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Abstract 

Due to exponential human growth over the last few decades, the Earth’s ecosystems are 

facing increasing pressure to feed the human population.  Many species are being pushed to 

the brink of extinction due to the ever-increasing human appetite for food and living space.  

Since much of the world’s human population lives within easy access to the coastline, marine 

resources are being pushed to unsustainable levels to feed these populations.  Most of the 

available land is either being used for residential or industrial purposes; and oceans, suffering 

from the effects of various forms of habitat pollution, are increasingly threatened as a food 

source.  Many of the resources that the ocean produces are unable to overcome natural and 

man-made pressures, such as overfishing and habitat destruction that has led many to 

collapse.  Aquaculture has the ability to reduce protein consumption pressure on capture 

fisheries for wild stocks, which has stabilised since the late 1980’s at approximately 90 

million tonnes landed per year worldwide.  The need for the global aquaculture industry to 

expand its capacity and current output of approximately 70 million tonnes per year, are 

paramount to feeding the world’s burgeoning population with a relatively cheap and 

affordable protein source.   Aquaculture is a good way of alleviating this bottleneck, but it 

must be done in a sustainable manner so as not to put further stress on already over-burdened 

marine resources.  Since the collapse of the scallop fishery in 2003, and the subsequent 

moratorium in 2004, there has not been any successful attempt at scallop aquaculture in 

Iceland since 1989-1993.  This attempt was not successful as the cost was too high for 

equipment replacement due Iceland’s extreme weather patterns that were too much for the 

equipment to handle.  An aquaculture venture in Iceland scallop farming should be of 

economic benefit to the Westfjords of Iceland, further increasing the financial capabilities 

of the municipalities in this area.  A viable business opportunity here would enable the 

communities to retain their current work force and possibly increase the population base 

considering the scarcity of long term, steady employment opportunities available for the 

younger generation.  The rationale for this thesis is to see what factors are needed to make 

scallop aquaculture financially and socially viable in the Westfjords of Iceland, thus laying 

the groundwork for a template that others could follow should the economic opportunity 

arise.  More broadly, this thesis aims to improve the understanding and knowledge base that 

potential aquaculture proponents must have to comply with the requirements at the local and 
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national level for business ventures as well as generating an economic baseline knowledge 

of the various factors needed for a shellfish operation to be viable in Iceland.   

Útdráttur 

Abstract in Icelandic should not be longer than half a page and should fit on the same page 

as the English. We can help you find a translator.  
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Foreword 

I have been employed as a high school teacher for the last 10 years with the school district 

of Victoria, British Columbia Canada.  I have lived on Vancouver Island for the better part 

of my life enjoying every aspect of the ocean environment which has literally been at my 

doorstep since my return to the island from my childhood years spent on the French overseas 

territory of New Caledonia.  I have always had a keen interest in all facets of the marine 

ecosystem (fishing, sailing, scuba diving, surfing).  My interests in the commercial and 

environmental sides of marine resource management are thanks in large part to thanks in 

large part to my Father’s influence.  He had a lengthy career in fisheries management and 

research as a Registered Professional Biologist, now retired. After I finished my 

undergraduate degree in French Literature with a subsequent Post-degree in Education at the 

University of Victoria, I decided to pursue a master’s degree in Marine management, 

combining my love for the ocean and life experiences with something practical and socially 

worthwhile.  The idea of cultivation for Iceland scallop arose during my Sustainable 

Aquaculture course‘s in-class discussions that took place in ĺsafjörður at the University 

Center of the Westfjords.  I had been scuba diving regularly with a local whom I had 

befriended and who was a licensed scallop diver.  I informed my professor of this and he 

was amazed that there were actually scallops present in the fjords.  I hope, through my 

research, to have created a comprehensive template for a scallop aquaculture feasibility study 

for the communities in Iceland, helping whoever is interested to get a good idea and 

background for what it takes to make scallop aquaculture a reality in this beautiful country.  

While writing my thesis, I went back to my current occupation as a high school teacher and 

have been sharing the knowledge I have gained from my Icelandic studies with my students 

who now are keener than ever to receive new information and ways of learning about ocean 

ecosystems.  
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Executive Summary 

To make it easier for potential business operatives and venture capitalists interested in the 

opportunity of setting up a viable scallop aquaculture operation, I have decided to insert an 

executive summary to facilitate understanding of the factors that are necessary to make this 

a reality.  Throughout my research and participant interviews for this thesis, there were 

numerous factors that were uncovered when it came to understanding the socio-economic, 

biological, environmental and government regulatory aspects necessary to make this 

research a reality.    Because of this, I have found that there are numerous factors that would 

make scallop aquaculture enticing for possible investment.  Iceland has some of Europe’s 

cheapest electricity and power rates in Europe making it an attractive place to invest    as 

operational costs are one of the biggest expenditures for start-up and established industries 

alike.  This is due to the country’s use of hydro and geo-thermal power to supply its power 

grid with a cheap and renewable source of electricity and power.  Added to this is the 

Icelandic federal government’s openness to investment for small business ventures to spur 

economic development in the country.  The government has a lengthy application process 

meant to safeguard the environment from any deleterious effects from industry, but it is 

meant to ensure that the potential industry will be sustainable in the long-term both 

economically and environmentally.  Iceland’s economy is in a current boom due in part to 

the increase in tourism to the country which bodes well for industrial development.  Another 

facet that makes investment in Iceland attractive is the low level of anthropogenic pollution 

in its coastal and offshore waters simply due to the low population rate of the country and 

the limited industrial development along its coastline.  On top of that are the high 

productivity of its nearshore and offshore waters due to Iceland’s geographic location 

between the North American and European tectonic plates and the immense upwelling of 

nutrient rich deep waters thus making the marine environment a natural fit for a possible 

scallop aquaculture venture.      Initial start up costs and return on investments  would be : 

• $2.31 million USD for initial set up of hatchery, nursery and ocean grow out  

• Annual operating costs of $385 000 USD (staffing, maintenance, utilities) over 4 

years until first scallop crop is harvested  

• Possible harvest of 30 tons of scallop meat from one 18 hectare grow out site after 

4 years at current scallop prices ~$15 USD/kg= $408 240 USD 
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On the other hand, there are some negative drawbacks to investing in a shellfish aquaculture 

venture in Iceland.  Due to the country’s extreme weather patterns throughout the winter 

months, it is imperative that the prospective operation invest in shellfish aquaculture 

equipment that is best suited for Icelandic conditions.  This type of equipment can be very 

costly as it needs to be developed specifically to withstand the Icelandic winters and its 

marine environment.  It can also be very difficult for the shellfish operation to garner much 

needed funding and grants from  Iceland’s federal government, therefor it is imperative that 

the potential operator have sufficient capital of their own for initial investment purposes and 

ongoing operational costs.  The regulatory authorities also insisit that every potential site for 

grow-out purposes be vetted by  Matvælastofnun (MAST), the Icelandic Food and 

Veterinary Authority, for a year prior to the actual operation getting started.  MAST does 

this to ensure that the potential site be categorised as good enough for shellfish culturing 

purposes.  After the site has been deemed suitable for growing purposes by MAST, the yearly 

costs of monitoring the site is borne by the growers themselves and the results must be sent 

into this regulatory authority.  Iceland’s geographical location in the North Atlantic also 

makes for another added expense to get the shellfish product to overseas markets which may 

take away from the end profit margin.  This can be overcome by first establishing a market 

in country for the shellfish product to offset any future incured costs should the shellfish 

operator want  to tap into various overseas markets.  The cost of living in Iceland and high 

wages commanded by the workforce may also be a hindrance to potential investors but this 

may also be negligible if the operators decide to market their product as a high quality 

product produced in low quantity, capitalizing on Iceland’s reputation as an unspoiled and 

beautiful country.  By marketing it this way, operators will be able to keep their operational 

costs low in order to maximize their profit until such a time where an incremental expansion 

of 10% per year will lead to an inceased profit margin. For any potential venture capitalist 

interested in following through on this proposal, they must understand that this is a long-

term investment with monetary returns starting in approximately year 5 of operations until 

such a point that profits will surpass operational costs towards year 10.   
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1 Introduction 

1.1  The Iceland scallop and Possible Scallop 
Aquaculture in Iceland 

The Iceland scallop, Chlamys islandica (C. islandica), a bivalve mollusk in the family 

Pectinidae, can be found in the frigid waters of the North Atlantic (Wroblewski et al., 2009).  

Its habitat range extends from the northeastern seaboard of North America to Greenland, on 

through and around the North Atlantic waters of Iceland, Norway, and the Faroes 

(Kristmundsson et al., 2011a).  It is a slow growing, filter feeding, broadcast spawning 

bivalve reaching sexual maturity between the ages of 4-7 years and lives on average 20 years 

(Kristmundsson et al., 2015; Wroblewski et al., 2009).   

At its very beginning in 1969, scallops were an economically valuable fishery for the 

Icelandic state until its collapse in 2003 (Jonasson et al., 2007).  From 1969 to 2003, Iceland 

had a wild scallop fishery with the majority of it taking place in Breiðafjörður (Marine and 

Freshwater Research Institute, 2017). The fishery started off on a small scale and peaked in 

the mid to late 1980’s with top landings of over 17 000 tons in 1985 until its collapse in 2003 

with reported landings of 800 tons with a complete moratorium the following year (Jonasson 

et al., 2007; Marine and Freshwater Research Institute, 2017).   Although it is very difficult 

to pinpoint the cause to any one reason, it is important to consider abiotic and biotic factors 

that led to the collapse of the Iceland scallop to gain a better understanding of  ecosystem 

dynamics when trying to comprehend the reasons for the collapse of Chlamys islandica 

(Kristmundsson et al., 2015). 

Since the collapse of the fishery, monitoring has taken place throughout its known fishing 

grounds with data showing that the Iceland scallop is recovering but not yet substantially 

enough to warrant recommencement of a full scale fishery (Marine and Freshwater Research 

Institute, 2017).  There is no current, viable scallop aquaculture operation save for a short-

lived experience in Stykkishólmur.  Stykkishólmur is an Icelandic community located on the 

shores of Breiðafjörður which separates the region of the Westfjords from the south of the 
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country.  The experience in Stykkishólmur was started by the interested parties in the spring 

of 2014 but was only continued for a short amount of time.  Juvenile scallops were collected 

from the waters of Breiðafjörður and reared until they reached marketable size.  The 

operators supplied local restaurants with scallops but the restaurants found it too 

cumbersome to shell themselves so it was left to the operators to do this.  This was continued 

in 2015 with the operators supplying the restaurants with more scallop but unfortunately 

their handling of the scallops made for high mortality, further making it non-economically 

viable.  The operators also found that bio-fouling of the culture system led to an increase in 

labor needed to clean the system which in turn made it too labor intensive to be economically 

sustainable.  This went on until late 2016 where the operators determined that the effort 

needed to continue the operation was too much work for too little of an economic return.  

Added to this was their relative inexperience in scallop culturing which further decreased 

their chances of success.  The operators had not ruled out further attempts at scallop culture 

but at present it was deemed not economically viable and was thus discontinued (Participant 

Q, April 5, 2017). 

Shellfish aquaculture is seen by many as a sustainable way to feed the world’s burgeoning 

population and its appetite for healthy seafood protein (FAO, 2016; Ferreira et al., 2007).  

With increase production of aquaculture worldwide comes also an increase in consumer 

awareness of the ways that  the aquaculture operations, finfish and shellfish alike, are 

producing seafood (Gutiérrez et al., 2012).  These seafood consumers are increasingly 

concerned in how the product that they eat is produced and are becoming increasingly aware 

of this through information campaigns organized by non-government organizations and 

governments alike (Cooke et al., 2011; Jacobs et al., 2015; Tediosi et al., 2015).   Alongside 

consumer awareness of aquaculture comes social perceptions of aquaculture which must be 

considered when industry wants to expand in areas where the public might be affected 

(D’Anna & Murray, 2015).  To aid in minimizing conflicts between coastal zone users and 

the aquaculture industry, consistent and informative dialogue must be conducted between all 

coastal zone stakeholders (Fernandes et al., 2000). 

In recent years, there has been an increased focus on the use of integrated multi-trophic 

aquaculture (IMTA) as a means of alleviating the environmental strains put on the ecosystem 

by industrial scale monoculture aquaculture practices (Nobre et al., 2010).  There are some 

limitations involved in implementing these practices: increased labor costs, volatility in the 
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world markets, lack of government incentives, difficulties in obtaining insurance, but if these 

concerns are addressed then aquaculture operations would be more inclined to adopt IMTA 

as an economically and environmentally viable operation (Yu et al., 2017).  On the other 

hand, the adoption of IMTA practices in Iceland is not as prevalent as it may be in other 

aquaculture producing countries as the Icelandic government’s environmental regulations 

are very strict, making it very difficult (albeit possible) for polyculture to be used by the 

country’s aquaculture industry (Iceland Federal Government, 2015).   

Bivalve aquaculture has many benefits, but it is also important to consider its impact on the 

benthic zone community in the bodies of water where it is practiced ensuring that it is done 

sustainably and does not exceed the ecological carrying capacity of the marine environment 

(Kluger et al., 2016).  The importance of site selection for an aquaculture operation cannot 

be underestimated when it comes to understanding and mitigating against the effects that 

aquaculture may have on the benthic zone (Han et al., 2013).      

Phycotoxins, heavy metals, bacteria and viruses present in the marine environment are also 

a concern for consumers and aquaculture producers alike as they may pose a health risk to 

the human consumer and an economic problem for operators due to the inability to market 

their product if it is deemed to be too risky for human consumption (Inglis et al., 2016;  

Shumway & Cembella, 1993).  Regulatory authorities are aware of these issues and have 

implemented regulations and guidelines for industry to follow in cases where the product 

may be exposed to these negative effects (Marques et al., 2015; E. Shumway, 1990).  In 

Iceland, no harvest or culture of bivalves is allowed if the area has not been investigated and 

confirmed to be clear of any toxins, be they natural or anthropogenic (Participant F, Spring 

2017 ongoing).  The area in question must be investigated by Matvælastofnun (MAST), the 

Icelandic Food and Veterinary Authority, for a year before the start of the culture operation 

if it has not been done before.  Monitoring after the initial investigation must be done yearly 

by MAST to ensure that no deleterious elements are present in the sited area (Participant F, 

Spring 2017 ongoing). 

The market potential for shellfish aquaculture has been growing steadily worldwide with 

total economic value making it increasingly appealing for governments and industry to 

continue with this trend (Bostock et al., 2010; Ferreira et al., 2007).  This opportunity should 

not be lost on countries like Iceland as there presently is no wild scallop fishery nor any 
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scallop aquaculture operation to date in Iceland (Jonasson et al., 2007).  There are other 

economic incentives that should make it appealing for this industry to take hold in Iceland: 

strong economy, relatively cheap costs of electricity, geothermal power potential, pristine 

marine environment, productive waters, minimal anthropogenic pollution due to low human 

population density (EEA, 2015; ICES, 2017; OECD, 2017; Orkustofnun, 2018; Rarik, 

2018).  

To gain a better understanding on how a scallop aquaculture enterprise would work, it is 

necessary to look at other jurisdictions worldwide to ascertain what is needed for operations 

to be successful.  In this thesis, the researcher looked at shellfish operations in their native 

province of British Columbia (BC), Canada to aid in understanding what is needed to be 

done for an operation to be successful in Iceland.  The province of British Columbia is very 

well suited for aquaculture, and more specifically shellfish aquaculture as it pertains highly 

to this thesis.  Like Iceland, the British Columbia coastline contains many bays, inlets and 

fjords that are sheltered from the elements making this lengthy coastline ideal for aquaculture 

operations to operate (Sebert et al., 1972).  The coastal waters are temperate, extremely 

productive in terms of upwelling and nutrient availability in the water column and relatively 

pollution free outside of the heavily developed regions of the southern part of the province 

(Foreman et al., 2011).    The coastal area of British Columbia has a long history of 

aquaculture dating back at least ten thousand years to a period where the Indigenous peoples 

intentionally altered intertidal spaces to be able to continuously harvest a variety of shellfish 

species (Silver, 2014b).  Around the turn of the 20th century, different shellfish species were 

targeted in a commercial fishery where the shellfish was collected by hand within certain 

designated harvesting areas (Silver, 2014b).  It was not until the late 1970’s that the 

provincial government of British Columbia started to actively promote shellfish aquaculture 

by opening up several thousand hectares of intertidal and nearshore space for the nascent 

industry to take hold (Silver, 2014b).   

In Canada, the aquaculture sector has remained moderately constant since 2005 with a 

growth of 4.5 percent in 2010 whereas in the same year in British Columbia, the shellfish 

aquaculture industry produced upwards of ten thousand tonnes with a wholesale value of 

slightly over $30 million (Fisheries and Oceans Canada Government of Canada, 2012; 

Silver, 2014b).  Further to this, the regulatory procedures for procuring an aquaculture 

license in Canada were augmented via intergovernmental panels in the mid 1980’s after a 
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long period of neglect to make the application process more streamlined with the aim of 

creating employment opportunities and capitalizing on the growing aquaculture sector 

worldwide (Howlett & Rayner, 2004).  The federal and provincial governments oversaw  the 

adoption of numerous policies that set out to promote the aquaculture industry as a viable 

economy to supplement the fisheries sector (Howlett & Rayner, 2004).  The application 

process itself is lengthy but it has the goal of ensuring the public and regulatory authorities 

that all the proper assessments are done to maintain the industry’s sustainability in the long-

term (Howlett & Rayner, 2004).  However, this lengthy process is often seen as an 

impediment to growth of the shellfish aquaculture industry with all the regulatory 

environmental assessments being cumbersome and taxing economically to the companies 

that wish to get their operations up and running but continuously run into bureaucratic 

roadblocks (Howlett & Rayner, 2004).  

It is important to look at all factors (environmental, biological and socio-economic) on the 

international aquaculture scene: increase in aquaculture product output, consumer awareness 

(environmental, economic), social perceptions of aquaculture, integrated multi-trophic 

aquaculture, benefits of bivalve aquaculture, site selection of aquaculture operation, 

phycotoxins and other metals present in bivalves, as well as regionally in Iceland to fully 

understand the all-round picture needed to make a scallop aquaculture venture in Iceland 

economically, socially and environmentally sustainable. 

1.2 Research Question: 

The Iceland scallop (Chlamys islandica) is a bivalve species that was found in abundance in 

the waters surrounding Iceland but as of now is not currently fished on a commercial basis 

while government authorities wait for the stock to recover (Marine and Freshwater Research 

Institute, 2017).  The following research question and sub research questions seek to 

investigate the potential market implications associated with a possible Iceland scallop 

aquaculture operation located in Iceland based on experiences with scallop aquaculture in 

British Columbia, Canada: 

Can the Canadian Experience in Scallop Aquaculture Serve as an Example for a 

Potential Iceland Scallop Aquaculture Venture in Iceland?  
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1.2.1 Sub Research Questions:  

1. How do the organisms (scallops) in Canada and Iceland compare? 

2. How are the environmental conditions in Canada and Iceland comparable? 

3. What are the market conditions for cultivated scallop in Canada, and can the 

Canadian experience be transferred to Icelandic conditions as far as the economic 

opportunity and profit margin? 

1.3 Research Aims and Overview of Methods 

The purpose of this thesis is to: (i) examine the feasibility for a scallop aquaculture enterprise 

in the Westfjords of Iceland; and (ii) compare similarities and differences between the 

Westfjords of Iceland and coastal British Columbia, Canada where shellfish aquaculture 

exists; and (iii) conduct a literature review regarding scallop aquaculture.  This will provide 

valuable understanding into the overall feasibility of scallop aquaculture in Iceland, how it 

is perceived overall from a consumer’s perspective and what socio-economic and biological 

factors would necessitate this venture taking hold.   

This thesis begins with a general background on the Iceland scallop and the wild fishery in 

Iceland that was characterized by a general boom and bust before its moratorium in the early 

2000’s (Jonasson et al., 2007).   Following that, a thorough literature review regarding all 

facets of aquaculture will be conducted to assess the feasibility of scallop aquaculture in 

Iceland: aquaculture and fisheries management in Iceland, advantages of shellfish 

aquaculture, consumer awareness and social perceptions of aquaculture, the feasibility of 

integrated multi-trophic aquaculture, polyculture in Iceland, the ecological impact of bivalve 

aquaculture on the benthic zone, site selection, toxins found in shellfish and market 

opportunities for scallop aquaculture.
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2 Theoretical Background 

2.1 Iceland’s Wild Scallop Fishery 

The scallop fishery in Iceland started in 1969 and continued until the Icelandic government 

shut it down in 2004 due to extremely low catch totals from its peak in the mid 80’s (Jonasson 

et al., 2007).  Iceland primarily exported its scallop meat (adductor muscle) to the continental 

U.S. until the late 1980’s when a new market opened up in France for roe-on scallops which 

the French had a taste for (Eiríksson, 1997).  Total landings fluctuated during the first years 

of the fishery but increased steadily as the fishing fleet expanded from a few boats in the 

early years to a peak of 60 in 1985 (Eiríksson, 1997).   The fishery had its best year in 1985 

with over 17 000 tons of meat landed and averaged 8000-9000 tons per year throughout the 

1990’s until its collapse in 2003 where the landings went from over 8000 tons to 800 tons 

(Eiríksson, 1997; Marine and Freshwater Research Institute, 2017; Thorarinsdóttir, 1994).  

 

Figure 1: Total catch of Iceland scallop in Iceland and within Breiðafjörður. (Marine and Freshwater 

Research Institute, 2017) 

2.1.1 Factors that led to the collapse of the Iceland scallop fishery 

Various factors led to the collapse of the fishery.  Researchers looked at the sea surface 

temperature fluctuations, increases in natural mortalities, parasite prevalence in scallop 

populations (mainly in Breiðafjörður the principal fishing area prior to the scallop 
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moratorium), food availability in the water column, the pressures of fishing at unsustainable 

rates and the effects these practices had on the overall health of the stock (Jonasson et al., 

2007; Jónasson et al., 2004; Kristmundsson et al., 2015).  The bulk of the scallop fishery has 

always taken place in Breiðafjörður, with other areas in Iceland being fished to a lesser 

extent: the Westfjords of northwest Iceland, Húnaflói in northern Iceland and Hvalfjörður in 

the southwestern part of the country  (Jonasson et al., 2007; Kristmundsson et al., 2015).  

The scallops stock size in Breiðafjörður was relatively stable until a sharp decline occurred 

from 2000 to 2003, reducing the size to a historical low of its size in the previous decade 

(Jonasson et al., 2007). 

 

Figure 2: Catch Per Unit Effort of Iceland scallop in Breiðafjörður, 1986–2003: (kg of scallops per hour 

fishing/feet), effort (hours of fishing × dredge feet), and a stock index based on data from annual surveys 

conducted from 1993 to 2003. (Jonasson et al., 2007)  

Further to that, studies of various species of scallops from the Faroe Islands, Scotland, and 

Iceland were reviewed.  The researchers were trying to find out if the low numbers of Iceland 

scallop were due to a parasitic infection and if so where did it come from.  They compared 

the affected Icelandic water’s populations with other scallop populations such as the Faroese 

queen scallop (Aequipecten opercularis), the Scottish queen (Aequipecten operculari), and 

the king scallop (Pecten maximus).  Through diagnosis and analysis of the DNA of the 

apicomplexan parasite (a single celled eukaryotic parasite) found in wild Iceland scallops, 

the researchers found that it was most like an unknown apicomplexan found in the Japanese 

giant clam, Tridacna crocea.  Researchers also found that this apicomplexan parasite was 
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not solely unique to the Iceland scallop but could be found in other species of scallops and 

different bivalve species in other bodies of water worldwide, namely disease outbreaks in 

wild oyster and mussel populations in New Zealand waters.  Under various investigations 

by researchers looking into the effects this parasite had on the viscera of the infected scallop, 

it was found that the parasite tended to affect its adductor muscle and reproductive organs 

turning the meat a grey color and reducing the wet weight of the gonads affecting its 

reproductive capabilities (Kristmundsson et al., 2015; Kristmundsson, Helgason, Bambir, 

Eydal, & Freeman, 2011b; Kristmundsson et al., 2011a). 

A follow-up study by the same researchers further explained their theory that an 

apicomplexan parasite could have been responsible for the collapse of the Iceland scallop 

fishery (Kristmundsson et al., 2015).  They revised previously thought reasons for the 

collapse of the Icelandic scallop fishery: fishing pressures, food availability, sea temperature 

increase (Kristmundsson et al., 2015).  Starting in 2000, researchers noticed a significant 

increase in sea surface temperature in the primary scallop fishing grounds located in 

Breiðafjörður as well as other scallop grounds, leading some researchers to believe that sea 

surface temperature increase was the chief reason behind scallop stock decline (Jónasson et 

al., 2004).  These events were also detected in eastern Canada and Norway where mass 

mortalities of scallops were observed during times of increased sea surface temperature 

(Jónasson et al., 2004).  Sea surface temperature as the sole reason for scallop stocks decline 

in Iceland is hard to quantify as scallop stocks in different parts of the country were found 

to be able to tolerate different temperature increases and some not (Jónasson et al., 2004).  

2.1.2 Conclusion Regarding the Failure of Iceland scallop Fishery and 
Stock 

In their reviews, researchers compared areas in Iceland where the previous factors were not 

significant and still there was significant reduction in stock size and increased mortality.  

This led the researchers to believe that an apicomplexan parasite was the most culpable factor 

in the demise of the Iceland scallop as it affected mature scallops primarily and their 

reproductive capabilities thus lowering recruitment and stock sustainability.  Although 

difficult to identify the parasite as the sole cause of the scallop collapse, researchers  stated 

that looking at factors such as the host, the infectious agent and the surrounding environment 

is useful in understanding the causes of the drastic declines in scallop populations just prior 

to the Icelandic government’s moratorium  on the scallop fishery in 2003 (Jonasson et al., 
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2007; Kristmundsson et al., 2015).  In recent years, test fisheries have been conducted on 

the Iceland scallop stocks in Icelandic waters with preliminary results showing an increase 

in scallop populations but not enough to warrant a startup of the fishery (Kristmundsson et 

al., 2015).   

2.2 Aquaculture and Fisheries Management in Iceland 

The beginning of aquaculture in Iceland and fisheries management can trace its roots back 

to the first days of the Icelandic parliament in the 10th century and settlement of the country 

by the waves of immigrants from neighboring Nordic countries in the 11th century 

(Gudjonsson et al., 2011; Kristinsson, 1992).  Although it cannot be measured exactly, one 

of the Icelandic Sagas tells the story of a young Icelander Gull-Þórir and his friends who 

took it upon themselves to collect live fish from a lake near their village and placing them in 

a nearby stream.  The fish flourished in this stream, which was then called Alifiskalækur 

(Cultured fish stream) and aided in supplying the village with easy access to a reliable food 

source (Kristinsson, 1992).   

Ever since the first days of settlement in Iceland by the early Viking explorers of the 9th 

century, the rivers of this country have been owned by the farmers that lived near them, 

supporting them in subsistence fisheries and sometimes also supporting them in commercial 

fisheries.   However, this produced a dilemma for other settlers that lived further upstream 

from these coastal estuary farmers who supposedly took more than their fair share of fish 

and wouldn’t let enough past their emplacements which would have enabled farmers further 

upstream to harvest fish as well.  These offences continued until laws were enacted by local 

chieftains during the annual gatherings held in the early days of Iceland’s parliament 

(Scarnecchia, 1989).  

One of the first laws in Iceland that dealt with fisheries management stated it was illegal to 

harvest salmonid runs via the use of fences and traps.  This law’s beginning can be traced 

historically to the earliest days of the Icelandic parliament which was founded in the year 

930.  This law had two purposes: (i) to allow for fish to reach their up-river spawning grounds 

thus enabling the stock to continue its lifecycle and return year after year providing a 

constant food source for all Icelanders (ii) to prevent farmers living in the estuaries from 

catching all the fish thus allowing farmers living further up-river the opportunity to harvest 

fish as well to stock up for the long winter months when food might not be so readily 
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available.  These laws have been upheld ever since and form the basis of modern day 

fisheries management in Iceland (Gudjonsson et al., 2011). 

Iceland’s ability to manage its own fisheries was a gradual process that went through a period 

of upheaval characterized by the cod wars of the 1950’s through to the 1970’s with Great 

Britain (Guðmundsson, 2006; Holm et al., 2015).  Prior to and including World War II, 

Icelanders were the only ones that fished their coastal waters save for some fishing vessels 

that heralded from the Faeroe Islands and the occasional fishing boat from Britain that 

braved the German U-boats patrolling the north Atlantic during the Second World War.  

After the end of this world conflict, the fishing fleets, with their new and improved vessels 

and fishing technology gleaned from the advent of sonar during WWII, returned to Icelandic 

waters intent on fishing the plentiful supply of cod (Guðmundsson, 2006).  It wasn’t before 

long that regulatory authorities realized that the fish stocks were being over-exploited 

thereby necessitating the need for the Icelandic government to assert control of the fishery 

in their local waters (Holm et al., 2015).  The Icelandic government extended their control 

of local fishing grounds to 4 miles in the 1950’s resulting in an embargo of Icelandic fish 

products by the United Kingdom with no aggression by either side in this dispute 

(Guðmundsson, 2006).  Gradually, the Icelandic government slowly extended control of 

their fishing grounds to  15 miles in the late 50’s and early 60’s and continued on to gain 

control of its fisheries within 200 miles of its exclusive economic zone in the mid 70’s which 

gave complete control and jurisdiction of foreign vessels (Holm et al., 2015).  This gradual 

control did not come without conflict however.  The resulting tensions between the Icelandic 

and British governments during this period increased from monitoring of fishing activities 

to outright hostility and clashes on the high seas between the British navy, the British fishing 

fleets and the Icelandic coast guard (Guðmundsson, 2006; Treer & Skarphedinsson, 2008).   

Icelandic fish farming got its first start in the late 1800’s with Einar Fridriksson making the 

first attempts at fertilization and hatching of salmonid eggs with subsequent release of the 

fry into local rivers (Kristinsson, 1992).  These early attempts were inefficient however and 

resulted in many closings of operations due to poor access to a suitable broodstock and lack 

of proper technology and expertise (Gudjónsson & Scarnecchia, 2009).  Hatcheries were 

built around the same time to supplement these incubation attempts with eventual success 

leading to an increase in restocking of rivers (Kristinsson, 1992).  Commercial fishing of 

Atlantic salmon and restocking of the rivers via artificial propagation of salmonid ova 
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continued until 1932 when the Icelandic government enacted a law that forbade fishing of 

salmon at sea by Icelanders, thus designating salmon as a freshwater fish for regulatory 

purposes (Scarnecchia, 1989).  This legislation had the intended purpose of moving the 

money from ocean fishing to areas upriver where farmers had more political clout to make 

this legislation pass through the Iceland Parliament (Scarnecchia, 1989).  The landowners 

who live along these rivers have been required by law since the enactment of this legislation 

to form fishing associations who have the responsibility of managing the rivers and the fish 

stocks present in ways that are helpful to the growth of the concerned fish stock (Scarnecchia, 

1989).  Further to that,  the Icelandic government bases their fisheries management on 

scientific research, proper allocation of fishing rights and an effective monitoring and 

enforcement system meant to uphold fisheries management decisions and the overall health 

of the fish stocks in Icelandic waters (Treer & Skarphedinsson, 2008).  

Caged rearing of salmon in Iceland started to take hold in the 1970’s with the first attempt 

made in 1972 with the first land based fish farm built in 1978 (Paisley et al., 2010).   It wasn’t 

until the mid-1980’s that salmon farming really started to attract considerable investment 

from interested parties who saw the advantages that Iceland had: small population base, lack 

of anthropogenic pollution in the surrounding freshwater and seawater, the abundant supply 

of geothermal and cold groundwater sources found around the country making the country 

an ideal location for fish farming (Paisley et al., 2010).  These early attempts at fish farming 

in Iceland were not as favorable as investors had hoped.  Various reasons were presented: 

salmon husbandry under Icelandic conditions was insufficient, farm infrastructure (strength 

and quality of cages) could not support the harsh weather conditions and smolts used in these 

operations were not suited for the weather as well (Gudjónsson & Scarnecchia, 2009).   

By the turn of the new millennium in 2000, only one salmon aquaculture operation endured.  

This downturn in cage rearing was quickly improved upon as fish farmers were able to 

overcome the difficulties previously mentioned with marked improvements in cage 

technology, availability of stronger salmon strains and a growth in rearing knowledge due 

to the prior years of experience in smolt production.  With the new improvements of cage 

rearing technology came an increased awareness of the possible risks associated with salmon 

farming: escaped non-native farm raised salmon mixing with wild stocks, transfer of diseases 

from farmed salmon to wild smolts on their migration to their spawning rivers.  This led 

Iceland’s Institute of Freshwater Fisheries to enact exclusion zones around the country where 
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salmon farms could not operate to better protect and minimize exposure to wild salmon 

stocks from the negative effects of caged salmon rearing (Figure 3) (Gudjónsson & 

Scarnecchia, 2009).  

 

Figure 3: Areas where salmon farming is not allowed in Iceland (Gudjónsson & Scarnecchia, 2009) 

There is widespread debate on the question of the health impacts that farmed salmon have 

on native salmon stocks worldwide, most notably North America, but in Iceland the debate 

is not quite so divisive due to the Icelandic government enacting these exclusion zones to 

better protect their native salmon stocks (Cicco et al., 2017; Gudjónsson & Scarnecchia, 

2009; Marty et al., 2015).  Legislation regarding the control of fish diseases in Iceland was 

first enacted in 1957 (Paisley et al., 2010).  Further amendments throughout the following 

decades were made that gave enforcement authorities a vast array of statutory powers while 

also establishing legal requirements for the owners, importers and farmers of Icelandic fish 

products culminating in 1985 with all fish farms being put under mandatory and consistent 

fish health scrutiny (Paisley et al., 2010).   

Atlantic salmon are not the only marine species that are being cultivated in Iceland: Arctic 

charr, Atlantic cod, Atlantic halibut, Rainbow trout, Blue mussels to name a few (Burrell et 

al., 2013; Paisley et al., 2010).  The following table (Table 1) gives a more accurate picture 

of what type of marine species are being cultivated in Iceland.  Other Nordic countries are 

featured in this table to give the reader a better idea of the overall picture of the business of 

aquaculture in these countries.   
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Table 1: Farmed marine species in Denmark (DK), Faroe Islands (FO), Finland (FI), Iceland (IS), Norway 

(NO) and Sweden (SE) (Paisley et al., 2010) 

Common Name Scientific Name DK FO FI IS NO SE 
Arctic Char Salvelinus alpinus alpinus   x x x x 
Asp Aspius aspius   x    
Atlantic salmon Salmo salmar x x* x x x x 
Bream Abramis brama   x    
Brook trout Salvelinus fontinalis x*  x*    
Brown trout Salmo trutta x  x  x x 
Cod Gadus morhua    x   
Common carp Cyprinus carpio      x* 

Eel Anguilla Anguilla x  x  x x 
Golden trout Oncorhynchus aguabonita x*      
Grass Carp Ctenopharyngodon idellus  x*    x* 
Grayling Thymallus thymallus   x   x 
Halibut Hippoglossus hippoglossus  x  x x  
Ide Leuciscus idus       
Lake trout Salvelinus namaycush   x*   x* 

Lamprey Petromyzon marinus   x    
Pike Esox Lucius x  x    
Pike-perch Sander lucioperca x  x   x 
Rainbow trout Oncorhynchus mykiss x* x* x* x* x* x* 
Sea bass Paralabrax sp.     x  
Sea trout Salmo trutta   x   x 
Spotted catfish Anarhichas minor    x   
Sturgeon Acipenser sturio   x*    
Tench Tinca tinca      x 
Turbot Psetta maxima x  x x x  
Vendance Coregonus albula       
Whitefish Coregonus lavaretus L.   x*    
Wolffish-Atlantic catfish Anarhichas lupus    x   
 
Molluscs 

       

Blue mussels Mytilus edulis x   x x x 
Cupped oysters Ostrea folium x*    x*  
Flat oysters Ostrea edulis x    x x 
Red abalone Haliotus rufescens    x*   
Scallops Pecten maximus    x   
 
Crustaceans 

       

Freshwater shrimp Macrobrachium 
rosenbergii 

   x   

Noble crayfish Astacus astacus   x  x x 
Signal crayfish Pacifastacus leniusculus      x* 

DK=Denmark; FO=Faroe Islands; FI=Finland; IS=Iceland; NO=Norway; SE=Sweden. 
x = Introduced species. 
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Atlantic salmon farming was the dominant species being cultured in Iceland up until 2006, 

peaking out at roughly 7000 tons but has since fallen off (Paisley et al., 2010).  Currently, 

Arctic charr and cod have started to take over as the leading species being cultivated with 

halibut and turbot cultivation growing at a steady rate (Paisley et al., 2010).  Arctic charr is  

a species that can handle growth at low temperatures while being able to tolerate high density 

cultivation, making it an ideal species for aquaculture at high latitudes with the end result 

being a high yield fillet that is sought after in niche markets (Sæther et al., 2013).  Globally, 

Arctic charr production from northern European production ranges between 6000-10000 

tons with Iceland in 2013 producing 3200 tons per year, up from 2700 tons in 2010 (Paisley 

et al., 2010; Sæther et al., 2013).   

In terms of cultivated shellfish production, Blue mussels are the dominant species being 

cultured in Iceland with harvests starting at 12 tons in 2009, increasing to 32 tons in 2010 

and 94 tons in 2010 at various locations throughout the country.  It is projected that these 

figures will rise up to 120 tons per annum in 2012 and with over 5000 kilometers of coastline 

available for shellfish production, this industry is seen as financially viable.  Overall, the 

shellfish production potential in Iceland shows good promise but there must be an effective 

toxin monitoring program in place for Iceland to be able to access the European and world 

cultured shellfish markets.  Fortunately, this is the case as the federal authorities in Iceland 

have implemented regulations that make it mandatory for companies to regularly test their 

shellfish products for toxins that are noxious to humans (see Burrell et al., 2013).  

There was an attempt at growing Iceland scallops, using the hanging culture method that is 

widely used in other scallop producing countries such as Japan and China, in Breiðafjörður 

in the late 1980’s until the early 90’s (1988-1991) (Figure 4).  The goal was to assess the 

possibility of pearl net cultivation of this species.  The researcher gathered wild spat from 

collector (spat) bags that were placed in areas where there was abundant supply of mature 

scallop in Breiðafjörður.   
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Figure 4: Breiðafjörður, Iceland the area where an attempt at hanging culture of Iceland scallop took place 

1988-1991 (Burrell et al., 2013; Thorarinsdóttir, 1994) 

The 1 year old spat was then transferred into pearl nets that were suspended from flotation 

devices from water depths of 6 to 8 meters.  Over the next 3 years, the researcher gathered 

data related to growth rate of the Iceland scallop which was highly dependent on the 

availability of food in the water column.  It was found that growth was strongest from March 

to October when food was more readily available in the water column.  An interesting point 

that the researcher came upon was that growth rate was strongest during the early spring 

which coincided with phytoplankton blooms while the sea temperature at the time was still 

low, indicating that growth rate was not predominantly dependant on sea temperature but 

more on food availability (Thorarinsdóttir, 1994).  This low temperature and lack of growth 

inhibition correlation was also found in other locations that had Chlamys islandica such as 

northern Norway.  When comparing scallops that grow in hanging culture and in their natural 

settings on the sea floor, it was found that scallops suspended in the water column had a 

faster growth rate than those found on the sea floor (see Thorarinsdóttir, 1994). Although 

the Iceland scallops in this research showed the same growth rate at 3 years in hanging 

culture when compared to the same species at 5 years in their natural setting, the researcher 

felt that the 4 years that would be required to grow the scallops in hanging culture would be 

too costly.  Reasons cited for the extra costs were equipment replacement due to storm and 
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ice damage to the pearl nets during the harsh Icelandic winters and the labor needed to 

replace these nets.  The researcher concluded that if future scallop ventures were to be 

attempted in Iceland, the following must be looked into in more detail: i) a concerted effort 

in finding a site that is sheltered from the extreme weather patterns that are common during 

the winter months, ii) the grow out site be situated in an area where the currents are not so 

strong as to damage the grow-out gear nor disturb scallop growth, iii) larger spat and lower 

stocking density be used to aid in achieving larger scallops at 3 years (Thorarinsdóttir, 1994).  

A final cautionary note was made by the researcher stating that the extra costs needed to get 

Iceland scallop to marketable size of 60-70 mm with the purchase of more nets and the costs 

associated with growing larger spat may make this venture too costly in the long run 

(Thorarinsdóttir, 1994).  

 

2.3 Advantages of Shellfish Aquaculture 

The advantages of shellfish aquaculture have been studied thoroughly by various researchers 

over the years with the many positive outcomes of this industry being affirmed in various 

scientific journals (Ferreira et al., 2007; Han et al., 2013; Kluger et al., 2016; Shumway et 

al., 2003).  Farmed bivalve molluscs, such as clams, scallops, oysters and mussels are 

instrumental in maintaining a clean marine environment as nature’s form of water purifier 

against anthropogenic pollution and eutrophication of coastal waters (Ferreira et al., 2007; 

Shumway et al., 2003).  Suspended scallop aquaculture structures are beneficial to other 

marine organisms because they act as an artificial reef, giving endemic fish species refuge 

from predators, a safe haven from overfishing and a habitat for other creatures to settle on 

thus increasing indirectly biodiversity (Han et al., 2013; Kluger et al., 2016).  When shellfish 

are grown in conjunction with other forms of aquaculture, namely finfish, the cultured 

bivalves act as important biofilters for fish farms as they remove any excess organic nutrients 

and suspended solids from the water column as they are filter feeders getting their nutrients 

from the surrounding marine environment (Iwama, 1991; Shi et al., 2013).  Through their 

efficiency as water filters, shellfish eliminate particulate matter thus moderating turbidity 

whilst removing nitrogen, silt, bacteria, viruses and improving water clarity which aids in 

improving the health of submerged vegetation that are reliant on clear waters for nutrient 

uptake (Shumway et al., 2003).  Further to that and unlike other forms of aquaculture, there 
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is no need to add food to the water environment when it comes to shellfish as they are filter 

feeders and get their uptake via naturally occurring plankton found in the water column 

(Kluger et al., 2016; Shumway et al., 2003).  The feed that is used for growth of the organism 

is returned to the marine environment in the form of feces and undigested waste falls to the 

ocean bottom and becomes food for other benthic species such as sea urchins and sea 

cucumbers (Shumway et al., 2003).  Shellfish aquaculture, being lower on the trophic chain 

than fish, also has many social advantages as it offers an ulterior cultivation method for 

seafood protein that is more sustainable in the long-term when compared to finfish culture 

(Nobre et al., 2010).    

2.4 Consumer Awareness of Aquaculture 

Awareness on behalf of the consumers regarding the advantages and disadvantages of 

aquaculture have risen dramatically due to exposure of the benefits and problems associated 

with the aquaculture industry, namely finfish aquaculture and to a lesser extent shellfish 

aquaculture.  For these industries to prosper and conduct business in a sustainable way, it is 

important for the aquaculture industries to understand the mindset of the consumers 

knowledge of the marine environment and the issues surrounding their choice in food 

protein.  Aquaculture proponents must be cognizant that consumers are very knowledgeable 

when it comes to the marine environment and their health.  Consumers that eat seafood on a 

regular basis have an increased concern for the marine environment and can be intrinsically 

aware of where their seafood is sourced from (Jacobs et al., 2015).  

Current studies have found that consumers have a very positive view of fish as a healthy 

protein and are therefore more likely to be concerned as to the state of fish stocks worldwide, 

the health of the marine environment and where their seafood is being sourced from, be it 

wild caught seafood or farmed seafood (Jacobs et al., 2015).  These concerns have been put 

to the forefront by Non-Governmental Organizations and some international governments 

where the populace has a heightened awareness of marine environmental issues and the need 

to counter these problems before it is too late (Cooke et al., 2011).  These awareness 

campaigns are proving to be beneficial as they are educating the general public in developed 

countries about the connectedness between what seafood products they purchase and the 

effect it has on the marine ecosystem (Cooke et al., 2011).  
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Social media and marketing played a big role in this in the 90’s as industry and 

environmental non-government organizations collaborated on the issue of informing the 

consumers about sustainable fishing practices as increasing evidence was coming forth of 

fisheries collapsing due to overexploitation.  These social marketing campaigns had the 

added effect of forcing fisheries worldwide to change the way they went about their fisheries 

as the current methods used were damaging fish habitat.  The diversity of these campaigns, 

such as economic boycotts of specific products and species, were effective as they forced 

companies to adopt more sustainable harvesting methods thus giving them a higher portion 

of the market and a chance at increasing their profit margin (Cooke et al., 2011). 

With seafood being recognised as one of the healthiest and important food products 

consumed worldwide, it is very important for the consumer to be aware of its health benefits, 

but also of the impact the industry has on the marine ecosystem and possible noxious 

substances.  A major health benefit is the high content of omega-3 polyunsaturated fatty 

acids that are known to decrease human health risks such as coronary heart disease, 

hypertension and lower heart.  On the other hand, seafood consumption can lead to certain 

health risks as it has been shown that anthropogenic toxins, such as PCBs and pesticide 

residue, can accumulate in seafood and be ingested by humans, thus posing a health risk to 

the consumer.  In the European Union, there are many agencies that are aware of the dangers 

posed to humans by their consumption of seafood products so there is a move for an 

expansion of easily accessible records that will assess risks and be a useful tool in the 

mitigation of seafood consumption.  The overall goal is to define a set of guidelines that will 

be useful and informative for the consumer when it comes to purchasing seafood products 

that are healthy and relatively free of anthropogenic toxins detrimental to regular seafood 

consumers (Tediosi et al., 2015).   

This awareness has led to various countries adopting ways in which to effectively manage 

where the product is coming from and how it is cultivated.  In the European context, studies 

were done to judge consumer awareness when it came to labelling of the product that was 

about to be purchased (Verbeke et al., 2012).  In another European study, it was found that 

close almost three quarters of respondents from a Seafood Choices Alliance survey stated 

that they would be more likely to purchase seafood products from an ecologically sustainable 

marine aquaculture system (Barrington et al., 2010).  The European market is dominated by 

government certified labelling schemes that inform the consumer on the product, where it 
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came from and if it is sustainable or not.  Through the use of labels such as Protected 

Designation of Origin (PDO), Protected Geographical Indication (PGI),  and Traditional 

Specialty Guaranteed (TSG), consumers can make a choice between purchasing a product 

that is sustainable or not.  The use of these labels by the consumer is supported in their trust 

that the label itself means that the product is of a better quality than one that is not labelled 

as such (Verbeke et al., 2012).   

Overall, food quality from the customers point of view chiefly comprises taste and easy 

access combined with other traits such as place of origin, the manner in which it was 

produced and overall health benefits of the product.  This is in line with the European 

Commission’s stated policy on food quality with the use of quality labels such as PDO, PGI 

and TSG.  From a marketing point of view, this labeling scheme is of benefit to the producers 

as it would prove to be a valuable means in their overall marketing portfolio, thus increasing 

their profits.  Likewise, government agencies and regulatory authorities have a vested 

interest in seeing these labeling schemes work as it puts more power in the hands of the 

consumer to make better, informed choices when it comes to sourcing their food purchases 

(Grunert & Aachmann, 2016).   

These schemes are a result of the increasing awareness on the consumers behalf of what 

entails a sustainable product and how its production can affect the environment in a negative 

or positive manner (Grunert & Aachmann, 2016).  For industry to capitalize on the customers 

knowledge, there is a need for them to get their product certified by reputable organizations 

or government agencies to satisfy consumer demand for an ecologically safe product.  There 

are many fisheries worldwide that have received such certifications such as the recent Marine 

Stewardship Council’s certification of the Icelandic fishery for cod, haddock, golden redfish 

amongst other species as well as the Canadian and US’s Northeast Pacific fishing area as 

sustainable fisheries (“MSC CERTIFIED FISHERIES,” n.d.) (“U.S. and Canada fishing 

areas boast highest certified sustainable catch — Marine Stewardship Council,” n.d.).   

Globally, the demand for seafood is at an all time high and is projected to increase.  As this 

demand for seafood protein increases, it is important to understand the impact this will have 

on wild capture fisheries and the ecosystems that support these fisheries.  It is with this 

background that there has been a push for more of a market based approach to make global 

fisheries more accountable via eco-labelling schemes such as certification via a government 

or industry sanctioned program such as the Marine Stewardship Council (MSC).  When a 
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consumer purchases a seafood product, they are now more likely to purchase products that 

have been deemed environmentally sustainable by the MSC thus forcing industry to move 

towards more sustainable fishing practices.  These consumer preferences for sustainably 

marketed products can also have indirect impacts for the fishermen as they will receive a 

higher price for their product and be gainfully employed.  Due to consumer awareness of 

marine issues, large supermarket and restaurant chains all source their seafood from fisheries 

that have had their fishery certified as sustainable by third party certification such as the 

Marine Stewardship Council (Gutiérrez et al., 2012).   

The aquaculture industry has many economic advantages while providing supplementary 

protein to the world’s burgeoning population but it comes with a multitude of negative issues 

that is not lost on the consumer (Yip et al., 2017).  The willingness to pay a higher premium 

for an ecologically sustainable seafood aquaculture products is seen in industry circles as a 

benefit as it will enable the industry to charge a higher premium for their products as they 

seek to change industry practices that are harmful to the marine environment (Barrington et 

al., 2010; Yip et al., 2017).  In British Columbia, Canada the salmon aquaculture industry is 

the fourth largest supplier of farmed salmon in the world but it is coming under increasing 

scrutiny by the public because of the various environmental issues surrounding it, such as 

threats posed to wild stocks by disease transfer from farmed salmon to wild salmon and 

pollution from farm contaminants (Yip et al., 2017).  Researchers looked at whether 

consumers would be willing to pay higher premiums/costs for farmed seafood products that 

came from aquaculture operations that were polyculture (shellfish, seaweed and finfish) 

versus traditional salmon monoculture (finfish only) with integrated multitrophic 

aquaculture (IMTA) and land based, closed containment aquaculture (CCA) as their choices 

for ecological sustainability (Yip et al., 2017).  The results showed that consumers were 

willing to pay higher premiums for a product that was ecologically sustainable.  Even with 

price increases ranging from 15.7% to 39%, the researchers found that consumers were 

willing to pay these if it meant that the product they consumed was ecologically sustainable 

(Yip et al., 2017).  

2.5 Social Perceptions of Aquaculture 

To gain a better understanding of shellfish aquaculture (AC), the finances involved, the 

advantages and disadvantages both economically and socially, it is important to look towards 
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other nations and what types of approaches are being used to make these ventures 

environmentally, financially, and communally sustainable for the long term.  Perceptions of 

shellfish and finfish aquaculture with its implications in marine social-ecological systems 

have been studied (D’Anna & Murray, 2015).  It is important to understand these 

implications to judge the social feasibility of such a venture which might not have the social 

contract from the surrounding community.  

To better understand the effect that aquaculture can have on worldwide seafood protein 

supplies for consumers, it is important to look at how wild capture fisheries compares to 

farmed finfish and cultured bivalves.  Aquaculture has been practiced for millennia but it 

has seen a concerted resurgence in the last 40 years as a means of supplementing the world’s 

source of seafood protein due to capture fisheries being at their sustainable harvest levels 

(Diana, 2009).  The state of the capture fisheries has plateaued worldwide since the 1980’s 

at roughly 90 million tons per year but the aquaculture industry has increased from 12 million 

tons in the mid 80’s to 45 million tons by the early 2000’s to its current output of 

approximately 74 million tons in 2014 (Diana, 2009; FAO, 2016; Naylor et al., 2000).   

 

Figure 5: Global fisheries and aquaculture production.(FAO, 2016) 

The aquaculture industry has had explosive growth throughout the world and this growth 

has outpaced the science needed for it to be sustainable and the governing institutions 

abilities to set guidelines and regulations (Freeman et al., 2012).  There is a need for 

governments to be at the forefront of this industry so that it is properly regulated, profitable 

for all stakeholders involved and gains the needed social contract of the local population for 

it to gain traction and acceptance (Freeman et al., 2012).   In the European context, there has 

been much work done on trying to implement a standardized, regulatory framework that all 
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countries with a marine aquaculture industry can look to for direction on properly governing 

the industry so that it is done sustainably (Fernandes et al., 2000; IUCN, 2009a).   

There is a need for a form of regulatory framework to be put in place due to the competitive 

use of coastal resources where a balance must be struck between all coastal zone users, be 

they from the public or private sector.  The overall use of marine resources and the 

intensification of the aquaculture industry in near shore areas of Europe has highlighted the 

need for acceptable regulations that will safeguard the marine ecosystem from any form of 

overexploitation from the burgeoning aquaculture industry.  Throughout the 1990’s, 

European governments tried to get moving with standardization of marine aquaculture 

related governance but it was a long process so most countries in the European Union 

proceeded independently with their own form of regulations pertaining to their use of the 

coastal zones.   The negative impacts of aquaculture need to be controlled by both industry 

and government as a polluted marine environment will impact the economic return of 

aquaculture industries by rendering the area non-productive thus necessitating the need for 

science based decision making tools in order to safeguard the environment from any harm 

associated with an uncontrolled marine aquaculture sector (see Fernandes et al., 2000).   

Panels and governmental workshops were used by all stakeholders in Europe through 

various initiatives, including the MARAQUA initiative (Monitoring and Regulation of 

Marine Aquaculture in Europe) (Fernandes et al., 2000).  It had a clear set of objectives that 

were meant to (1) prepare a collection on the nature of aquaculture production through 

available statistics, (2) assess the licensing system, waste quantity and quality control, 

monitor environmental assessment strategies and (3) a clear definition of scientific 

guidelines detailing the best environmental practices for the industry (Fernandes et al., 

2000).  It was found that most European countries have standards relating to water quality 

and nutrient output in aquaculture but that there were no environmental quality standards 

pertaining to the ecological carrying capacity of the aquaculture industry for European 

countries (Byron et al., 2011).  The countries were able to bypass this independently by 

setting limits such as maximum tonnage of product, stocking density and limiting the release 

of organic compounds from land based agriculture systems into the marine environment  

(Fernandes et al., 2000).  Environmental monitoring of marine aquaculture is practiced in 

Europe, but each country differs on its extent with self-monitoring being common place.  

This self monitoring system has so far been able to maintain compliance with the 
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environmental quality standards set out by countries to govern aquaculture dependent 

waters:  Germany uses satellite technology to monitor fishing vessels involved in the 

shellfish sector; Denmark monitors its bivalve industry for algal toxins (Fernandes et al., 

2000).   

In Iceland, environmental monitoring is done through the government regulatory agency 

Matvælastofnun (MAST), the Icelandic Food and Veterinary Authority.  This inspection 

agency is in charge of food safety, animal health and wellbeing, control of fertilisers, seed  

and feed, plant health and water, thus ensuring it is fit for human consumption. Along with 

their role as overseers of safety and quality of food through legislation enforcement, MAST 

also provides information and other services to the country’s fisheries and agricultural 

sectors as well as to raise business and consumer awareness in the ever changing global 

market.  Matís (Icelandic Food Research), a subsidiary research branch working under 

MAST, is in charge of risk assessments related to food safety such as toxic algae blooms 

that could be harmful to humans (MAST, 2018).  This toxic algae bloom monitoring is done 

in the cultured and wild blue mussel industry to ensure the product brought to market is safe 

for human consumption (Burrell et al., 2013; Desnica et al., n.d.).   

In a comparative study done between Israel and Germany, researchers looked at various 

factors that influenced public opinion on the benefits and disadvantages of local aquaculture 

operations.  Factors such as the relationship between tourism and aquaculture were looked 

at as they are both reliant on the coastal zones for economic reasons and it was found that in 

both countries, aquaculture development and its environmental impact were of concern to 

the study groups interviewed in Germany and Israel (Freeman et al., 2012).   Each population 

studied had different environmental concerns when it came to aquaculture operations in their 

respective countries.  In Germany, the respondents tended to concentrate on the depletion of 

wild fish stocks while Israelis were more concerned about environmental contaminants and 

effluents stemming from aquaculture operations (Freeman et al., 2012).  It was also found 

that there is a serious lack of knowledge on the public’s part when it comes to the 

understanding of aquaculture and its impacts which pose a communication dilemma for the 

regulatory bodies in charge of aquaculture operations (Freeman et al., 2012).  The lack of 

communication between all stakeholders: scientists, the public and governing agencies can 

be overcome by consolidating the message between all parties in order to overcome the 

information impasse (Byron et al., 2011).   
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Due to the explosive growth of the aquaculture industry in the past, government scientists 

have not been able to get proper scientific data on its impacts and as a result they are playing 

catch-up in trying to determine the negative impacts of the aquaculture industry (Freeman et 

al., 2012).  Because of this explosive growth, accidents and harmful environmental effects 

have happened that were not foreseen by industry or government agencies with the 

unfortunate results giving the industry a black eye.  It has been found that species escapes 

from aquaculture operations that are non-native to the area can become invasive, effluent 

from said operations can also cause eutrophication, environmentally sensitive habitats are 

lost to aquaculture development and the use of wild fish meal for fish farms leads to scarcity 

for other wild fish stocks thus putting more strain on an otherwise already strained resource 

(Diana, 2009; Joyce & Canessa, 2009).  The downside of the environmental footprint of 

aquaculture is that it is not seen as ecologically sustainable and is losing its much needed 

social contract which is all so important for any industry as it needs this acceptance if it 

hopes to survive economically (Joyce & Canessa, 2009).  These impacts are not lost on the 

public and must therefore be constrained and seriously limited in their effects if the public 

is to trust and continue supporting the aquaculture industry in its bid to supplement the 

human populations need for a safe and reliable form of seafood protein (Diana, 2009).  

Further examples of the aquaculture industry outpacing science can be found in Chile where 

the salmon aquaculture industry first started out in the 1980’s with few regulations in place 

at government levels ensuring it be done in a sustainable manner.  In Chile, salmon 

aquaculture was one of the fastest growing industries but it came at significant costs, both to 

the marine environment and local communities. Aquaculture was promoted by both the 

government as having great economic potential and thus  let the industry flourish to the point 

where it was second only to Norway in farmed salmon production.  This was in large part 

due to the industry taking off without any regulatory framework put in place by the national 

government that set rules and standards that the salmon aquaculture should have followed.  

Unfortunately, the farmed salmon industry in Chile collapsed in 2007 due to an outbreak of 

infectious salmon anemia that led to massive job losses with reported economic losses 

ranging from around 30 million to 3 billion USD in the subsequent years (see Salgado et al., 

2015). 

A chief concern amongst the public is the conflict between the aquaculture industry and its 

use of the coastal zone for its operations that directly conflict with the public accessibility to 
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the nearshore waters and beaches.  Certain jurisdictions are aware of this dichotomy and are 

working towards creating a lasting relationship between all stakeholders.  In the Canadian 

province of British Columbia, the provincial government initiated in the late 90’s what it 

called its Shellfish Development Initiative in the hopes of growing its nascent industry to be 

a competitive player on the world market (Silver, 2013).  This has been viewed as a good 

start to fulfilling the economic potential of the shellfish industry in this province but it must 

be done with all relevant stakeholders in mind, namely the Coastal First Nations that have 

lived and reaped the benefits of these waters long before any the arrival of European settlers.  

While it is important to view the ocean in both economic and environmental lenses, it is also 

very important to keep in mind the people that will most likely be affected by industrial use 

of the coastal zone.  In the case of British Columbia (BC), the coastal First Nations and other 

coastal dwellers that may have a voice in this debate must be consulted first and foremost 

before any kind of sea bed lease agreements are signed between the government and private 

sector when it comes to aquaculture operations.  When cases have arisen where First Nations 

have been consulted in terms of potential aquaculture sites, the local Nations have seized on 

the BC government’s Shellfish Development Initiative and developed their own aquaculture 

operations that have profited, both economically and ecologically, from the initiative (see 

Silver, 2014a).   

On the other hand, this rapid growth in BC’s shellfish and finfish aquaculture sectors have 

not come without its controversies.  Since aquaculture operations are typically located in the 

nearshore and foreshore areas of coastal zones, they are usually in direct competition with 

access to habitat for wild shellfish.  This results in wild shellfish harvesters feeling pushed 

out of their traditional harvesting grounds by industrial aquaculture operations, thus limiting 

the wild harvesters access to productive sites These harvesters feel that shellfish farms 

reduce their ability to gain access to areas that have high productivity for wild shellfish while 

finfish operations are held in much lower regard as these harvesters are of the impression 

that salmon aquaculture operations effluent leads to contamination of the wild shellfish that 

they depend on for their livelihoods.  Added to that is the fact that the reorganization of 

access rights away from those that already have use of these inshore areas for their food and 

livelihoods thus leading to further deterioration of the social contract needed for any 

aquaculture operation to gain acceptance in coastal zones where they wish to operate (see 

Joyce & Canessa, 2009).  The zonal conflict between stakeholders involved in wild capture 

fisheries (shellfish and finfish) and the aquaculture industry (shellfish, finfish) has those 
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affected very concerned for their livelihoods as it will impact their direct access to 

undisturbed shellfish habitat that they are reliant upon (Joyce & Canessa, 2009; Salgado et 

al., 2015).  Further to that is the financial advantage large commercial operations have over 

small scale when it comes to the affected small scale stakeholder (Joyce & Canessa, 2009).   

In other jurisdictions worldwide, the access to coastal zones has been eroded by the 

aquaculture industry and is not lost on the public as they are becoming more and more aware 

of the problems associated with competition for access to increasingly crowded coastal zone 

areas between all stakeholders (Freeman et al., 2012).  This may not be a potential cause of 

concern in Iceland seeing that the country is sparsely populated with the bulk of the 

population living in the capital city of Reykjavik.  However, if a potential aquaculture 

operation is not the owner of the land where the operator wishes to install their cultured 

seafood business, they must apply for a license from the owner of the land prior to 

commencement of operations.  Only once the operator has procured a license from the land 

owner can said operator begin preparations (Participant Q, Spring 2017 ongoing).   Under 

Iceland’s netlög (net laws), the land owner owns the sea bottom as long as 115 meters out 

from the low tide line, therefor it is paramount that the aquaculture operator procur a license 

from the owner prior to any operation (Hilmarsdóttir, 2011).   In Norway, where salmon 

aquaculture is one of that country’s driving economic forces, conflict between the 

aquaculture industry and other users of the coastal areas have steadily increased as salmon 

farms continue to dot the coastline (Hovik & Stokke, 2007).  More than 3/4’s of Norway’s 

population live in coastal areas and this population dynamic is the reason why there is 

growing spatial conflict between those vying for conservation of coastal zones and those that 

see these productive coastal areas as an area for economic growth (Hovik & Stokke, 2007).  

These zonal conflicts, due in large part to the exponential economic growth of the salmon 

aquaculture industry, have led Norway’s affected counties to lean increasingly towards a 

focus on a marine spatial planning approach.  This type of planning, where relevant industry 

stakeholders, local human population centers and their elected representatives, scientists and 

conservationists alike work together to forge a working relationship towards a solution based 

approach that is palatable for all involved, seems to have the desired effect (Alexander et al., 

2016; Hovik & Stokke, 2007).  The need for a more cooperative approach is not only being 

used in Norway, but also is being looked at as an area of policy for governing agencies in 

the European Union (Hovik & Stokke, 2007).  This comprehensive approach to creating 

multi-use policies for inter-coastal zone management is a constructive way to avoid coastal 
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zone conflicts before they even happen, thus paving the way to a more ecologically and 

sustainable form of coastal development (Alexander et al., 2016; Hovik & Stokke, 2007).  

Coastal zone conflicts with aquaculture operations occur in many areas worldwide as 

evidenced by Norwegian artisanal fishermen and that country’s driving economic force, the 

farmed Atlantic salmon industry.  Norway is one of the world leaders in the production and 

export of finfish aquaculture, most notably Atlantic salmon thus generating employment and 

revenue (Tiller & Richards, 2015).   

Studies specific to shellfish aquaculture are more limited however.  A study done in a small 

community on Vancouver Island, British Columbia found that shellfish aquaculture, often 

touted as a “green” industry, was seen by the locals as either beneficial to the community or 

negatively impacting it (D’Anna & Murray, 2015).  Baynes Sound was chosen as a study 

site because of its importance as the main producer of shellfish aquaculture in the province 

and the area having had a long history with shellfish aquaculture dating back to the early 

20th century (D’Anna & Murray, 2015).  

Figure 6: Location of Baynes Sound on Vancouver Island, British Columbia. (Google Earth, 2018) 
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The authors were trying to gauge the participants’ perceptions on shellfish aquaculture’s 

effects on the environment, the economy and lived experiences and found that opinions 

depended if they were directly or indirectly involved in shellfish aquaculture.  They found 

that the people who were directly employed by the shellfish aquaculture industry viewed it 

in a positive light, giving the community a much-needed source of income and helping retain 

employment in communities that have been affected by the downturn in the logging and 

fishing industries, traditional mainstays and employers of the local community.  The 

researchers also found that the respondents who were not directly involved had more 

negative connotations regarding visual pollution and perceived negative effects of pollution 

on the ecosystem from this industry (see D’Anna & Murray, 2015).   These respondents also 

felt that the shellfish industry was in direct competition with local use of the seashore as it 

was felt that the industry directly limited their accessibility to nearby beaches, their ability 

to harvest wild shellfish.  Another point of focus for opponents is the privatization of sea 

space for shellfish industry development and its implications and infringements on First 

Nations traditional rights (D’Anna & Murray, 2015; Silver, 2013, 2014a).  Regarding other 

perceived benefits of aquaculture, proponents liked to point out that aquaculture gear can act 

as an ecosystem enhancer by providing habitat and protection for near-shore species thus 

increasing biodiversity in the marine ecosystem (Participant D, August 22, 2018).  

On the other hand, opponents felt that shellfish aquaculture creates a monoculture by only 

focusing on certain species that are economically important and that predatory prevention 

techniques impacted other species by limiting their ability to forage, thus reducing the 

marine biodiversity of the area.   The carrying capacity of Baynes Sound is another area of 

concern for local residents as they feel that it is being surpassed and negatively affecting the 

native marine food web.  The purported claims of economic benefit to the local population 

were also questioned by opponents as it was felt that the long term sustainability of low 

quality aquaculture jobs was not enough to keep people around as the wages earned in the 

industry are not compatible with living expenses and overall job satisfaction (see D’Anna & 

Murray, 2015).    

Overall, the authors felt that for the shellfish industry to grow and survive in Baynes Sound 

it must do a better job of marketing itself to the local population by involving all stakeholders 

in the process and removing any communication barriers between all parties, thus gaining 

the much-needed social license for the industry to keep on thriving.  These factors are very 
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important to understand if a cultured scallop industry were to start up in Iceland whereby the 

local population must be consulted first in order to procur the necessary social license from 

the surrounding community.  One such way would be for the local shellfish industry to get 

their product eco-label certified by the Global Aquaculture Alliance Best Aquaculture 

Practices and respond to public concerns regarding shellfish aquaculture practices which 

would improve negative feelings towards the industry (D’Anna & Murray, 2015).  

Further to that, another study conducted in the Bay of Fundy, New Brunswick, Canada 

looked at the strains put on the inshore fishery by the intensive finfish aquaculture industry 

in the bay (Figure 6).  The Bay of Fundy is viewed as being one of the most heavily used 

bodies of water in the world in terms of finfish farming (Wiber et al., 2012).  

This has come under increasing pressure with the push by local governments to pursue 

marine aquaculture as another source of economic input thus pushing the more traditional 

inshore fishers further down the economic ladder.  Researchers considered the fishermen’s 

knowledge of the area’s ecology while conducting their study and found that the fishermen 

reported substantial ecological degradation around the aquaculture sites.    Due to the 

increasing friction and discord between the two industries, government at both the provincial 

and federal level decided to convene stakeholder engagement meetings to address the 

concerns from both sides.  In Canada, management of the coastal fisheries industries (capture 

and farmed raised) is jointly managed by the Department of Fisheries and Oceans (DFO) 

and their provincial counterparts all in accordance with Section 31 of Canada’s 1996 Oceans 

Act (see Wiber et al., 2012).  
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Figure 7: Bay of Fundy, New Brunswick Canada. (Google Earth, 2018) 

It was under this provision that the concerned parties were engaged in to mediate an 

acceptable compromise between the traditional inshore fishery and the increasingly powerful 

aquaculture industry.  The fishermen concerns included: marine ecosystem devaluation, the 

overall dispersal and health of commercial species, and the overall timing of their fishing 

season.  One of their chief concerns was the way that aquaculture management conducted 

their operations at the various sites around the Bay of Fundy when it came to the use of water 

borne pesticides and chemicals to control disease outbreaks.  Fishermen in this study felt 

that their local ecological knowledge was not being considered regarding the effects these 

practices had on the fish and crustacean stocks they depended upon for commercial survival. 

This knowledge is being regarded in scholarly circles as another tool that must be integrated 

into resource planning and management policies especially in areas of intense competition 

for marine resources such as the Bay of Fundy, albeit there are some reservations that this 

holistic knowledge can be scientifically proven (see Wiber et al., 2012).   
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2.6 From Monoculture to Polyculture-The Use of 
Integrated Multi-Trophic Aquaculture (IMTA) to 

Create a More Sustainable Industry 

Added to the social and political perspectives that surround aquaculture, it would also be 

important to consider the environmental and economic benefits of moving the aquaculture 

industry from a monoculture focus where only one species is cultivated to an integrated 

multi-trophic aquaculture (IMTA) system.  IMTA has been gaining attention from the 

scientific community, the governing regulatory agencies, the aquaculture industry itself and 

the general public as it offers a more sustainable way of doing aquaculture (Nobre et al., 

2010).  IMTA involves the combination of fed aquaculture species (salmon, carp, and other 

finfish) in proximity with farmed seaweed species and suspension feeders such as scallops 

and oysters (Martínez-Espiñeira et al., 2015; Troell et al., 2009).  This relatively new way of 

doing aquaculture is seen as being more sustainable in the long term as it takes into account 

the social, environmental and economic factors needed for viability (Martínez-Espiñeira et 

al., 2015; Troell et al., 2009).  IMTA involves the recycling of waste material generated from 

finfish aquaculture (uneaten feed, nutrients, organic waste) which is converted into feed 

material for the increased production of other non-fed aquaculture species like kelp and 

bivalves which get their nutrients from the water column allowing the biological and 

chemical processes to attain equilibrium (Martínez-Espiñeira et al., 2015; Troell et al., 2009).  

These IMTA approaches are worthwhile mentioning in this proposal in case the local 

communities in Iceland have some misgivings about the concerned scallop aquaculture 

business proposal.  

Nobre et al (2010) compared monocultured abalone farms to IMTA of abalone and seaweed 

operations.  Their results indicated that an IMTA approach is viewed in a more positive light 

by the public, is profitable to the farmer and lowers greenhouse gas emissions thereby having 

a positive effect environmentally.  The researchers were looking at the benefits of combining 

existing land based abalone farming with seaweed farming as seaweed is a natural source of 

food for abalone (Nobre et al., 2010).  The farmers were interested in using seaweed as 

another food source for abalone because: (1) reduced access to previously used supplies of 

harvestable kelp (2) the increase in growth rate of abalone when fed a mixed algal diet (3) 

farm effluent aids in seaweed growth permitting water recycling and reduction in nutrient 
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discharge into the marine environment (Nobre et al., 2010; Robertson-Andersson et al., 

2008).  

 In this study, Nobre et al. (2010) looked to the Drivers-Pressure-State-Impact-Response 

(DPSIR) method to test their hypothesis that seaweed production in conjunction with 

abalone production would achieve positive results (see Figure 7).  They used this approach 

as a way of measuring the overall impact on the marine environment the current practice of 

abalone aquaculture has and how it can best be managed. The main pressures on the 

ecosystem of the abalone farm were effluent discharge, the depletion of wild kelp stocks for 

use as feed for abalone and an increase in CO2 emissions.  These pressures were relieved 

once the farm adopted the use of seaweed cultivation in the effluent ponds as the seaweed 

used the effluent as a source of feed, reduced the dependency on kelp as the sole food source 

for abalone and also acted as a carbon sink, absorbing the CO2 previously released into the 

atmosphere as a green house gas.  Another important factor that aided in the adoption of 

IMTA by this South African abalone farm was the economic advantages that stood to be 

gained to the tune of close to 3.0 million USD per year.  Through their study, the researchers 

were able to prove that by changing from a monoculture practice to IMTA was not only 

financially beneficial to the farmer but also had the added benefit of a healthier ecosystem 

with an increase in social acceptability through increased employment and industry 

sustainability (see Nobre et al., 2010).  

  

Figure 8: Application of the DPSIR model to assess the part of seaweed in IMTA (Nobre et al., 2010) 

To understand the social viability of integrated multi-trophic aquaculture (IMTA) 

operations, various studies have been undertaken in areas of the world where aquaculture is 
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a prominent player in the economy of local communities.  In one such study conducted in 

the Bay of Fundy area, located in the Canadian province of New Brunswick, researchers 

chose to look at the social acceptability aspect of aquaculture in that area as it is the scene of 

some of the most densely stocked aquaculture areas worldwide (Barrington et al., 2010).  

The researchers were focusing on an IMTA project that was cultivating Atlantic salmon, 

kelp, and mussels.  The biological and economic outcomes were positive, but the social 

acceptability factor needed to be looked at more in depth (Alexander, Angel et al., 2016; 

Alexander, Freeman, et al., 2016; Barrington et al., 2010).  The results showed that overall, 

the respondents were more willing to accept IMTA and the products it offered as they felt 

that the seafood produced this way was safe to eat, had the added effect of reducing the 

ecological impact of salmon farming and the local economy benefitted (Alexander, Angel, 

et al., 2016; Barrington et al., 2010).   

Various surveys have been conducted to judge the willingness to pay a higher price for 

products grown through IMTA and it was found that amongst those surveyed that they would 

be willing to pay a 10% increase on products that came from IMTA operations  (Barrington 

et al., 2010; Martínez-Espiñeira et al., 2015).  Overall, researchers found that there was a 

general lack of understanding of the benefits of IMTA and that a better marketing and 

promotional campaign be conducted to increase the public’s knowledge base on the benefits 

of IMTA (Martínez-Espiñeira et al., 2015; Nobre et al., 2010).  This would in turn lead to 

IMTA being accepted by the general public as viable form of aquaculture practice 

(Barrington et al., 2010). 

With aquaculture operations worldwide taking up more space in the near shore waters of 

coastal nations, there has been more research in the feasibility of setting up IMTA offshore 

to help reduce the conflict between stakeholders in these areas as well as making aquaculture 

more sustainable in the long term, both economically and environmentally.   This rapid 

growth in the industry has led to a serious lack of suitable sites in near shore waters and the 

ecological carrying capacity of these existing sites is being pushed to the limit thereby 

straining the marine ecosystem and in turn generating interest in the feasibility of offshore 

IMTA (Troell et al., 2009).     

Canada and China have been leading the way in the development of offshore IMTA 

operations and have been finding positive results.  In the Bay of Fundy, located on the East 

coast of Canada, study sites there have shown that kelp and bivalve species that are cultured 
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in the same vicinity of finfish operations have shown an increase in growth rate of up to 50% 

more when compared to other control sites.  These products were tested for heavy metals, 

pesticides and therapeutants commonly used in Atlantic salmon farming and were found to 

be consistently below safe human consumption limits set by the governing agencies in 

Canada, the U.S. and the European Union (Troell et al., 2009).   

In China, the world’s leader in global seafood production from aquaculture, there are a few 

sites that are being studied for the economic and environmental feasibility of offshore IMTA 

which have been met with impressive results (FAO, 2016; Troell et al., 2009; Yu et al., 

2017).  Aquaculture sites located on Zhangzidao Island and Sanggou Bay have shown 

increased tonnage in cultured seafood products (finfish, bivalves, seaweed) that are grown 

in close proximity to each other with the added benefit of ecological site remediation, 

propagation of other marine species and the formation of artificial reefs with all the 

suspended structures used for IMTA (Troell et al., 2009).   

At another site of intensive mariculture in Sanggou Bay, China where scallop and kelp 

farming are being practiced in tandem and to a lesser extent oysters, mussels and sea squirts, 

the positive biological impact  that IMTA has had is quite significant.  The amount of 

inorganic nitrogen excretion from the fouling organisms being cultured there has aided its 

kelp production in reaching an output of twenty thousand tons annually as this seaweed 

uptakes all the inorganic excretion leading to another form of profitability for the industry.   

The downside to this is that as the seaweed biomass concentration increases, it limits the 

availability of light and nutrients which reduces growth rates but this is offset by timely 

harvesting of the crop (see Troell et al., 2009). 

On the other hand, there are some limiting factors to the viability of an IMTA approach to 

already established monoculture practices.  In Weihai, China, researchers looked at the 

economic performance of scallop and abalone monoculture operations and did a cost benefit 

analysis, trying to determine if an IMTA approach would be viable economically for the 

existing operations in the area (Yu et al., 2017).  The main failings in the economic returns 

were the ensuing increase  in labor costs in 2009 (see figure 8) and the slumping prices of 

abalone and scallop at the time that this analysis took place.  One of the reasons cited by the 

researchers for the downturn in prices for scallops and abalone, once very high for a product 

that was considered a delicacy, took a downturn as the availability improved as production 

increased, flooding the local market with a product that was out of the consumers budget but 
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is now more affordable due to it being readily available (Yu et al., 2017).  Therefore, IMTA 

possibilities are somewhat limited by economic factors in Weihai but the researchers assert 

that scallop and abalone farmers would be more willing to pursue IMTA technology if the 

market is profitable enough to encourage them to follow up on polyculture alternatives, thus 

generating more profit (Whitmarsh, Cook, & Black, 2006; Yu et al., 2017). 

 

Figure 9: Labor costs increases in aquaculture operations in Weihai, China. Colored lines denote wages 

earned by captain (team leader of offshore workers) and the full-time worker.  Wage increase around 2010 

due to producers giving captains and full-time workers 

While there might be economic uncertainty with farmers regarding IMTA versus 

monoculture, the researchers found that the overall benefits to society: improved marine 

ecosystem,  carbon dioxide absorption, reduction in anthropogenic pollution, are worth 

taking into account as the consumer would be more inclined to support an industry that is 

sustainable in the long term (Alexander, Angel, et al., 2016; Yu et al., 2017).   Added to that, 

the researchers felt that if the government were to play a more active role in IMTA via a 

combination of policies aimed at supporting the effectiveness of IMTA would lead to an 

increase in total benefits for the farmer and the consumer (Troell et al., 2009; Yu et al., 

2017).  They also pointed out that if an eco-labelling program were instilled by the governing 

agencies to determine the origin of a farm raised product: IMTA versus monoculture, this 

would help improve consumer awareness and producer accountability (Yu et al., 2017).  

Thirdly, a policy that would encourage insurance companies to help mitigate against ensued 

costs would also be beneficial to the adoption of IMTA in China as there is presently very 

few aquaculture companies that have access to risk insurance (Yu et al., 2017).  This is in 

part due to the high mortality rates inherent in high density monoculture operations, but this 
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factor would be negated with the use of IMTA as it will help reduce this problem (Yu et al., 

2017).   

Other benefits of IMTA include the formation  of another source of income for the 

aquaculture operations (Alexander, Angel, et al., 2016).  Studies done in North America 

have shown that there is a positive correlation between consumer IMTA knowledge and the 

need for it to be more mainstream.  Aquaculture output has been growing substantially 

globally (7% per year) but has not kept up in the European market where it has stayed 

relatively stable since 2000.  This is in part due to more stringent regulations that are in place 

in Europe compared to other jurisdictions worldwide, the lack of available sites suitable for 

aquaculture, sites already in use are at their maximum ecological carrying capacity and a 

stronger push back from the public regarding the actual environmental impacts that large 

scale aquaculture has been having on the marine ecosystem (see Alexander, Freeman, et al., 

2016). 

2.7 Bivalve Aquaculture impact on the benthic zone 

When considering bivalve aquaculture, it is very important to understand the impact that it 

will have on the benthic zone in the intended area where the aquaculture site will be located.  

In order to do this, researchers have looked at the ecological carrying capacity of bivalve 

aquaculture sites to gain a better understanding of the possible impacts shellfish farming can 

have on the benthic zone in and around these sites.  The ecological carrying capacity for 

scallop aquaculture can be defined as the maximum possible amount of scallop biomass in 

scallop aquaculture that would not have a detrimental effect on any other group of organisms 

in the designated area (Byron et al., 2011; Kluger et al., 2016).  Further to the carrying 

capacity of a site, it is also important for the governing authorities to look at the assimilative 

capacity of the site (ability to reprocess outputs i.e. organic matter, nutrients) and the holding 

capacity (i.e. long term sustainable production) to get a complete idea on the possible 

consequences of aquaculture in any given area (Borja et al., 2009). 

By studying microbenthic communities for the possible effects of bivalve aquaculture, such 

as pollution and organic accumulation, governments and industry can get an accurate gauge 

of what consequences are inherent in areas of intense aquaculture practices thereby giving 

the authorities a reliable form of indication into the overall health of the benthic community 

(Han et al., 2013).  In areas where intensive bivalve aquaculture exists, there can also be 



38 

negative effects on the benthic zone where the large deposition of feces and pseudofeces and 

decrease in the levels of dissolved oxygen in the water column have a harmful effect on other 

organisms in the benthic zone (Han et al., 2013; Iwama, 1991).  These factors, feces 

deposition and decreased levels of dissolved oxygen, can be mitigated via proper selection 

of a marine site where there is a good and consistent exchange of water which would aid in 

the dispersion of these outputs thus lessening their impact (Iwama, 1991).  By integrating 

hydrographic data into site selection, aquaculture operators can mitigate benthic impacts by 

understanding how the water current speed can aid in dispersing the organic loading present 

underneath aquaculture sites thus lessening its impact on the microbenthic communities 

(Borja et al., 2009).   

In sites of intensive shellfish aquaculture, research has shown that benthic species diversity 

can be negatively affected through an increase in organic loading on the seabed under  these 

sites due to the deoxygenating effect of these organic compounds that are present above 

certain levels.  To mitigate against detrimental effects of shellfish aquaculture on the 

microbenthic communities, it is therefore important to properly select a site where the 

hydrography has been thoroughly studied in order to determine the ecosystem’s ability to 

handle a shellfish operation (Han et al., 2013).  By locating the site in an area with sufficient 

hydrodynamics, food availability and dissolved oxygen production should not be negatively 

affected thus limiting the effect on the surrounding benthic community (Kluger et al., 2016).  

It is therefore of utmost importance to take a thorough look at the ecological carrying 

capacity of a site where the ecosystem as a whole is studied to understand the impact that 

bivalve aquaculture may have on the benthic organisms and the other marine organisms that 

depend on a healthy marine ecosystem (Kluger et al., 2016). 

2.8   Site selection 

Since the focus of this thesis is a feasibility study for an Iceland scallop (C. islandica) grow 

out operation and a hatchery feasibility study, it will not focus on the biology and 

hydrographic data needed for the viability of such an enterprise.  Instead, this author will 

briefly describe what current research has stated regarding what is needed for a proper site 

selection of a scallop aquaculture operation.   

For any scallop aquaculture operation to have a viable shot at sustainability and productivity, 

it will have to be stationed in bays or fjords where there is a high enough current velocity to 
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flush the organic compounds away from the site to not negatively affect the macrobenthic 

community below the scallop mariculture operation, especially if it were to be an intensive 

operation (Han et al., 2013).  If the current velocity is too low, this could lead to excessive 

nutrient loading on the benthic zone, followed by deoxygenation and increased mortality of 

other marine organisms dependent on a healthy seafloor environment (Han et al., 2013).  

Therefore, it has been suggested that scallop grow-out sites be situated in bodies of water 

where the current velocity is high enough (average speed of 10 cm s-1  and a maximum 

velocity of 30 cm s-1) to best serve the dispersion effect needed to minimize the negative 

consequences on the macrobenthic zone (Fabi et al., 2009; Han et al., 2013).   It is also 

important to keep in mind that the site be located in bodies of water where the current 

velocity is not too high, and be protected from severe wave action and storm intensity.  These 

factors could impede scallop growth and increase the equipment replacement costs possibly 

leading to poor investment returns (Thorarinsdóttir, 1994).   

Added to the biological needs of a proper choice for a scallop grow-out operation, it is also 

important to include the socio-economic aspect when considering where to site the project.  

Proper site selection should take into account local knowledge of the area and make 

adjustments to the proposal as situations come up in discussions with the local stakeholders.  

These stakeholder engagement meetings are key as aquaculture can sometimes be the last 

sector to arrive in a given area where there might already be other industries at play thus 

increasing coastal zone conflicts between all parties, public and private alike.  This 

participatory approach needs to identify all relevant players in the affected area and ensure 

that they are represented and able to voice how aquaculture projects may affect them.  With 

any type of new found economic activity in any given area, it is also important to look at the 

economic prospects of it to understand the possible advantages and disadvantages that may 

occur thus gaining a thorough understanding of the total economic value of the aquaculture 

operation in any given site.  These economics are important to keep in mind when 

considering where to locate a proper site for a new aquaculture operation because they will 

give the decision makers the necessary tools to make a proper and informed decision.  A 

thorough cost benefit analysis and other forms of assessment methods can be conducted to 

discuss the possible economic gains and losses (i.e. increased employment opportunities) of 

an aquaculture operation against the impact said operation will have on the ecosystem itself  

(see IUCN, 2009b).   
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When siting a hatchery for a scallop grow-out operation it is paramount to keep in mind 

certain factors in order to ensure that it is done properly so as to minimize economic 

expenditures and maintain successful production (Helm, Bourne, & Lovatelli, 2004).   

Factors that are essential to a productive hatchery are: land availability and costs, easy access 

to electricity and potable water, good communication and transportation routes, and a 

competent workforce.  Added to these factors is the need to have access to good quality 

seawater year round for the entire water column because without it, the likelihood of a 

successful hatchery will not be possible.  Areas that are free of anthropogenic pollution due 

to industrial run-off, urbanization, agricultural or other sources of contamination should be 

avoided to maintain the overall quality of the seawater.  The hatchery should also be sited 

within a relatively close distance to the ocean to keep the distance required to get water to it 

without having to lay down long lengths of pipe which would add to the already substantial 

amount of capital needed to start up a hatchery (see Helm et al., 2004).  The following figure 

(Figure 9) gives a good visual description of possible sites (ĺsafjórður, Tálknafjörður, 

Patreksfjörður, Breiðafjörður) where a conceivable scallop aquaculture operation could be 

situated in the Westfjords of Iceland.   
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Figure 10: Location of Tálknafjörður, Patreksfjörður and ĺsafjörður in the Westfjords of Iceland and 

Breiðafjörður.  (Google Earth, 2018) 

There are also certain important economic considerations to keep in mind when deciding to 

build a hatchery, simply due to the sheer expense of this endeavour.  To help off-set the 

initial start up costs, it may be possible to apply for business development grants to help keep 

costs lower but the hatchery will have to be able to stand on its own and show profitability 

if it is to be financially viable in the long term.  Added to that is the need for the hatchery 

owner to have sufficient capital to withstand any economic setbacks that may arise until 

income is generated via the sale of seed to other aquaculture operations or harvest of the 

cultured stock occurs from its adjacent grow-out operation (see Helm et al., 2004). 

2.9 Phycotoxins found in Scallop species  

There are many factors in the ocean environment that can affect the seafood humans 

consume, possibly making the seafood product unsafe for human consumption, thus it is 
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very important to understand what they are and how to avoid their deleterious effects.  These 

toxic effects may range from toxic algae blooms to harmful chemicals (anthropogenic or 

natural) and to various parasites affecting the organisms in general (Inglis et al., 2016; 

Saavedra et al., 2008; Shumway & Cembella, 1993; Shumway, 1990).   

Toxic algae blooms are not a recent phenomenon,  have been around for centuries and occur 

worldwide.  The phycotoxins associated with these harmful blooms are accumulated in the 

tissues of filter feeding bivalves and when consumed by humans can have severe health 

consequences for the consumer (Shumway & Cembella, 1993).  These blooms can be very 

toxic to shellfish leading to mass mortalities in various shellfish populations which in turn 

affect the coastal communities and industries (aquaculture and wild fishery) that depend on 

them for sustenance and economic reasons (Shumway, 1990). 

 

Figure 11: Global distribution of PSP toxins recorded as of 2015 (Woods Hole Oceanographic Institution, 

2017) 

The types of  poisoning vary from paralytic (PSP), diarrhetic (DSP), neurotoxic (NSP) and 

amnesic (ASP) shellfish poisoning (Shumway, 1990).  The effects on humans from the 

various forms of poisoning these toxic blooms have can vary from severe abdominal pains 

to memory loss and in occasional cases, death (Shumway & Cembella, 1993; Shumway, 

1990).  Bivalve molluscs, including scallops, accumulate these microalgal toxins in their 

digestive glands as a result of ingesting them through filter feeding of pelagic and  

microorganisms (phytoplankton), their primary food source (Shumway & Cembella, 1993).      



43 

To negate the detrimental effects to human consumers when such toxic algae blooms occur 

in coastal waters, governing authorities and regulatory bodies in affected areas will issue 

closures to minimize the risk to the human population.  Many countries have launched wide-

ranging monitoring programs to ensure that the areas affected are not fished until the bloom 

has disappeared from the area in question and from the tissue of the bivalves of concern, 

thus eliminating the chance of widespread human illnesses or fatalities.  There have been 

attempts at alleviating the toxicity of algae blooms on shellfish via ozonized seawater 

treatment of the affected bivalve stock,  but these were not economically feasible in the long 

term, the effectiveness of ozonation has not been consistent and studies into this have been 

questionable (see Shumway, 1990).    

Other research has focused on the uptake of heavy metals by bivalve molluscs, namely 

scallops, its effects on the animals themselves and the health impact these metals may have 

on humans once they consume the organism.  The researchers were looking at the various 

metal concentrations of mercury (Hg), cadmium (Cd), lead (Pb), chromium (Cr), nickel (Ni), 

arsenic (As), silver (Ag), copper (Cu) and zinc (Zn) in the scallop organs to determine where 

the highest concentrations were and what could be done about it (Saavedra et al., 2008). 

 

Figure 12: Fractions of the scallop dissected for metal concentration analysis. (Saavedra et al., 2008) 

The metals were found throughout the organs in varying concentrations with the highest 

being in the digestive glands and the kidneys.  Humans do not typically eat these organs.  

Likewise neither is the mantle, kidney, foot, or gills as they have no economic worth to the 

scallop aquaculture producers or fishermen (Saavedra et al., 2008).  The health effect is 
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negligible as these organs are discarded once the scallop is shucked and prepared for human 

consumption (Bach et al., 2014).  The edible and most economic  components of the scallop 

are the adductor muscle and the gonads as they are the most prized by human consumers 

(Bach et al., 2014).  The metals that were found in these organs were arsenic and cadmium 

but these were at levels that have been deemed to not pose a threat to human health by various 

regulatory bodies (Saavedra et al., 2008).  Arsenic (As) does not pose a threat to human 

consumption due to the presence of arsenobetaine, a non-toxic form of As, making the toxic 

effects negligible  (Saavedra et al., 2008).  Cadmium, another metal present in edible scallop 

organs was found to be at substantially lower levels than non-edible organs thus making it 

safe for human consumption (Saavedra et al., 2008).  Cadmium (Cd) is a toxic metal that 

can be found in high concentrations in the digestive glands and kidney organs of Iceland 

scallop (Chlamys islandica) populations in the non-polluted waters of countries such as 

Iceland and Greenland but not in the edible component of these scallops (Bach et al., 2014).  

To eliminate the possibility of human consumption of Cd, the selective and effective method 

of removing these organs from the edible parts is a simple way for making it safe for human 

consumers (Bach et al., 2014).  The rest of the scallop’s digestive organs and mantle is where 

the toxins are stored and these are selectively eviscerated and discarded (Bach et al., 2014; 

Saavedra et al., 2008).  Therefore, toxins  present in scallop populations are a non-factor to 

the marketing and ingestion of scallop products because the consumed products (adductor 

muscle and gonad) toxin levels are well below minimum standards set by regulatory 

authorities and hence will not pose a health risk (Saavedra et al., 2008). 

Regulatory bodies and governing agencies worldwide have adopted various regulations to 

control and monitor the presence of these heavy metals in order to make the product safe for 

humans.  In Europe, the European Commission realized that there is insufficient knowledge 

on this topic and convened a Marine Strategy Framework Directive (MSFD) to research the 

use of monitoring schemes for known contaminants, resulting in what is termed as the 

ECsafeSEAFOOD project (Marques et al., 2015).  The scientific contributions to this 

directive were useful for food safety and health organizations as well as environmental 

agencies in setting up an information network whereby they could follow certain standards 

directed at preventing any health risks as a result of the presence of contaminants.  This 

public awareness will lead to more European consumer confidence when it comes to 

understanding the complexities of environmental contamination and its effect on the seafood 

they eat (Jacobs et al., 2015; Marques et al., 2015). 
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2.10  Market opportunities for scallop farming 

Worldwide, aquaculture production has increased exponentially in the past half century with 

an average growth rate of slightly less than 6% (Bostock et al., 2010; FAO, 2016; Rodrigues 

et al., 2012).   The vast majority of production, in terms of value and production, takes place 

in Asia with China and Japan being the main players worldwide (Bostock et al., 2010; FAO, 

2016).   

 

Figure 13: Global aquaculture production by region. (a) Aquaculture by quantity 2008 (excluding aquatic 

plants). (b) Aquaculture by value 2008 (excluding aquatic plants).  (Bostock et al., 2010) 

The market potential for molluscs has been growing steadily over the years with total output 

from coastal waters in 2008 being over 12 million tonnes valued at slightly less than 13 

billion USD (Bostock et al., 2010; Ferreira et al., 2007).  Overall, the market demand for 

seafood products is forecasted to keep growing with consumers continued want for seafood 

protein and the state of capture fisheries in developed countries being severely restricted due 

to continued fishing pressures (Rodrigues et al., 2012).  Shellfish aquaculture has grown 

steadily over the past decades as well due to market demands and various legislations put 

forth by regulatory authorities seeking to expand on this sustainable industry (Ferreira et al., 

2007).  While aquaculture has been growing steadily in Asia, the North American and 

European markets growth has plateaued since the boom days of the 80’s and 90’s but there 

is still demand for seafood products in these continents (Rodrigues et al., 2012).   

Due to changing market demands, shellfish producers have been looking at different ways, 

i.e. Individually Quick Frozen (IQF) scallops, to promote their product, increase their sales 

and capture their share of the farmed seafood economy (Georgianna et al., 2017).  As scallop 

producers develop new marketing strategies of their product, they will be able to appeal to 

markets such as restaurants and supermarkets where consumers are interested in a high 
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quality scallop product to satisfy their appetite for this delicious product (Georgianna et al., 

2017).  In China, scallop farmers have caught onto the dried scallop adductor muscle, known 

locally as yao zhu, and have marketed it to satisfy consumer demand due to its tasty flavor 

and high nutritional yield.  It is regarded as one of the tastiest morsels in Chinese cuisine and 

is readily eaten up by the consumers in that country (Wen et al., 2017).  To increase 

profitability of any aquaculture operation, it is important to diversify your product’s 

marketability by offering different revenue streams for the same product.  In the case of 

scallop farming, farmers could make good use of the shell by-product due to the extreme 

volumes of it from increased production and dispensation (FAO, 2016).  Since the shell 

degrades slowly, it could be used as an artisanal product in handicrafts, customized jewelry 

and buttons (FAO, 2016).  Along with these artisanal products, the farmed scallop producer 

may investigate the economic option of offering a roe-on scallop adductor muscle to markets 

that demand this like that of France which Iceland supplied with this product prior to the 

scallop fishing moratorium in 2004 (Eiríksson, 1997; Jonasson et al., 2007).   
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3 Research Methods and Material 

This chapter explains the qualitative experiential methods used to gather data and use of the 

information to lend credence to this study.  My research involved a series of informal, semi-

structured interviews, intended to gather material and background data for a scallop 

aquaculture operation feasibility study for the Westfjords of Iceland.  Though the general 

purpose was to gather background information on the various aspects of scallop aquaculture, 

and to a lesser extent scallop biology, this study is meant to judge the feasibility of a scallop 

farming operation proposal in Iceland and to hopefully be used as a point of reference for 

such a venture should the occasion arise.  Data collection entailed visits to shellfish 

aquaculture and hatchery operations located on Vancouver Island, British Columbia, 

telephone and online (Skype, email correspondence) conversations with aquaculture 

representatives from the public and private sector: Canadian and Icelandic government 

officials, aquaculture consultants/biologists, owners, and managers of aquaculture 

companies as well as in person meetings with aforementioned participants.   

During my 11 months in ĺsafjörður, I was able to get a great overview of the country and 

used that experience to gain a better understanding and feel for the place.  I was able to gain 

a very good grasp of Iceland scallop habitat through the many scuba dives I did in the waters 

of the Westfjords, collecting scallops with a friend who had their scallop diving license.  

Through that experience came the idea of a scallop aquaculture feasibility study.  Upon my 

return to Canada, I was further able to get a good overview of the shellfish aquaculture 

industry with many visits to various farmed shellfish operations and hatcheries, interviews 

with government officials, shellfish biologists, aquaculture consultants and aquaculture 

equipment distributors.     

3.1 Methodology used 

The methods used to gather evidence for this thesis involved identifying possible interview 

participants that could be contacted to gather background information on the field of 

aquaculture through the snowball method.  The snowball method enables researchers to find 
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persons of significance for investigation rationales by communicating with important 

informants (Bernard, 2006).  A qualitative method was used while semi-formal interviews 

were conducted with various participants to get a better idea of their experience in the field 

of aquaculture and how that experience would be useful in understanding the inner workings 

of the aquaculture industry from the differing viewpoints of each participant interviewed.    

To gain a better understanding of the type of participant needed for information gathering 

for this study, a qualitative approach was used.  In qualitative research, the main instrument 

are the researcher themselves as they are the ones that make the initial contact with desired 

participants, take notes and begin conversing with participants thus helping researchers get 

a better insight into the thoughts, feelings and experiences of research participants (Sutton 

& Austin, 2015).  Qualitative methodology is also useful in determining the various points 

of view of participants who may have varying ideals when it comes to the research topic 

(Barclay et al., 2017).  By gaining access to face to face interviews, it is often possible for 

the researcher to get a better understanding of where the participant stands vis a vis the 

concerned research (Sutton & Austin, 2015). Through the use of an unstructured 

interviewing process, researchers are able to amass textual data in a versatile fashion and 

come up with creative ways to keep the conversation going (Bernard, 2006). 

To help in finding participants for my thesis, I employed a snowball method to determine 

whom I should talk to in the public sector.  Participants can be identified through workshops 

where volunteers are self-nominated and through the snowball and respondent driven 

network sampling methods (Bernard, 2006). My personal knowledge and contacts within the 

fisheries industry helped tremendously.  My father is a retired certified fisheries biologist 

who had a long and distinguished career working for both the Canadian federal government 

(Department of Fisheries and Oceans) and British Columbia’s provincial Ministry of 

Agriculture,  as well as being a private consultant.  His experience in the field of fisheries 

contributed to identifying participants for the interviews and by using the snowball method, 

I was able to garner more contact information of people that were of great use to my project.  

By receiving contact information of other people of interest from various participants, the 

researcher is able to go from one possible participant to another, thus garnering more data 

until eventual data saturation with no new contacts being offered (Bernard, 2006).   

When visiting actual aquaculture companies or talking to owners/managers in person or via 

web communications, there were some guiding questions that I utilized to start the dialogue, 
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but these were merely talking points as the conversations tended to free flow and cover many 

different topics in no particular order.  Free-flowing conversations with participants can be 

more spontaneous with  candid interactions being observed by the researcher in their search 

for operational data that will help in the data gathering process of research (Conger, 1998).  

The questions were subject to change, dependent on where the participant was employed i.e. 

government employee, working directly for an aquaculture operation or as a private 

consultant.    

Examples of guiding questions were: 

1) How long have you been involved in the field of aquaculture? 

2) What is your experience in this field? 

3) How many employees are employed by your company? 

4) What are your views on the feasibility of scallop aquaculture in Iceland? 

3.2 Lists of Respondents 

At the end of my research, I eventually had semi-formal unstructured interviews with 17 

participants for my thesis.  Seeing that the issue I was studying, aquaculture, can be very 

delicate and divisive, upmost care was taken to reassure the participants that their identity 

would be concealed to avoid any negative repercussions.   The personal experiences and 

information gleaned from these sessions were extremely useful in determining some of the 

necessary data required to start up a scallop aquaculture operation and hatchery in Iceland.  

By understanding personal experiences of respondents and a positivist qualitative research 

paradigm, researchers are better able to comprehend where the respondents are coming from 

through the use of highly interactive methods (Ponterotto, 2002).  The researcher is then able 

to use that information to get a better all-round awareness of what needs to be done whilst 

conducting their research (Ponterotto, 2002).   To maintain privacy and anonymity for the 

respondents, I assigned them all anonymous monikers, purposefully withheld any other 

divulging information (gender, employment information) thus protecting their identity and 

enabling me to get as much candid information as possible. 

  



50 

Table 2: List of Respondents 

 Country Date 

Participant A Iceland March 30, 2017 

Participant B Iceland May 31, 2017 

Participant C Iceland June 28, 2017 

Participant D Canada August 22, 2017 

Participant E Iceland Fall 2017-ongoing 2018 

Participant F Iceland Spring 2017- ongoing 2018 

Participant G Canada October 11, 2017 

Participant H Canada November 17, 2017 

Participant I Canada December 8, 2017 

Participant J Canada December 19, 2017 

Participant K Canada January 3, 2018 

Participant L Canada January 12, 2018 

Participant M Canada February 6, 2018 

Participant N Canada February 13, 2018 

Participant O Iceland February 16, 2018 

Participant P Iceland February 27, 2018 

Participant Q Iceland April 5, 2017 

Participant R Iceland March 7, 2018 

Participant S Iceland Fall 2016-present 

The above table gives a list of the participants, their country of origin and dates contacted.  

No other details that could possibly identify them were given to ensure complete anonymity 

and privacy of the participants. After identifying possible participants through online 

research and communications with my father and some of his retired work colleagues, I 

contacted the participants residing in Canada through email correspondence and provided 

them with information on the research that I was undertaking for my master’s thesis and 

awaited their response. As for the Icelandic participants, I was able to identify whom I would 

have to speak with by personal networking and contacts made through my sojourn in 

ĺsafjörður.   Fortunately, there were no language barriers as most respondents first language 
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was English except for the participants from Iceland.  Although their first language is 

Icelandic, their English was remarkable due to it being so widespread in Iceland therefore 

negating the use of a translator, save for one respondent.  This was easily surmounted via 

help from a friend who had a very good understanding and command of the Icelandic 

language and was able to translate that respondent’s email correspondence to me.  

Throughout the course of my research, I was in contact with a few of the participants 

numerous times which was extremely helpful.  They were very accommodating to my many 

queries which aided immensely in my research.   

3.3 Research limitations 

Overall, there were few limitations to my information gathering purposes for this study.  All 

participants in my unstructured interview process had experience in the aquaculture field 

ranging from regulatory authorities at both the federal and local levels in Canada and Iceland, 

to owner-operators/managers of aquaculture operations themselves, civic authorities, and 

acquaintances I had made through my sojourn in Iceland.  The only real limitation that I 

came across in my queries were related to financial gains and expenditures incurred by 

private aquaculture operations in British Columbia as they were unwilling to release any 

concrete dollar figures to me.  I was able to get some dollar figures from a public official at 

a provincial ministry but that was only after personal communication with them detailing to 

me that the data that I was receiving was run specifically for me with the confidential data 

being suppressed.  Another limitation was the difficulty in contacting possible participants 

that were in other countries overseas.  The time differences between myself and the 

prospective respondents was a factor in contacting them as was the fact that I was not in-

country.  I found these to be somewhat limiting factors, but overall it did not affect the 

research process as I was able to get in touch with similar participants in my home province 

of British Columbia, Canada.    

To avoid bias in any type of qualitative research, it is important to minimize it and establish 

credibility with participants if researchers are to obtain the results they need. This can be 

done in an inexpensive manner via document analysis to attain empirical data prior to talking 

to participants to aid in establishing a rapport between participant and researcher (Bowen, 

2009).  Prior to conducting interviews, I attempted to obtain all the relevant data through 

literature research thus enabling me to understand the subject, ask relevant questions and to 
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be as objective as possible in my queries to negate any type of bias in the ensuing 

conversations.  It is important to eliminate or avoid any type of bias tendencies whilst 

conducting research to minimize the possibility of researcher bias (Roulston & Shelton, 

2015).  

 In this case, I felt that I could not   ignore my own biases in perception and interpretation as 

a limiting factor in my study.  To minimize the impact of my personal bias, I attempted to 

be aware of my reactions to what the participants were saying so that my personal bias would 

not influence what the participants divulged to me.  I tried to keep a neutral position during 

conversations with participants, but this was difficult to do as I have a propensity to be in 

favor of participants who have a comparable view to my own, that is that shellfish 

aquaculture is a positive endeavour, both economically and ecologically. Even though I used 

the snowballing technique to identify possible participants for my research, this technique 

tended to produce a comparatively similar group of participants who had some form of 

involvement in the shellfish industry.  The sample of participants then might be categorized 

as non-random because they would have a propensity to viewing shellfish aquaculture in a 

positive light versus the participant pool being randomized.  If this was the case, then a 

random sample of participants would have come with various thoughts and opinions either 

against or for aquaculture and this is not what I was attempting to do.  I was attempting to 

talk with participants that had experience in the field to help me judge the feasibility of a 

scallop aquaculture operation in Iceland. 

The idea of bias is well recognized in literature as researchers should be aware of their 

standards and tendencies during the research process (Roulston & Shelton, 2015).  Bias in 

participant responses can have differing results to the research topic and thus influence 

decision making in ways that might differ from what was originally sought out (Bernard, 

2006).  This is recognized in this thesis as the participants I was in contact with all had strong 

views in favor of the shellfish aquaculture sector, be they directly involved in the day to day 

operations of a shellfish aquaculture operation, government employees charged with 

overseeing all aspects of aquaculture and/or professional consultants who had been in the 

aquaculture field for a number of years.  Seeing that I am designing my research topic as a 

feasibility study on scallop aquaculture, the participants I was talking to in my information 

gathering were actively involved in the aquaculture sector: owners, managers, consultants, 

governing authorities.  These participants therefore could be categorised as being very biased 
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to the advantages of shellfish aquaculture and the economic importance of this industry.  

What I was trying to measure is the overall feasibility of a scallop aquaculture operation in 

Iceland and by using the methods I used, I was able to get a very good overview of the 

shellfish aquaculture field by talking directly to participants that have had professional 

experience in the field.  Therefore, the participants proved very worthwhile in my research 

by giving me valuable insight into the ins and outs of the shellfish aquaculture industry 

therefore lending reliability and validity to my overall aim of initiating conversations 

regarding scallop aquaculture in Iceland.  These two terms, reliability and validity,  are 

important to understand while using qualitative methods for research purposes as they enable 

the researcher to design, analyse and judge the value of the analysis undertaken (Golafshani, 

2003).  





55 

4 Results and Discussion 

In this section, I felt that it was necessary to combine both the results of the research methods 

(participant interview analysis) and discussion sections (future business opportunities, 

constraints, and calculations) as they are both intertwined.  Through a proper literature and 

participant interview analysis, I used the best available data to corroborate the results of what 

the participants for this thesis were saying about scallop aquaculture with information 

gathered during the literature review phase of this thesis.  To process the information in a 

meaningful manner, it must be done this way as it will make more logical sense for those 

whom might seek to understand what are the necessary steps that must be undertaken to 

make scallop aquaculture a reality in Iceland.   

4.1 Informant interview perceptions and experiences 

During the research process for this thesis project, I felt that it was paramount to identify 

possible participants that have had experience in the field of aquaculture, more specifically 

shellfish aquaculture.  Through online research, personal networking and the contacts 

received via my father’s personal connections in the fisheries sector, it was possible to get a 

good idea of the participants that would be of interest.  The respondents for this thesis 

proposal had varied backgrounds and came from different areas in the public and private 

sectors.  The various governing authority participants contacted from Iceland and Canada 

came from municipal, provincial, and federal regulatory authority agencies.  The private 

sector participants that were contacted had varying backgrounds as well: managers or 

owner/operators of aquaculture operations, private aquaculture consultants with some 

having had prior experience as researchers in the government aquaculture sector, aquaculture 

equipment supplier outlets, and economic development agencies.  The resulting information 

gathered from these conversations were extremely useful in garnering actual on the ground 

experience and knowledge from participants that have been involved in the aquaculture 

sector.  This information gave me much needed background information that enabled a 

thorough understanding of what would entail a successful scallop aquaculture operation 

(hatchery and grow-out) becoming a reality.   
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The pictures featured below were taken during a visit to a local Canadian shellfish hatchery 

operation located in British Columbia.  The general manager gave me a personal guided tour 

of the facility and was very accommodating as I had many questions and inquiries into the 

general layout of a scallop hatchery.  The hatchery is located on a parcel of land that has 

been designated as Agricultural Land Reserve and set aside for agriculture thus enabling the 

company to use it for aquaculture purposes.  It is situated within a very short distance from 

the ocean front, making for easy access to sea water for growing and rearing purposes in the 

hatchery and nursery.  The actual grow-out site for their scallop stock is located in the 

adjacent sound but I was unable to see it as that would have taken more time than what the 

manager had.  The hatchery started in the mid 1980’s and was a money losing venture until 

new ownership took over in the last year.  They promptly hired a qualified marine biologist 

who had many years of experience working with the aquaculture field in Asia and has helped 

to turn their economic misfortunes around with their first recorded profit.   

 

Figure 14: Scallop larval tanks in hatchery (August 2017) 

 

Figure 15: Scallop nursery (August 2017) 
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Figure 16: Paddle wheel system used to stimulate water flow and oxygen exchange in scallop nursery (August 

2017) 

One question that was common throughout the research related to the participants 

background and was meant to give the researcher an idea as to how the participants became 

involved in this field.  After general pleasantries, I would start off conversations with: “What 

were your motivations to becoming involved with the aquaculture sector?”.  The participants 

were quite willing to divulge their past experiences, and paths taken that put them in the 

position that they are in now (manager, owner, consultant, supplier, biologist, researcher).  

This query into their past experiences combined with my prior investigations into the 

participants background set a positive tone between participant and researcher, allowing for 

meaningful dialogue to continue for the duration of the interview.  This was important to not 

create any barriers that might come up should there be a topic that participants felt 

uncomfortable with, but in these instances, it was never the case. 

 

Figure 17: Major motivations to work in aquaculture 
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From Figure 17, it was found that most participants (N=10) became involved in aquaculture 

because it was the chosen field of employment that they wanted to pursue (Self 

determination), followed by Financial expectations and Others (N=4 respectively) and 

finally Working with and in nature (N=1). Other motivation for the preceding figure refers 

to economic reasons as the motivating factor that steered some of the respondents to work 

in aquaculture.  I am showing this data to aid in understanding why the respondents chose to 

pursue a career related to aquaculture and how it might help me in deciding to follow this 

possible opportunity.   Almost 53% of informants ranked Self determination as the top 

motivator to work in aquaculture and of this 53%, 30% of the informants were from Iceland 

while 70% were Canadian. 21% of informants ranked Financial expectations as the top 

motivator to work in aquaculture as did the same percentage for Others (economic reason).  

It was interesting to note that of the respondents to Financial expectations (21%) and Others 

(21%), fully ¾ of these informants were from Iceland and ¼ were Canadian. Only 5% of 

informants felt that Working with and in nature was their top reason to work in aquaculture.   

If participants were involved directly in the day to day operations of a shellfish operation 

(hatchery and grow-out), I would ask “How many employees are employed in your 

operation?”.  The participants answers varied from less than 3 employees in smaller 

operations to close to 100 seasonal employees in larger operations during processing times 

of the shellfish product.  These numbers depended on the size of the operation and what was 

needed to be done regarding the shellfish’s stage of development.  The answers also helped 

by giving me a general idea of the number of employees needed to successfully operate a 

shellfish operation and the associated labor costs entailed in such an operation.  A small 

number of participants were willing to part with some financial details regarding labor costs, 

but this was not often the case as financial details were regarded as confidential data.   
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Figure 18: Employees in shellfish companies 

When I queried the participants that were directly involved in the daily operations of a 

scallop farming venture on the feasibility of cultivating Iceland scallops in Iceland (“What 

are your views on the feasibility of scallop aquaculture in Iceland?”), their answers were a 

mix of caution and optimism.  The participants felt that the environmental conditions of 

Iceland (productive waters, minimal anthropogenic pollution), low human population 

density, geothermal power availability, low electricity rates, Iceland’s overall reputation as 

an environmentally pristine country and no direct economic in-country competition from 

any scallop culture operation were all factors that favored the economic possibility of such 

a venture.  The only cautionary advice given to me was to ensure that if a scallop operation 

came to fruition in Iceland to start the operation off on a small scale so that the endeavour 

would be able to work out problems that would be exacerbated should the project start off 

too big too fast. 

The general feeling gathered after conversations with the participants regarding their views 

on the feasibility of scallop aquaculture in Iceland was somewhat split between More 

optimistic (N=9) and Neutral (N=7) with Little pessimistic (N=2) and Very optimistic (N=1) 

making up the minority responses for the participants.  These answers were judged on 

personal assumptions that I interpreted from the resulting discussions I had with participants 

throughout the length of my research period. The pessimists were participants that had either 

attempted to cultivate scallops and failed or are aware of the bureaucratic difficulties of 

working on aquaculture projects in Iceland.    

Towards the end of discussions, I would ask aquaculture operators what they would do 

differently (“If you were to start over again, what would you do differently?”).  Participant 
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responses varied depending on the operation.  The smallest operator explained that they 

would seek more start up capital to make up for unforeseen expenses in their initial business 

plan.  Participant D, manager at the largest facility visited, stated that they would start off 

small and see projects through rather than spend money on ideas that had not been tested 

before thus generating huge cost overruns.  The medium sized operator mentioned that they 

would have gotten into the shellfish aquaculture sector earlier instead of focusing so much 

on consulting.  This operator runs an integrated multi-trophic aquaculture operation, the first 

of its kind to be approved in British Columbia.   

One piece of data that was hard to acquire were concrete prices on scallops from reliable 

government sources or from the aquaculture sector itself.  Participant responses regarding 

this topic were hard to come by as they were unwilling to part with this type of data due to 

its confidential nature.  The only time that I was able to get any specific values was from a 

special request made to the regulatory agency in British Columbia charged with statistics in 

the agriculture sector.  Another difficulty encountered in the research phase was contacting 

other participants of interest due to time zone differences, but this was easily surmounted by 

other responses from possible participants as they were very interested in my thesis topic. 

4.2 Constraints and business opportunities  

4.2.1 Polyculture in Iceland 

Presently in Iceland, the laws that govern the use of polyculture are administered jointly by 

Iceland’s Environmental Protection Agency (Umhverfisstofnun) and the Icelandic Food and 

Veterinary Authority (Matvælastofnun) (Participant P, February 27, 2018).  Under the 

Nature Conservation Act, Icelandic authorities seek to protect the biological and geological 

diversity of Iceland,  ecosystem biodiversity and species for the future generations (Iceland 

Federal Government, 2015).   The governing and regulatory authorities of Iceland base all 

their decisions regarding development on Article 9 Precautionary principle of the Nature 

Conservation Act that states that without proper data regarding a proposed project’s impact 

on nature, the project will not be allowed to continue (Iceland Federal Government, 2015).  

Currently, there is not a complete ban on the use of Integrated Multi-Trophic Aquaculture 

(IMTA) in Iceland but there are certain standards that must be met before it can go forward, 

namely that the species must be native to Iceland to be even considered.    
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If an aquaculture company would want to use polyculture in its operation, the company must 

submit an application for each marine species that they wish to cultivate to the 

Environmental Protection Agency (Participant P, February 27, 2018).  Each permit is 

evaluated on a case by case basis and usually takes 6 months to process (Participant P, 

February 27, 2018).  If the desired species to be cultured in IMTA is a non-native species, 

the applicant must show to the concerned agencies that there is zero chance of it becoming 

invasive (Participant P, February 27, 2018).  If a scallop aquaculture operation were to try 

to import a scallop species and hybridize it with the native species of scallop to accelerate 

growth rates, the applicant must again show that the hybrid species is not a threat to the 

native stocks.  If it is deemed to be a threat, then the application is rejected (Participant E, 

Fall 2017-ongoing).   

The permit and application process are very thorough for each species desired for 

aquaculture purposes and part of the application process entails that the permit bid be 

submitted to the public for 8 weeks (Participant P, February 27, 2018).  This public input 

procedure is standard practise for any type of development in Iceland and it is the 

responsibility of the applicant and governing authority to clarify and elaborate on any 

misunderstandings on the public’s part concerning the applicant’s permit (Participant P, 

February 27, 2018).  Once the public process terminates, permits can be modified to 

accommodate for the public’s concerns (Participant P, February 27, 2018). 

4.2.2 Economic reasons  

For scallop aquaculture to take hold in Iceland and be a viable industry, the scallop operation 

would have to look at selling their product to a niche market, such as local restaurants, local 

inhabitants and the booming cruise ship sector, to expand their customer base and have a 

chance at profitability (Georgianna et al., 2017).   Since the Iceland scallop C. islandica is 

classified as a bay scallop, it is important to be able to be able to market it differently than 

the larger and more expensive sea scallop to get a worthwhile return on the end product 

(Georgianna et al., 2017).  To do so, scallop farmers in Iceland would need to focus their 

marketing strategy on the taste aspect of the Iceland scallop when compared to its larger 

competitive product, the sea scallop. 

A major factor that scallop aquaculture operations face is the high cost of electricity 

necessary to run a hatchery and grow-out facility.  In various regions worldwide, farmed 
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scallop producers are subject to higher electricity costs  which takes away from their profit 

margin when the product is brought to market (Valderrama et al., 2016).  If a scallop 

operation, complete with hatchery and grow-out, were to start up in Iceland, it would have 

an advantage over other jurisdictions as the price per kilowatt hour for electricity is amongst 

the lowest in Europe and would therefore aid tremendously in keeping hydroelectric costs 

down (Table 3).  This would allow the scallop operation to operate sustainably and 

economically until revenue can be generated from the sale of product. 
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Table 3: Table of electricity prices (per kWh) for Europe. Source90 (Eurostat, 2018) 

 Electricity prices (per kWh) 

 Households (1) Non-Household (2) 

 2015s1 2016s1 2017s1 2015s1 2016s1 2017s1 

EU-28 0.209 0.205 0.204 0.121 0.116 0.114 

Euro area 0.220 0.218 0.220 0.126 0.122 0.121 

Belgium 0.213 0.254 0.280 0.110 0.112 0.113 

Bulgaria 0.094 0.096 0.096 0.069 0.100 0.076 

Czech Republic 0.139 0.142 0.144 0.077 0.073 0.069 

Denmark 0.307 0.309 0.305 0.090 0.095 0.082 

Germany 0.295 0.297 0.305 0.151 0.151 0.152 

Estonia 0.130 0.121 0.121 0.089 0.088 0.087 

Ireland 0.243 0.232 0.231 0.142 0.133 0.124 

Greece 0.177 0.172 0.194 0.129 0.117 0.107 

Spain 0.231 0.219 0.230 0.117 0.111 0.106 

France 0.169 0.131 0.169 0.103 0.096 0.099 

Croatia 0.132 0.131 0.120 0.092 0.090 0.067 

Italy 0.245 0.241 0.214 0.161 0.153 0.148 

Cyprus 0.196 0.153 0.196 0.139 0.105 0.141 

Latvia 0.164 0.163 0.159 0.118 0.117 0.118 

Lithuania 0.126 0.123 0.112 0.099 0.094 0.084 

Luxembourg 0.177 0.170 0.162 0.093 0.087 0.078 

Hungary 0.113 0.111 0.113 0.087 0.081 0.074 

Malta 0.126 0.126 0.128 0.160 0.142 0.141 

Netherlands 0.199 0.162 0.156 0.090 0.086 0.082 

Austria 0.201 0.203 0.195 0.104 0.103 0.083 

Poland 0.144 0.133 0.146 0.088 0.081 0.088 

Portugal 0.228 0.235 0.228 0.114 0.113 0.115 

Romania 0.130 0.126 0.120 0.083 0.076 0.077 

Slovenia 0.159 0.162 0.161 0.083 0.085 0.078 

Slovakia 0.151 0.142 0.144 0.113 0.109 0.115 

Finland 0.155 0.154 0.158 0.071 0.069 0.067 

Sweden 0.185 0.189 0.194 0.062 0.062 0.065 

United Kingdom 0.213 0.195 0.177 0.149 0.138 0.127 

Iceland 0.120 0.131 0.131  0.074 0.080 

Liechtenstein 0.184 0.166 0.172 0.164 0.146 0.130 

Norway 0.161 0.152 0.164 0.077 0.074 0.071 

Montenegro 0.098 0.096 0.097 0.077 0.079 0.077 
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 Electricity prices (per kWh) 

 Households (1) Non-Household (2) 

 2015s1 2016s1 2017s1 2015s1 2016s1 2017s1 

Formal Yugoslav 

Republic  

of Macedonia 

0.083 0.082 0.082 0.084 0.082 0.056 

Albania 0.081 0.082 0.084    

Serbia 0.058 0.064 0.066 0.060 0.067 0.064 

Turkey 0.136 0.127 0.105 0.082 0.074 0.083 

Bosnia and Herzegovina 0.081 0.083 0.086 0.063 0.061 0.059 

Kosovo 0.063 0.059 0.066 0.076 0.075 0.080 

Moldova 0.082 0.096 0.098 0.071 0.083 0.083 

Ukraine  0.025 0.039    

 

Table 4: Price list for distribution and transport of electricity in Iceland.(Rarik, 2018) 

 

Table 4 gives the reader a better descriptive view of the current prices of electricity per 

Kilowatt hour as of January 1, 2018.  The currency figure used is the Icelandic Krona (ISK) 

and it works out to 6.91 ISK/kWh (0.0697 USD/kWh).  This dollar amount is more in line 

with what I was told during one of many conversations I had with an interview participant 

from Iceland (Participant E, Fall 2017-ongoing).   

Added to this is the potential to use geothermal energy to help power the hatchery facility 

should the occasion arise.  This Arctic nation is a world leading pioneer in the use of 

geothermal power where this source of electricity is now responsible for 25% of Iceland’s 

electricity production (Orkustofnun, 2018). Due to its location on top of the Mid-Atlantic 

ridge, Iceland is one of  Earth’s most active geothermal zones which makes it very ideal for 

using this energy for heating purposes (Orkustofnun, 2018).  The following figure (Figure 

19 ) gives an accurate description of where all the geothermal power generated is used:  
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Figure 19: Utilization of geothermal energy in Iceland.(Orkustofnun, 2018) 

Through the use of geothermal power, electricity generation has increased in Iceland to the 

point now where power plants produced 29% of the country’s total electrical output 

(Orkustofnun, 2018).  If a scallop aquaculture operation (hatchery and grow-out) in Iceland 

were to use geothermal energy as one of their sources of power, this would prove beneficial 

in the company’s overall marketing scheme and the need to appeal to environmentally aware 

consumers. Consumers are increasingly aware of the stress that Earth’s atmosphere is under 

and are looking at ways that they can ensure that the products that they are purchasing are 

sustainable and have minimal effect on the environment, be it marine or terrestrial (Cooke 

et al., 2011).  Therefore, by appealing to this environmentally aware consumer, a scallop 

aquaculture operation in Iceland using geothermal energy would be able to use this to their 

marketing advantage and capitalize economically.    

Adding further appeal to opening a scallop aquaculture in Iceland is the near pristine state 

of its marine ecosystem (EEA, 2015).  The Icelandic government is very much aware of 

what a healthy marine ecosystem means to their economy so there is a concerted effort 

amongst all agencies in charge of the marine environment to keep the ocean healthy which 

in turn benefits both the economy and the ecosystem as a whole (EEA, 2015).  In comparison 

to other countries with heavy use of the coastal zone for resource extraction, there is little 

such activity in Iceland save for the fishing that takes place on its productive fishing grounds 
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(EEA, 2015).  The minimized use of the coastal ecosystem for sea-bed exploration and oil 

extraction (the Icelandic government is still in the feasibility stage of this possible resource 

industry) are factors that favor a possible scallop aquaculture operation that would benefit 

immensely from low anthropogenic pollution (EEA, 2015; Iwama, 1991).   

The marine environment surrounding Iceland does receive environmental contaminants 

(heavy metals, toxic organic compounds) from far beyond their waters but these are well 

below environmental contaminant guidelines set by the European regulatory agencies (EEA, 

2015).  Even if these contaminants were to be found in cultured bivalves such as scallops, 

they accumulate in non-edible organs which are discarded once the scallop has been 

eviscerated, leaving only the economically important adductor muscle and roe  (Bach et al., 

2014).  There are toxins that amass in the adductor muscle and gonads but these levels are 

well below standards set by governing agencies regarding human health (Saavedra et al., 

2008).   Iceland’s waters are very productive due to the mixing of waters from the cold Arctic 

waters with the warmer and saltier waters of the Atlantic which generates a prolific marine 

environment capable of sustaining healthy fish stocks, other fisheries and large populations 

of other marine mammals therefore providing sufficient nutrition in the water column for 

filter feeding bivalves raised in a cultured setting (ICES, 2017; Thorarinsdóttir, 1994).  

Another positive element for a possible scallop aquaculture operation in Iceland is low 

population density of the country and limited agriculture thus lowering the anthropogenic 

impact  on the coastal zone translating into a healthy marine ecosystem capable of supporting 

a sustainable bivalve culture operation (ICES, 2017).   

An economic factor that may limit the profitability of a scallop farm in Iceland is the 

relatively high labor costs that must be paid out to laborers in the workforce.   Minimum 

wages in Iceland start at 300 000 Icelandic Krona (ISK) per month but these wages can 

increase to 500 000 ISK depending on the workers job category and level of seniority 

according to labour union contracts (Samningur, 2015).  This need not be a hindrance to the 

development of scallop farming as there are other aquaculture producing jurisdictions, such 

as Norway, with high standards of living and high labor costs but an already well established 

aquaculture industry that is growing to meet consumer demand worldwide (FHL & NSC, 

2011).   

Before any aquaculture operation commences in Iceland, there are several parameters set by 

the governing agencies that must be met for the project to get the necessary government 
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approval.  It is a complicated but necessary process to follow if any aquaculture operation is 

to start up (Jonsson, 2000).  The agencies that govern whether or not any aquaculture 

operation gets approved are Skipulagsstofnun (National Planning Agency),  

Umhverfisstofnun (Environmental Protection Agency) and Matvælastofnun ( Icelandic Food 

and Veterinary Authority) (Jonsson, 2000).  Skipulagsstofnun is a state authority responsible 

for the Planning Act, the Environmental Impact Assessment Act and the Strategic 

Environmental Assessment Act (Skipulag, 2018).  Umhverfisstofnun’s main role in the 

matter of marine aquaculture is to issue licenses to operations that will have an annual 

production over 200 tons, manage environmental effects, waste management, marine 

contamination and handling and to oversee the control of products that make it to market  

(Jonsson, 2000).  Matvælastofnun is charged with overseeing the health and welfare of 

animals that are raised on land or in marine aquaculture operations, food safety and control 

of primary production of animal products amongst other responsibilities (MAST, 2018). 

After conducting the initial research, potential aquaculture operators must submit to 

Skipulagsstofnun (the National Planning Agency) their proposal indicating where the 

operation will be sited, how much cultured product will be produced and what research has 

been done on the potential site by the applicant (Participant E, Fall 2017-ongoing).  After 

reviewing the data and submitted research, the National Planning Agency then decides if the 

project meets all their requirements or not (Participant E, Fall 2017-ongoing).  If the 

proposed plan does not meet the requirements, the applicant must start over again but if 

Skipulagsstofnun feels that the impact on the environment is not significant, the applicant 

may go to the next step in the license procurement process (Participant E, Fall 2017-

ongoing).  The successful applicant may then apply to Umhverfisstofnun for its operation 

permit based on the positive evaluation from Skipulagsstofnun (Participant E, Fall 2017-

ongoing).  The third and final step is to get a license from Matvælastofnun, the Icelandic 

Food and Veterinary Authority to ensure that the product they produce is safe for human 

consumption and to be responsible for their products (Participant E, Fall 2017-ongoing).   

4.3 Discussion 

The similarities of the species in Canada and the species in Iceland (Chlamys islandica) are 

thus in terms of habitat demand, feeding behavior and reproduction such that it seems 

justified to use the Canadian case as a proxy for the feasibility estimation of Iceland scallop 
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farming in Iceland.  Growth rates are also different in both study areas and this will be 

elaborated on in section 4.3.2: Sub-research Question 2 “How are the environmental 

conditions in Canada and Iceland comparable?” In the following I will also discuss if the 

ambient, abiotic conditions are also comparable and possibly transferrable.  Other topics that 

will be discussed include: Canadian production and consumption of shellfish, possible 

marketing campaigns, electricity costs and use of renewable power, population retention, 

incremental expansion of shellfish operation, use of a hatchery for reliable, in-country 

scallop seed production, automated machinery for algae production, product diversification, 

scallop species to be used, site selection for hatchery and grow-out operation. 

4.3.1 Sub-research Question 1 “How do the organisms (scallops) in Canada 
and Iceland compare?” 

The scallop species in Canada and Iceland are comparable in the way that they grow, feed, 

spawn, and settle on the benthic substrate.  In British Columbia, Canada there are a few 

different species of wild scallops that inhabit the coastal region.  They are the Weathervane 

Scallop (Patinopecten caurinus), Rock Scallop (Crassadoma gigantean), Pink Scallop 

(Chlamys rubida) and the Spiny Scallop (Chlamys hastate) (Haynes & Hitz, 1971; 

MacDonald et al., 1991).  In Iceland, the scallop population is comprised of the Iceland 

Scallop (Chlamys islandica) (Jonasson et al., 2007).  Further to that, the Iceland scallop’s 

habitat range stretches from the sub-Arctic zones around the coastal areas of Greenland, 

Iceland, and Norway all the way across the Atlantic Ocean to the eastern coast of Canada 

(Newfoundland, Quebec) and as far south as the US state of Massachusetts (Kristmundsson 

et al., 2015).   

These scallop species are all filter feeding bivalves that get the necessary input of nutrients 

from the water column.  They also reproduce via broadcast spawning that is induced by 

temperature changes in the ocean environment (Haynes & Hitz, 1971; MacDonald & 

Bourne, 1987; MacDonald et al., 1991; Thorarinsdóttir, 1994).  The Iceland scallop, 

Weathervane scallop and Rock scallop are similar in that they are a long lived bivalve with 

an average age of 20 years with some documented cases of scallops being as old as  23 years 

(Jonasson et al., 2007; Kristmundsson et al., 2015; MacDonald et al., 1991).  In comparison, 

the Pink scallop and Spiny scallop found in the waters of British Columbia, Canada are a 

short lived species who on average live 6 years (MacDonald et al., 1991).  Growth rates 
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differ for all the previously mentioned species and this will be expanded upon in the 

following section.  The Rock scallop and Spiny scallop grow rather quickly to around 80mm 

shell height before reaching the end of their short life, the Weathervane and Rock scallops 

can reach shell heights of close to 135mm and 170mm respectively, while the Iceland scallop 

can reach mean shell heights of 75-100mm (Haynes & Hitz, 1971; MacDonald et al., 1991; 

Pedersen, 1994).  These species of scallops can be found in similar benthic zone habitats, 

predominantly areas that consist of shells, gravel, stones, rocks, sand and sometimes mud 

(Eiríksson, 1997; MacDonald & Bourne, 1987; MacDonald et al., 1991; Pedersen, 1994).  

The scallop populations in both geographical areas are typically found in waters ranging in 

depths as shallow as 5 m to 200 m in the waters of British Columbia, Canada and anywhere 

from 5-100 m in the waters surrounding Iceland (Eiríksson, 1997; Jonasson et al., 2007; 

MacDonald & Bourne, 1987; MacDonald et al., 1991). 

4.3.2 Sub-research Question 2 “How are the environmental conditions in 
Canada and Iceland comparable?” 

The winter environment is colder in Iceland when compared to the areas of interest located 

on Vancouver Island but nonetheless the climate in Iceland is milder than what one would 

think as is Vancouver Island’s winter climate (Kidd et al., 2004; Vedur, 2018).  The 

surrounding oceans around Vancouver Island and Iceland are similar in that they are both 

areas of tremendous upwelling, therefore having major sources of nutrients present in the 

water column  (Foreman et al., 2011; Gudmundsson, 1998).  The water temperatures around 

Vancouver Island and Iceland are conducive to scallop growth for all concerned scallop 

species found in the surrounding waters of both locations.  In Iceland, the Iceland scallop 

can tolerate sea bottom temperatures ranging from a few degrees above 0o C up to 15o C in 

summer (Eiríksson, 1997; Jonasson et al., 2007).  The scallop population populating the 

waters around Vancouver Island can tolerate typical sea bottom temperature ranges from just 

under 8o C to 18o C (Lancaster, 2017; MacDonald & Bourne, 1987). 

As salinity as well as comparatively high nutrient concentrations – and thus phytoplankton 

abundance – are a result of upwelling, the abiotic conditions in Canada and Iceland are rather 

similar.  The main difference in the paramount abiotic conditions seems to lie in the lower 

temperatures found in Icelandic waters (Eiríksson, 1997).  From that, it is reasonable to 

assume that the growth rates in Iceland will be lower than the ones ascertained in Canadian 
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waters.  Applying the Van’t Hoff’s rule [ RT = RT0 * Q^((T-To)/10] and assuming a Q of 2 

and a difference in average temperatures of 5.5 K (in Canada 13°C, in Iceland 7.5°C) we 

gain: 

Growth Rate Canada = Growth Rate Iceland  * 2^(5.5/10) = 1.464 

Thus, growth rates would be almost 1.5 times – or 50% - higher in Canada, or – vice versa 

– it will be 33.3% lower in Icelandic waters as compared to Canadian waters.  These 

decreased growth rates need to be considered in a business plan for a scallop production in 

Iceland. 

4.3.3 Sub-Research Question 3 “What are the market conditions for cultivated 
scallop in Canada, and can the Canadian experience be transferred to 
Icelandic conditions as far as the economic opportunity and profit margin?” 

The market conditions in Canada and Iceland differ in some ways.  The cost of living in 

Iceland is higher than it is in Canada as the overall costs associated with living, taxes and 

wages are different.  Consumer prices (rent, food) are higher in Iceland by over 40% while 

the Canadian income earner has a higher monthly disposable salary in comparison to 

someone living in Iceland (NationMaster, 2018; NUMBEO, 2018).    In Iceland, the 

minimum monthly wage is around 3000 USD/month for a new employee and climbs up to 

5000 USD/month for a unionized employee in the fisheries sector (Participant E, Fall 2017 

on-going).  These labor costs (5000 USD/month) are higher for the employer because they 

need to calculate the following (Participant E, Fall 2017 on-going): 

• 5-week annual holiday (about 10% of wages over the course of the year) 
• Contribution to pension funds (12-16%) 
• Salary tax to the state (6.85%) 
• Annual union fees/dues (1.25%) 
• Percentage total ~30-34% 
 

To minimize the labor costs at the beginning of the operation until extra labour is needed 

during the later stages of scallop culture, i.e. scallop transfer from intermediate cultivation 

nets – pearl nets -to adult cultivation nets – lantern nets, minimum wage labor staff could be 

hired on a part time basis to keep labor costs low.  Nevertheless, this is much higher than 

British Columbia, Canada where the minimum wage (8.80 USD/hour) is a fraction of the 

Icelandic wage and workers that are employed in the cultured shellfish sector do not make 
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what an Icelander makes in a comparable position in the scallop aquaculture sector (14 

USD/hour in BC versus 19 USD/hour in Iceland) (Participant D, August 22, 2017; 

Participant E, Fall 2017-ongoing).   

To market the Iceland scallop farmed and processed in Iceland, scallop producers would 

need to market it aggressively to compete against what other countries are producing.  The 

local Icelandic market would be the preferred choice for the nascent industry to supply as it 

is difficult to export live scallop to international markets.  The long distances between 

Iceland and overseas markets, coupled with the added expense of shipping abroad make it a 

reasonable assumption to supply locally first and expand to the international market with a 

frozen scallop product once Iceland’s market has been fully tapped.  Frozen scallops are 

much easier to market abroad and could lead to potential higher earnings for scallop 

producers operating out of Iceland (Participant F, Spring 2017-ongoing).  To get a good 

baseline, potential scallop growers in Iceland could look at the scallop market in British 

Columbia (BC), Canada.  The following table explains the BC scallop wholesale value of 

processed products: 

Table 5: British Columbia Scallops Wholesale Value of Processed Products – 2016 

 

Source (Participant L, January 12, 2018) 

These prices could be indicative of what Iceland stands to gain if a scallop aquaculture 

operation were to be developed.  Seeing that there currently is no wild scallop fishery due to 

the 2003 moratorium (there have been limited experimental fisheries in Breidafjörður 2013-

2016) or successful farmed scallop industry in Iceland to date, the above prices would give 

a good idea of the possible profits to be had via scallop farming (Marine and Freshwater 

Research Institute, 2017).  Referring to Table 5, the reader can get a general idea of what 

price BC scallop growers are getting per pound ($9.37 CAD/lb~$19 CAD/kg or ~ $15 

USD/kg) and how much scallop product is being produced (XE Currency Converter, 2018).  
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If Iceland were to export farmed scallops, it would be more economically beneficial to sell 

the product fresh or frozen rather than whole as these products are more financially lucrative 

(Participant H, November 17, 2017). 

4.3.4 Canadian Production and Consumption of Shellfish   

 In Canada, the total tonnage for farmed scallops was 38 tons in 2016, split between farm 

operations in the provinces of New Brunswick (3 tons), Quebec (12 tons) and British 

Columbia (23 tons) (F. and O. S. S. Government of Canada, 2017b).  To understand the 

market potential in Iceland, one could look at the shellfish consumption rates per capita of 

other countries to get a better grasp.  Unfortunately, it was not possible to get this type of 

data from Icelandic government authorities as they only have catch, import, and export data 

and no consumption rate data (Participant R, March 7, 2018).  In Canada, the shellfish 

consumption rates per capita is 1.44 kg per person per year which may be indicative of what 

Icelanders would consume also (DFO, 2018).  During Iceland’s scallop fishery (1969-2003), 

the main export markets for its scallop product (adductor muscle, roe-on scallop) was the 

U.S. and France so theoretically there should be an opportunity to gain access to these 

markets again once scallop farming becomes economically viable (Eiríksson, 1997).  In 

British Columbia, the total aquaculture harvest for all seafood products was 103 000 tons in 

2016 with a farm gate value of $776.8 million CAD (BC Ministry of Agriculture, 2017).  

The top 5 seafood export markets for British Columbian seafood products in 2016 were the 

U.S., China, Japan, Ukraine and Hong Kong (BC Ministry of Agriculture, 2017).  In theory 

then, Iceland could also export to these potential markets to further develop their scallop 

market once it gets established regionally and production values allow for international 

export.  

4.3.5 Possible Marketing Campaigns   

To offset the costs differences in Iceland, different ideas would have to be looked at to make 

the proposed venture more economically viable for any interested parties.  One possibility 

would be to offer a high-quality product produced in low quantity to increase market demand 

for Chlamys islandica farmed in Iceland (Participant I, December 8, 2017).  A serious 

marketing campaign would have to be mounted on the company’s behalf to promote their 

product in conjunction with Iceland’s reputation worldwide as an untouched and natural 
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landscape that has been unspoiled by overpopulation, industry, and other anthropogenic 

factors. 

4.3.6 Electricity Costs and Use of Renewable Power 

One aspect that would make the viability of this proposal stronger is the cost of electricity 

in Iceland.  Iceland has one of the cheapest cost for electric power in all of Europe at 0.07 

USD/Kwh (Rarik, 2018) (Participant D, August 22, 2017; Participant E, fall 2017-ongoing).  

This factor is most favorable for a scallop hatchery as the energy needed to supply an 

adequate facility is one of the major costs associated with this business.  On that note, Iceland 

is also on the forefront of renewable power with the government’s push to meet all its energy 

needs using geothermal power (Marques et al., 2010; Orkustofnun, UN, Islandsbanki, 

Orkuveita Reykjavikur, & Landsvirkjun, n.d.).  They have pioneered this technology and are 

nearing the point where they will be able to export it to mainland Europe through underwater 

powerlines (Landsvirkjun, n.d.).  Added to this possible energy source, the Icelandic 

government alongside with the country’s energy sector, has perfected the technology of 

carbon sequestration where the CO2 emissions generated from said geothermal power plants 

is captured, frozen and stored underground permanently thus avoiding exacerbating the 

climate crisis the world is facing (Matter et al., 2009).  This would work in favor of a scallop 

enterprise in the view that the product could be labelled as climate friendly, further 

capitalizing on Iceland’s green image.  On top of this, the scallop operation could further aid 

their marketing by applying to various non-governmental organizations to have their product 

eco-certified as environmentally friendly and sustainable when compared to other carbon 

intensive and ecologically damaging forms of aquaculture (Cooke et al., 2011). 

4.3.7 Population Retention  

Another aspect that would make the venture feasible is by selling it to the communities of 

the Westfjords as a form of population retention by offering the community more chances at 

employment, thus avoiding the drain of talent towards Reykjavik, something that local civil 

authorities are keen on doing.  There is an acute awareness of this at all levels of society in 

the Westfjords, all due in turn to the lack of decent employment for people of working age 

once they finish their studies as teenagers (Participant C, June 28, 2017).  Most young people 

finish school, notice the lack of suitable employment so they move to the capital in search 

of a decent wage and lifestyle.  If more types of employment with livable wages were 
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available for these young upstarts, then the population drain could be negated by offering 

them decent jobs in the scallop aquaculture industry. 

4.3.8 Incremental Expansion of Shellfish Operation 

For this venture to be viable in the long-term, care must be taken not to expand beyond the 

financial capabilities of a start up company (Participant H, November 17, 2017).  It is very 

important to start the operation at a manageable size, work out the problems as they arise 

when they are small enough such that the financial cost will not break the company’s 

financial backbone and expand only when all hurdles and maintenance problems have been 

thoroughly sorted out (Participant I, December 8, 2017).  Only when these issues have been 

resolved should the company start its expansion and only if the market is able to 

accommodate this expansion, both locally and internationally (Participant H, November 17, 

2017).  This is entirely viable because if you look at the scallop aquaculture business in 

China, most of the product is eaten in country with barely enough being exported to other 

world markets (Yun et al., 2010).  Due to the lack of a commercial scallop fishery in Iceland, 

a scallop aquaculture operation in this country stands a good chance of being profitable after 

the initial capital investment that is so often the demise of start up companies (Participant I, 

December 8, 2017) (Marine and Freshwater Research Institute, 2017).  After a set amount 

of years at a conservative growth rate with minimal financial setbacks, scallop farming could 

be very profitable in country and when the opportune time arises, exports could begin to 

mainland Europe or any other suitable market that would be able to absorb this pure Icelandic 

product. 

4.3.9 Use of a Hatchery In-Country  

One facet that would seriously improve the viability of a scallop farming venture would be 

the use of a hatchery to supply the scallop grow-out operation with a constant and reliable 

supply of scallop spat (Participant D, August 22, 2017).  Unfortunately, there is no shellfish 

hatchery to date in operation in Iceland as it is a very capital-intensive venture, but this is 

not insurmountable (Participant A, March 30, 2017).  With the lack of hatchery facilities in 

Iceland, it would be imperative to hire professional shellfish aquaculture consultants and 

trained shellfish biologists to help train the local population on how to operate a shellfish 

hatchery.  This subject was broached during the participant interview process of  this thesis 

with a few participants willing to offer their services should the need arise for consultations 
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on the construction and maintenance of a cultured scallop enterprise, complete with 

hatchery, nursery and grow-out (Participant D, August 22, 2017; Participant H, November 

17, 2017; Participant N, February 13, 2017).  By having a hatchery in country, this would 

negate the need to gather wild spat that is subject to uncontrollable environmental 

circumstances like ocean warming and acidification which is murderous to wild shellfish 

populations and shellfish aquaculture operations around the world (Participant D, August 

22, 2017; Participant F, Spring 2017-ongoing) (Barton et al., 2012; F. and O. S. S. 

Government of Canada, 2017a).  

4.3.10  Automated Machinery for Algae Production 

A properly run, flow through hatchery with modern equipment, i.e. automated bioreactors 

that supply a consistent source of feed to the seed, could help ensure the long-term viability 

of this operation (Participant I, December 8, 2017; Participant K, January 3, 2018) (Ugwu et 

al., 2008).  Bioreactors (Figure 19) are very useful in producing algae for scallop spat as 

they cut down the number of hours needed to prepare algae culture by hand (Participant M, 

February 6, 2018).  The bioreactors are all automated and measure precisely what must be 

done to culture the correct type and amount of algae needed for the seed during the varying 

growth stages of juvenile seed prior to the seed being placed in the water column during the 

final grow out stage (Participant K, January 3, 2018; Participant M, February 6, 2018).   

 

Figure 20: 1250 Liter Algae Photobioreactors.  Industrial Plankton (2018) 
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4.3.11  Product Diversification 

Another point of interest that would need to be looked at for the long-term viability of the 

hatchery is for product diversification (Participant D, August 22, 2017; Participant I, 

December 8, 2017; Participant M, February 6, 2018).  While it is important to supply the 

scallop farm with enough scallop spat to ensure the product, the hatchery could also act as a 

seed supplier for other shellfish aquaculture operations located in Iceland (ie mussel farms 

located in other nearby areas).  This would enable the hatchery to offset the initial start up 

costs of the operation by diversifying its financial portfolio, thus ensuring a consistent stream 

of revenue while waiting for the first crop of scallops to reach market size (Participant D, 

August 22, 2017).   

4.3.12  Scallop Species to be Used 

For this thesis to have any traction in Iceland, it must have a product (Iceland scallop) that 

can get to market in a relatively quick timeframe, be profitable economically and be viable 

in the long-term.  The Iceland scallop is not the fastest growing of the scallop species farmed 

in operations worldwide but it would be the only one that would see the least amount of 

environmental and scientific scrutiny from Iceland’s regulatory authorities (Participant P, 

February 27, 2018) (Giguère, Brulotte, & Paille, 2010).  There might be speculation as to 

which type of scallop species would be best suited for growing in Iceland, but Iceland’s 

regulatory authorities base every decision dealing with nature on the precautionary principle 

therefore ruling out any import for shellfish aquaculture of any other species of scallop not 

endemic to Iceland (Participant P, February 27, 2018) (Iceland Federal Government, 2015).  

The regulatory authorities do not forbid the importation of other species for aquaculture 

purposes but the regulatory process itself makes it extremely difficult and lengthy to attempt 

this procedure putting the onus on the applicant to prove that the introduced species will in 

no way negatively affect the native fauna or flora, be it marine or terrestrial (Participant E, 

Fall 2017-ongoing; Participant P, February 27, 2018). 

There have been studies that have investigated the feasibility of Iceland scallop aquaculture 

that have found that it is possible to grow C. islandica with faster growth rates in suspended 

culture compared to their natural settings on the marine seafloor.  The research showed that 

once the Iceland scallop was placed higher up in the water column, its growth rates were 

accelerated probably due to the increased availability of nutrients and possibly higher sea 



77 

surface temperature  (Thorarinsdóttir, 1994; Wallace & Reinsnes, 1985).  In its natural 

growth setting on the seafloor, the Iceland scallop reaches sexual maturity between 5 and 7 

years of age with a shell height ranging between 30 mm and 55 mm (Pedersen, 1994) but 

further research showed that once placed in suspended culture, C. islandica reached sexual 

maturity 3 years after settlement with a mean shell height of 43 mm (Thorarinsdóttir, 1994).  

The following figure explains how shell height and length are measured to satisfactorily 

gauge the scallop’s age and sexual maturity: 

 

 

Figure 21: Visual description of how shell height and length are measured on scallops to aid in determining 

the age and sexual maturity of the specimen  (Pedersen, 1994) 

Although the mean shell height of 43 mm achieved after 3 years in suspended culture is a 

significant improvement when compared to the average shell height of C. islandica at 5 years 

in its natural setting, it is still short of the marketable size premium range of 60-70 mm at 4 

years of age (Thorarinsdóttir, 1994).  The length of time to reach market size would be 

tolerable financially if not for the extra expenses needed to reach that goal: extra cages to 

accommodate for longer growth times, labor hours needed to clean and restock the cages 

(Participant F, spring 2017-ongoing).  To absorb these extra costs would necessitate 

investors with substantial financial means to survive economically until the scallop stock 

can be harvested when it reaches the desired market shell height of 60-70 mm, so it is 

paramount for potential operators to work in conjunction with serious venture capitalists that 

see the potential of a scallop culture industry in Iceland providing a commodity that is 

Icelandic in name, the Iceland scallop.   
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4.3.13  Site Selection for Hatchery and Scallop Grow-Out 

Site selection for a hatchery and grow out operation is also paramount to a successful scallop 

aquaculture venture taking hold in Iceland.  For the hatchery to be economically viable, it 

would be preferable to have it situated near already established tele-communication, 

operational and transportation infrastructure.  Being near transportation routes (highways, 

airports, deep sea ports), operational (power grids) and tele-communication (telephone, 

internet) infrastructure, the operation would have easier access to markets with already 

established systems thus lowering costs substantially, resulting in lower costs overall 

(Participant D, August 22, 2017; Participant H, November 17, 2017).    

Site selection is also important when considering environmental, geographic, and 

hydrographic factors.  These three aspects are vital when considering where to situate a 

hatchery and grow-out site.   The hatchery must have a clean, pollution free source of 

seawater  to ensure that the cultured scallop seed and broodstock have a healthy growing 

medium in which to propagate before the juvenile scallop seed is placed in hanging culture 

at the grow out sites (Helm et al., 2004).  When siting the grow-out operation, it is imperative 

to understand physical processes of the area to minimize meteorological (wind and storm 

action) and oceanic concerns (wave action, sea ice) (Helm et al., 2004).  To minimize these 

concerns, the site must be in a body of water that is relatively ice free and protected from 

extreme wave action to ensure that the grow-out equipment does not get damaged which 

would result in costly replacement expenses (Participant N, February 13, 2018).   

The geographical lay-out of the area is important too when considering the potential grow 

out site.  The preferred area would be a wide bay or fjord with a soft shoreline to absorb and 

dissipate the wave energy created during storms.   The geography surrounding the potential 

grow out site is central as the adjacent mountains will have a direct channeling effect on the 

winds.  Slow climbing mountains would be preferred as they will decrease the wind’s energy 

compared to steeper mountains which would increase wind velocity through the funnel 

action created by steep elevations on both sides of the sited area.  Certain hydrographic 

factors must also be met for the grow-out operation to be successful in Iceland.  A bigger 

fjord would be advantageous as the tidal volume flow would be lower and dissipated 

compared to narrow fjords that would create a high tidal volume (Participant O, February 

16, 2018).  Tidal volume is key to the enrichment of the cultured scallop because it will 

provide the organism with sufficient nutrients, dissolved oxygen to maximize growth rates 
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and will be appropriate enough to remove any benthic detritus  which might impede scallop 

growth (Wallace & Reinsnes, 1985).  Potential locations that would satisfy these needs could 

be Patreksfjörður, Talknafjörður, Isafjörður and Stykkishólmur (Participant C, June 28, 

2017; Participant O, February 16, 2018).  These sites are purely theoretical at this point in 

time and further studies would be needed should this thesis actually come to fruition.  For 

any of these sites to be qualified as suitable for the culturing of Iceland scallops, a proper 

assessment of the hydrographic, meteorological and geographical data of the previously 

mentioned locations would need to be studied thoroughly in order to ascertain which area 

has the best potential and which one would be least suitable for hatchery set-up and scallop 

grow-out purposes.    
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4.3.14 Initial Investments Costs and Potential Monetary Returns 

The following table (Table 5) illustrates the amount and type of equipment needed to build 

a scallop grow out operation. This longline system was designed to cover an 18 hectare site 

(44.5 acres) with the end goal of producing scallop for profiting purposes (Heath & 

Gubbels, 1993).  Longline systems for aquaculture purposes have been used extensively 

and successfully worldwide for shellfish aquaculture purposes and is seen as the most 

efficient way of growing scallops (Stevens et al., 2008).  

Heath and Gubbles report for an 18 hectare grow out site is intended to contain 720 000 

seed at first sort for on-growing of Japanese scallop in the coastal waters of Vancouver 

Island, British Columbia, Canada. The authors of this report calculated a survival rate of 

67% at time of harvest 18-24 months after initial sort, resulting in a yield of 45.6 US tons 

(Heath & Gubbels, 1993).  In the case of cultivating the Iceland scallop in Iceland, the 

grow out phase is longer in hanging culture (~4 years) (Figure 21) than that of the species 

used for Vancouver Island (18-24 months).  Therefore, it would be reasonable to assume a 

further decrease of 1/3 in the survival rate of Iceland scallop at time of harvest after 4 years 

of grow out, resulting in a theoretical yield of approximately 30 US tons.  
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Table 6: Longline system: Components and Costs for One Scallop Longline 

Item Description 

No. of 

items Length (m) 

Cost per 

Unit (USD) 

Total Cost 

(USD) 

Anchors concrete 2032 kg 2  
           
174.00  

           
348.00  

Mainline polyrope 25 mm 1 280 
               
1.74  

           
487.20  

Surface marker lines polyrope 19 mm 4 15 
               
1.30  

             
78.00  

Surface marker floats ABS plastic 4  
             
90.00  

           
360.00  

Small float lines polyrope 8 mm 63 1 
               
0.20  

             
12.60  

Small floats ABS plastic 63  
             
11.00  

           
693.00  

Counter float lines polyrope 8 mm 19 2 
               
0.20  

               
7.60  

Counter floats ABS plastic 19  
             
11.00  

           
209.00  

Counter weights concrete 16 kg 19  
               
5.00  

             
95.00  

Lines for nets polyrope 8 mm 165 1 
               
0.20  

             
33.00  

Net weights concrete .75 kg 165  
               
0.30  

             
49.50  

Hardware shackles, chains 1  
           
280.00  

           
280.00  

  Total for one longline       
        
2,652.90  

        

  Total for 28 longlines 28   
        
2,652.90  

      
74,281.20  

  
    

  

Other Components for the Whole Longline 
System    

  

Marker floats flashing light 
                  
4   

        
1,305.00  

        
5,220.00  

Marker float lines polyrope 25 mm 
                  
4  

            
47.00  

               
1.75  

           
329.00  

Prestretching rope, anchor replacement and longline installation   
        
5,215.00  

Total Replacement cost for the Whole Longline System     

      

85,045.20  

 

Prices in this table have been adjusted to inflation only from 1993 dollars to 2018 dollars.  They do not take 

into account price differences in merchandise that may have occurred in that same time frame. Source 

(Heath & Gubbels, 1993) 
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Figure 22: Segment Of A Longline Showing Attached Lines, Floats And Weights Source (Heath & Gubbels, 

1993a) 

Following lengthy conversations with interview participants that were directly involved in 

shellfish aquaculture operations (managers, owner-operator) during the research portion of 

this thesis, this researcher was able to get an all-round view of what sort of finances would 

be needed to start a scallop grow out operation, complete with hatchery and nursery for 

scallop seed: 

• $2.31 million USD for initial set up of hatchery, nursery and ocean grow out 

(Participant D, August 22, 2017) 

• Annual operating costs of $385 000 USD (staffing, maintenance, utilities) over 4 

years until first scallop crop is harvested (Participant D, August 22, 2017) 

• Possible harvest of 30 tons of scallop meat from one 18 hectare grow out site after 

4 years at current scallop prices ~$15 USD/kg 

o 1 US ton = 907.2 kg 

o 30 tons = 27 216 kg 

o 27 216 kg * $15 USD/kg = $408 240 USD 

 However,  the investment figures quoted by Participant D do not take into account 

investment depreciation.  By calculating a theoretical depreciation of 10% per year on the 

initial investment of $2.31 million USD, this would result in a loss of $231 000 USD per 

year plus the operating costs of $385 000 USD per year.  This is not covered by the estimated 

profit of $408 240 USD after year 4, which would result in programmed bankruptcy.   



83 

To offset the initial investment, the scallop aquaculture operation could look at different 

ways to save money in the short term until sufficient profit has been gained to offset the high 

expense of setting up a hatchery and nursery.  One such way would be to use seed bags 

(Figure 22) to collect wild spat from the surrounding waters and to use this scallop seed in 

the initial sort for on-growing until profits start to come in after year 4.  Production can be 

increased over time so that after a select number of years, sales will exceed costs thus 

generating a profit for the nascent scallop aquaculture operation.  The numbers presented in 

this section are adjusted for Icelandic conditions when it comes to grow-out times and 

investments.  

 

Figure 23: Diagram of Three Types of Net Downlines Source (Heath & Gubbels, 1993) 
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5 Conclusion  

In this section, I discuss my initial hypothesis and respond to my research question and sub-

research questions delineated in Section 1.  I also recognise any unforeseen results and 

attempt to situate them in the previous work.  Potential limitations of this research will also 

be identified and their effect on my results will be discussed.  A succinct summary of my 

findings is considered with connections to the various literature.  I discuss the market 

implications of my thesis and finally, I deliberate the conclusions of this thesis.  

5.1 Conclusion 

Based on the previous research and results, this researcher concludes that the feasibility of a 

scallop operation in Iceland is within range but further progress must be made on this 

proposal to make the idea of scallop aquaculture come to realization.  The initial production 

and labor costs of operating in Iceland are substantial but not insurmountable.  Actual start 

up costs for a hatchery and grow-out operation are considerable therefore necessitating 

extensive investment at the onset and continually until the harvest of the first scallop stock 

materializes, reaches market size (60-70 mm shell height, ~4years) and generates a profit.  

There will be a need to solicit serious investment from venture capitalists interested in this 

product who are able to withstand the short-term financial pains of this operation and help 

offset operational costs.  To aid in garnering funds, the potential scallop aquaculture operator 

could apply for business grants through various government and non-government grant 

agencies, i.e. Rannís (The Icelandic Centre for Research) and Atvinnulagsþróunarfélag 

Vestfjarða (Atvest).  These agencies offer grants to start up companies to help stimulate 

investment in Iceland and aid in diversifying its economy.  Furthermore, to substantiate the 

feasibility of a possible scallop aquaculture operation, all stakeholders must be satisfied that 

their interests have been dealt with and the aquaculture applicant must seek the all important 

social license from the nearby communities to ensure that there is community buy-in to the 

proposed aquaculture operation.  For this proposal to be economically sustainable in the 

long-term, there must be room for growth within the cultured seafood market for the initial 

investment to pay off and keep investors happy with a positive return.  Another economic 
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facet that favors scallop aquaculture development in Iceland are the cheap availability of 

electricity (it has one of the cheapest electricity rates in Europe) and the use of geothermal 

power to help offset heating costs and hydroelectric bills.  Heating costs and hydroelectric 

bills are some of the biggest expenditures for scallop operations (Participant D, August 22, 

2017; Participant H, November 17, 2017: Participant I, December 8, 2017).   If these factors 

are all able to be addressed, then a small to medium sized operation would be feasible given 

that it is important for any start up aquaculture operation to begin small and slowly to 

minimize the potential negative consequences of crop failure or equipment malfunction that 

may be exacerbated had the applicant gone too big too fast (Participant I, December 8, 2017). 

Further to that, it is the opinion of this author that scallop production in Iceland is feasible if 

the proper site is selected for a scallop hatchery and grow-out operation with certain key 

parameters being met wherein there is sufficient infrastructure already in place that would 

benefit such an operation.  These parameters would be an area where there is easy access to 

transportation infrastructure (roads, airports, deep sea ports), communication (telephone, 

internet), access to a qualified labour force from a large population center, protection from 

strong weather systems, a marine environment that is suitable for grow-out purposes (good 

water exchange, food availability in the water column), and relatively free from sea ice to 

prevent damage to grow-out equipment.  In principle, possible areas of interest would be the 

fjords in and around ĺsafjörður and Tálknafjörður where there already exist established 

finfish aquaculture operations complete with necessary infrastructure, Patreksfjörður or in 

Breiðafjöður where the bulk of the wild scallop fishery took place in Iceland prior to its 

moratorium (Participant M, February 16, 2018) (Helm et al., 2004; Jonasson et al., 2007). 

These areas seem to have the necessary features for a successful scallop operation which 

with further research, could be substantiated.  If the potential scallop operation were to 

forego using a scallop hatchery for scallop seed production due to financial constraints 

related to the immense monetary costs associated with hatchery set-up and wanted to use 

wild spat collection as its preferred method of gathering scallop seed, Breiðafjörður would 

probably be the best area to collect wild spat as this area of Iceland has the biggest natural 

stock of wild scallop (Participant F, Spring 2017 ongoing).    

Iceland is a country that is fiercely protective of its natural beauty and governs any decision-

making regarding economic development on the Precautionary principle. Therefore, any 

company that wishes to commence operations must apply to the regulatory authorities 
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charged with protecting these safeguards:  Skipulagsstofnun (National Planning 

Agency), Umhverfisstofnun (The Environment Protection Agency of Iceland), 

Matvælastofnun (The Icelandic Food and Veterinary Authority).  The application process is 

lengthy but if all the checks and balances are met by the scallop aquaculture applicant, the 

business opportunity shall not be lost. 

There were some research limitations in this research topic, but they were not to the point 

where they were insurmountable.  There was an initial language barrier between researcher 

and participant, but this was surpassed via written communication in English and Icelandic 

with the Icelandic responses being translated by an acquaintance who was fluent in Icelandic.  

It was difficult to get quantifiable economic data (gains and expenditures) from participants 

involved in the private sector.  The researcher was able to finally get access to this kind of 

confidential data only after requesting it from a government official.  A further limitation in 

this study was the absence of any participant interview who may have had a negative view 

of the aquaculture industry.  This study was also limited by the fact that there was no general 

public interviewed in Iceland that may have had different opinions to scallop aquaculture.  

The reason being that this researcher had to leave the country due to their financial 

constraints.  For this thesis to gain the needed social contract from the intended community 

if the proposal were to be acted upon, a thorough public survey and input process would 

have to be enacted to obtain public feedback on the proposal and amend any concerns the 

community may have regarding the project.  There was also limited contact between the 

researcher and other Icelandic bivalve growers.  Attempts were made at contacting possible 

participants, but seeing that this researcher was trying to contact them from out of country, 

communications were not returned except for one participant.  This participant had tried 

bottom culturing of scallops but the endeavour proved to be too costly and labour intensive 

to make it financially worthwhile. 

The aquaculture industry worldwide is continuously growing, having eclipsed the wild 

capture fishery industry as the principal provider of seafood protein to the world’s population 

(FAO, 2016).  This bodes well for a potential scallop aquaculture venture in Iceland as the 

market, both nationally and internationally, would be able to absorb this pure Icelandic 

product to a decent profit for the cultured scallop enterprise.  Through a proper consumer 

marketing and eco-certification campaign, the potential scallop producer could ensure that 

the environmentally aware consumer is satisfied that the farmed scallop product coming out 
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of Iceland is environmentally friendly and ecologically sustainable, further adding to the 

company’s profit margin.  The country is also in the midst of a huge tourism boom, in part 

to Iceland’s reputation as a green steward of the environment, thus perhaps enabling the 

scallop operation to capitalize on this with increased sales to tourists seeking a pure Icelandic 

treat (OECD, 2017).  Most importantly, the potential scallop farming operation must gain 

the much-needed social contract from the surrounding communities to make this venture 

socially as well as environmentally and economically viable.  If there is no communal 

support, then the long-term viability of this operation will not be feasible and an economic 

opportunity to feed the ever-growing cultured seafood market will be lost.  

 

5.1.1 Further Research Needed 

As this study is a feasibility study on the biological and socio-economic opportunity for 

scallop aquaculture in Iceland, there were some aspects that would need to be researched in 

more detail for future knowledge gain.  This researcher did not do an in-depth review of the 

environmental parameters needed for a scallop aquaculture venture to be successful, i.e. 

proper site selection for hatchery and grow-out site, hydrographic details of Iceland’s marine 

environment, meteorological data assessment (wind, wave, sea ice).  It was touched on 

superficially but to do this research would entail a whole other project and more time needed 

to amass the proper data.  These meteorological conditions are extremely hard on 

aquaculutre equipment, leading to costly repairs and replacement of damaged equipment 

(Participant F, Spring 2017 ongoing).   A detailed and thorough research of possible grow-

out site placement must be conducted to mitigate against the environmental factors 

previously listed to keep equipment replacement costs at a minimum to ensure the long-term 

viability of a potential scallop aquaculture venture.  Further to that, a full and complete 

business analysis will need to be done on the financial aspects of setting up a hatchery and 

grow out operation with a proper cost benefit analysis conducted,  illustrating in detail the 

initial set up costs (hatchery, grow out, maintenance costs etc.) and returns on investment 

after harvesting of initial crop.  The numbers presented in this thesis are based on 

assumptions gathered from conversations with interview participants and publicly available 

data on investment costs and returns of shellfish aquaculture operations (Heath & Gubbels, 

1993; Sarkis, 2007; Valderrama et al., 2016).  The dollar figures in these proposals have 

been adjusted to inflation only, whereas the possible price increases for equipment and the 
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such have not been considered.  The numbers presented in this thesis have been adjusted for 

Icelandic conditions when it comes to grow-out times and financial investments.  These 

numbers could be subject to change if this thesis were to become a reality with all financial 

numbers being properly calculated with a lengthy cost-benefit analysis and a detailed 

business proposal put forth by the possible scallop aquaculture operator. 
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Appendix A 

Table 7: Motivations to work in aquaculture 

Motivations IP.A IP.B IP.C IP.D IP.E IP.F IP.G IP.H IP.I 
Money     3     
Self determination 3   3   3  3 
Nature          
Others  3 3   3  3  

 

Motivations IP.J IP.K IP.L IP.M IP.N IP.O IP.P IP.Q IP.R IP.S 
Money  3      3  3 
Self determination 3  3 3 3  3  3  
Nature      3     
Others           

 

 

Table 8: Number of employees in aquaculture operation 

Number of 
employees           

IP.D IP.E IP.H IP.I IP.K IP.M IP.Q IP.S 

<3        x 

3-10   x  x X   

10-49 x   x   x  

>49  x       

 

 

 

Scale for motivation table: 

Score                    Meaning 

1                         minimally agree     

2                         moderately agree 

3                         strongly agree 

• IP=Interview Participant 
• A-S=Participants A to S (19 participants in total) 
• Participants assigned letter of alphabet to ensure anonymity 

• X denotes number of employees each scallop aquaculture/finfish aquaculture has under their employ  
• IP=Interview Participant 
• A-S=Participants A to S (19 participants in total but only 8 were involved in scallop/shellfish/finfish aquaculture. All are highlighted) 
• Participants assigned letter of alphabet to ensure anonymity 
• Companies contacted: Island Scallops Ltd, Nova Harvest, SEA Vision Group, Coastal Shellfish, DiveWestfjords, H-G, Industrial Plankton, 

ĺslensk Bláskel 
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Table 9: Expectations for feasibility of aquaculture in Iceland  

 

 

Table 10: Improvements needed for future scallop operation to be successful 

 

 

 

 

 

 

• X denotes where each interview participant (IP) falls in their opinion regarding scallop aquaculture feasibility in Iceland 
• IP=Interview Participants 
• A-S=Participants A to S (19 participants in total) 
• Participants assigned letter of alphabet to ensure anonymity 

Expectations          IP.A IP.B IP.C IP.D IP.E IP.F IP.G IP.H IP.I IP.J IP.K IP.L IP.M IP.N IP.O IP.P IP.Q IP.R IP.S 
Pessimistic                    
Little pessimistic x                x   
Neutral  x   x      x x   x x  x  
More optimistic   x x  x x x x    x x     x 
Very optimistic          x          

 

• This table stipulates what the interview participants felt was needed to improve scallop operation if they were to do it over again 
• IP=Interview Participants 
• A-S=Participants assigned letter of alphabet to ensure anonymity 
• Scale for improvements table (score and meaning): 

o 1                  minimally agree 
o 2                  moderately agree 
o 3                  strongly agree 
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