulina. The IUCN Red List of Threatened Species. Version 2014.3. Available at:
<www.iucnredlist.org>. [Last Accessed: 30 May 2015]
Thompson, P. M., & Harwood, J. (1990). Methods for estimating the population size of
common seals, Phoca vitulina. Journal of Applied Ecology, 924-938
Thompson, P. M., Fedak, M. A., McConnell, B. J., & Nicholas, K. S. (1989). Seasonal
and sex-related variation in the activity patterns of common seals (Phoca
vitulina). Journal of Applied Ecology, 521-535

Thompson, P. M., Tollit, D. J., Wood, D., Corpe, H. M., Hammond, P. S. & Mackay, A.
(1997). Estimating harbour seal abundance and status in an estuarine habitat in northeast
Scotland. Journal of Applied Ecology, 43-52

Tollit, D. J., Thompson, P. M., & Greenstreet, S. P. (1997). Prey selection by harbour
seals, Phoca vitulina, in relation to variations in prey abundance. Canadian Journal of
Zoology, 75(9), 1508-1518

Treves, A., & Brandon, K. (2005). Tourist impacts on the behavior of black howling
monkeys (Alouatta pigra) at Lamanai, Belize. Commensalism and conflict: The humanprimate interface, 147-167

Trimble, M. J., Van Aarde, R. J., Ferreira, S. M., Nørgaard, C. F., Fourie, J., Lee, P. C.,
& Moss, C. J. (2011). Age determination by back length for African Savanna elephants:
extending age assessment techniques for aerial-based surveys. PloS one, 6(10), e26614

Vermeulen, C., Lejeune, P., Lisein, J., Sawadogo, P., & Bouché, P. (2013). Unmanned
aerial survey of elephants. PloS one, 8(2), 1-7

Vol, J. (2014). The Wheels of Greed are Spinning in Iceland. Saving Iceland. Available
at: < http://www.savingiceland.org/2014/02/the-wheels-of-greed-are-spinning-iniceland/>

Watts, A. C., Perry, J. H., Smith, S. E., Burgess, M. A., Wilkinson, B. E., Szantoi, Z.,
Ifju, P. & Percival, H. F. (2010). Small Unmanned Aircraft Systems for Low‐ Altitude
Aerial Surveys. The Journal of Wildlife Management, 74(7), 1614-1619

Williams, R., Trites, A. W., & Bain, D. E. (2002). Behavioural responses of killer
whales (Orcinus orca) to whale-watching boats: opportunistic observations and
experimental approaches. Journal of Zoology, 256(02), 255-270

73

World Tourism Organization. (2015). Over 1.1 billion tourists travelled abroad in 2014
[press release] 27 January 2015. Available at: <http://media.unwto.org/pressrelease/2015-01-27/over-11-billion-tourists-travelled-abroad-2014> [Last Accessed: 4
November 2015]
Yalden, D. W. (1992). The influence of recreational disturbance on common sandpipers
Actitis hypoleucos breeding by an upland reservoir, in England.Biological
Conservation, 61(1), 41-49
Yorio, P., Frere, E., Gandini, P., & Schiavini, A. (2001). Tourism and recreation at
seabird breeding sites in Patagonia, Argentina: current concerns and future
prospects. Bird Conservation International, 11(04), 231-245

Appendix A
A1. Overview of data from the Great Seal Count
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A2. Great seal count area breakdown
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2007 2008 2009 2010

2011 2012 2013 2014 2015 Mean
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0
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0
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2.78

2 -Norðurgarður

4

1

3
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A3. Great seal count decline
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A4. Data sheet for recording behaviour
observations

Appendix B
B1. R Scripts for GLM for abundance
B1.1 National data
#### Packages used
library (“MASS”, lib.loc=”C:/Program Files/R/R-3.1.2/library”)
## Attach data
data<-read.table(“coastdata.txt”, header=TRUE)
## Initial model used
model1<-glm.nb(Count~factor(Area)+factor(Year)+Area*Year, data=data)
summary(model1)
## Interaction plot
interaction.plot(data$Area, data$Year, data$Count, las=2, ylab=”Number of seals”,
xlab=””, type=”1”)

B1.2 Local data
#### Packages used
library(“MASS”, lib.loc=”C:/Program Files/R/R-3.1.2/library”)
## Attach data
GSCdata<-read.table(“GSC.txt”, header=TRUE)
## Initial model used
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Model1<glm.nb(Seal_counts~factor(Area)+factor(Rain)+factor(Wind)+DOY+Year+DOY:Year,
data=GSCdata)
summary(Model1)
## Final model used
model2<-glm.nb(Seal_counts~factor(Area)

A2.1 Large vs Small
## Attach data
GSCdata<-read.table(“GSC.txt”, header=TRUE)
Data<-read.table(“GSCincom.txt”, header=TRUE)
## Initial models used
Model1<glm.nb(Seal_counts~factor(Area)+factor(Rain)+factor(Wind)+DOY+Year+DOY:Year,
data=GSCdata)
summary(Model1)
Model2<glm.nb(Seal_counts~factor(Area)+factor(Rain)+factor(Wind)+DOY+Year+DOY:Year,
data=data)
##Anova
anova(Model1, Model2)

B2. R Scripts for GLM for behaviour
B2.1 Flushing

#### Packages used
library(“MASS”, lib.loc=”C:/Program Files/R/R-3.1.2/library”)
## Attach data
data<-read.table(“boatdata.txt”, header=TRUE)
## cbind data
x<-cbind(Flushing, Nonf)
## Initial model used
model3<glm(formula=x~DOY+factor(Tide)+factor(Wind)+factor(Rain)+Cloud+Tourists+Tempera
ture+factor(Location)+Distance+Stopped+Land+Sea+Vigilant+Year+factor(Time),
family=binomial, data=data)
summary(model3)
## Final model used
model4<-glm(formula=x~Distance+DOY+Wind, family=binomial, data=data)

# Plots
plot(prop.table(cbind(data$Flushed, data$Nonf), 1)[,1]~data$’variable’, xlab="", ylab =
"Proportion Flushed")
abline(x~data$’variable’)
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B2.2 Vigilance

#### Packages used
library(“MASS”, lib.loc=”C:/Program Files/R/R-3.1.2/library”)
## Attach data
data<-read.table(“boatdata.txt”, header=TRUE)
## cbind data
y<-cbind(Vigilant, Nonv)
## Initial model used
model5<glm(formula=y~DOY+factor(Tide)+factor(Wind)+factor(Rain)+Cloud+Tourists+Tempera
ture+factor(Location)+Distance+Stopped+Land+Sea+Flushed+Year+factor(Time),
family=binomial, data=data)
summary(model5)
## Final model used
glm(y~Cloud+Distance+Stopped, family=binomial, data=data)
# Plots
plot(prop.table(cbind(data$Vigilant, data$Nonv), 1)[,1]~data$’variable’, xlab= “", ylab=
"Proportion Vigilant")
abline(y~data$’variable’)

