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Abstract 

With a rich history in fisheries, Iceland has of course been involved in the world’s fastest 

growing food industry, aquaculture. In recent years sea based aquaculture has been 

becoming more popular and has resulted in expansion throughout the fjords and along the 

coasts of the country.  The goal of this project was to determine if there have been any 

impacts to or from the native seal populations and predict the potential for future impacts. 

Through monitoring already established aquaculture sites and native seal populations, an 

understanding may be gained of how interactions have been occurring by visibly studying 

them as well as comparing conditions to elsewhere in the world where interactions have 

led to problems.  Aquaculture companies have also been surveyed in order to determine the 

past and present issues which have been occurring around the country. This study collected 

baseline data of seal numbers at haulout sites, sites where aquaculture is already 

established and at locations that will have aquaculture in the future. This data, along with 

research from around the world where aquaculture has had issues with seals and other 

marine mammals, best practices for dealing with and preventing conflicts can be 

determined for Iceland. This baseline data can also be used for future studies, monitoring 

changes of seal numbers at the established field sites.  
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1.0 Introduction  

 In Iceland there are many companies participating in the world’s fastest growing 

food industry, aquaculture. Aquaculture is not a new thing to Iceland. It has been 

developing since the 1880’s (Kristinsson, 1992). As this industry continues to grow in 

Iceland, primarily from land based operations into the sea, many challenges await. Of 

particular concern will be the impact on the native seal populations, as well as the potential 

impact of seals on the operations once established in new locations. This project will assess 

this as well as determine proper steps to ensure protection to the local seals as well as the 

infrastructure that will be built.  

 In other parts of the world where at sea aquaculture also known as mariculture has 

been operated, there have been issues with marine mammals, particularly seals. Seals often 

become entangled in nets and die, or do damage to sea cages releasing fish. They have also 

been known to kill fish by eating them through the pens, or damaging the growth and 

health of penned fish through stress (Harwood & Greenwood, 1985). Often the best way to 

learn how these impacts are presenting themselves in places where an industry is relatively 

new is by obtaining information from local companies. Watching and monitoring for any 

behaviour which may lead to any inclination of potential for unwanted impacts, particular 

groups of seals will also play a role to determine the level of the threat for new expansions 

prior to setting up operations in new locations. Comparing the proposed operations and 

seal populations to other places in the world where aquaculture has been very prevalent for 

much longer periods of time will also play a key role in determining the potential for future 

impacts, to and from seals. 

 

1.1 Seals in Iceland 

From the first colonization of Iceland, seals have been utilized as a resource and still 

are today for meat and pelts ( NAMMCO, 2004). Because they are a part of the culture and 

history of Iceland it is important to protect this resource that directly overlaps with the 

worlds more rapidly expanding food industry, as well as other industries such as tourism 
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which has been rapidly expanding in Iceland and has been blamed for decline in seal 

numbers at haulout sites (Granquist, 2009). 

 The coastal waters of Iceland are visited by many different types of seals but play a 

key role as homes to the Common seal, or Harbour Seal (Phoca vitulina), and the Grey seal 

(Halichoerus grypus). Both species can be found around the country. From 1980 to 2006 

aerial surveys were completed using small single engine aircraft and cameras with high 

magnification lenses to determine numbers. Some areas have also been visited by boat and 

or by foot and counts completed using binoculars. These studies have been conducted over 

the well-known haulout sites (Hauksson, 2007, 2010).  

 

Some areas have been experiencing lower numbers of seals in recent years. This is 

believed to have been influenced by tourism. Studies have been ongoing in some areas to 

determine the impact of tourists on seals by monitoring the numbers and the behaviour of 

seals during tourist seasons (Granquist, 2009). In the past sealing was very popular in 

Iceland.  Numbers of seals hunted each year can been dated back to 1912 in log books of 

fur traders. Since the 1980’s the numbers of harvested seals has been decreasing 

significantly (Hauksson & Einarsson, 2010), but the numbers of Harbour seals around 

Iceland have still declined or stabilized in some places since then (Hauksson, 2010). 

 

Within the west fjords the most common species are Grey seals and  Harbour seals, 

the latter being the only breeding populations. Within the field study area of Ísafjarðardjúp 

the Common seal is the only that have haulout sites. Grey seals have been known to enter 

Ísafjarðardjúp, but breeding and haulout sites are located on the outer coasts. (Hauksson, 

2007, 2010). Harbour seals are the dominant species in Ísafjarðardjúp and have their pups 

from June to July, molt in July to August, and mate from August to September, after which 

they tend to disperse more randomly (Hauksson, 2010). 

 

1.2 Aquaculture in Iceland 

Iceland has a long history of participating in the aquaculture industry.  The first 

hatcheries were built in 1884 for raising salmon fry for stocking rivers (Kristinsson, 1992). 

This practice still remains today and the majority of companies are still those producing 
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eggs and fry for release into rivers or for raising to marketable size in land based farms or 

sea cages (Gunnarsson, 2009). The first commercial aquaculture took place in 1951 with 

the import of Rainbow trout (Oncorhynchus mykiss) from Denmark. The first attempts to 

use seacages took place in 1972 with Atlantic salmon (Salmo salar) in Hvalfjorður 

(Kristinsson, 1992). Aquaculture began to expand rapidly, both land based and sea based, 

shortly after this with a build-up of salmon farms from 1985-1990. Many of these 

companies had little financial success resulting in bankruptcy. Development then shifted to 

production of other species. After 2000, the main three species have been Arctic Char 

(Salvelinus alpinus) in land based farms, sea based Cod (Gadus morhua) farms, and 

Atlantic Salmon farms that are primarily producing juveniles for export but also to 

marketable size in both land based and sea based operations (Gunnarsson, 2009). 
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2.0Methods 

 

2.1 Field Study 

 A field study took place in Ísafjarðardjúp by setting up reference sites. Site 1, located 

at Súðavik (66° 01’ 35.87”N 22° 9’ 17.77”W) which was an area with an aquaculture 

operation and no frequently used Harbour seal haulout site nearby. Site 2 consisted of two 

locations. Site 2A, located at Hvitanes (65° 59’ 42.56”N 22° 48’59.12”W) is an area 

known for having seals but no aquaculture operations currently in the vicinity. Site 2B, was 

located across from Vigur (66° 02’23.60N 22°48’59”W). This is an area with a sea cage 

already in place that will be put to use in 2013/2014. It is located in Skötufjöður, < 5 km 

away from Hvitanes. The purpose of this site was to serve as a combination of seals and 

Aquaculture. The plan was to observe seal numbers close to the cage before the input of 

fish, and after fish were put into the cage, originally scheduled for fall of 2012. No fish 

were put into the cage in the fall of 2012 and the site was observed after the change to 

monitor random distribution abundance of seals away from the haulout site at Hvitanes. 

Data from these sites could be used in a future study once the aquaculture operations are 

established in the area of Skötufjöður.  Site 3 also consisted of two locations. The two 

locations were selected due to proximity of future operations as well as ease of access. Site 

3A was located in Vatnsfjörður (65°51’20.75”N 22°29’52.38”W). This is a regular, 

recognized haulout site for Harbour seals. Site 3B, located at a group of small islands 

named Vogasker in Ísafjörður (65°51’58.59”N 22°26’35.11”W) is also a frequently used, 

recognized haulout site. This area is to study seals without aquaculture in the anticipation 

of planned aquaculture operations for 2013/2014. Site 4, located in Bolungarvík 

(66°09’05.96”N 23°14’27.82”). This site has no current aquaculture operations and is not a 

frequently used haulout site for Harbour seals. Site 5 also consisted of two locations. These 

sites were established after plans to put fish in the cage at site 2B were postponed until 

2013/2014. Site 5A, located at Strandseljavík (66°04’37.66” 22°37’20.19”)  did not begin 
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to be monitored until September 11
th

, 2012. It was established because it is the closest 

haulout site to 5B. Site 5B was located south of Ǽðey in an area known as Bæjarhlíð 

(66°04’37.66”N 22°40’33.14”W). Two trips to monitor for seals were made to this 

location by the boat Papey IS-101 during the set up of three new cages containing cod fish. 

This format has been planned out by Erlingur Hauksson, a local seal expert, and me 

(Hauksson, 2012 Personal communication). 

          Figure 2.1 Field site locations 

  Field sites which were non-haulout sites were monitored at each visit for a minimum 

of 20 minutes in order to allow for sighting of seals moving through the area.  Things taken 

into consideration will be the abundance of seals, seal species, behaviour of seals, scale 

and type of aquaculture, weather conditions and tidal level. These will be taken into 

consideration in the assessment of there being potential threat of seals on aquaculture and 

the effect of the aquaculture on seal abundance in the area. Each haulout site was checked 

approximately once a week depending on weather conditions. Non-haulout sites were 
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checked approximately twice a week. This study took place from July into November. This 

period gives an even time frame of when Harbour seals are breeding, mating and randomly 

distributed (Hauksson, 2006). By monitoring each site on a regular basis, this gives an idea 

into the habits and distributions during the breeding season as well as outside of the 

breeding season when they are pursing food more readily throughout the fall and winter.  

 Upon arrival at each field site, tide height was recorded. Tide height was measured 

using online tide charts available at http://www.tide-forecast.com/locations/Isafjorour-

Iceland/tides/latest and accessed using a mobile device that had access to the internet. 

Tides were of concern to the study because ideally low tide is favoured for counting seals 

(Fancher & Alcorn, 1982). Therefore tidal heights were collected to determine if numbers 

depended on tides in Ísafjarðardjúp, as suggested by Hauksson (1985) (1992). Weather was 

also recorded and field work was only conducted on days when weather conditions were 

favourable, free from precipitation, fog, and high winds, similar to the framework of other 

seal population studies conducted in the area (Hauksson, 2010).  

Data collected was input into a Microsoft Excel spread sheet. Data was then 

analyzed for seasonal trend, site averages, minimum and maximum numbers at each site 

and for differences between haulout sites and non-haulout sites.  

2.2 Survey   

 A survey was sent to Icelandic companies which have at sea aquaculture operations 

to determine locations of their operations in respect to known popular areas for seals 

around Iceland. Surveys were sent via email and later contacted by phone if there was no 

response in order to ask for cooperation and participation in the study.  

 Companies were asked a series of questions regarding past impacts and risk concern 

from seals. See appendix. Similar studies with similar questions have been done elsewhere 

in the world including Scotland and the United States as well as in different areas of 

fisheries (Glain, Kotomatas, & Adamantopoulou, 1999) (Quick, Middlemas, & Armstrong, 

2004) (Nelson, Gilbert, & Boyle, 2006).  

 Returned surveys were analyzed and locations of aquaculture sites and results were 

compared to sites where known haulout sites of seals exist.  
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3.0 Results 

 

3.1 Field Study 

 The study found that seal numbers at non-haulout sites were low and randomly 

distributed throughout the duration of the study. Figure 1.1(non-haulout numbers) shows a 

maximum number of seals found at one time at non-haul-out sites to be two at site 4 and 

one seal at sites 1 and 2B. Site 4 was located furthest away from harbour seal haul out sites 

and no seals were spotted at this site until September which is after the pupping and mating 

season. Site 2B was located four kilometers from site 2A, and 2.1 kilometers from Vigur, 

another haulout site and only two seals were spotted there throughout the study with the 

most being spotted at Site 4 as well as seen in figure 3.1 by the highest average of seals 

observed at each site.  
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Figure 3.1 Seals Observed at Non-haulout sites. All numbers are of seals in water. No 

seals were observed hauled out at these sites.  

Mean number of seals at each site were calculated with very low averages for the 

non-haulout sites, Figure 3.2. At Site 1, aquaculture cages but no seal haulout sites, the 

average number was only 0.2 seals, Site 4 had an average number observed of 0.2. Site 4 

was also located furthest away from haulout sites. Site 2B had an average of 0.1 seal and 

Site 5B which was only visited twice but for extended periods of time had no seals at all.  
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Figure 3.1 Seals Observed at Non-Haulout Sites 
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 Figure 3.2 - Mean count at non-haulout sites. All seals observed were in the water. 

Known haulout sites for Harbour seals had different average numbers of seals for 

each site as shown in Figure 3.3. In site 2A was observed an average of 37.2 seals out of 

the water and 3.1 in the water. Site 3A had an average of 8.2 seals hauled out and 3.3 in the 

water. Site 3A had an average 16.1 seals hauled out and 2.2 seals in the water. Site 5A had 

an average number of 27.6 seals out of the water and 1.6 in the water. Observations at site 

5A did not start until September. The average number seals hauled out was 27.6 and 1.6 in 

the water.   
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 Figure 3.3- Average number of seals at haulout sites.  

At known haulout sites seals were observed on every visit although numbers at sites 

3A and 5A were often very low having only one animal in the area. The number of seals at 

these sites fluctuated throughout the study. The maximum number observed hauling out at 

site 2A was 56 seals on September 11
th

, and numbers remained high throughout October. 

The minimum number of seals observed hauling out was four one month earlier, on August 

11
th

. Site 3A had a maximum number of 24 seals on October 29
th

, and a minimum of zero 

also in October, only 7 days before. This site had low numbers throughout the month of 

August and September but showed an increase in seal abundance in October. Site 3B had a 

maximum number of 39 hauled out on July 20
th

 and a minimum of 0 August 30
th

. Seal 

numbers at this site varied randomly throughout the entire study. Site 5A, the final haulout 

site, was only established in September. The maximum number of seals hauling out at this 

site was 54 on October 4
th

, the minimum number of one, was on the final day, November 

30
th

 .  
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Tides were also monitored at each site visit and unfortunately could not be kept as a 

constant variable. Tide heights during the study fluctuated randomly from day to day, 

between 0.2 meters at the lowest tide up to 2.1 meters at the highest tide obseved. 

Figures 3.4 -3.7 Show seasonal trends of number of seals hauling out at field sites. 
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Seasonal variations showed similar trends at all sites although numbers often varied 

greatly. All sites showed slightly lower numbers in the month of August than in other 

months. Maximum numbers for all sites occurred after this month except site 3B which 

had its maximum in July, however a similar trend was observed as the average number of 

seals hauling out went up after August. Tides have played a role in the fluctuation of seal 

numbers hauling out. But in comparison to other months numbers were still lower.  

3.2 Surveys  

 Survey results were limited with a total number of 5 returns or 37% of the total sent 

returned. Four of these were from currently active companies and 1 from a company which 

will not set up sea cages until after this project is completed.  

 Results were very obscure as questions tended to be unanswered and in one case no 

survey returned, but an email written describing the particular situation regarding seals at 

that particular operation. When questions were unanswered they were recorded as negative 

responses, for example when asked if seals were of concern, if nothing was checked then it 

was understood that seals were of no concern to that companies operations.  

 All companies varied in size and locations throughout the Westfjords and no two had 

been in operation for the same period of time ranging from 0-10 years and are primarily 

producing Atlantic cod with some Atlantic salmon.  

 Only 50% of the companies had reported seeing seals around their pens. One 

reported seeing seals 10+, so very frequently, another only once in the past 3 years.  

 Seals observed in Ísafjarðardjúp were reported as Harbour seals while in the 

Southern Westfjords, Grey seals were observed.  

 The time of the year seals were most frequently observed were in the summer and 

late fall with no increase in numbers of the course of operations.  

 Only one company reported having any negative impacts from seals where seals had 

bitten through the nets resulting in the loss of some fish. The only other negative impacts 

of seals that were of concern from the same company were the spread of parasites to their 

fish.  
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 When asked about predator deterrents only two methods were reported being used. 

One company reported that nets being used on the pens are normally of a mesh size and 

type that seals cannot normally bite through it. The only other deterrent used for seals was 

in the instance where three seals were shot when spotted around pens at one location. 

Two companies reported seeing other marine mammals around their operations, 

including Minke whales (Balaenoptera acutorostrata) and dolphins. It was reported that 

these animals were not of concern to the operations.  

Locations of companies that did respond were checked for approximate location with 

regards to seal haulout sites. All sites except for operations in Arnarfjörður and 

Skutulsfjörður have seal haulout sites in the same fjords as their operations. None of these 

sites reported seals except for Skutulsfjörður. The seals reported in Patreksfjörður were 

reported to be Grey seals.  
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4.0 Discussion 

 

4.1 Field Study Results  

Seals have been known to distribute quite randomly outside of pupping and mating 

season (Einarsson, 1977, 1993). Site 2B, only approximately four km away from site 2A 

which had the highest numbers of seals on average throughout the study, only observed 

two animals during the study. Site 2B was  the site of the aquaculture cages that were to be 

set into place in September but was delayed until beyond the time period of this study. 

Seals have been observed hauling out at Vigur, located less than 2 km away (Rob 

Salisbury, personal communication, September 2012) but in lesser numbers than that of 

Hvitanes which is a very well-known site locally for seals. It was found in Maine that 

aquaculture operations located further than 4 km from haulout sites experienced only 

minimal losses from harbour seal predation (Nelson, Gilbert, & Boyle, 2006). Most of the 

proposed locations for new aquaculture operations in Ísafjarðardjúp are located within in a 

4 km range of harbour seal haulout sites. This is almost inevitable and severely limits the 

amount space available for aquaculture expansion within Ísafjarðardjúp. Figure 4.1 shows 

haulout sites within Ísafjarðardjúp with a 4 km buffer zone. Nelson et al. (2006) also found 

that some sites located within 4 km of haulout sites experienced minimal or no predation 

from harbour seals but this most likely has had to do with stocking densities, scale and size 

of aquaculture operations in the areas and abundance of wild stocks. Predator deterrents, 

sea cage materials and defences may have also played a role in this case. Therefore sites 

located within 4 km of haulout sites should be monitored more strictly for predation from 

seals as well as be at a smaller scale than normally in other areas.  
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Figure 4.1 – Buffered haulout sites with 4km buffer showing total area at potential risk. 

 

The non-haulout sites and the haulout sites chosen in this study were known 

beforehand with the help of Erlingur Hauksson, literature, and scouting for sites before the 

project began (Hauksson, 1986, 2010) (Hauksson, [unpublished]) (Erlingur Hauksson, 

Personal Communication 2012). The most seals observed at a non-haulout site were at site 

4, no seals, no aquaculture, in Bolungarvik. There were only two, and this only happened 

on one occasion, yet seals were still observed more frequently here than at other non-

haulout sites. This could be due to the high amount of boat traffic from long lining 

operations and abundance of fish in the area that is attracted to the outflow of fish 

processing. Seals were often spotted near the docks where large schools of Saithe 

(Pollachius virens) and other fish feed on effluent from the processing of fish. Seals 

spotted in this area were all harbour seals, which have been found on the west coast of 

Iceland to rely on Saithe as one of the major food source. Seals in the West fjords have 

also had Saithe in their stomach contents (Hauksson & Bogason, 1997). Although still in 
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low numbers, this suggests that seals may be drawn to this areas were fish are abundant 

and easily available. Site 4 is also the furthest site from seal haulout sites in Ísafjarðardjúp 

and no seals were spotted in this area until September. Harbour seal breeding season takes 

place in summer months from June to September (Hauksson & Bogason, 1997).  

Site 1, aquaculture no seals, at Súðavik located much closer to harbour seal haulout 

sites had seals spotted throughout the course of the study but only one at a time and 

sightings were infrequent and sporadic. These could have been animals which have not 

reached sexual maturity and because of this spent less time during the mating season 

months at haulout sites than mature individuals. Female Harbour seals mature on average 

between 3-5 years and males between 5-9 years leaving many younger animals to disperse 

more randomly. Mature individuals have been found to lose body fat during summer 

months presumably because of mating season (Hauksson, 2006). Seals may also be 

attracted to sites with aquaculture because of an increase in fish biomass in the area. It has 

been found that under sea cages native species of fish which seals prey on are often found 

consuming the leftover food that falls through the bottom of sea cages (Isreal, 2012). This 

could be a reason why more seals were observed at site 1 where aquaculture has been 

established for some time compared to site 2B where fish have yet to be placed into pens.  

Site 5B off Ǽðey, at Bæjarhlíð had very few days of observation due to limited access 

to the area. It was located approximately 5 kilometres away from site 5A. This area which 

located in the middle of Ísafjarðardjúp had no seals observed. When questioned about the 

amount of seals observed while setting up pens in the area, the captain of the boat Papey 

IS-101 said no seals were spotted around the area while the pens were being put into place 

(Barði Ingibjartsson, Personal Communication, October 2012). This area is also outside the 

4km range of haulout sites and had only 3 small pens, making it much less susceptible to 

seal predation as found in Maine (Nelson, Gilbert, & Boyle, 2006).  

At haulout sites numbers fluctuated throughout the study as seen in figures 3.4-3.7. 

Seal numbers dropped in August at all sites and went up again, in most cases to much 

higher numbers in September. There could be several reasons for this change in numbers. 

For the month of August, younger seals may have been deterred from haulout sites as 
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mating season had commenced. Also yearlings would have left their mothers by this time 

and dispersed in search of food. Mating season typically ends by September  

(Hauksson, 2006). This could influence immature individuals to return to the haulout sites.  

Another factor that could lead to increase at haulout sites may be weather. Seals will 

haulout in greater number depending on favourable weather conditions making days 

available to do field counts more limited (Hauksson, 2007). Because field work was only 

conducted on days with favourable conditions and as the fall season started, less days were 

favourable for field work. It can be assumed that when days were favourable seals hauled 

out in greater numbers. The same can be said about the tides. Not only was it impossible to 

plan field work days around the tides, they would have changed from site to site as it often 

took a considerable amount of time to travel from site to site.  

4.2 Survey Results 

The low number of survey was discouraging but with respect to similar studies, the 

time frame was much smaller and companies in Iceland are normally on a much smaller 

scale, often privately owned, or with very few investors, unlike in many operations 

elsewhere in the world that are owned by huge multinational corporations (Valdimar Ingi 

Gunnarsson, Personal Communication, April 2013) (Gunnarsson, 2008).  

Even with the low number of returns the results were interesting in that only one 

company was concerned with the potential for impacts from seals at their operations. This 

company has had a loss of fish from seals in the past, but in the survey noted that it was a 

mistake on their behalf for using the wrong netting. The only other concern to fish was the 

passing of parasites onto fish from seals. In Iceland and elsewhere in the Atlantic seals 

have a reputation for passing what is commonly known as the codworm (Pseudoterranova 

sp.(p)), onto fish costing companies millions of dollars (US) each year in the removal from 

harvested fish fillets (Hauksson & Valdimarsson, 1997). Grey seals are the main culprit for 

the passing of this infestation but harbour seals also contribute (Hauksson, 2011). 

When questioned about the months seals were observed, the company which answered 

with the highest frequency of sightings noted seals were observed in July and September. 

Seals in Maine were reported to increase predation on fish in net pens in fall through spring 

months (Nelson, Gilbert, & Boyle, 2006).  
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Comparison of haulout locations to aquaculture operations was a factor of concern 

when conducting this survey. Not all locations could be visited to determine exact 

locations of both haul out sites and aquaculture sites due to lack of time and cost of travel. 

Aquaculture sites also sometimes move throughout the fjords to avoid build-up of debris 

on the sea floor (Allison, 2012). Approximate locations of both haulout sites and 

aquaculture operations of those who responded to the survey were viewed and compared 

using maps. All sites have haulout sites located within or at the head or point of the fjord    

(Hauksson, 2006, 2007) . Pens still may be located further than 4 km away or factors such 

as stocking density, pen size, and environmental richness may play a role in seals not being 

attracted to the pens as suggested by Nelson et al. (2006) 

4.3 Limitations of Field Study and Survey Results  

 There were several limitations to the field studies results. The first would be the 

length of the study. A more appropriate amount of data could have been gathered if the 

study had been started several months before pupping and mating seasons to give a better 

idea of the fluctuation of numbers at haulout sites throughout the year.  

 Distance between field sites made keeping the tide as a constant variable impossible. 

Similar studies have suggested that surveys take place during low tide in order to yield best 

results. Results have shown a negative correlation between tide heights and number of 

seals hauled out at sites. Therefore it was attempted to visit sites around low tide but rarely 

possible due to distance traveled as well as weather conditions limiting days which field 

site surveys could take place.  

 Several field sites experienced issues throughout the study. Field site 4 was several 

days late being established as there are many seal haulout sites throughout Ísafjarðardjúp 

as well as aquaculture operations.  The final location of field site 4 was determined because 

it was still located within Ísafjarðardjúp and is away from aquaculture operations and 

haulout sites. Field site 2B, Vigur, was to serve the purpose of monitoring numbers of seals 

before and after the placement of fish into a pen. This plan did not go ahead but the site 

was continued to be monitored in order to determine number of seals in the area for the 

future placement of fish in the pen. Because this project collected baseline data for future 
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aquaculture operations that are planned for the area, this data can be used for this site if 

further research is done once the rest of the pens are put into place and contain fish.  Field 

sites 5A was not established until September 18
th

 and site 5B on September 28
th,

 once a 

mode of travel to the site had been established. Also, I was only able to travel to site 5B 

when opportunities were available, resulting in only 3 visits in total. This field site was a 

very large area and site visits at this non-haulout site took place over the course of several 

hours versus the normal 20 minutes at the other non-haulout sites. This extended period of 

time provided more time for seals to have the opportunity to move in and out of the area 

while it was being observed.  

 The geographical location of Iceland, being at rather high latitudes, also provided 

some difficulties due to the limited number of hours of day light towards the end of the 

study. Normally non-haulout sites were visited twice per trip to field sites but due to the 

distance and time spent at sites the number of hours of useful daylight was limited.  

 The low return rate of surveys resulted in limited amount of data for this part of the 

study. There may be several reasons for these low return rates. Surveys were sent out in 

English which may have caused some confusion in the completion of the surveys. Another 

reason could be that owners of aquaculture operations in Iceland do not believe seals to be 

a problem and therefore didn’t see any reason to answer and return the survey. In a report 

released from Hafrannsóknastofnun Íslands, the Icelandic Marine Research Institute by 

Valdimar Ingi Gunnarsson, he states that unlike elsewhere in the world seals in Iceland 

have caused a low negative impact on aquaculture in the country (Gunnarsson, 2008). Part 

of the reason for this could be that aquaculture operations have been relatively small scale 

and not placed in close proximity to haulout sites. In Iceland other predators, specifically 

birds are the main predator at aquaculture sites. In Scotland, seals were reported in a study 

to be the largest of the predators of concern, but only 15% of respondents in a survey said 

seals were the exclusive predator at their sites (Quick, Middlemas, & Armstrong, 2004).  
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5.0 Potential Mitigation Measures 

  

Dealing with nuisance animals has been done in many ways over the years with no 

one method being deemed the best practice. Different methods have worked in different 

scenarios. Each different method can be categorized. For this paper three different 

categories will be used: Non-physical methods, physical methods, and defence 

mechanisms.  

5.1 Non-Physical Methods 

Non-physical mitigation includes several different methods which have been the 

most widely used to deter seals from aquaculture sites. These include methods that used 

sound to warn or deter seals from entering an area. It also includes methods which do not 

physically make contact to the animals but will influence them to leave or not enter a 

location. These methods are the most commonly used deterrents in most places with issues 

from marine mammal predation. (Petras, 2003) 

5.1.1 Acoustic Harassment Device (AHD)  

Acoustic harassment devices or AHD’s are often used to scare and/ or deter marine 

mammals, particularly seals away from aquaculture operations through emitting 

undesirable sounds into the water which either frighten the animal or cause discomfort to 

hearing (Jacobs & Terhune, 2002). They are known by several different names other than 

AHD’s including seal scrammers, seal scarers, and Seal chasers (Da La Croix, 2008). They 

are devices usually powered on site using solar power or wind energy (Johnston & 

Woodley, 1998). Different companies produce AHD’s using different high-intensity 

sounds that are reported to ranging from <180 dB re 1 µPa@1m to 200dB re 1 µPa@1m 

(Lepper, Turner, Goodson, & Black, 2004).  
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5.1.2 Acoustic deterrent device (ADD) 

Acoustic deterrent devices, often referred to as Pingers, acoustic alarms, or ADD’s  

are not meant to cause harm or discomfort but to simply alert marine mammals for the 

presence of netting or hazards in the area (Quick, Middlemas, & Armstrong, 2004). These 

are usually of a lower frequency than AHD’s, less than 185 dB re 1 µPa @ 1m (Da La 

Croix, 2008). Research has shown that in many cases with seals that ADD’s act as a 

“dinner bell”, alerting seals and other pinnipeds to the location of a meal (Jefferson & 

Curry, 1996). 

5.1.3 Negative Impacts of AHD’s and ADD’s 

 AHD’s and ADD’s have both been found to have impact on other marine mammals, 

especially smaller cetaceans. Many studies have been carried out investigating the effects 

of these devices on behaviour of these species. Of special concern and the subject of many 

studies have been Harbour porpoises (Phocoena phocoena), a species protected under 

CITES (Convention on International Trade in Endangerd Species of Wild Fauna and Flora, 

2012) and commonly seen in Icelandic waters. Studies in the Bay of Fundy have shown 

that these types of devices have had significant impacts on the range of harbour porpoises. 

Harbour porpoise densities have been found to be 90% lower within 3500m of active 

AHD’s than expected (Johnston D. W., 2002). If these types of devices were to be installed 

at current and future planned aquaculture operations in Ísafjarðardjúp it would result in 

limiting significantly the foraging area for cetaceans that frequent the area. These devices 

have also been found to affect the echolocation of cetaceans by stimulating them to 

echolocate more often or possibly mask the animal’s echolocation (Kraus, 1999). On 

multiple occasions Harbour Porpoises as well as other cetaceans have been spotted around 

existing operations in Ísafjarðardjúp as well as in planned locations for future expansion. 

With the rapid development of the whale watching industry in Iceland these species are not 

only in need of protection due to conservation measures, but are an asset to local business 

people who thrive on the growing tourism industry. Since the 1991 the whale watching 

industry has grown from 1 operation to 10 in 2008 with a total expenditure of $16,708,987 



48 

 

USD (O’Connor et al., 2009). The only pro to this type of technology is the amount of 

research constantly being done. Companies are always developing more technology due to 

the potential for both positive and negative impacts which may only be observed over 

extended trials and the variation of different environments. Due to high frequency of some 

of these devices, their use has been band in Canada (Nash, Iwamoto, & Mahnken, 2000). 

5.1.4 Pulse Power Devices (PPD’s) 

PPD’s are a relatively new type of acoustic device that when set off, simulates a 

similar shock wave that is delivered into the water that a bullet hitting the water would 

produce. It imitates a bullet hitting the water in both the noise and compression. PPD’s use 

stored electrical energy of between 1 – 3 kJs and release a max sound pressure of 132 dB 

re 1 Pa at 1 m3 (Petras, 2003). The electrical energy released creates rapidly collapsing 

bubbles and gases which create this noise and pressure. There is hope that this type of 

acoustic device is non –habituating (Da La Croix, 2008).   In one test with PPD’s on 

California sea lions, it was found that there was no long term negative effects to the 

animals’ hearing and that there was no evidence of physical damage to the animals’ health. 

Results showed that sea lions fled the area or would haulout if possible to avoid the 

interaction with the PPD (Finneran, Dear, & S.H, 2003).  

5.1.5 Predator Sounds 

 Predator sounds are the recorded vocalizations of predators that are played near 

aquaculture sites in order to deter animals from coming into an area. In the case of seals the 

recorded sound is often of Orcas (Killer Whales, Orcinus orca) (Quick, Middlemas, & 

Armstrong, 2004). This method has been tested throughout the North Atlantic in Scotland, 

Sweden and Norway on both Harbour seals and Grey seals. During testing, seals did react 

to the sounds, swimming away and either hauling out or finding safety in distance (Da La 

Croix, 2008).  

5.1.6 Explosive Sound Sources  

 Explosive sound sources have been tested showing quick initial results but very little 

or no long term results as predators often quickly become habituated to the noises (Nash, 
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Iwamoto, & Mahnken, 2000). This is sometimes done using firearms, underwater 

explosives, or even rocket launched charges similar to those sometimes used at airports to 

scare birds. These devices go by many different names, for example, cracker shells and 

seal bombs.  They also provide a hazard to those using them and working around them as 

they are explosive and often it is required to use them multiple times to achieve desired 

results (Da La Croix, 2008).  

5.2 Physical Deterrents 

5.2.1 Taste Deterrents  

 Taste deterrents are often a proposed solution to dealing with seals and other 

predators at aquaculture operations but little research has been done incorporating this into 

use with marine mammals. It has been a proven working practice in dealing with predators 

in the terrestrial environment and in theory could work in the marine. In a couple of studies 

in the 1980‘s fish were loaded with a common taste deterrent, Lithium Chloride, LiCl, 

known to cause nausea in those who consume it (Marine and Marine Industries Council, 

2002). Captive sea lions were fed the effected fish resulting in the aversion to eating that 

kind of fish again for several days (Kuljus, 1986). When tested, the wild animals who were 

observed consuming fish containing LiCl were reported to have gotten sick and refrained 

from foraging within the area for up to 5 days. After this period normal foraging levels of 

pinnipeds had resumed in the area (Gearin, Pfeifer, Jeffries, DeLong, & Johnson, 1988). 

This method could also become time consuming and costly as fish from the operations 

would have to be used as bait and be used on a constant basis as no long term effects have 

been found.  

5.2.2 Tactical Harassment  

Rubber bullets  

Rubber bullets, used as a non-lethal substitute to lethal methods of control have been tested 

and shown to have minimal effects on the level of predation at sites unless using rubber 

buck shot within a short range of 5 – 15 m and shooting at a specific angle. This method 

was found to be safe (Gearin, Pfeifer, Jeffries, DeLong, & Johnson, 1988). Conflicting 

results have been found using this type of harassment, and using it would require constant 
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attention as animals will return to the area once human presence is no longer there (NMFS 

and WDFW, 1995).  

 

Cattle prods  

Cattle prods using a low electrical charge have been tested in field studies showing limited 

results. Seals often tended to ignore the shock (Marine and Marine Industries Council, 

2002). This method is also impractical as it would require close contact with the animal 

which in most cases would only occur with the most habituated animals that show no fear 

of humans.  

Bean bag loads  

In Tasmania, shooting bean bags at seals has been tested as a scare tactic towards 

seals at aquaculture and fishing operations. These bean bag loads are loaded into normal 

shotguns and fired at the nuisance animal. These types of loads are normally made of lead 

in nylon bags and therefore are an environmental concern. (Marine and Marine Industries 

Council, 2002) If an environmentally friendly alternative could be created, this could be 

used as a non-lethal option of tactical harassment.  

5.2.3 Killing Problem Animals 

 Killing problem animals, usually by shooting with rifles and shotguns, has been used 

as a defence against seals in Iceland and elsewhere in the world. It has been becoming less 

used as a primary method of control in most countries as new technologies develop but is 

still used and considered very effective. Site managers questioned in Scotland regarded 

shooting of animals the second best option in a questioner survey (Quick, Middlemas, & 

Armstrong, 2004). In Canada until 2010 licenses were distributed to aquaculture 

companies to destroy problem animals that posed a threat to workers as well as 

infrastructure. After the decline in some stocks, the license system was revoked and 

deterrents must be used in order to manage seal and sea lions who pose threats. Animals 

are still being killed though. If certain animals become aggressive to humans posing a 

threat to them, as well as presenting serious threats to infrastructure, permits may still be 
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gained to humanly destroy the animals. It is the duty of the organizations to also record and 

report any animals that have been killed either accidently or purposely around aquaculture 

sites in Canada (Fisheries and Oceans Canada, 2012). In Iceland, killing problem animals 

should also be regarded as a last resort due to the decline in number of seals in recent years 

(Hauksson, 2006). 

5.2.4 Relocating 

 The practice of relocating nuisance animals around sites has shown limited success 

in some studies. In the southern Pacific around Tasmania a 10 year study was carried out to 

assess the effectiveness of relocating seals away from Atlantic salmon farms. In this 

particular example 52% of animals that were captured were recaptures throughout the 

study (Hume, Pemberton, Gales, Brothers, & Greenwood, 2002). In a study using the same 

data, it was discovered that some animals relocated 470km away from the capture site only 

took 8.5 ± 4.4 days to return to the same area where originally captured. These animals did 

not always cause problems around the pens, but proved that relocation was often very 

ineffective (Robinson, Gales, Terauds, & Greenwood, 2008). It has also been proposed that 

relocating animals could spread the risk of coliform bacteria causing risk to other farms 

and seal populations (Nash, Iwamoto, & Mahnken, 2000). 

5.2.5 Chasing with vessels  

Chasing animals with vessels has been used in other fisheries with limited success 

but is still often proposed as an option, even though test studies have often found that it is 

usually ineffective. Animals will swim under boats, and ultimately refuse to leave an area 

(Pfeifer, Gearin, Jeffries, Johnson, & DeLong, 1989). This could be used as a temporary 

method when appropriate such as during maintenance at sites (Marine and Marine 

Industries Council, 2002).  

5.3 Defence Deterrents 

5.3.1 Netting  

 Netting has been recommended in many studies as the best effective method of 

predator defence. Many different types of net systems have been introduced over the years. 
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Many of these have been designed specifically for seal aversion. N.J Quick et al. (2004) 

describe different types of netting systems in their study on anti-predator defences in 

Scotland.   

  

 

Cone nets 

A net that is shaped as a cone as it descends that results in a minimal bottom area where 

seal attacks often take place.   

 Tension nets 

Nets that are tensioned in order to keep rigid, not having any give in tidal and wave 

movement.  

 Curtain nets 

Netting hung around the sides of a sea cage or an interior net that holds the fish. These nets 

are often weighted at the bottom and have no bottom panels. 

 Box nets 

A net that completely encloses a sea pen. It has side and bottom panels.  

 False Bottom Cages 

A sea cage that at its bottom has a reinforced bottom panel which separates the fish within 

it from predators attacking at the bottom.  

 Seal blinders 

Nets that have additional sections attached to them in order to prevent seals from getting at 

the fish within them.  
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In that study it was found that the best controls were cone nets, tension nets, seal 

blinders and sinker rings. Site managers in Scotland who used these methods of defence 

found them very effective (Quick, Middlemas, & Armstrong, 2004). These set ups are 

often employed by their own or are set up using predator nets which are usually heavy 

black, nylon mesh netting around the existing pens (Nash, Iwamoto, & Mahnken, 2000).   

.  

 

5.4 Further Recommendations 

 Organizations such as the Scottish Natural Heritage (SNH) have great guidance 

policy for aquaculture which could easily be implemented into governments for dealing 

with marine mammal issues. Recommendations for this project through extensive research 

have led to similar recommendations as those presented within internal guidance policy 

used for consulting in SNH (Afra Skene, Personal communication January 2013).  

Due to the rise in tourism and potential for negative effects on other marine 

mammal species which may be protected, the use of AMD‘s is not a viable choice for 

aquaculture sites in Iceland. Because these devices are often unpredictable and react 

differently in different environmental conditions (Jacobs & Terhune, 2002) there is great 

risk and cost associated with even the testing of these devices. Due to most aquaculture 

being built within fjords, and no two fjords are alike, predicting how any device may act 

and impact the environment specific to its location is impossible.  

Appropriate measures should include the use of appropriate netting systems that 

have been found effective through the research of N.J Quick et al. (2004), combined with 

proper anti-predator netting. Along with this a minimum buffer zone from seal haulout 

sites should be put into place. A 4 kilometer buffer referencing the work of Nelson et. al 

(2006) should limit activity from nearby haulout sites. If haulout sites are located closer 

than this, monitoring for predation and damages should be done more frequently and 

smaller pen size and lower stocking densities of pens be used in case of negative 

interactions.  
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Killing of problem animals should be a last resort due to the declining population of 

both harbour seals and grey seals in the past few decades (Hauksson, 2007, 2010). In 

Canada and Scotland, permits should have to be obtained to grant the killing of persistent 

nuisance animals. In Icelandic waters permits are required from landowners, if the killing 

was from land. If the killing of nuisance animals takes place at sea, no permit is needed, 

with the exception of Breiðafjörður, where shooting seals is prohibited by law (Erlingur 

Hauksson, Personal Communication, April 2013).  This should be changed so that permits 

must be obtained by companies to kill nuisance animals if the need for extermination is 

justified.
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6.0 Conclusion 

Iceland has had relatively good luck in managing its fisheries throughout history as it 

still has many strong stocks of high quality and high in demand fish. With the rate of 

aquaculture increasing these two methods of acquiring ocean resources will overlap and it 

may not be due to physical space. As long as the environment is healthy and fish stocks are 

kept up to a level that supports the natural ecosystem, seals should not be a problem as 

long as pens are not directly placed next to common haulout sites. Seals are opportunistic 

feeders, meaning as long as their food is challenging for them to obtain then they should 

cause minimal amounts of damage and conflict with aquaculture operations. Elsewhere in 

the world it has been documented that nuisance animals will return to aquaculture sites 

repeatedly, even after relocation (Robinson, Gales, Terauds, & Greenwood, 2008) or many 

forms of harassment or defences have been put into place (Marine and Marine Industries 

Council, 2002). Only time will tell how nuisance animals react in Iceland as aquaculture 

operations and forage area become more overlapped. Fortunately, with baseline data 

collected in this study, it will become easier to monitor for changes in seal numbers and 

behavior as new locations become established.    
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Appendix A 

Aquaculture Survey 

 

 

Seals and Aquaculture in Iceland  

 Thank you for taking the time to complete this survey. The results of this survey will 

contribute to my master’s thesis research at the University Centre of the Westfjords, 

Ísafjörður. The central focus of this research is to determine the level conflicts between 

seals and aquaculture around Iceland and how to properly manage them for the future. This 

survey should only take about 15 minutes of your time, and your answers will be processed 

anonymously.  

Andrew W. Osmond 

Email address: andrewo11@uwestfjords.is 

Phone number: 857-3016 

Fax Number: 450-3005 

1. Company Name: ______________________________________ 

2. Location of Sea Cages: _________________________________ 

3. Annual Production: ____________________________________ 

4. Species Produced: _____________________________________ 

5. How many years have you been in production? Make a mark: 0, 1, 2 , 3 , 4 , 5 , 

6 , 7 , 8 , 9 , 10+  

6. Are seals observed around the Sea cages?  How Often? :  0 , 1, 2 , 3 , 4 , 5 , 6 , 

7 , 8 , 9 , 10+  

7. What types of seals are observed? 

- Harbour seals (Landselir)  

- Grey seals (Útselir) 

- Other  



 

8. Has the number of seals increased since the beginning of operation? 0% , 10% , 20% 

, 30%, 40%, > 50% 

9. When are seals spotted during the year? Mark the months seals were observed: J , F 

J  , JA , S , O , N , D .    

10. Have seals had a negative impact on your operation?   Yes //   No 

11. Estimated damage last year in icl. Kr: _______________________ 

12. What impacts from seals are of concern at your company? Mark all that apply: 

- Loss of fish  

- Damage to property  

- Stress on fish  

- Worms and Parasites from Seals  

- Other (Please Specify )  

_____________________________________

_____________________________________

__________ 

13. Do you currently use anti- predator devices / strategies? :   

- None  

- Sound deterrents  

o Acoustic harassment device(AHD)  

o Acoustic deterrent device (ADD) 

- Anti-predator netting  

o Specify specific 

type___________________________

______________________________

___________ 

- Taste deterrents  

- Chasing with vessels  

- Tactile harassment  

o Rubber bullets  

o Cattle prods  

o Bean bag loads  

- Killing problem animals  

- Other. Please specify: 

_____________________________________

_____________________________________

__________ 

16. Are marine mammals other than seals of concern to your operations?  



63 

- No  

- Killer Whales  

- Dolphins  

- Porpoises  

- Other. Please specify: 

_____________________________________

_____________________________________

__________ 

15. Additional remarks or comments : 

_________________________________________________________________________

_________________________________________________________________________

_________________________________________________________________________

____________________________________ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Appendix B Field Work Log 

 

Out In Tide Out In Tide (m) Out In Tide (m) Out In Tide (m)

10-Jul-12 0 1 0.8 14 2 1.5 0 0 1.6 14 7 1.5

0 0 0.9 0 0 1.3

13-Jul-12 0 0 0.9 27 3 1.15 0 0 1.25 1 7 1.3

0 0 1.4 0 0 1.5

16-Jul-12 0 1 0.75 17 1 0.75 0 0 0.85 14 2 0.95

0 1 1.8 0 0 1.5

20-Jul-12 0 0 1.88 20 4 1.8 0 0 1.7 15 2 1.5

11-Aug-12 0 0 1.5 4 9 1.45 0 0 1.35 4 6 1.25

0 0 0.9 0 0 1

14-Aug-12 0 0 0.8 32 7 1 0 1 1.15 9 5 1.3

0 0 1.25 0 0 1.8

19-Aug-12 0 0 0.3 38 1 0.1 0 0 0.1 3 2 0.25

0 0 1.3 0 0 0.8

23-Aug-12 0 0 1.45 33 7 1.1 0 0 0.95 2 2 0.6

0 0 0.6 0 0 0.5

30-Aug-12 0 0 0.3 33 2 0.5 0 1 0.6 4 9 0.95

0 0 2.05 0 0 2

02-Sep-12 0 0 0.15 35 2 0.06 0 0 0.1 2 1 0.2

0 0 1.1 0 0 0.55

11-Sep-12 0 1 1.5 56 4 0.8 0 0 0.85 1 5 1.05

0 0 0.73 0 0 1.3

18-Sep-12 0 1 0.45 43 2 0.1 0 0 0 1 2 0.1

19-Sep-12 0 0 0.05 27 3 0.075 0 0 0.1 1 0 0.2

28-Sep-12 0 0 0.3

04-Oct-12 0 1 0.8 48 2 0.5 0 0 0.6 20 3 0.35

0 0 0.7

08-Oct-12 0 0 1.1

12-Oct-12 0 0 0.6 54 1 0.8 0 0 0.95 3 2 1.25

0 0 1.95 0 0 1.65

17-Oct-12 0 0 0.9 33 2 0.3 0 0 0.18 0 3 0.02

25-Oct-12

29-Oct-12 0 0 0.7 43 2 0.45 0 0 0.4 24 1 0.45

0 0 0.95 0 0 0.5

14-Nov-12 0 0 0.2 29 1 0.09 0 0 0.45 11 1 0.2

19-Nov-12 0 0 2.1 18 8 1.5 1 5 1.2

28-Nov-12 0 0 0.8 37 1 0.56 0 0 0.6 23 5 0.6

30-Nov-12 0 0 1.6 26 1 1.15 0 0 0.95 20 0 0.8

TOTAL 0 6 667 0 2 173 70

MEAN 0 0.166667 0.987778 31.7619 3.095238 0.749286 0 0.0625 0.910313 8.238095 3.333333 0.762857

MAX 0 1 2.1 56 9 1.8 0 1 2 24 9 1.5

MIN 0 0 0.05 4 1 0.06 0 0 0 0 0 0.02

Date

Site 1 Site 2A Site 2B Site 3A
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Out In Tide (m) Out In Tide Out In Tide (m) Out In Tide

21 3 1.65

8 4 1.45 0 0 1.1

0 0 0.95

23 2 1.1 0 0 1.9

0 0 1.8

39 0 1.4 0 0 1.8

1 1 1.2 0 0 1.5

0 0 1.3

9 3 1.35 0 0 0.7

0 0 0.9

17 2 0.35 0 0 0.8

0 0 1.6

10 0 0.55 0 0 1.3

0 0 1

0 8 1.15 0 0 0.24

27 0 0.25 0 1 0.5

2 2 1.1 0 0 0.85 28 4 1

25 0 0.15 0 0 0.95 46 0 0.05

27 0 0.3 0 0 0.8 45 2 0.15

0 2 1.7 0 0 1

31 1 0.4 0 0 1.25 53 0 0.55

0 0 1.5

0 0 1.5

9 4 1.4 0 0 0.5 21 7 1.15

0 0 1.5

10 1 0.03 0 1 1.55 43 1 0.05

0 0 0.75

28 1 0.45 0 0 1 39 0 0.4

13 2 0.3 0 1 0.45 8 2 0.15

3 5 1.1 0 0 2.12 15 1 1.4

18 0 0.7 0 0 1.05 5 0 0.5

18 7 0.6 0 1 1.9 1 0 0.9

339 46 0 6 304 17 0 0

16.14286 2.190476 0.808571 0 0.206897 1.164138 27.6363636 1.545455 0.572727 0 0 1.25

39 8 1.65 0 2 2.12 53 7 1.4 0 0 1.5

0 0 0.03 0 0 0.24 1 0 0.05 0 0 1

Site 4 Site 5A Site 5bSite 3B



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


