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Abstract 

 

In this thesis the feasibility of harvesting green sea urchin (Strongylocentrotus 

droebachiensis) in Eyjafjörður fjord, north Iceland is explored. Fishing methods, 

regulations, processing and markets area are reviewed from various sources, including 

interviews with people that participated in sea urchin fisheries around Iceland in the 

1990´s. Sea urchins were sampled in Eyjafjörður by the author over a two year period, 

primarily to investigate the size, gonad yield, gonad colour and density. Three research 

areas were sampled, split into three different sites (in kelp, along kelp, out of kelp). 

Results show that the gonad yield was highest in mid to late winter and spawning 

started in April. The market demands gonad yield of at least 10% and this did occur 

only for a small part of the year. There was little difference between areas, but the 

gonad yield in 2010 was considerably lower than in 2009 and spawning did occur 

earlier. Result for gonad colour shows that 46% end up in first class, the smallest sea 

urchins had the best colour quality. The value of sea urchin roe is around $40/kg and by 

far the largest market is in Japan. The second largest market is in France. However, the 

high quality markets are demanding and the processing is labour intensive. Based on 

this, harvesting sea urchins in Eyjafjörður is not feasible at this point because of low 

gonad yield, poor regulation to protect the pioneers and high processing cost. It is 

suggested that by reducing the number of sea urchins in Eyjafjörður, allowing the kelp 

forest to grow larger the quality of the sea urchins would increase, but this is not 

feasible if proper regulations about harvesting are not in place. 

 

 

 

 

 

Keywords: Green sea urchin, Strongylocentrotus droebachiensis, Eyjafjörður, gonad 
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Útdráttur 

Í ritgerð þessari er möguleikinn á veiðum og vinnslu skollakopps (Strongylocentrotus 

droebachiensis) í Eyjafirði skoðaður. Gerð er grein fyrir veiðiaðferðum, stjórn veiða, 

vinnslu og mörkuðum fyrir ígulker út frá ýmsum heimildum, þar á meðal viðtölum við 

þá sem stunduðu ígulkeraveiðar við Ísland á 10. áratug tuttugustu aldar. Höfundur 

safnaði sýnum í Eyjafirði yfir 2 ára tímabil, fyrst og fremst til að kanna stærð þeirra, 

hrognafyllingu, hrognalit og þéttleika. Safnað var sýnum á þremur svæðum og var 

hverju svæði skipt í þrjú undirsvæði (í þaraskógi, við þararönd, á berangri). Niðurstöður 

sýna að hrognafylling var hæst um miðjan eða seinni part vetrar og hrygning hófust í 

apríl. Markaðurinn krefst þess að hrognafylling sé að minnsta kosti 10% og hún náði 

þessu stigi einungis stuttan hluta ársins. Lítill munur var á milli svæða en hrognafylling 

var umtalsvert lægri árið 2010 en árið 2009 og hrygning var fyrr á ferð. Niðurstöður 

sýna að 46% hrogna falla í fyrsta flokk, mest voru gæðin meðal minnstu ígulkeranna. 

Um það bil 40 dollara fást fyrir kg af ígulkerahrognum og er Japan langstærsti 

markaðurinn. Næststærsti markaðurinn er í Frakklandi. Markaðirnir eru hinsvegar 

krefjandi og vinnslan er mannaflsfrek. Byggt á þessu svara veiðar og vinnsla á 

ígulkerum í Eyjafirði ekki kostnaði að svo stöddu vegna lítillar hrognafyllingar, skorti á 

reglugerðum til að vernda frumkvöðla í veiðum og mikils kostnaðar við framleiðslu. Að 

öllum líkindum myndu gæði ígulkeranna aukast með því að fækka þeim og leyfa 

þaraskógunum að stækka aftur, en það er ekki fýsilegur kostur nema veiðum sé stjórnað 

á einhvern hátt.  

 

 

 

 

 

 

Lykilorð: Skollakoppur, Strongylocentrotus droebachiensis, Eyjafjörður, hrognafylling, 

hagkvæmni 
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1 Introduction 

Sea urchins are harvested in various places around the world. They are a valuable marine 

species because of their roe that is considered a delicacy in several cultures and is in high 

demand, especially in Japan (Pálsson, 1994). Green sea urchins were harvested around 

Iceland from 1993 until 1996 when the urchin roe markets collapsed. Since then sea urchins 

have not been harvested in Eyjafjörður (Guðmundsson, 2011; Marine Research Institute, 

2010). However, sea urchins are still quite common around Iceland, including in Eyjafjörður 

(Guðmundsson, 2011).  

In this project, the green sea urchin in the fjord of Eyjafjörður, in northern Iceland, is 

investigated in relation to ecological and economically sustainable harvesting. The main 

research question is, “is it feasible ecologically and economically to harvest and process sea 

urchins in Eyjafjörður” and in relation to that "how should the fishery be managedin the long 

term?" 

To answer these questions, the quality of the sea urchin roe and colour in relation to market 

demand was evaluated. A review of the fisheries, processing and possible markets were 

evaluated to examine the feasibility of the possible exploitation of the green sea urchins in the 

fjord. Interviews with processors and fishermen within the sector were taken to review the 

history of fishing, processing and marketing in Iceland. Data from other countries was 

gathered to compare with Iceland to try to improve fishing, processing and analyze markets 

for the green sea urchin for Iceland. By analyzing the data collected from both sustainability 

and economic point of view, the feasibility of sea urchin harvest and processing in Eyjafjörð 

is evaluated. 
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2 Biology 

Green sea urchin is the common name on Strongylocentrotus droebachiensis (Müller, 1776), 

but other names are (DK) Søpinsvin, (N) Drøbakskråkebole, kråkeball, kariball, iglekjær, (Fr) 

Oursins écinides, (FO) Ígulker, (IS) Skollakoppur, grænígull, ígulker (S) Sjöborre, (G) 

Seeigel (Einarsson, 1994a). 

 

Figure 2-1: Green sea urchin (S. droebachiensis) (Drawing: Hlíðberg, J.B.). 

 

2.1 Class of Echinoidea 

The green sea urchin (Figure 2-1) is a member of the phylum Echinodermata. They are 

exclusively a marine species and are organized into six classes: sea stars (Asteroidea), brittle 

stars (Ophiuroidea), feather stars (Crinoidea), sea urchin (Echinoidea), sea cucumbers 

(Holothuroidea), and sea daisies (Conantricycloidea) (Buchsbaum et al., 1987). 

The sea urchins are the “radial” or “regular” Echinoids of the class and there are 

approximately 950 identified species of sea urchins. Sea urchins have movable spines that 

can be long, short, sharp, thick or blunt, and of different colours including brown, purple, 
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black, white, green, and red although some are multi-coloured. Most urchins are between 60-

120 mm in diameter although diameters of up to 360 mm have been reported (Barnes, 1987).  

Not all sea urchins species are exploited as a resource; but the most commonly exploited 

species are as presented in Table 2-1 (Williams, 2002). 

 

Table 2-1: Exploited sea urchin species in the world by name (common/Latin) and by 
distribution (geography/location). 

Common name Scientific name Distribution  
  Anthocidaris crassipina Japan, Korea, China 
  Echinometra spp. Circumtropical 
Edible sea urchin Echinus esculentus North Atlantic 
Kina Evechinus chloroticus New Zealand 
  Glyptocidaris crenulatus China 
Purple sea urchin Heliocidaris erythrogramma Australia 
  Hemicentrotus pulcherrimus Japan, Korea, China 
Chilean sea urchin Loxechinus albus Chile & Peru 
  Lytechinus variegates West Atlantic & Caribbean 
 Stony sea urchin Paracentrotus lividus Atlantic & Mediterranean 
  Psammechinus miliaris Northeast Atlantic 
  Pseudocentrotus depressus Japan, Korea 
Green sea urchin Strongylocentrotus droebachiensis Circum-polar (north) 
Red sea urchin Strongylocentrotus franciscanus NE Pacific (Alaska to California) 
  Strongylocentrotus intermedius Japan, Russia, Korea 
  Strongylocentrotus nudus Japan, China 
  Strongylocentrotus pallidus Russia 
  Strongylocentrotus polyacanthus Russia 
Purple sea urchin Strongylocentrotus purpuratus NE Pacific (Alaska to California) 
  Tripneustes gratilla Circumtropical (all oceans) 

 

2.2 General anatomy 

The spines provide both protection and aid the tube feet in locomotion and feeding. The body 

is made of several large plates that form a round skeleton enclosing the soft internal organs. 

Sea urchins have two openings: the mouth that is located in the centre of the lower surface 

and the anus that is located in the centre on the upper surface (Figure 2-2). Between the anus 

and the mouth are five radiating rows that correspond to the bottom surface of the five arms 

of sea stars (Buchsbaum et al., 1987). In between the spikes on each of the five radiating rows 

are double lines of small holes where the tube feet protrude; each tube foot behaves like a 

balloon that grows when inflated and shrinks when deflated. A suction pad on each tube foot 
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is used for surface adhesion. The suction pads enable the urchin to maintain independent 

movement or attach itself to the bottom where ocean currents are strong. The tube feet are 

also able to sense their surroundings, capture food and clean the urchin of unwanted elements 

that accumulate on their spines (Einarsson, 1994a). 

 

Figure 2-2: Internal structure of a regular sea urchin with names of each organ 
(Barnes, 1987). 

 

2.3 Distribution and feeding 

Of all the Echinoderms, the green sea urchin is one of the most widely spread and has a 

circumpolar distribution. Green sea urchins are ubiquitous in the Arctic region as well as in 

both the Atlantic and Pacific Oceans (DFA, 2001). Notably, they can be found all around 

Iceland, off the coasts of Greenland, the Faroe Islands, northern Scotland, Norway, Denmark 

and south of Sweden, the East-cost of the United States and Canada. In the East-Pacific, they 

can be found all the way from Point Barrow in Alaska in the North to Washington in the 

South and can be found near the Aleutian Islands, west Kamchatka, Korea, and Hokkaido in 

Japan (Einarsson, 1994a; Scheibling & Hatcher, 2007). 

Green sea urchins mostly live in shallow sub-tidal areas from a depth between 0 to 50 m 

although they can be found down to 300 m (Jensen, 1974). The upper depth limit for sea 
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urchins is different depending on wave activity and type of ocean bottom. The density of sea 

urchins generally decreases with depth where food and shelter is become less abundant 

(Himmelman, 1986). The green sea urchins are most common on rocky substrates such as 

outcroppings of bedrock, boulders, and cobble stones (Himmelman, 1986) but can also be 

found in gravel or sandy bottoms (Einarsson, 1994a).  

The quantity, quality and availability of food effects gonad growth, time of maturity, 

reproductive output, survivorship, longevity, and mobility (Scheibling & Hatcher, 2007). 

Green sea urchins usually prefer Laminaria kelps as good resource (Vadas, 1977). They can 

form dense aggregations in Laminaria kelp forest fronts (Breen & Mann, 1976) where their 

density can reach over 100 individuals per square meter. Such aggregations can eat up to 2 m 

of kelp forest per month and leave the area barren apart from a few stripes and red algal crust; 

such feeding behaviour has been recorded in Eyjafjörður (Hjörleifsson et al., 1995). Sea 

urchins have a life span of several years during which time they can suppress kelp forests to a 

minimum level (Hjörleifsson, 1997). This loss of kelp is associated with major changes in 

habitat structure and productivity in coastal zones, which is why, for example in Norway; sea 

urchins are considered pests. Experiments are being conducted to exterminate sea urchin by 

dispersing calcium oxide (CaO) over the experimental areas in hope that the kelp forests can 

be restored (NIVA, 2011).  

Sea urchin can live in remote areas and depths where little food is available. In such places, 

they feed on drifting seaweed, carcasses and other small animals that they can find 

(Einarsson, 1994a). Sea urchins can also resort to cannibalism when food is scarce 

(Richardson et al., 2011; Einarsson, 1994a; Hagen N. T., 1987). 

2.4 Reproduction and development (lifecycle) 

Urchins are dioecious, meaning that they have either male or female reproductive organs. The 

external appearance of both genders is similar although females have a larger opening on top 

where the faecal material is excreted. Prior to the full development of the gonads, it is almost 

impossible to determine the gender of a sea urchin, unless examined with a microscope. After 

an urchin has reached maturity, the eggs or sperm released can be used to determine sex 

(Einarsson, 1994a). The “roe”, as the industry calls the reproductive organs of both males and 

females, (Akse & Richardsen, 1988; Hafsteinsdóttir, 1995) are also used as a food reserve for 

the sea urchin. During periods of resource abundance, the gonads can reach up to 25% of the 

total weight of a sea urchin. During spawning, if the roe is large, the sea urchin is able to use 



 

6 
 

only part of the gonads, leaving the rest as a reserve food supply. In cases where the gonads 

are small, however, they will be used exclusively for reproduction. (Einarsson, 1994a). The 

green sea urchin spawning period is usually early in the spring or late in the winter between 

February and April (Einarsson, 1994a; Meidel & Scheibling, 1998a). 

Sea urchins have five stages for the gonad growth (Figure 2-3); 

1. The first stage is when the sea urchin has recently spawned or is still immature. The 

water content of the sea urchin gonads is usually around 80% at this stage.  

2. The second stage is a growth stage; all extra energy is used to develop the gonads; by 

the end of this state the water content of the urchin's gonads is at minimum and the 

taste of the harvested gonads is at its best.  

3. At the third stage, the gonad size is near maximum. Sperm and eggs are starting to 

form and it is possible at this stage to see the gender type with the naked eye.  

4. During the fourth stage the maximum gonad size, 15-25% of total weight, has been 

reached.  

5. The fifth stage is the spawning itself (Einarsson, 1994a); the spawning is external and 

synchronized. It is not known what triggers the spawning though temperature, 

plankton, moon and tidal phases or ocean movement have all been suggested 

(Einarsson, 1994a; Himmelman, 1977; Lamare & Stewart, 1998).  

 

Figure 2-3: Graph showing annual gonad development and the estimated time of the 
five stages of gonad growth. 
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Some research has also shown that green sea urchins are able to have a second spawning 

period during late summer or autumn if conditions are favourable (Keats, Hooper, Steele, & 

South, 1987). 

The development cycle from egg to adult is as follows (Einarsson, 1994a); 

1. Fertilized eggs sink to the ocean bottom and hatch after 4 to 6 days  

2. Larvae float up to the upper layers (epipelagic zone) of the ocean and feed on 

phytoplankton  

3. The larvae remain in the epipelagic zone for  8-12 weeks (DFO, 2000b) before they 

move to the bottom and settle down  

4. Larvae start growing and begin to resemble mature individuals 

2.5 Physical tolerance and growth 

Green sea urchins have a wide tolerance to environmental variables as temperature tolerance 

ranges from -1°C to 20°C (Scheibling & Hennigar, 1997). The green sea urchin is an 

osmoconformer with a limited capacity to osmoregulate but can tolerate a salinity change 

down to 14 ppt (Stickle & Denoux, 1976). Sea urchins cannot withstand certain wavelengths 

of UV radiation and seek shade upon exposure (Lesser & Barry, 1996). 

The growth of sea urchins is dependent on food supply and environmental conditions. When 

the food supply is ample, they can grow up to 4 mm in four months. It is generally accepted 

that they usually grow around 10 mm per year. Their growth slows down as they age and at 

around 5 years of age they are approximately 40 mm in diameter. A lack of food and low 

temperature can retard the growth of the sea urchin. Also, damage or loss of spines and 

damage on the shell can have same effect (Einarsson, 1994a). 

2.6 Age 

It is difficult to estimate the age of sea urchins. In a method commonly used, the age is 

approximated by counting the growth curves of a barbell-shaped skeletal element, taken from 

the jaws (Aristotle's lantern) of the sea urchin (Robinson & MacIntyre, 1997). This method 

typically produces underestimates of the true age of the sea urchins, especially the older 

specimens (Meidel & Scheibling, 1998b). Four factors typically account for differences in the 

number of growth curves: uneven growth, good food conditions where the number of rings 
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may be increased, or poor food conditions in which growth stops completely, and 

discrepancies in interpretation where number of lines are unclear (Russel & Meredith, 2000). 

2.7 Predation 

The main predators of the green sea urchin are crabs, sea stars (Figure 2-4), Atlantic wolffish, 

and seagulls. Various other fish and bird species are known consumers of sea urchins (DFO, 

2000a; Einarsson, 1994a). Research has shown that sea urchin can “smell” enemies that are 

actively feeding on sea urchins in the vicinity. In response, they can avoid the predator by 

burrowing or by leaving the area. Substances of other urchins can also signal that enemies 

might be in the area (Hagen et al., 2002).  

 

Figure 2-4: A sea urchin that has lost its spines in a fight with two sea stars that are 
slowly penetrating its armour in attempt to eat it (Photo: Guðmundsson, 2011). 
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3 Fisheries 

The time for sea urchin harvesting should be determined based on the quantity and quality of 

the roe (Einarsson, 1991). Interviews with sea urchin fishermen and processors (see questions 

in Appendix II) indicate that the main fishing season in Iceland usually lasts from late August 

until early April (Blöndal, 2011; DFO, 2010b; Jensson, 2011; Ólafsson, 2011; Vigfússon, 

2011) or when the roe filling is 10% or more of the urchin's weight (Ágústsson, 2011). 

However, during this period, the roe quality is variable and therefore must be monitored to 

ensure the quality for the market. The roe becomes unacceptable when it becomes too soft or 

when eggs and sperm begin to form. In Iceland, this occurs between February to April 

(Bragason & Jóhannesson, 1988; Ágústsson, 2011). The sea urchins that are of the highest 

quality are typically at the fronts of the kelp beds (Guðmundsson, 2011). To increase the 

quality further, it is a common practice to thin out the population before harvesting under the 

rationale that older sea urchins have lower quality roe than the younger urchins and the 

colour is not as desirable (Einarsson, 1991). 

3.1 Information on catches 

Two databases were used to collect information on catches. The Food and Agriculture 

Organization of the United Nations (FAO) total fishery production (FAO, 2010a) is a 

database with information on all marine catches in the world. The quality of the information 

in this database depends on the quality of information each country sends in on its catch, and 

these can be variable especially for minor species such as the sea urchin (FAO, 2011). Some 

countries, such as Iceland, give information on sea urchin species harvests, although the 

Icelandic catch is recorded as European edible sea urchin (Echinus esculentus), which is a 

wrong species. Others lump them into, “sea urchins nei” (“nei” indicates, “not elsewhere 

identified”). Furthermore, there is category called “echinoderms” which is probably mostly 

sea urchins. In analyzing the global sea urchin catch, these three categories were all used and 

it was not attempted to split the catch into individual species.  

The Directorate of Fisheries is an Icelandic government institution responsible for 

implementing government policy on fisheries management and handling of seafood products. 

It collects processes and publishes data on fisheries in collaboration with Statistics Iceland. 

Information on sea urchin catch and catch value (by fishing boats) by month in Iceland is 
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available on the Directorates web site (http://en.fiskistofa.is/) ( Directorate of Fisheries, 

2011). 

Statistics Iceland is the centre for official statistics in Iceland; it collects, processes and 

disseminates data on the economy and society. Information on the catch and the disposal of 

catch of all the major species is provided on the web (http://www.statice.is/). Information on 

export amount and export value for sea urchin is available on the web site of Statistics 

Iceland. However, information on sea urchin catch are not available on the web as it is not 

classified as a major species but is included in the category of “Other invertebrates“ 

(Statistics Iceland, 2011). 

3.2 Icelandic catch 

Iceland did not begin harvesting sea urchins until 1983 when a fish processing company, 

Suðurnes hf, presented to the Ministry of Fisheries an idea proposal for the harvesting of sea 

urchins. Subsequently, the Marine Research Institute (MRI) began researching the possible 

exploitation of sea urchins in the fjords of Hvalfjörður, Breiðafjörður and Ísafjörður. Between 

1985 and 1989, pioneers put much effort into finding markets and suitable processing 

methods for the sea urchins. By 1991, the MRI had collected information on most sea urchin 

fishing areas in Iceland (Figure 3-1). 

 

Figure 3-1: Research and potential fishing areas around Iceland (red) (Einarsson, 
1994b). 
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Originally, divers conducted manual harvesting of sea urchins but this method was not 

economically feasible. Other methods were explored to decrease cost and increase catch 

(Einarsson, 1993). Dredging was demonstrated to be the best solution for the Icelandic 

fisheries because of the weather, cost and efficiency (Ágústsson, 2011). 

Sea urchin fishing did not initially receive much public support. Recent events involving 

overinvestment in the fur farming industry caused public opinion to doubt the potential 

success of sea urchin fishing, and many were worried that exploitation of the animals would 

start before all the essential research would be finished (Guðmundsson & Þorsteinsson, 

1993b; Kristjánsson, 1993). Little was known about the sustainability of the sea urchin stock 

(Kristjánsson, 1993). Nevertheless, within a few years the sea urchin catch increased from 

only a few tonnes in 1992 to around 1400 tonnes in 1994 (Figure 3-2). In Breiðafjörður 

(Figure 3-3), the best fishing area, the catch increased up to 800 t/y in 1994 and 1995. 

 

Figure 3-2: Total catch (t) of sea urchins in Iceland from 1992-2010. 

Subsequently the urchin fishery collapsed and little or no fishing was conducted from 1997 

until 2003. Although the collapse of the fishery may have been primarily caused by the 

collapse of the markets, many fishing areas were also thought to have been overexploited 

during sea urchin harvesting between 1993 and 1997 (Marine Research Institute, 2010). 

Exploitation of the urchin stocks restarted in 2005; the catch increased from 50 tonnes in 

2004 to 150 tonnes in 2010 (Figure 3-2). The MRI currently recommends cautious 

exploitation of sea urchins. Current information regarding sea urchins’ geographical 

distribution, quality and size is limited and there is insufficient data to draw conclusions 

about the sustainability of sea urchin around Iceland (Marine Research Institute, 2010).  
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No specific studies have been conducted elsewhere on the optimum harvest rate for green sea 

urchins. Harvest rate for other species area quite variable. In Canada, approximately 2% of 

the total red sea urchin (Strongylocentrotus franciscanus) stock was collected (DFO, 2000c) 

and in Australia, sea urchin harvesters collected approximately 40% of the sea urchin 

Heliocidaris erythrogramma within each area annually (PIRSA, 2004).  

 

 

Figure 3-3: Main sea urchin fishing areas in Iceland 1995-2009. Dark areas indicate 
highest catch per nautical mile (t/nm2) (Marine Research Institute, 2010). 

 

3.3 World catch 

The total world sea urchin catch has increased steadily from 1950 until 1995 when it peaked 

at 110,000 t/y (Figure 3-4) (FAO, 2010a). These numbers include all identified or 

unidentified sea urchins in the FAO database as well as unidentified echinoderms (Table 0-1, 

Appendix III). Chile, Japan, and the United States have been the leading fishing nations. The 

fisheries in most of the leading countries have declined or remained constant. For the last few 

years, Russia and China are the only countries that have shown some increase in total catch 

(Table 3-1). The current catch is around 80,000 t/y. 
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Table 3-1 Sea urchin catch (t) by major countries from 2000 to 2008 (FAO, 2010a). 

  2000 2001 2002 2003 2004 2005 2006 2007 2008 

Chile 54,097     46,794     60,166     42,650     49,228     37,566     34,826     38,526     38,922     

Japan 12,455     11,208     12,733     12,574     12,716     11,990     10,820     11,679     10,800     

China 1,461     1,454     1,459     1,607     1,301     2,035     2,596     2,651      3,555     

Korea, Republic 2,813     2,278     2,068     1,829     1,916     2,050     1,714     1,774     2,046     

Mexico 1,626     2,114     2,245     2,066     1,388     3,033     281     1,932     2,438     

Russian Federation 1,528     1,612     2,582     2,206     2,454     3,435     4,321     5,958     8,587     

USA 8,008     7,961     8,215     5,022     7,284     5,806     5,852     5,668     5,436     

 

The largest sea urchin fishing nation is Chile with a catch of approximately 60% of total 

world catch. The highest catch by Chile was 60,166 tonnes in 2002 (Table 3-1). The most 

fished species before 1990 were of the genus Stongylocentrotus and came from the northern 

hemisphere. The catch of these species has declined since 1998 and the most dominant 

species in the world production lately has been Loxechinus albus from Chile. The increase in 

the catch from Chile can be explained by expansion into new fishing areas (Andrew et al., 

2002). The increase in the world fishing until 1995 is also generally attributed to expansion 

into new fishing areas due to a  series of expansions and declines of regional or national 

fisheries especially within the largest nations (Figure 3-4) (Andrew et al., 2002).  

 

Figure 3-4 Global sea urchin fisheries from 1950 to 2008 by fishing nation (FAO, 
2010a).
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3.4 Regulations 

In this section, regulations on sea urchin fisheries in Canada and the USA are reviewed. Both 

countries are large harvesters of the green sea urchin (S. droebachiensis) in the North Atlantic 

Ocean as well as in the Pacific Ocean (FAO, 2010a) and have similar harvesting methods as 

Iceland (Williams, 2002). Chile is the largest fishing nation for sea urchin in the world, 

although of a different species (FAO, 2010a) and would therefore be a prime candidate for 

this review. However, the Chilean government does not present full statistics on the sea 

urchin fisheries and no reliable information is available on the management methods. 

(Andrew et al., 2002).  

3.4.1 Regulations in Iceland 

Iceland had no regulations regarding sea urchin fishing when harvesting started in 1992. 

There were no limits on the quantity of catch. The only requirements for the fishermen to be 

able to catch sea urchins were that the boat was legally operated, had a dredge or a diver and 

a fishing permit (Guðmundsson, 2011; Vigfússon, 2011; Ágústsson, 2011). 

In 1993, the Ministry of Fisheries introduced regulations to limit access to the sea urchin 

fishing. Regulation no. 492/1993 (with small changes in 1994 (rule 482/1994)) claimed that 

only vessels with a legal fishing permit and a contract with a legal processing company, 

approved by the Directorate of Fisheries, were allowed to harvest sea urchins. The second 

article in the regulation claims that the government can limit the permit if necessary by 

demanding reports on the fishing, maximum size of boats, size and kind of fishing gear used 

and the fishing season.  

Each license was limited to one area (Figure 3-5) but there were no limitations for number of 

licences that could be granted (Appendix IV). 

The MRI, statutorily appointed, performed sampling and brought forward proposals for 

fishing quotas (Alþingi, 1965). The last recommendation for sea urchin catch was in 1994 

and it suggested that fishermen should not harvest more than 1600 tonnes annually 

(Einarsson, 1994b).  
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Figure 3-5: Sea urchin fishing areas around Iceland. Fishing areas are within blue 
lines and extend outward to open sea. 

3.4.2 Regulations in Canada 

The sea urchin fishery in Canada began in 1987 and was managed with few regulations until 

1991 when license limitations were introduced to control high catches. In 1994, quota limits 

were introduced followed by the individual quota system (IQs) with dockside validation in 

1995 (DFO, 2010b). Today, the fisheries are managed with a commercial harvest plan that 

provides the management measures for the commercial fisheries and is reviewed by Canadian 

Science Advisory Secretariat (CSAS) every three years (1st of September 2010 until 31st of 

August 2013). The fisheries are regulated by minimum size limitations (51-55 mm test 

diameter), limiting entry licensing, area quotas, IQ system, area closures, banning or 

limitation in sizes of dredges and diver licenses on each boat (Robichaud, 2010; Waddel et 

al., 2010). In Nova Scotia, fisheries are exclusively conducted with divers (Waddel et al., 

2010) but in New Brunswick, both divers and dredges are allowed (Robichaud, 2010). In 

Canada, a license fee is required (DFO, 2010a). 

Size limitations for green sea urchins are used to allow the sea urchins to spawn a several 

times before they are harvested. License holders are, in most cases required to reach the 

minimum threshold of catch to hold the license. Licenses are distributed and total allowed 

catch (TAC) is divided between licenses. A quota is calculated for each area. Some areas can 

be divided into sub-areas (Figure 3-6) (DFO, 2010a). 
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The trend has been to move the fishery based on a novel management strategy, in which the 

government will be giving individual ownership or stewardship over specific areas in return 

for their obligation of resource and habitat management (Williams, 2002).  

 

Figure 3-6: Sea urchin fishing areas in the Pacific ocean, Canada. Example of how 
areas can be divided into subareas (DFO, 2009). 

 

3.4.3 Regulations in the State of Maine (United States) 

Regulations in the state of Maine are not as advanced as in Canada. The sea urchin fisheries 

are regulated by placing seasonal limits on catch. Regulations concern the size of harvested 

urchins, which is restricted to a minimum of 52.4 mm and at maximum 76.2 mm in diameter; 

licenses for areas, harvesting method limitations, limitation of size of dredges. Dredges need 

to have special mesh and escape panels. Divers cannot use bags with mesh sizes smaller than 

2 ¼ inches between knots (DMR, 2011). License fees are required for dredges and divers 

(DMR, 2009). 
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3.5 Fishing gear and methods 

Different fishing gear and techniques give different results and not all methods work in all 

areas. Diving, dip nets, pumps, dragging, baited whelk pots, ring traps are a few of the 

methods and tools that are commonly used (DFO, 2000a). In all cases, it is recommended that 

the sea urchins should not be broken on the fishing grounds themselves because it could lead 

to premature spawning in the area (Guðmundsson & Þorsteinsson, 1993a). 

3.5.1 Divers 

The most common way of harvesting sea urchins is by manual extraction by divers (Reynolds 

& Wilen, 2000). There are two main methods: one is to use “hookah” diving gear (Kato & 

Schroeter, 1985) and the other is to use a scuba tank (Vigfússon, 2011). The “hookah” gear 

uses a low-pressure air compressor connected to a reservoir that feeds air through a hose to a 

regulator (Kato & Schroeter, 1985). When divers use scuba tanks they are limited to the tank 

but are more mobile than with the “hookah” gear (Vigfússon, 2011). 

 

Figure 3-7: Type of short-handled rake that diver uses to scoop up sea urchin. An 
invention by Peter Halmay, California (Halmay, 2008). 

Divers use short-handled rakes (Figure 3-7) to loosen the sea urchin and scoop them up in a 

mesh bag. Mesh bags can be of different sizes and some are equipped with a rubber hose to 

help hold the mesh bag up while filling it (Kato & Schroeter, 1985). Urchin divers can collect 

up to 300 - 400 kg pr. day of whole sea urchins in good condition (Einarsson, 1991).  
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The advantage of divers’ collection is an environment-friendly extraction option and they are 

able to manually select the right sized sea urchin underwater (Guðmundsson & Þorsteinsson, 

1993a). The disadvantage of divers is the labour-intensive work under harsh working 

conditions making it, and requires adequate gear and training; these factors make diving less 

feasible (Guðmundsson & Þorsteinsson, 1993a). Diving is also very dependent on the 

weather (Kato & Schroeter, 1985) and currents (Vigfússon, 2011). To achieve an optimal 

harvest, many divers have to be employed to collect enough raw materials for a processing 

plant (Vigfússon, 2011).  

3.5.2 Dredges 

Dredges used for sea urchin fisheries are usually modified scallop dredges (Einarsson, 

1994b). Dredges are primarily used on hard-bottomed areas, because they tend to sink in 

softer surfaces and fill with mud. Usually they are dragged by the front of the kelp forests 

through so-called “feed-lines” where the best sea urchins for harvesting are. Dredging can be 

problematic if the dredge goes into the kelp forest itself, where it might either damage the 

animals or float on the top of the kelp (Tryggvason, 1996).  

Some advantages of using dredges are that they are cost effective, they can deliver high 

quantities and are not as dependent on the weather as divers (Guðmundsson, 2011; 

Vigfússon, 2011). Some disadvantages on the other hand are that the dredges are non-

selective and dredge up non-target organisms and debris (Einarsson, 1993), can break the sea 

urchins shells (Guðmundsson, 2011) and / or spines, which reduces their value significantly 

(Jensson, 2011). 

In Iceland, during the harvest peak, two types of dredges were most commonly used. Both of 

them named after the place where they were designed; one is called the Stykkishólmur-

dredge and the other the Blönduós-dredge (Figure 3-8). Both of them have their individual 

advantages and disadvantages. The Stykkishólmur-dredge is a kind of a wheel-dredge, which 

is cheap and able to perform well in optimum areas (Tryggvason, 1996). Research has shown 

that its catch effectiveness is close to 78% (Einarsson, 1993) but the sea urchin's spines are 

broken if they are dragged in the bag for too long (Tryggvason, 1996). A ski-dredge, like the 

Blönduós-dredge, is better when fishing near the kelp front, as it causes less damage and is 

more selective for sea urchins. It performs well in optimum areas (Tryggvason, 1996). The 

ski-dredge is more selective and therefore it does not catch as much of the targeted species 

and thus only has a catch effectiveness of approximately 51%. Ski-dredge does not follow the 
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bottom as well as the wheel-dredge and is more expensive due to a more complex 

manufacturing process. Just as the wheel-dredge, the ski-dredge should not be dragged 

through the kelp forest (Tryggvason, 1996). The dredges are usually around 1-1 ½ m wide 

(Tryggvason, 1996) but in some cases fishermen have made the dredges larger and heavier, 

and by doing so they caused more damage to the sea urchins (Vigfússon, 2011). It is 

recommended that the dredges should not be wider than 1-1 ½ m, and that they should not be 

used too close to the shore or in shallower depths than 4-5 meters in order to minimize the 

damage done to the kelp front (Einarsson, 1993).  

 

Figure 3-8: Two most commonly used dredges in Iceland during the harvest peak; 
Stykkishólms-dredge, wheel-dredge (left), Blönduós-dredge, ski-dredge (right) 

(Skarphéðinsson, 1993). 

3.5.3 Pumps 

Three different methods of pumping up sea urchins from the ocean floor have been used: 

vacuum, airlift and ejector-pumps. If they are analysed with consideration of volume, energy 

and cost, the airlift pump is the best option (Akse, 1988). To achieve the desired selectivity 

for the target species, divers are used to control the pump, which increases the performance 

significantly (Tryggvason, 1996). 

Pumps have been tested in the fjord of Ísafjarðardjúp with good results however dredging 

continued to be method of choice (Tryggvason, 1996). Norway is experimenting with a mini 
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submarine, remotely operated vehicle (ROV) (Figure 3-9) which might replace divers in the 

future. So far the ROV performance is not optimized but it is promising (Nilsen et al., 2009).  

Some advantages of using pumps are that they can achieve high performance and selectivity 

in optimum areas near the seaweed line.  Pumps can also be used in most types of weather 

with minimal risk (Nilsen et al., 2009). Some disadvantages are that there are many factors to 

adjust to obtain high performance (for example width of hose and ocean depth). Costs can 

also be considerable depending on the technology and maintenance requirements (Einarsson, 

1991; Nilsen et al., 2009). 

 

Figure 3-9: A kind of advanced pump, a remotely operated vehicle (ROV) being 
tested in Norway (Nilsen et al., 2009). 

3.5.4 Traps 

Catching sea urchins in traps involves putting out bait and waiting for the pray to enter or fall 

into the trap (Tryggvason, 1996). Traps are in some cases an excellent option for catching sea 

urchins. They can combine the advantages of both divers and dredges in that they can be used 

in most weather conditions and do not destroy the environment (Guðmundsson & 

Þorsteinsson, 1993a). Whelk pots and dip nets can be used as traps (DFO, 2000a). Traps have 

been tested in Iceland but were thought to be too cumbersome to be used when harvesting 

from small vessels (Einarsson, 1991). 
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An experiment on the optimum bait for sea urchins was conducted in Norway. Research 

showed that cod and catfish heads are better bait than sea urchin feed and lamina of kelp. 

Ring traps (45 cm diameter) with a catch of 1.43 kg/trap/day, showed better results than box 

and net traps (Figure 3-10) (Sivertsen et al., 2008).  

 

Figure 3-10: Different kind of traps; box trap, circle dropnet, rhombus dropnet, and 
ring trap (top). Example of a set up for drag with ring traps (below) (Sivertsen et al., 

2008). 

Traps can be used almost anywhere and at anytime of the year. Sea urchins caught using traps 

remain alive and undamaged, although if the traps are not retrieved frequently the urchins can 

crawl out of the trap. Additionally, traps do not destroy the seaweed or the environment 

(Tryggvason, 1996). The disadvantages of traps are that their effectiveness is limited by their 

size; many traps are needed for a sufficient catch. Urchins may fall out off the traps when 

hauled, initial investment can be high and traps are usually spacious (Tryggvason, 1996). 

Gonad index of sea urchins caught by traps is usually lower and they generally need 

additional feeding to build up quality gonads acceptable for the market (Sivertsen et al, 

2008). 

3.5.5 Nets 

Japan has been using nets to catch sea urchins and it has also been utilized in Alaska with 

good results. In practice, the net is thrown out where sea urchins are thought to be and 

allowed to sink to the bottom. The mesh size is of similar size as the sea urchins that are to be 
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caught (Tryggvason, 1996). No information is available about the efficiency of this method in 

Iceland and further experiments are needed (Guðmundsson & Þorsteinsson, 1993a). 

3.6 Farming sea urchin 

Sea urchin farming is an option of increasing interest. Currently, this is an area of active 

research and development in Norway to find the optimum growth/tank parameters and feed 

and farming conditions (Dale et al., 2006; Mortensen & Siikavuopio, 2008; Fishfarmer 

magazine, 2008).  

In Iceland, farming sea urchins has been considered and research has been performed to find 

the optimum temperature and food composition (Steinarsson, 1997). Catching wild sea urchin 

and feeding to increase gonad size prior to processing for the market is a potential option but 

high transportation cost makes Iceland a lesser choice than countries closer to the markets 

(Gunnarsson, 2004).  

This subject was not analysed further in this report but would be an interesting independent 

project. 
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4 Processing methods 

The end markets for sea urchin products area rarely close to where they are caught. The 

largest market for sea urchins is Japan. Smaller but considerable markets include other Asian 

countries as well as France. The largest sea urchin fishing countries are Chile, Japan, USA, 

Russia and Canada, and most of their catch is sold to Japan (Akse & Richardsen, 1988; 

Guðmundsson & Þorsteinsson, 1993a; FAO, 2010b). Information on the disposal of the 

Russian catch is not available but most likely it is also exported to Japan. Sea urchin roe is a 

delicate product and is often transported long distances, thus the processing methods and 

logistics are very important factors for maintaining product quality. 

Japan pays the highest prices for fresh sea urchin roe but it is also the most demanding 

market concerning quality (Pálsson, 1994). Therefore, the worldwide price of the roe is very 

dependent on the Japanese markets. Many factors affect the price such as demand and supply, 

time of year and quality. The quality of the roe primarily depends upon texture, size and 

colour (Hafsteinsdóttir, 1995). First class roe on the Japanese market is from light yellow, 

light orange to red in colour (Hafsteinsdóttir, 1995; Vigfússon, 2011; Ólafsson, 2011). The 

roe must be intact, firm and dry. The size of the roe cannot be less than 30 mm in length and 

to achieve that result the urchin has to be over 50 mm in diameter, spines not included (Sakai, 

1993). 

4.1 Processing in Iceland 

Sea urchin processing in Iceland has mainly been focused on the processing of whole sea 

urchins for the European market and fresh sea urchins roe for Japan. Other finished sea 

urchin products are not considered because of their high associated costs and relatively low 

profitability (Guðmundsson & Þorsteinsson, 1993a). To optimize production for the Japanese 

market, sea urchin processors were often instructed by Japanese industry experts how to 

categorize and process the roe to obtain the highest prices for finished product (Blöndal, 

2011; Guðmundsson , 2011). The main factor in processing sea urchins is the roe's (gonad) 

weight. The weight of the gonad should be 10% or more of the total weight of the sea urchin 

and the fishing usually does not start until this weight is reached. This applies both to the 

whole fresh sea urchin to the market and for processing (Blöndal, 2011; Guðmundsson, 2011; 

Jensson, 2011; Vigfússon, 2011; Ólafsson, 2011). In some cases, companies have processed 
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sea urchins with lower filling than 10% but never less than 5%; all materials under 5% are 

disposed of (Vigfússon, 2011). The average utilization after categorization and quality 

assessment was around 8% of the total weight, depending on time of year and area from 

which the sea urchin was harvested. This utilization could not go under 5-6% otherwise the 

processing would not be profitable for first class roe (Tryggvason, 1996). In other countries, 

the utilization can be around 3-6% (Akse & Richardsen, 1988).  

4.2 Processing methods 

4.2.1 Storing whole sea urchin for transport or processing 

After the sea urchins are caught, they are stored at 0-5°C if they are not packed for transport 

or processed immediately after landing (Einarsson, 1991; Kato & Schroeter, 1985). The roe 

start to lose quality (primarily due to water loss and discoloration) after approximately 36 h in 

storage (Kramer & Nordin, 1978). Contrary to standard industry practice, Iceland’s sea 

urchin processors have stored live sea urchins for up to 48 h to lower the osmotic resistance 

of the roe before processing (Tryggvason, 1996). Another option is to store sea urchins in 

saltwater before processing, however this is not favourable as Japanese buyers prefer that the 

sea urchins processed right after they have been caught (Akse & Richardsen, 1988).  

4.2.2 Whole, fresh sea urchin 

Quality requirements for whole sea urchins dictate that they must be of market size (around 

40-50 mm or larger) with a roe filling over 10% and be undamaged (Jensson, 2011). 

Whole sea urchins are usually packed in Styrofoam box. Absorbent pads are placed under the 

urchins so that the urchins are not in contact with their own fluid for aesthetical reasons. Ice 

mats are placed on the urchins to maintain a lower temperature. Buyers typically require 

overweight (about 10%) boxes to compensate for water loss (Jensson, 2011). 

4.2.3 Preparing for processing 

The first step in processing sea urchins is to crack them open with a special tool (Figure 4-1), 

which is forced inside the sea urchin from the top (the anus) and splits it open. Another 

method is to place the sea urchin bottom up (mouth up) and open from the bottom (Figure 

4-1) (Kato & Schroeter, 1985; Tryggvason, 1996). Specialized high-throughput processing 

machines have been designed for this purpose (Tryggvason, 1996).  
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Figure 4-1: Two kinds of equipment used to open sea urchin prior to processing; 
urchin opener (left) (Korin Japanese Trading, 2010); urchin cutters (right) (Matfer 

Bourgeat Inc, 2009). 

The roe is then scoped out with a spoon (or similar equipment) and put into a strainer. The 

strainer is placed in cold (~2°C) saltwater (2.8-3.5%) to clean away shell fragments or other 

organic matter. At this stage, the roe salinity is around 1-1.5 % (Akse & Richardsen, 1988; 

Tryggvason, 1996). Following this, they are transferred to a more thorough cleaning. Whole 

roe sacks are cleaned with small pincers, the roe is categorized according to quality, which 

may require further processing (Figure 4-2) (Kato & Schroeter, 1985). When categorizing sea 

urchin roe in Iceland, the following guidelines were used (Table 4-1) (Guðmundsson & 

Þorsteinsson, 1993a): 

Table 4-1: Quality categorization of sea urchin roe depends on colour, size and 
texture. Processing method of roe depends on quality category. 
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Figure 4-2: Sea urchin and urchin roe processing plan for different products. Whole 
sea urchin are weighted and packed straight after they are caught. Sea urchins that 
are processed are opened; roe are recovered, cleaned, categorized. It depends on 

the quality of the roe what processing method is used. 
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4.2.4 Fresh roe (uni/nama uni) 

Only the best roe, yellow or orange, right size, whole and undamaged is sold fresh (uni). The 

roe that has been qualified as such are placed in stackable plastic strainers. The strainers are 

placed soaked in saltwater (2.8-3.5%) with a solution of anhydrous potassium aluminium 

sulphate or alum (KAl(SO4)2), the solution can vary from 0.4 to 0.7%. The soak times vary 

from 15 min to 1 hour or until roe becomes firm. Measurements may differ between 

processing plants because of different sea urchin origin. The alum bath is to make the roe 

firmer, make the tissue denser and draw forth a stronger colour (Guðmundsson & 

Þorsteinsson, 1993a).  

The roe is then drained on a cloth and fine grid to remove as much of the extra water as 

possible (Kato & Schroeter, 1985). The roe is later packed in small trays of standard size 

from around 100 to 250 g each (Kato & Schroeter, 1985). The traditional packaging involved 

placing the roe in wooden trays but plastic trays have become more common. When 

packaging the roe, the same colour roes are together and the largest roe is put on top to 

influence price (Akse & Richardsen, 1988). The small trays are than packed in bigger crates 

for transport (Figure 4-3).  

 

Figure 4-3: Fresh Icelandic roe in small plastic trays (100 g) packed in larger 
container, to be transported to Japan. (Vigfússon, 2011). 
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4.2.5 Salted roe (Shio uni) 

There are many ways to salt the roe, which mostly depend on the requirements of the buyer 

or sales agencies. Salted roe usually contains around 7-8% salt (Akse & Richardsen, 1988). 

The salt controls both the water content of the roe which must be around 4-6% (Mottet, 

1976), and the firmness of the product.  

Usually, the colour of high quality bottled salted roe is orange (Kato & Schroeter, 1985) and 

the roe used in salted products is in second or third class (Table 4-1). Processing methods are 

different depending on whether the roe is salted directly, salted in brine, or light salted and 

frozen (Akse & Richardsen, 1988). The salted roe is usually prepared as follows: 

• Layers of absorbent cloth are put on a grid. A layer of roe is put on the cloth and salt 

distributed over. The amount of salt is approximately 25% of the total weight of the 

roe. Some put an additional layer of roe and salt on the grid, with an extra layer of 

absorbent cloth.  

• The thickness of the layers should not reach more than 5 cm. The roe is drained for a 

few hours or overnight.  

• The roe should lose about 40-50% of the moisture and retain 10-15% salt (Kato & 

Schroeter, 1985). It is then packed in plastic containers. In some cases, ethanol (95%) 

is added to the roe as a preservative (Tryggvason, 1996). 

The processing method for lightly salted roe is different from one for salted roe. The roe is 

washed two times in alum solution and the roe with the best colour is taken aside. This roe is 

placed on an absorbent cloth and salted to reach a salt concentration of 3-5%. The roe is 

allowed to drain for approximately 12 hours so it can lose water and absorb salt prior to being 

dispensed into plastic containers with 2-4% salt solution and an addition of ethanol. The roe 

solution is stirred slowly until the roe is dense. The containers are allowed to stand open in 1-

2°C for about 12 hours. Subsequently, the containers are closed and the product is frozen at -

17°C (Guðmundsson & Þorsteinsson, 1993a). 

4.2.6 Frozen roe (Reito uni) 

Sea urchin roe can also be frozen and sold straight to the market or for further processing 

(Akse & Richardsen, 1988; Jensson, 2011; Ólafsson, 2011). The roe is a delicate product and 

in some cases, it might be destroyed by freezing and thawing (Jensson, 2011).  
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It is possible that a new technology can make it easier to freeze roe for export. The new 

method is called the Cells Alive System (CAS) and is used for freezing sensitive products. 

The CAS method does not destroy the cells (as is the case with regular freezing methods), 

and retains the texture and taste of the product (Jónsson, 2011). Matís, a company in Iceland, 

is now working on a project based on this called; The time of sea urchins has arrived – 

Exportation of sea urchin roe to Japan (Tími ígulkeranna er kominn – Útflutingur á ferskum 

ígulkerahrognum til Japan).   

The method of packaging and freezing of the roe depends on whether the roe goes straight to 

the market or is supposed to be used for further processing. Roe that is transported directly to 

the market is of first class and is placed on a standard wooden tray or a bulk plastic tray. The 

trays are then put in plastic bags and frozen at -17°C. Such product is called raw-thawed sea 

urchin roe. Roe that is tagged for further processing is put in plastic bags and frozen in bulk 

(Kato & Schroeter, 1985).  

4.2.7 Steamed roe (Mushi uni) 

Fresh roe is put in containers (size is not relevant) and stacked in a steam boiler. The roe is 

steamed until around 20-30% of the moistness is removed. This can take around 30 minutes. 

If the processor wants to speed up the boiling time, it is possible to steam the roe under 

pressure and reduce the boiling time to 15 minutes. The roe is later packed in small wooden 

or plastic trays or in bulk, and frozen (Kato & Schroeter, 1985). 

4.2.8 Baked roe (Yaki uni) 

Fresh roe is put in an ovenproof plate. The roe is baked in the oven at 190°C for ~30 minutes 

to remove around 30-40% of the moistness. It is taken out and packed in wooden trays or 

plastic shell-like forms and frozen (Kato & Schroeter, 1985). 
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5 Markets  

Information on markets for sea urchin products is collected from various reports as well as 

from two main databases. The National Marine Fisheries Service (NMFS), also called NOAA 

(National Oceanic and Atmospheric Administration) Fisheries Southwest Region, is 

responsible for the management, conservation and protection of living marine resources 

found off the coast of California (NMFS, 2011). NMFS holds data on wholesale prices of 

various seafood groups at Tokyo Central Wholesale Market, including sea urchins. Prices are 

usually showed in yen unless otherwise stated. In this database, sea urchin roe does not have 

price per kg but price per tray, and trays can vary from 115 g to 350 g. The usual amount per 

tray is around 250 g. Information in this database is only available on the minimum and 

maximum size of trays, therefore the average of these values was used to estimate the value 

per kg. The data was converted over to US$ using the annual average exchange rate of the 

Icelandic Monetary Fund. 

The FAO fisheries commodities production and trade database (FAO, 2010b) contains a large 

amount of information on the value ($) and amount (t) of global seafood imports (Table 0-2, 

Appendix V) and exports (Table 0-3, Appendix VI) by species and product categories. 

Perhaps due to its complexity this database is in many ways incomplete, and not all nations 

register the production or export and import of sea urchins. The amount imported or exported 

is given in net weight of products. This causes difficulties in comparing different products or 

species, especially since a live weight category (as in the FAO catch database) is not 

available. Additionally, countries that catch sea urchins do not all use the same registry 

system for the amount, and it is possible that a large part of the sea urchin trade is classified 

as “invertebrates nei”. No recent information is, for example, available for France; and 

information on the utilization on the considerable Russian catch is not provided. The FAO 

database on seafood imports and exports should therefore be used with caution.  

There are few markets for sea urchin and sea urchin roe in the world. By far the largest is 

Japan with an annual share of 75% or 6000 tonnes of roe (Explorations Un. Ltd. Inc., 2006). 

France consumes around 1000 to 2000 t of roe and is the largest marked in Europe and 

second largest in the world (Explorations Un. Ltd. Inc., 2006; Pálsson, 1994). There are other 
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markets in Europe such as Belgium, England, the Netherlands, and possibly Germany; there 

is probably also a domestic market forming in the USA. The size of these markets is largely 

unknown (Pálsson, 1994).  

Market demand and price depend on the size of the market, history, standard of living, and 

quality of the product (Wilen & Wessells, 1997). Sea urchin products today can be found in 

local supermarkets at much smaller prices than in the sushi restaurants, but of less quality. 

Not all sea urchins are fitted for the same market. Size, texture, colour and taste are generally 

used to determine the market price, and some sea urchins do not fulfil the demands needed 

even to enter the market (DFO, 2000a).  

There are two main ways to sell sea urchins. One way is to find a contractor who buys at a 

constant price; and the other is to sell straight to the auction markets where prices are variable 

(Wilen & Wessells, 1997). The market has changed since Russia started exporting live sea 

urchin to Japan, resulting in lower prices, which has affected all legitimate producers (DFO, 

2010b; Explorations Un. Ltd. Inc., 2006). 

 

Figure 5-1: Value per weight ($/kg) of different sea urchin products imported by 
major countries from 1976 to 2007 (FAO, 2010a). 
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When analysing the information on sea urchins import, we see some inconsistencies in the 

value of sea urchin products. The value per weight for live fresh or chilled sea urchins to 

Japan collapsed in 1997 (Figure 5-1), at the same time the fisheries collapsed in Iceland. 

Then the value continues to decline until 2008. Export values for live fresh and chilled sea 

urchin products do not show this collapse or a continuing decline (Figure 5-2). Values for 

other products imported or exported agree better as most are increasing. The highest value is 

for fermented or in brine or around $40/kg. 

Analysis of the export shows a general increasing trend (Figure 5-2). The exception is that in 

1997, the price of live, fresh, or chilled sea urchins from South Korea began to fall from 

$70/kg to $40/kg, corresponding with a collapse in imports from Japan. It was correlated with 

an increase in the price for processed products such as frozen, fermented or in brine, prepared 

and preserved. These products do not lose their value when the price for fresh products starts 

to rise again in 2002. The value for higher end products were around $40 in 2007. 

 

Figure 5-2: Value per weight ($/kg) of different sea urchins products exported by 
major countries from 1976 to 2007 (FAO, 2010a). 
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5.1.1 Japan 

The market of Japan is the largest in the world and it is a driving force for the sea urchin 

fisheries. Japan has a rich history of eating seafood, and the higher income of the population 

is reflected in the high demand for quality products. After domestic production of sea urchins 

in Japan fell in 1990s (Figure 5-3), Japan has relied on imported sea urchin to supply the 

market (Wilen & Wessells, 1997).  

A large part of sea urchin products is sold in the Tsukiji market in Tokyo, which is probably 

the largest single food market in the world. The market is also fragile, complicated, and 

protected. The demands of the market are very high not only concerning the quality and 

health of the products themselves (Pálsson, 1994), but also on the traders themselves. 

Connections and recognition on the market are vital. All salespersons and buyers have to be 

recognized by the approved parties. If not, they are not allowed to work on the market 

(Pálsson, 1994). 

 

Figure 5-3: Changes in imported sea urchin products to Japan from 1975-2007 
(FAO, 2011). 

Japanese people also prefer local roe over imported, which may have an impact on the market 

price of imported products (Reynolds & Wilen, 2000). It is not uncommon for Japanese to 

own shares in a foreign sea urchin processing company. They help their companies to 

develop, guide through the processing, and build up personal connections (Pálsson, 1994). 

Prices from the Tokyo Wholesale taken together by the National Marine Fisheries Service 

(NMFS) in California show a rising trend from $80/kg in 2004 to $106/kg in 2007. In 2009 
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and 2010, prices decreased again to ~$80/kg (Table 5-1). The average price changes between 

years vary from about 4% to 20%. Because of recent events in Japan in 2011, great 

uncertainty is on the development of the markets (BBC, 2011).  

Review of the monthly market trend from 2004 until 2010 shows differences between 

months, which again is based on supply and demand. The trend is that the prices are high 

from September until March each year, with some exceptions, and are low from April until 

August (Table 5-1). The Japanese sea urchin fishery is most intense in the summer because 

the Japanese prefer local roe (Reynolds & Wilen, 2000). At that time, domestic production 

increases and the price of imported roe falls (Mottet, 1976). In August, seasonal monsoon 

starts in Japan. At the same time, several sea urchin species start spawning, and fishing 

efforts drop, which causes the market to call for imported sea urchins. During holidays in 

Japan, near the end of the year, demand increases and so do the market prices (Kato & 

Schroeter, 1985). 

Table 5-1 : Average price ($/kg) of sea urchin roe over months and years on the 
Tokyo Wholesale Market (NMFS, 2011). Green colour showing the highest prices, 

then yellow, orange and red showing the lowest prices. 

  2004 2005 2006 2007 2008 2009 2010 2011 

Average per Month 

(2011 not included) 

January 81 103 118 103 124 79 72 41 97 

February 77 52 101 112 137 78 102 99 94 

March 75 91 120 132 99 92 88 88 100 

April 72 63 148 76 71 68 76 41 82 

May 52 56 118 107 90 83 70   82 

June 78 127 107 76 75 83 49   85 

July 69 96 86 103 69 80 101   86 

August 72 72 90 90 100 55 102   83 

September 94 106 122 182 170 87 102   123 

October 76 109 94 113 144 108 91   105 

November 86 88 98 78 97 78 75   86 

December 72 71 98 94 101 131 132   100 

Average per 

year 76 86 108 105 106 85 88 94 

 

5.1.2 France 

France is the largest market for sea urchins in Europe and the second largest in the world 

(Pálsson, 1994). The reason for this is the tradition in France of eating whole sea urchins. 

Unfortunately, FAO does not provide data on import or price of sea urchin products to 
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France. Other information on this market is also limited and therefore this important market 

is not well known.  

Most of the current Icelandic catch is sold to the French market. The largest exporters to 

France are probably Spain and Ireland (Pálsson, 1994). Similarly as in Japan, the market has 

high standards. High demands are for the right size, smell, freshness and roe filling. Sea 

urchins have to have over 10% roe filling, over 40-50 mm in diameter (Jensson, 2011) (roe 

size over 20-40 mm), little or no iodine taste, not be shaved (without spikes) but colour is not 

as big of an issue as in Japan. Freshness depends on how vigorous the sea urchins are at 

delivery. They must have straight spikes and no water may leak from their mouths. 

Approximate transport time for the sea urchin is 20-24 hours, measured from the moment 

they were caught. Preferably, they are transported in 5 kg polyester or wax packages. In 

addition, only countries that possess the “parite sanitare” recognition from the France health 

department are allowed to import live shellfish to France. This is done to protect not only 

consumers from shellfish poisoning, but also the domestic shellfish stocks from infections 

and diseases. Iceland has had this recognition since 29 April 1992. Similarly as in Japan, the 

market prefers domestic product and demand is higher around holidays (Pálsson, 1994). 

5.1.3 Other markets 

Between 1995 and 1998, Iceland exported not only to Japan and France but also to other 

countries (Statistics Iceland, 2010). They are all considerably smaller then the Japanese and 

French markets but possibly open some opportunities as they might be growing. The size of 

each market is roughly estimated to be around or less than 10% of the French market (100 

tonnes and less).  

The Belgian market is similar to the French market. It has similar demands for quality, the 

same group of buyers and seafood is valued highly. Regulations are not as strong so it might 

be easier to enter the market (Pálsson, 1994). 

Although the United States are among the largest harvesters of sea urchins (Figure 3-4) they 

do not have a big market themselves, nor do they necessarily catch everything they export. 

Large part of the catch from Canada and Chile seems, for example, to be shipped to Japan 

through the USA (Wilen & Wessells, 1997). There is a small domestic market for sea urchin 

roe in Japanese restaurants in the USA, but the catch is mainly for processing and exporting 

(Pálsson, 1994). However, the American market might be growing as there seems to be some 
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awakening happening in the restaurants in the United States, which might open some 

possibilities (Moskin, 2009). 

Little information is available about other markets. Some experimental shipments of whole 

fresh sea urchins have been sent to the UK, Switzerland and Sweden (Statistics Iceland, 

2010). At one point, the Netherlands also bought frozen sea urchin from Triton in Iceland 

(Ólafsson, 2011). It is not known if these are then re-exported or if they are for local markets. 

Sea urchins are also eaten in some SE Asian countries such as China and Korea but 

information on those markets was not available. 

5.2 Icelandic export 

The Icelandic production has mainly been sold its products to Japan and France, but also 

small quantities to the USA, Belgium and the UK. Fresh sea urchin roe were mainly sold to 

Japan and whole sea urchin mainly to France (Jensson, 2011). The most common sales-

method of Icelandic processors was to sell a contractor at a pre-negotiated price and “Free On 

Board” (FOB) so the processor would only have to deliver the cargo to the airport. The rest 

was in hands of the contractors (Blöndal, 2011; Vigfússon, 2011). Because of the decreasing 

market price (Vigfússon, 2011), unstable currency, high production cost and high exportation 

cost (Ólafsson, 2011) processing in Iceland became unprofitable. Some entrepreneurs have 

tried to enter the market but many are concerned that the competition from Russia is too 

strong (Vigfússon, 2011).  

For the last three years, Iceland has mainly been exporting whole sea urchin to Belgium and 

France and has been trying to access other markets in Europe (Table 5-2). Average price for 

whole sea urchin (FOB) is around 750-1,400 kr. pr/kg.  
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Table 5-2: Total export weight (kg) and average export price ISK/$ per kg (FOB) of 
whole sea urchins sent from Iceland in 2008 to 2010 (Central Bank of Iceland, 2011; 

Statistics Iceland, 2010). 

  2008   2009   2010   

  Weight Price ISK/$ Weight Price ISK/$ Weight Price ISK/$ 

Belgium 100       752 kr.   $   6,67  721 1,423 kr.  $ 12,63  3,867 1,180 kr.  $ 10.47  

Britain             810 1,434 kr.  $ 12.73  

France 4,011       424 kr.   $   3,76  188 1,263 kr.  $ 11,21  43,476 1,095 kr.  $   9.72  

Holland 21    1,182 kr.   $ 10,50                

Switzerland             126 1,272 kr.  $ 11.29  

Sweden            54 1,388 kr.  $ 12,32  25 1,104 kr.  $   9.80  

  4,132 786 kr.  $   6,98  963 1.358 kr.  $ 12,05  48.304 1,217 kr.  $   9.00  

 

The company Þórishólmi in Stykkishólmur was in 2010 the only company active in selling 

whole sea urchin and it uses another company, Icelandic Seafood, as a contractor to find and 

sell to the markets. The markets are still fragile and very sensitive to changes and there is not 

much room for others to enter and start competing. Higher packaging cost, export and oil cost 

are even making it difficult for those who are already on the market (Jensson, 2011).  
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6 Materials and methods 

To investigate the feasibility of harvesting green sea urchins in Eyjafjörður for export the 

following study was conducted. 

6.1 Study site 

The sampling site was in Eyjafjörður, a 60 km long fjord in north of Iceland. Samples of 

green sea urchin were collected from March 2009 until January 2011. The primary sampling 

area was near Hauganes (65°92.440'N, 18°30.34’W) (Figure 6-1), a small village 30 km north 

of Akureyri, but other areas in the fjord were also investigated. 

 

Figure 6-1: Map of Eyjafjörður, Iceland. Research area in Hauganes marked with 
red. 

 Areas of study can be categorized into three classes: 

1. Sites 4, 5 and 6 near Hauganes village were the main study sites (Figure 6-2). This 

area is well known by the diver who collected the samples, Erlendur Guðmundsson, 

and had previously been harvested, although not in recent years. Samples were 



 

39 
 

collected in this area approximately once every two months to monitor the annual 

roe development cycle, diameter distribution and density of the sea urchin.  

2. Sites 1, 2 and 3 were selected about 3 km north of our main study area, close to 

Árskógsströnd village. These sites were sampled only twice. Originally, sites 1, 2 

and 3 were supposed to be monitored for urchin roe development but it proved to be 

too costly to monitor two separate areas. However, data from these was used to 

compare the size distribution to the main area. Site 7, about 9 km south of the main 

site near the village of Hjalteyri, was specifically selected to compare the size 

distribution with the main area. 

3. Information on other areas in the fjord was also collected by interviewing divers. 

Qualitative description was given on the sea urchin distribution in these areas. 

 

Figure 6-2: The three main collecting areas (green) near Hauganes village (port).  

  

Port 
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6.2 Sampling 

Sampling in sites 4, 5 and 6 of Hauganes took place over a two-year period with a frequency 

of about once every two months (Table 6-1). All samples were collected by diving (see 

sampling equipment in Appendix VI). In each area, 45 random samples were collected from 

three different plots (1, 2 and 3) with 15 samples retrieved at random from each plot. Plots 

were chosen in reference to an edge of a kelp forest. First, the plot number 2 was selected, 

and it was placed on the edge of the kelp (Figure 6-4). Plot 1 was 10-15 m away from plot 2, 

out towards the ocean (Figure 6-3). Here, sea urchins were usually out in the sand, 

surrounded by rocks, boulders and cobbles. Plot 3 was towards the shore, also 10 to 15 m 

away from plot 2 (Figure 6-5). It was shallow and covered with kelp forest, from within 

which the sea urchins were collected. 

Table 6-1: Total number of samples collected per areas and date and notes put in by 
researcher. 

  Sampling areas  
Date 1 2 3 4 5 6 7 Total Notes 
01.03.2009             74 74  
17.03.2009 74 75      149  
19.03.2009   75     75  
21.03.2009    75 75 75  225  
05.04.2009 45 45      90  
21.04.2009    44 45 44  133  
10.09.2009    45 45 45  135  
27.09.2009    51    51 Only area 4, plot 1 
29.10.2009    73    73 Only area 4, all plots 
14.04.2010    45 43 45  133  
18.06.2010    45 45 45  135  
29.07.2010    45 45 45  135  
08.09.2010    45 45 45  135  
31.10.2010    45 45 45  135  
06.12.2010    46 45 45  136  
05.01.2011      45  45 Only area 6, all plots 
15.01.2011       45 45 46   136  
Total 119 120 75 604 478 525 74 1,995  
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Figure 6-3: Plot 1, outside of kelp.Sea urchins distributed on a large boulder outside 
the kelp (Photo: Guðmundsson G.A., 2011). 

 

Figure 6-4: Plot 2, along kelp front.Sea urchins gracing along the kelp (Photo: 
Guðmundsson G.A., 2011). 
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Figure 6-5: Plot 3 inside kelp forest. Kelp forest close to shore (Photo: Guðmundsson 
G. A., 2011). 

The sea urchins were placed in a labelled diver’s bag. At plot 2 in each area, a seawater 

sample was collected close to the bottom into a 50 ml screw cap tube. Surface water was also 

collected at site 6. When sampling was finished, the bags were hauled up; sea urchins were 

counted and placed into plastic bags and put in labelled Styrofoam boxes. The diver 

estimated the sea urchin density within each plot by scanning the area and evaluating by-eye 

the average density. Environmental variables were recorded at the end of sampling from each 

plot as given in Table 0-4 in Appendix VII. The sea urchins were then transported to the 

laboratory for further analysis. 

6.3 Laboratory measurements 

Sea urchins were weighed whole (wet) and their diameter was measured (not including 

spines). Gender was determined by external observation during spawning periods; male 

(white liquid), female (clear liquid gel) and if they were running (fluid flows and is prominent 

around), not running (fluid around, have to apply pressure) or finished spawning (gonads 

unobtrusive and dark). Specimens were cut open with a knife and the liquid was allowed to 

flow from the urchin. The shell, gonads and intestines (stomach, intestine and gut content) 

were separated onto a grid and each component was weighed. Sea urchin gonad colours were 
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examined by eye using a colour card (Appendix VIII) made for this research and translated to 

PANTONE colour numbers (Table 6-2).  

Table 6-2: Colour standards and PANTONE colour number made for this research. 
Each colour category has a specific PANTONE colour number and a colour space 
with dimension (L*a*b*). L stands for lightness (black to white) and a (from green to 

red) and b (from blue to yellow). (Robinson, Castell, & Kennedy, 2002). 

CIE 1976 (L*a*b*) colour nr 

Colour category PANTONE colour number L* a* b* 

Yellow/Clear PANTONE 127 C 89 -2 54 

Light Yellow PANTONE 129 C 85 4 69 

Yellow  PANTONE 123 C 84 11 77 

Dark Yellow PANTONE 7409 C 76 18 79 

Light Orange PANTONE 716 C 65 42 71 

Orange PANTONE 165 C 64 60 69 

Dark Orange PANTONE 166 C 56 56 66 

Light Red (Orange/red) PANTONE 485 C 49 67 53 

Red PANTONE 1797 C 45 62 40 

Dark Red (Redbrown) PANTONE 1815 C 29 38 21 

Curry Yellow PANTONE 1245 C 65 13 65 

Curry Yellow PANTONE 7511 C 54 23 56 

Curry Brown PANTONE 154 C 43 26 46 

Light Brown PANTONE 731 C 33 21 35 

Brown PANTONE 732 C 27 19 28 

Dark Brown (Black) PANTONE 1545 C 24 17 22 

Curry Grey PANTONE 7505 C 45 11 24 

When gender was not obvious based on external observation, the sex and fertility state of 

each specimen was determined by putting pressure on the gonads to determine presence of 

sperm in males or eggs in females. Sperm was identifiable as a white, opaque substance, 

while the eggs were more light coloured or clear. If identification of sex was not possible, it 

was marked as “X” for unknown. 

The stage of fertility of each specimen was qualitatively recorded as spawning/not spawning. 

Specimens, where sperm or eggs were located on the top of the urchin (the sexual opening), 

were considered to be spawning. In addition, if eggs or sperm was present on the exterior of 

the gonads when it was opened, specimens were registered as spawning.  

Measurements and estimates of gonad index (GI) in this research were done by calculating a 

ratio between gonad weight and wet weight of each urchin (James, 2006);  
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GI (%) = (Gonad wet weight/Total wet weight)*100 

Intestine index was measured the same way. 

The salinity (conductivity) and pH of ocean water from each sampling area were measured 

using American Marine Inc Pinpoint Salinity Monitor and an Orion dual star pH/ISE/mV 

meter with Thermo Orion general purpose pH electrode, respectively. The pH meter was 

calibrated prior to each use with pH 4, 7, and 10 buffers solutions. The samples were allowed 

to reach room temperature to minimize the effect of temperature on the measurements of pH 

and salinity (Appendix IX).  

All data collected was recorded on forms available as Table 0-6 in Appendix X. Many 

individuals measured the samples from 2009 but 2010 and 2011 samples were all measured 

by the author. For consistency, colour analysis was therefore only based on 2010 and 2011 

samples. 
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7 Results 

7.1 Area location and description 

During the period of study, the diver evaluated each area and plot within an area and 

provided a description. Along with standard descriptions on the bottom type, the diver made 

notes of other elements in each area in case there were any factors not included in the 

research that could have impact on the final result. Summarizing the collected data give the 

following characteristics of the research areas (Table 7-1). The depth of the collecting sites 

was not calibrated for tides and the depth in each plot can therefore vary accordingly. 

Table 7-1: Description of sampling areas and location. 

Primary sampling areas where urchins were regularly monitored  
Area 4 Hauganes - N 65°54.876 - W 18°17.830  
4.1 Sand, rocks and boulders, depth 4-6 m.   
4.2 Rocks, boulders, kelp, depth 3-5 m.   
4.3 Big rocks, big boulders, dense and sparse kelp, depth 3-5 m. 
Other notes Many sea urchins, many broken mussels, mucus, strong out current. 
Area 5 Hauganes - N 65°54.656 W - 18°17.212 
5.1 Sand, rocks and some boulders, depth 5-7 m.  
5.2 Boulders, rocks and kelp, depth 4-7 m.   
5.3 Boulders, rocks and dense kelp, depth 4-5 m.   
Other notes Many sea urchins, brown seaweed, floating and dense kelp, many horse 

mussels, many large starfishes. 
Area 6 Hauganes - N 65°55.748 - W 18°18.402 
6.1 Boulders and sand, sparse kelp, depth 4-5 m.  
6.2 Boulders, few rocks, sand, sparse kelp, depth 3-5 m.  
6.3 Boulders, rocks and dense kelp, depth 3-4 m.    
Other notes Abundance of sea urchins, mucus covering area, no sea urchins between kelp 

and land. 
Additional sampling areas (samples were collected once or twice) 
Area 1 Árskógssandur -   N 65° 56.919 -  W 18° 20.086 
 Boulders, sand, dense kelp, depth 4 m, not many sea urchins 
Area 2 Árskógssandur - N 65° 57.224 - W 18° 19.739 
 Rock and kelp, 3-5 m depth, not many sea urchins 
Area 3 Árskógssandur - N  65° 57.030 - W 18° 23.585 
 Sand, boulder, rock and kelp, 4-7 m depth, not many sea urchins 
Area 7 Hjalteyri - N 65°51.631 - W 18°12.469 
 Sand, rocks, kelp, depth 5 m, current and strong undercurrent, few sea urchin 

Generally, sea urchins occurred in areas with sand, rocks and boulders. The areas that they 

occupied here were rather shallow and preferably hard (Figure 7-1, Figure 7-2, Figure 7-3, 

Figure 7-4). 
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Figure 7-1: Example of the ocean bottom in area 7 in Hjalteyri, sand and sparse kelp 
(Photo: Guðmundsson, 2011). 

 

 

Figure 7-2: Example of the ocean bottom in area 5, sand, rock and brown seaweed 
(Photo: Guðmundsson, 2011). 
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Figure 7-3: Example of area 6, big boulders with sea urchins and kelp (Photo: 
Guðmundsson, 2011). 

 

 

Figure 7-4: Example of area 5, sand bottom in the back and a big boulder in front 
(Photo: Guðmundsson, 2011). 
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7.2 Sea urchin density 

The diver estimated the sea urchin density. The estimated counts are presented in Table 7-2. 

Table 7-2: Estimated density (sea urchin per m2) by area and date at sampling sites 
of Hauganes 

Site nr. 4.1 4.2 4.3 5.1 5.2 5.3 6.1 6.2 6.3 

27.7.2010 4 4 4 31 31 31 17 17 17 

8.9.2010 3 4 5 3 5 9 10 7 5 

31.10.2010 8 8 10 7 7 6 8 12 7 

5.12.2010 8 10 10 10 11 11 6 8 8 

5.1.2011 7 11 5 

15.1.2011 4 7 7 6 13 13 5 5 7 

Average 5 7 7 11 13 14 9 10 8 

 

The density of sea urchins in all areas, from 4 to 31, was low compared with Garðsvík in 

Eyjafjörður in 1994 (Hjörleifsson et al., 1995) where researchers counted up to 100 sea 

urchins per m2. Results show no trends in time or place but high variability. 

7.3 Oceanographic conditions 

Oceanographic conditions may influence the sea urchin growth and reproduction capacity. 

Rapid changes in salinity, pH and temperature can have a dramatic impact on the animals. 

These factors where measured but showed no considerable alteration except for regular 

seasonal fluctuations (Table 0-7 in Appendix XI). 

Salinity was usually around 35 ppt, lower in June and increased in the winter (Figure 7–5), 

while the opposite trend was observed for the pH measurements. The pH was from 7.7 to 8.0 

close to the bottom. The surface had a considerably lower pH during mid-summer and mid-

winter (Figure 7-6).  

For the purposes of our research, daily temperature records from Hjalteyri were obtained 

from the MRI and compared with data collected during dives. The measurements show a very 

similar trend. The only considerable difference is from March 2010 when our measurements 

show a considerably higher temperature (Figure 7-7). 

The ocean was warmer in spring 2010 than 2009 but the temperature peaked a month sooner 

in 2009 than in 2010 and was higher in the autumn of 2010 than the autumn of 2009. The 



 

49 
 

temperature difference in the same month between years ranged from 1- 5°C per month and 

on the whole 2010 was warmer than 2009 (Figure 7-7). 

 

Figure 7-5: Bottom and surface salinity (ppt) in all areas by months in 2010. 

 

 

Figure 7-6: Bottom and surface pH in all areas by months in 2010. 
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Figure 7-7: Ocean temperature (°C) in Eyjafjörð 200 9-2011. Blue line (2009) and red 
line (2010) showing temperature measured by the MRI (Marine Research Institute, 
2011). Dark (2010) and green (2011) dotes showing temperature measurements 

taken during dive. 

 

7.4 Sea urchin size 

The average diameter of the sea urchins at the sampling site off Hauganes was 62.8 mm and 

most of the sea urchins were between 61 and 69 mm (Figure 7-8, Table 0-8 in Appendix XII), 

very few were below 50 mm or above 73 mm. The sea urchins were grouped into three 

classes, <50 mm, 50-69 mm and >69. The group 50-69 mm represents the size of sea urchins 

most acceptable for harvesting. Only these sea urchins were analysed further for gonad and 

intestine weight. Approximately 87% of caught sea urchins in all areas were between 50-70 

mm in size. 10.8% were over 70 mm and 2.6% were less than 50 mm. 
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Figure 7-8: Sea urchin diameter in areas 4, 5 and 6 (Total). Vertical lines indicating 
the size groups (<50 mm, 50-70 mm and >70mm).  

 

Figure 7-9: Sea urchin diameter (mm) sequence distribution by sites. Only samples 
from March and April 2009. 

Difference in size and sequence distribution between the major sites was not large (Figure 

7-9). The sea urchins off Hauganes were the largest with an average diameter of 62.8. The 

sea urchins off Hjalteyri were slightly smaller or 62.6 mm and still smaller off Árskógssandur 

or 59.8 mm. 
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Figure 7-10: Sea urchin diameter (mm) sequence distribution by areas, all samples. 

The difference in diameter and sequence distribution between areas by Hauganes was small 

or from 62.1 mm in area 4 to 63.9 mm in area 5 (Figure 7-10). Area 6 had an average of 62.7 

mm. Area 5 is the only one with 14.6% over 69 mm while areas 4 and 6 have between 8-10% 

in over the 69 mm category. Area 5 was also lowest in 50-69 mm category with 83% while 

area 4 and 6 are around 87-88%. All areas have around 1-4% in <50 mm category. 

 

Figure 7-11: Sea urchin diameter (mm) sequence distribution by location, within kelp 
forest (plot 3), at kelp front (plot 2) and outside of kelp forest (plot 1), all samples 

from areas 4, 5 and 6. 

Size difference between plots in areas 4 to 6 was small but consistent (Figure 7-11). Sea 

urchins on the barren ground (plot 1) were smallest or with an average diameter of 62.0 mm, 

then came sea urchins at the kelp front at 62.9 mm and the largest were from within the kelp 

forest or 63.3 mm. 
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7.5 Gonad weight index 

Analysis of gonad and intestine weight were only made on sea urchins from 50 to 70 mm 

sampled of Hauganes (sample size, gonad and intestine weight index and standard deviation 

for all size groups is given in Table 0-9 to Table 0-13 in Appendix XIII). In March and April 

2009 (Figure 7-12) the gonad weight increased in plot 1 (14% to 19%) and 2 (12% to 14%) 

but declined in plot 3 (15% to 12%). In April 2010, the gonad weight was low for all stations, 

which indicated that the spawning had already occurred before the sampling began. Summer 

sampling was done only in 2010 and gonad weight is low at that time but grows in the 

autumn or late winter. There was a difference in gonad growth between the autumns of 2009 

and 2010. Gonad index had reached 10% in September 2009, but not until December in 2010 

and January in 2011. The gonad weight indexes were higher in all plots in 2009 than in 2010.  

Similarly as in area 4, the gonad index in April is considerably higher in 2009 than in 2010 

(Figure 7-13), indicating an earlier spawning in 2010. Gonad index was low in all samples in 

summer and early winter but seemed to increase in December. Overall, the gonad weight 

index was lower in area 5 than in area 4. It is difficult to discern a general difference between 

plots, except that barren ground (plot 1) sea urchins most often have the lowest values.  

The general picture in area 6 was similar as in area 5 (Figure 7-14). The gonad weight index 

was lowest during summer, but slightly higher in 2009 than 2010. The gonad index began to 

increase in November or December. However, there was a drop in the index from December 

2010 to January 2011 in most samples. The only real exception was plot 3 (within kelp) 

where it increased considerably. Similarly as in areas 4 and 5 the April 2009 samples still had 

a high gonad weigh index while, with the exception of plot 2 (kelp front), the index had 

dropped in April 2010. The barren ground (plot 1) usually had the lowest gonad index values. 
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Figure 7-12: Average of gonad weight index (%) in area 4 by date. Plot 1 is outside 
of kelp, plot 2 at kelp front and plot 3 within kelp forest.  

 

 

Figure 7-13: Average of gonad weight in % in area 5. by date. Plot 1 is outside of 
kelp, plot 2 at kelp front and plot 3 within kelp forest. 
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Figure 7-14: Average of gonad weight in % in area 6. by date. Plot 1 is outside of 
kelp, plot 2 at kelp front and plot 3 within kelp forest. 

 

7.6 Intestine weight index 

The intestine weight in area 4 ranged from 5% to 10% (Figure 7-15), usually highest in late 

summer and lowest in mid-winter. There was no obvious difference between plots in 2010 

but rather consistent changes between months. The variability was high in 2009 with no 

consistency in difference or changes. 

The intestine weight index was quite similar for all samples in area 5 or from a minimum of 

6% to a maximum of 12% (Figure 7-16). The intestine index was highest in all plots in this 

area in November 2010 but it was quite variable when it was at the lowest. The intestine 

index was usually highest in plot 2 (kelp front).  

The intestine weight index in area 6 varied from 5% to 15% (Figure 7-17), higher variability 

than in areas 5, but lower than in area 4. It is difficult to discern a seasonal trend, the lowest 

values were generally in December, but September, June and March were also low. The 

barren ground (plot 1) usually had the lowest values. 

There was no relationship between gonad weight and intestine weight. 
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Figure 7-15: Average of intestine weight in % in area 4 by date. Plot 1 is outside of 
kelp, plot 2 at kelp front and plot 3 within kelp forest. 

 

 

Figure 7-16: Average of intestine weight in % in area 5 by date. Plot 1 is outside of 
kelp, plot 2 at kelp front and plot 3 within kelp forest. 
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Figure 7-17: Average of intestine weight in % in area 6 by date. Plot 1 is outside of 
kelp, plot 2 at kelp front and plot 3 within kelp forest. 

 

7.7 Relationship between whole weight and diameter 

There was a relationship between whole weight and diameter with a correlation (r2) up to 

99.07%. The relationship can be described with the formula W = 0.0017D2,6414, where D is 

the diameter (mm) of the sea urchins and W is the weight (g) (Figure 7-18). 

 

Figure 7-18 : Correlation between weight (g) and diameter (mm) 
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7.8 Gonad colour 

The gonad colour was assessed according to a colour card made specifically for this research. 

The results are presented in Table 7-3. Total colour distribution showed that around 46% of 

sea urchin gonad colour was first class and 54% was of lesser quality.  

In area 4 results show that plot 1 had the highest percentage of sea urchin with gonads in first 

class (56%), plot 2 had 38% and plot 3, the one closest to land, had 48%. Second class 

gonads represented around 3% of the population in all plots. Other lesser colours had a big 

share in the population of all plots, plot 2 having the highest percentage with 53%. Plots 1 

and 3 consisted of third class gonads colour with 39% and 42% respectively. 

In area 5, all plots had just about the same ratio, ~47% in first class, ~4% in second class and 

~49% in other lesser colours. In area 6, plots 1 and 2 had around 46-47% in first class and 

plot 3 had only 38%. Plot 1 was also highest in second class with 8%, plot 2 had 6% and plot 

3 7%. Plot 3 was highest in other lesser colours with 55% and plot 1 and 2 with 47-48%. 

Table 7-3 : Sea urchin colours (%) by areas and plots. Colours by class. 

   

 

Area 4 4 Total Area 5 5 Total Area 6 Area 6 Total Colour

Colour Plot 1 Plot 2 Plot 3 Plot 1 Plot 2 Plot 3 Plot 1 Plot 2 Plot 3 Class

Orange 25% 25% 33% 28% 26% 27% 35% 29% 22% 28% 22% 24% 27% 1. Class

Curry 16% 22% 12% 16% 21% 23% 23% 22% 20% 18% 20% 19% 19% 2-3. Class

Yellow 27% 11% 10% 16% 13% 17% 13% 14% 20% 16% 11% 15% 15% 1. Class

Curry Brown 8% 8% 12% 9% 5% 7% 8% 7% 8% 6% 10% 8% 8% 2-3. Class

Red 3% 9% 5% 5% 6% 6% 2% 4% 8% 6% 7% 7% 5% 2-3. Class

Brown 5% 6% 9% 7% 4% 4% 3% 3% 3% 5% 5% 4% 5% Unaccept

Curry Yellow 3% 4% 4% 4% 7% 1% 5% 4% 5% 5% 9% 6% 5% 2-3. Class

Dark Orange 2% 3% 5% 3% 4% 4% 5% 4% 7% 6% 7% 6% 5% 2. Class

Light Orange 2% 3% 6% 4% 2% 3% 1% 2% 2% 2% 5% 3% 3% 1. Class

Orange/Red 1% 3% 1% 2% 3% 2% 1% 2% 3% 4% 3% 3% 2% 2-3. Class

Redbrown 0% 3% 3% 2% 0% 2% 3% 2% 1% 3% 0% 1% 2% Unaccept

Orange/Yellow 4% 0% 0% 1% 6% 0% 0% 2% 0% 1% 0% 0% 1% 2-3. Class

Light Yellow 1% 0% 0% 0% 2% 1% 1% 1% 2% 1% 0% 1% 1% 1. Class

Curry Grey 1% 1% 0% 1% 0% 2% 1% 1% 0% 0% 2% 1% 1% Unaccept

Dark Brown 1% 1% 1% 1% 0% 0% 0% 0% 0% 0% 0% 0% 0% Unaccept

Orange/Brown 1% 1% 0% 1% 0% 0% 1% 0% 0% 0% 0% 0% 0% Unaccept

Curry/Orange 0% 1% 0% 0% 1% 0% 0% 0% 0% 0% 0% 0% 0% Unaccept

Orange/Brown/Red 0% 0% 0% 0% 0% 2% 0% 1% 0% 0% 0% 0% 0% Unaccept

Red/Yellow/Brown 0% 0% 1% 0% 0% 0% 1% 0% 0% 0% 0% 0% 0% Unaccept

Dark Yellow 0% 0% 0% 0% 0% 0% 0% 0% 1% 0% 0% 0% 0% 2. Class

Light Brown 0% 1% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% Unaccept

Orange/Black 1% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% Unaccept

Orange/Yellow/Red 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 0% 0% 0% Unaccept

Red/Purp/Brown 0% 0% 0% 0% 1% 0% 0% 0% 0% 0% 0% 0% 0% Unaccept

Yellow/Red 0% 0% 0% 0% 1% 0% 0% 0% 0% 0% 0% 0% 0% Unaccept

Grand Total 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%



 

59 
 

The colour of the sea urchin roes was related to size (Table 7-4). All the smallest sea urchins 

had roe colour in the first class but this gradually reduced with size and in the largest size 

group, only 21% of the sea urchin roe was in first class.  

Table 7-4 : Sea urchin colours (%) by size group and colour class and total number 
within each class. 

Size class 1st class 2nd-3rd class Unaccepted Total number 
40-49 mm 100% 0% 0% 21 
50-59 mm 77% 20% 3% 246 
60-69mm 36% 54% 10% 588 
70 + mm 21% 65% 14% 134 
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7.9 Other areas 

Table 7-5 : Description of other sea urchin areas in Eyjafjörður, starting from the 
innermost part on the east side, then north along the east coast, over the fjord in the 

outer part and in on the west side (Bogason, 2011). 

Nr. on map Places name Description 

1  Small kelp forest, mud bottom, poor sea urchin area 
2  Small kelp forest, sand bottom, few hard spots, poor sea urchin area 
3 Garðsvík Large kelp forest, hard rock bottom, very good sea urchin area 
4  Sparse kelp forest, hard bottom, large boulders, minimum sea urchin area 
5  Kelp forest, large boulders and cracks, average sea urchin area, difficult to 

harvest 
6 Grenivík Kelp forest, good sea urchin area 
7 S-Hrísey Kelp forest, hard bottom, the best sea urchin areas in the fjord, sea urchins 

with good filling, able to start in August 
8 S-Hrísey Kelp forest, sand, rocks, the best sea urchin areas in the fjord, sea urchins 

with good filling, able to start in August 
9 NV-Hrísey Hard bottom, firm boulders, less shelter, fewer sea urchins than in area 7-8   
10 A-Hrísey Kelp forest, boulders, stronger currents, few sea urchins, not good filling 
11 Dalvík Sparse kelp, rocky gravel bottom, sea urchin within the kelp, big sea urchins 

and good filling, difficult to harvest  
12  Sandy bottom, much ocean movement, few sea urchins, not a good 

harvesting area 
13  Kelp forest, hard, rough bottom, few sea urchins, difficult to harvest 
14 Árskógs-

sandur 
Large ridge standing up, kelp forest, boulders, many sea urchins but poor 
filling 

15  Kelp forest, boulders, average sea urchin area 
16 Hauganes Kelp forest, hard bottom, large sea urchins and good filling, difficult area to 

harvest 
17  Sand bottom with ocean quahog (Arctica islandica) 
18  Kelp forest, boulder, much of sea urchins, good to harvest, 4-5 days to clean 

the area 
19  Kelp forest, hard bottom with sand in between, good sea urchin area, filling 

16-18% 
20  Small kelp forest, sand bottom few meters out, poor sea urchin area 
21  Sand bottom, few to none sea urchins 
22 Hjalteyri Areas inside Eyjafjörð from Hjalteyri to Nunnuhómli, few sea urchins, nothing 

to stop for 
23 Nunnu-hómi Kelp forest, few sea urchins 

A subjective description was given on sea urchin density in other areas in Eyjafjörður. There 

was only one good area in the inner part of the fjord, in Garðsvík bay. Good areas in the outer 

part were several; by the villages of Hauganes (our sampling area), Hjalteyri and Grenivík 

village, but the best areas were along the SV part of Hrísey island.  
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Figure 7-19 : Sea urchin areas in the outer part of Eyjafjörður from Table 7-5. Green 
areas are good sea urchin areas, yellow are average and red are poor. 
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Figure 7-20 : Sea urchin areas in the inner part of Eyjafjörður from table 7.5. Green 
areas are good sea urchin areas, yellow are average and red are poor. 
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8 Discussion 

Area location and description 

The research area has changed since it was last harvested (1996/97) and the kelp bed has 

retreated from being 8-10 m in depth up to 4-5 m in depth (Guðmundsson, 2011). This is 

consistent with the destruction of kelp by sea urchins in Eyjafjörður (Hjörleifsson et al., 

1995) and indicates that the kelp forest has not recovered and is being held down by the sea 

urchin population (Hjörleifsson, 1997). Thinning out the sea urchin population may enable 

the kelp forests to recover at a more desirable rate and maintaining a low sea urchin 

population density may optimize the roe yield as well as the preferred colour. 

Sea urchin size 

The acceptable size of marketable sea urchins is typically dependent on market demand, 

however, the policy of the fisheries is also a factor. Responsible fisheries should allow the sea 

urchin population to spawn once or twice prior to being harvested. Currently, Iceland has no 

regulation regarding size limits of the green sea urchin while the market demands at least 40-

50 mm in diameter, and in some cases demands it to be less than 70 mm. The size limitation 

is based on the fact that large sea urchins tend to have roe of lesser quality. The size 

distribution of the sea urchins within the research areas was quite good in this regard (87% of 

caught sea urchins in all areas were between 50-70 mm) (Figure 7-8). This allows for the sea 

urchin population of the area to be thinned out and the results of this would no doubt be in 

keeping with what happened in Hvammsvík in Hvalfjörður 1990-1991 when the sea urchin 

average size declined but at the same time a higher percentage of the sea urchin gonads were 

registered as first class (Einarsson, 1994b). This is consistent with the results that show that 

the smaller sea urchins are of better colour quality than the larger ones (Table 7-4).  

Spawning periods, gonad and intestines weight 

The spawning of the green sea urchin in Eyjafjörður is seasonal as it was also observed to be 

in Hvalfjörður and Breiðafjörður (Einarsson, 1993). Research has shown that spawnings can 

vary between areas and years and are likely linked to phytoplankton rather than temperature 

(Himmelman, 1977). This might be the case in Eyjafjörður as there was a difference in the 
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time of spawning between 2009 and 2010. Spawning had already occurred in April 2010, 

while it had not in April 2009 (Figure 7-12). Changes in the slope between August and 

September 2010 may also indicate a small second spawning similar to that recorded by 

Himmelman (1977). 

The gonad yield of the sea urchins in 2010 was lower than in 2009. Research has shown that 

gonad growth will occur when plenty of food is available, but stops if food is scarce 

(Himmelman, 1977). This might be the case in Eyjafjörður. Environmental factors like 

currents could also have an effect. In areas with strong currents, the sea urchins spend more 

energy to survive, which means less energy going into gonad growth. A possible solution is 

to thin out the sea urchin population in the areas in order to allow the kelp forest to recover. 

This will provide increased shelter for the sea urchins and therefore increase gonad growth. 

Intestine index was rather constant throughout the research with few exceptions, which might 

indicate scarce food resources. Some research has indicated an inverse relationship between 

gonad index and intestines index (Siikavuopio et al., 2007). In this research, this was not the 

case. 

Gonad colour 

Gonad colour of sea urchins can vary from yellow, orange, curry, red, brown to black. There 

are a few methods to evaluate gonad colour. The colour of sea urchin gonads has usually 

been determined by using “match-by-eye” technique. This can be useful but it can also be 

problematic when it comes to classification due to subjectivity (Robinson et al., 2002):  

• Type of lights and illumination can cause fluctuation in valuation 

• Variability in estimates between inspectors 

• Pigment concentration and colour increment might not be linear 

Using a colour card is another method of grading sea urchin gonads and it is probably the 

most common, (Cook et al., 1998; Motnikar et al., 1997). Yet another possibility is to use the 

CIE 1976 (L*a*b*) system for colour analysis. It is a system developed by the Commission 

Internationele de l'Eclairage in 1976. By using that system, each colour has a number that 

gives a true value and can be statistically evaluated (Robinson et al., 2002).  

The results here indicate that 46% of the sea urchins were in first class and 54% were in other 

lower classes (Table 7-3). If the area is thinned of sea urchins, these numbers can change 
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since younger sea urchins are of better quality in this regard, (Table 7-4) resulting in a higher 

first class percentage (Einarsson, 1991). 

Area yield 

The mean number of sea urchins in an area was around eight animals per square meter. The 

methodology used for evaluating sea urchin density was probably not accurate enough so 

these results should be viewed as a rough estimate. There was no lack of sea urchins at our 

study sites but the density of the sea urchins can clearly be higher. As the kelp forests are 

retreating towards very shallow waters, the sea urchin density can decline. Strong currents, a 

heavy under-wave and seasonal freshwater might be forcing the sea urchins more into deeper 

waters. It is also possible that predation of birds on sea urchins is more in shallower waters 

and the species could be more vulnerable to starfishes as well. The annual sea water 

temperature has not changed, although a warming trend has been occurring in recent years, 

(Marine Research Institute, 2011; Jónsson S. , 1996). Temperature tough should not be a 

large contributing factor as green sea urchins have a wide temperature tolerance (Scheibling 

& Hennigar, 1997). In addition, the research area was not large enough to give a true yield of 

the entire fjord; further research is needed to investigate the true sea urchin density in the 

fjord (Hjörleifsson et al., 1995) 

Fishing and regulations 

Official sea urchin fishing areas in Iceland are quite large but few (Figure 3-1). The fishing 

area in northern Iceland reaches from Skagatá in the west to Fontur in the east. By having 

such large areas, it is difficult to obtain an accurate overview of the stock, which can lead to 

misestimation within each area. Areas should rather be limited to each fjord, Eyjafjörður 

being one area, and each area should have limited quota. Very few licenses should be issued 

within each area, to make it possible for companies to cooperate and make the fisheries 

sustainable and able to go between sites within each area, depending on weather. Although 

the fish in the ocean is a property of the nation, it is in the interests of the community of each 

place to make this work and therefore it should be in the communities their hands to control 

and monitor the fishing. 

Companies that have invested effort into rebuilding areas to make them suitable for 

harvesting should be protected and given priority to exploit those areas. This could be 

accomplished with a licensing system that restricts access to specific areas. 
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The time of fishing sea urchin in Iceland has been from August until April each year 

(Blöndal, 2011; Vigfússon, 2011; Ágústsson, 2011) but has started later in Eyjafjörður, 

typically in October (Guðmundsson, 2011). Regulations regarding what time of year sea 

urchins can be harvested are not of significant importance since market demands for 10% 

gonad filling and high quality, limits the season to late autumn and early spring. 

Implementing size limitations of sea urchins tough might be useful to prevent overfishing of 

young sea urchins and protect sustainability within the harvesting areas. 

Regarding regulations of fishing equipment, the dredges seem to be the tool most damaging, 

considering both the environment and the catch. However, the dredge is very cost efficient, 

gives the highest yield, and is able to deliver constant quantity to the market. Divers on the 

other hand are less cost efficient and are more dependent on the weather. Given that it takes a 

vessel three hours to harvest one tonne (Jensson, 2011), it takes a diver approximately 10 

hours (100 kg/per hour) (Einarsson, 1991) to harvest the same amount. 

Using dredges was only seen as a temporary option in Iceland (Einarsson, 1991) but there 

have been too few divers to catch the quantity needed for the processing plants and 

conditions made it more feasible to use the dredge. As dredges are made larger and heavier, 

they destroy more sea urchins and larger areas of kelp forest (Vigfússon, 2011). No 

regulations are currently available in Iceland for protecting areas from being dredged and 

there are no regulations regarding the size of the dredge that can be used. Regulations should 

state the size limits of the dredge and possibly allow it to be used in deeper areas where 

divers cannot operate. More experiments should be conducted to determine the feasibility of 

using other fishing methods. 

Processing 

Norwegian scientists and/or processors claim that using processing methods as reliant on 

manpower as the Japanese industry commonly uses, is not profitable. Further advances in 

automated  processing are considered necessary to make harvesting sea urchins profitable in 

Norway (Akse & Richardsen, 1988). The number of people needed to process around 2 

tonnes per day was around 30 individuals (Blöndal, 2011). It was very difficult to keep full 

capacity going because of high employee turnover (Vigfússon, 2011). Just before the market 

prices fell, Íshákarl in Stykkishólmur had just put up new machinery, which resulted in 

increased product quality and increased the performance by approximately 50% (Ágústsson, 

2011). However, the company did not survive due to low prices on the market, high currency 
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as well as expensive transportation costs, all of which made it unfeasible to process sea 

urchins in Iceland. The currency might be in our favour today but high oil prices have the 

opposite effect on the simplest processing companies like Þórishólmi, which sells whole sea 

urchin to Europe. They catch sea urchins by using a dredge and the oil cost of the vessel is 

increasingly becoming a larger part of the cost (Jensson, 2011). Considering the status today, 

the cost of buying new machinery and even just the salaries for the employees make it is not a 

feasible option to go into full processing.  

The markets are available but the cost of processing sea urchin roe might be too high. In the 

1990s over 5% or 6% of the total catch had to be first class roe if the companies were to be 

sustainable. Today’s demand is higher or probably around 8-15%. Higher wages can have 

considerable effect on whether or not companies are able to start processing roe to sell to 

Japan or if they will just harvest them and sell whole to Europe (Table 8-1) (Blöndal, 2011; 

Jensson, 2011; Guðmundsson E. , 2011). Even though companies would increase the 

automation and hire fewer people (Table 8–2) the profit would probably not be able to cover 

additional costs such as involving transportation, packing, real-estate and other. 

 

Table 8-1: Estimated cost and income of a company with no automation. Estimated 
people working on minimun wages ($) processing 1500 kg of whole sea urchins. 

Constant price for product but different yield for comparison.   

Product People 

Working 

hours 

Min 

wages 

Quantity 

(kg) 

Price $ 

per ton  

1st 

class 

Price ($ /kg) 

(FOB) 

Cost $ 

per day 

Income $ 

per day 

Whole, fresh 4 4 8.8 1,500 2,500 100% 5 3,891 7,500 

Roe, fresh 30 8 8.8 1,500 2,500 4% 40 5,862 2,400 

Roe, fresh 30 8 8.8 1,500 2,500 6% 40 5,862 3,600 

Roe, fresh 30 8 8.8 1,500 2,500 8% 40 5,862 4,800 

Roe, fresh 30 8 8.8 1,500 2,500 12% 40 5,862 7,200 
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Table 8-2: Estimated cost and income of a company with automation. Estimated 
people working on minimun wages ($) processing 2000 kg of whole sea urchins. 

Constant price for product but different yield for comparison. 

Product People 

Working 

hours 

Min 

wages 

Quantity 

(kg) 

Price $ 

per ton  

1st 

class 

Price ($ /kg) 

(FOB) 

Cost $ 

per day 

Income $ 

per day 

Whole, fresh 4 4 8.8 1,500 2,500 100% 5 3,891 7,500 

Roe, fresh 15 8 8.8 1,500 2,500 4% 40 4,808 2,400 

Roe, fresh 15 8 8.8 1,500 2,500 6% 40 4,808      3,600 

Roe, fresh 15 8 8.8 1,500 2,500 8% 40 4,808      4,800 

Roe, fresh 15 8 8.8 1,500 2,500 12% 40 4,808      7,200 

 

Marketing 

Selling sea urchins can be difficult, particularly finding an intermediary to handle the sales 

(Jensson, 2011). No Icelandic company has tried to sell sea urchin roe to Japan by 

themselves, they have always had a contractor that bought from them. This is not the case 

when it comes to selling whole sea urchins. Indeed a large problem with selling whole sea 

urchins is that the few Icelandic sea urchin fishermen tend not to use a contractor to sell their 

products but rather try to sell it on their own. Usually they try to go on the same market as the 

contractors and start underbidding to get into the market, thereby decreasing the value of 

other products sold (Jensson, 2011). To prevent this, it would be better for the fishermen to 

try to work together and form organizations as has been done by fishermen in Canada and 

Maine. Then they could cooperate in getting their products to the market under the logo of 

Iceland, control the amount of sea urchin exported and enjoy a more constant price. 
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9 Conclusion 

Sea urchin fisheries and processing in Eyjafjörður is not a feasible option at the present time 

due to several reasons. The gonad filling of the sea urchins observed over the sampling period 

was low and the potential fishing season short. Furthermore, although the market value has 

been increasing, the value of fresh products is volatile and subject to quick changes. 

It is possible to thin out areas and prepare them for harvesting in the future, as the quality of 

the smaller sea urchins is good. However, as there are no regulations creating exclusive rights 

for harvesting sea urchins from specific areas to protect investment, there is little incentive to 

prepare areas for future utilization. Additionally, the high cost of new machinery and 

specialized labour makes it difficult to start processing and selling fresh sea urchin roe. 

However, if new methods of freezing the roe without losing the quality will become available 

this might change, as it would then be possible to store them and transport in bulk. 

Chile is the largest sea urchin fishing nation in the world, probably because of cheap and 

skilled labour. It is also interesting to note that although sea urchins are abundant enough in 

Norway to be considered a pest, they are only harvesting small amounts. This lack of 

exploitation may be due to the relatively high cost of labour compared to Chile.  

To make sea urchins fisheries in Eyjafjörður profitable, the following actions are suggested:  

• Regulations regarding fishing methods, fishing areas and protection of company 

investments need to be developed. 

• Better surveillance of sea urchin density to guarantee a steady flow of raw materials. 

• Areas need to be thinned out to get the best possible product for the market, this is 

also necessary for the kelp forest to grow back. 

• More capital needs to be directed towards investing in technology for processing to 

reduce labour costs and preserve product quality. 

• Improved cooperation between fishermen and processors, when marketing and 

selling the Icelandic sea urchin.  
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Appendix I  

 

Figure 0-1: An article published by the author in Útvegsblaðið March 2011. 
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Appendix II:  

Spurningar um ígulkeravinnlu á Íslandi 

Undirritaður er að vinna MSc verkefni í sjávarútvegsfræðum við HA og fjallar verkefnið um 

nýtingarmöguleika á ígulkerum í Eyjafirði. Í þessum hluta er ætlunin að kanna hvernig staðið 

var að ígulkeraveiðum og vinnslu meðan þær voru upp á sitt besta og ekki síst af hverju þeim 

var hætt. 

Ef viðmælendur óska þess sérstaklega mun nafnleyndar verða gætt 

Ástæða þess að þetta ákveðna tímabil var valið er sú að þetta er helsti uppgangstími Ísland í 

ígulkeravinnslu og einnig hrun. Lítið hefur verið um ígulkeravinnslu eftir þann tíma.. 

Dags.og tími:  

Viðmælandi:  

Spyrill:  

Kynning á fyrirtæki og viðmælanda; (Spurt um bakgrunn, veiðar, framleiðslu, verðmæti 

markaði, milliliði, verð ofl.): 

Kynning; 

Spurningar: 

Hvert er helsta tímabil fyrir veiðar og vinnslu? 

Hverjar voru helstu veiðiaðferðirnar? (Plógur, kafarar, gildrur o.s.frv.) 

Kostir: 

Gallar: 

Hvernig var stjórnun veiða háttað? (kvóti, frjálsar, svæðisbundnar o.s.frv.) 

Hvað þurftu menn til að hefja veiðar? (leyfi, útbúnað, o.s.frv.) 

Hverjar voru helstu vinnsluaðferðir? (ferskt, saltað, fryst og helstu kostir og gallar aðferða?) 

Hvernig var gengið frá vöru? (eftir vinnsluaðferð; fersk, saltað, fryst?) 

Var einhver tæknivæðing í ígulkeravinnslunni eða var allt gert með höndunum? 



 

d 
 

Voru einhver aukaefni notuð til að hreinsa sjó eða bæta lit ígulkera í vinnslunni? 

Hvað þurfti marga til að vinna 1 tonn af ferskum ígulkerahrognum? 

Hvað fengust mörg kg af hrognum úr hverju tonni úr sjó? 

Hver er ásættanleg nýting? (úr hrognum og eftir vinnsluaðferð?) 

Hvernig var starfsfólk þjálfað upp? 

Hverjir voru helstu markaðir? 

Hvaða kröfur gerðu markaðir þegar kom að gæði vörunnar? (Litur, ferskleiki, áferð o.s.frv.) 

Hvernig voru verðin fyrir vörurnar? (heil ígulker, unnin hrogn, fersk, söltuð, fryst o.s.frv.) 

Hverjir voru helstu þröskularnir varðandi veiðar, vinnslu og markaði? (framboð ígulkera, 

fjarlægð frá vinnslum, sýkingar í ígulkerum/ígulkera hrognum, flutningar o.s.frv.) 

Hvað olli því að vinnslu var hætt og af hverju var henni ekki komið af stað aftur? 

Hvernig telur þú að stjórnvöld hafi getað beitt sér svo veiðum hafi ekki verið hætt (sem dæmi 

þá hrundi veiðar Norðmanna á sama tíma en þær voru fljótar að ná sér upp aftur) 

Hvernig telur þú að veiðunum sé best háttað með tilliti nýtingu stofns, rétt veiðimanna og 

stöðugleika? 

 

 

Óskar viðmælandi nafnleyndar; __ 
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Appendix III:  

Table 0-1: Global sea urchin catch (t) from 1950-2008 by FAO categorization (FAO, 
2010a). 

Country Albania Australia Australia Canada Chile China Cook 
Islands 

Denmark Ecuador Faroe 
Islands 

Fiji 
Islands 

France 

Group Stony 
sea 
urchin 

Sea 
urchins, 
etc. Nei 

Echinoderms Sea 
urchins 
nei 

Chilean 
sea 
urchin 

Sea 
urchins 
nei 

Sea 
urchins 
nei 

European 
edible 
sea 
urchin 

Sea 
urchins 
nei 

Sea 
urchins 
nei 

Sea 
urchins 
nei 

Stony 
sea 
urchin 

1950     1,600        
1951     2,300        
1952     1,700        
1953     1,400        
1954     2,600       100 
1955     3,700       100 
1956     3,900       100 
1957     3,600       300 
1958     4,000       100 
1959     3,700       200 
1960     2,100       100 
1961     2,200       100 
1962     2,700       100 
1963     2,800       100 
1964     3,300       300 
1965     2,500       300 
1966     2,600       300 
1967     2,900       200 
1968     3,700       200 
1969     3,800       200 
1970     3,200  30     200 
1971     4,200  30     100 
1972     4,200  30     0 
1973     2,500  30     0 
1974    47 1,206  30     502 
1975     2,105  30     417 
1976     9,809  30     335 
1977    3 8,517  30     233 
1978     6,925  23     308 
1979    5 13,206  20     312 
1980    7 13,649  20     373 
1981     15,502  20    1 422 
1982     12,159  20    2 445 
1983     11,826  20    2 200 
1984     16,154  20    4 229 
1985     30,577  20    27 454 
1986     25,408 225 20 0   30 278 
1987    47 24,574 194 20 0   8 213 
1988    2,622 22,953 30 20 0   10 248 
1989    3,298 25,527 30 20 0   9 285 
1990    3,748 15,648 30 20 0   12 301 
1991    7,877 21,382 30 20 0 1  11 218 
1992    14,640 29,197 50 20  1  14 401 
1993    8,255 31,300 100 20 0 0  55 257 
1994    8,479 39,705 150 20 0 0 14 56 159 
1995    9,833 54,609 150 20 0 0  59 78 
1996    9,665 51,437 200 20 0 0  40 63 
1997    9,221 45,560 185 17 0 0  95 48 
1998    9,867 44,843 177 14 0 0  103 59 
1999    9,052 55,656 173 11 1 0  100 84 
2000    8,012 54,097 172 8 0 0  90 198 
2001    7,063 46,794 171 5 0 0  96 101 
2002    6,441 60,166 170 2 0   70 180 
2003   0 6,997 42,650 3,512 0    31 182 
2004 35 0 0 6,870 49,228 6,724 2 0   100 138 
2005 18 0 0 6,326 37,566 5,873 2 1   115 1 
2006 23  0 4,088 34,826 8,722 1 0   133 62 
2007  0  3,545 38,526 7,598 1    91 4 
2008   0 3,355 38,922 3,193 1    120 3 
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Table 0-1 (cont.): Global sea urchin catch (t) from 1950-2008 by FAO categorization 
(FAO, 2010a). 

Country French 
Polynesia 

Grenada Iceland Ireland Japan Korea 
(N) 

Korea 
(S) 

Martinique Mexico Mexico New 
Zealand 

Group Echino-
derms 

Sea 
urchins 
nei 

European 
edible sea 
urchin 

European 
edible sea 
urchin 

Sea 
urchins 
nei 

Sea 
urchins 
nei 

Echino-
derms 

Sea 
urchins nei 

Sea 
urchins 
nei 

Echino-
derms 

Echino-
derms 

1950     6,000       
1951     6,000  0     
1952     7,000  0     
1953     7,200  0     
1954     6,500       
1955     9,100  0     
1956     14,100  0     
1957     9,200       
1958     12,300       
1959     14,000       
1960     15,900  0     
1961     15,800  100     
1962     16,500  100     
1963     19,300  300     
1964     20,700  300     
1965     20,700  200     
1966     23,200  400     
1967     23,400  700     
1968     27,000  600     
1969     27,500  1,000     
1970     27,106  3,400     
1971     25,061  2,000     
1972     21,682  1,900   1  
1973    300 21,325  2,700   1  
1974    242 18,537  3,393   12  
1975    209 16,169  2,321   16 83 
1976    352 14,695  3,497   9 149 
1977    170 19,435  4,119   15 131 
1978    114 20,171  2,969   18 209 
1979    132 21,213  2,720   21 125 
1980    108 18,409  3,383   30 152 
1981    102 17,075  5,212   20 77 
1982    97 18,593  5,566   17 138 
1983    48 17,365  5,413   22 280 
1984 0   113 23,962  4,934   211 325 
1985 0   77 22,745  6,222   31 286 
1986 0   49 23,072 239 7,785   33 295 
1987 0   52 22,760 252 5,278 22  32 314 
1988 0 1  64 21,812 200 4,291 22  15 413 
1989 0   62 20,414 100 3,633 24  21 797 
1990 0   95 19,398 100 4,325 25  4,284 583 
1991 0 5  104 14,136 100 3,749 13  2,655 322 
1992 0 1  89 13,889 100 2,476 18  2,437 869 
1993 0 5 713 26 13,713 100 3,944 16  2,817 848 
1994 0 36 1,409 34 15,525 100 3,714 15  3,421 944 
1995 0 0 923 10 13,735 140 3,707 15  2,791 804 
1996 0 0 423 2 12,996 150 2,802 10  3,027 277 
1997 10 0 20 5 14,297 150 2,771 15  2,099 627 
1998 10 0  1 13,653 100 1,410 15  1,138 832 
1999 10 0 10 2 13,530 100 1,182 15  2,042 643 
2000 15 0  1 12,455 100 1,461 10  2,813 712 
2001 15   10 11,208 100 1,454 10  2,278 853 
2002 15   0 12,733 100 1,459 10  2,068 738 
2003 15   0 12,574 100 1,607 10  1,829 586 
2004 15  50 4 12,716 100 1,301 10  1,916 555 
2005 15  29  11,990 100 2,035 10 1,967 83 854 
2006 15  1  10,820 100 2,596 10 1,627 87 812 
2007 15  134  11,679 100 2,651 10 1,689 85 811 
2008 15  126  10,800 100 3,555 10 1,961 85 762 
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Table 0-1 (cont.): Global sea urchin catch (t) from 1950-2008 by FAO categorization 
(FAO, 2010a). 

Country Norway Norway Peru Philippines Portugal Russia / 
USSR 

Samoa Spain St. Pierre and 
Miquelon 

Taiwan United 
Kingdom 

USA 

Group Sea 
urchins 
nei 

Echino-
derms 

Echino-
derms 

Sea 
urchins nei 

Stony 
sea 
urchin 

Sea 
urchins 
nei 

Echino-
derms 

Echino-
derms 

Sea urchins 
nei 

Sea 
urchins 
nei 

Sea 
urchins 
nei 

Sea 
urchins 
nei 

1950      400      15 
1951      300      25 
1952      0      33 
1953      0      13 
1954      0      25 
1955      200      26 
1956      100      54 
1957      100      46 
1958      100      29 
1959      100      49 
1960      100      50 
1961      200      34 
1962      200      33 
1963      300      38 
1964            55 
1965            57 
1966          0  65 
1967          300  50 
1968          0  38 
1969          0  37 
1970          58  1 
1971          140  1 
1972          88  1 
1973          74  1,700 
1974          19  3,245 
1975          54  3,452 
1976    3      19  5,755 
1977    3      39  6,594 
1978    60      212  8,409 
1979    38      45  7,522 
1980    6      78  42 
1981    315      35  125 
1982    88  337      7,939 
1983    48  832    35  7,304 
1984    101  436    35  6,901 
1985    38  514      8,941 
1986    62  6,328    3  14,749 
1987    29  6,030    4  23,526 
1988    26  4,735    12  30,589 
1989    52  4,770    37  29,504 
1990   39 48 1 6,065    134  28,726 
1991   19 62  5,777    123  32,722 
1992   63 40  5,917    65  29,848 
1993   13 74  2,460    31  32,369 
1994   15 151  2,069    51  29,167 
1995   131 466  2,344   1 63  26,523 
1996   461 452  1,608  487 1 59 1 20,381 
1997   424 296  1,227  590  61 0 20,216 
1998   90 161  1,590  560  39  13,626 
1999   1,204 143  1,245  621  33  15,218 
2000 1  1,626 125  1,677  309 0 41  14,014 
2001 1  2,114 127 15 1,763  306 0 50  12,460 
2002 0  2,245 112 1 2,620  603  63  10,627 
2003 1  2,066 104 26 2,207  13 0 78  7,731 
2004 0  1,388 98 15 2,454 596 530 0 71  9,889 
2005 0  3,033 85  3,435 415 445 0 40  7,415 
2006 3  281 102  4,346 204 471 0 45  7,164 
2007 2 4 1,932 108  5,962 212 531 0 46  6,226 
2008 1 0 2,438 122  8,587 210 615  8  6,714 
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Appendix IV  

REGLUGERÐ 

um ígulkeraveiðar. 

1.gr. 

Allar veiðar á ígulkerum í fiskveiðilandhelgi Íslands eru óheimilar nema að fengnu sérstöku 
leyfi Fiskistofu. 

2. gr. 

Aðeins þeir bátar, sem leyfi hafa til veiðar í atvinnuskyni með aflamarki eiga kost á leyfi til 
ígulkeraveiða. 

Einungis koma til greina við úthlutun veiðileyfa þeir bátar, sem hafa tryggt sér fyrirfram sölu 
aflans til ígulkeravinnslustöðvar, sem hefur gilt vinnsluleyfi frá Fiskistofu. Heimilt er að 
binda útgáfu leyfa til ígulkeraveiða þeim skilyrðum ,sem þurfa þykir, m.a. skýrsluskilum um 
veiðarnar, hámarksstærð báta, stærð og gerð veiðarfæris, veiðitímabil o.s.frv. 

3. gr. 

Hvert veiðileyfi skal bundið við ákveðið veiðisvæði og skal óheimilt að úthluta báti leyfi á 
öðru veiðisvæði á sama leyfistímabili. Veiðisvæði skulu skiptast með eftirgreindum hætti. 

Ráðuneytinu er þó heimilt að breyta veiðisvæði er þörf krefur: 

A. Fyrir Vesturlandi, frá línu réttvísandi suður frá Selvogsvita að línu réttvísandi vestur 
frá Öndverðarnesi. 

B. Á Breiðafirði, frá línu réttvísandi vestur frá Öndverðarnesi að línu réttvísandi vestur 
frá Bjargtöngum. 

C. Fyrir Vestfjörðum, frá línu réttvísandi vestur frá Bjargtöngum að línu réttvísandi 
norður frá Horni. 

D. Á Húnaflóa, frá línu réttvísandi norður frá Horni að línu réttvísandi norður frá 
Skagatá. 

E. Fyrir Norðurlandi, frá línu réttvísandi norður frá Skagatá að línu réttvísandi austur frá 
Fonti á Langanesi. 

F. Fyrir Austurlandi, frá línu réttvísandi austur frá Fonti á Langanesi að línu, sem dregin 
er réttvísandi suður frá Ingólfshöfða. 
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G. Fyrir Suðurlandi, frá línu réttvísandi suður frá Ingólfshöfða að línu, sem dregin er 
réttvísandi suður frá Selvogsvita. 

4. gr. 

Allir þeir sem ígulkeraveiðar stunda, skulu senda Fiskistofu mánðarlega skýrslur um 
veiðarnar. 

5. gr. 

Brot gegn ákvæðum reglugerðar þessarar varða refsingu samkvæmt ákvæðum laga nr. 38, 
15,maí 1990, um stjórn fiskveiða. Með mál út af brotum skal farið að hætti opinberra mála. 
Jafnframt er heimilt að svipta báta heimild til ígulkeraveiða í tiltekinn tíma, að mati 
ráðuneytisins, vegna brota á ákvæðum reglugerðar þessarar eða leyfisbréfa til ígulkeraveiða. 

6. gr. 

Reglugerð þessi er sett samkvæmt lögum nr. 38, 15. maí 1990, um stjórn fiskveiða og laga nr. 
81, 31. Maí 1076, um veiðar í fiskveiðilandhelgi Íslands, til þess að öðlast þegar gildi og 
birtist til eftirbreytni öllum þeim, sem hlut eiga að máli. 

Ákvæði til bráðabirgða. 

Þrátt fyrir ákvæði 1. mgr. 2. gr. er til 15. júní 1994 heimilt að veita bátum, sem fengið hafa 
útgefið leyfi til veiða með línu og handfærum með dagatakmörkunum leyfi til ígulkeraveiða. 
Veiðar þeirra falla undir ákvæði reglugerðar þessara. 

Sjávarútvegsráðuneytið, 13. desember 1993. 

Þorsteinn Pálsson. 

Árni Kolbeinsson. 
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 Appendix V 

Table 0-2: Global sea urchin imports quantity (t), value (1000$) and value per 
quantity (1000$/t) by countries and products (FAO, 2010b). 
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Table 0-3: Global sea urchin export quantity (t), value (1000$) and value per quantity 
(1000$/t) by countries and products (FAO, 2010b). 
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Table 0-3 (cont.): Global sea urchin export quantity (t), value (1000$) and value per 
quantity (1000$/t) by countries and products (FAO, 2010b). 
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Appendix VI 

Sea urchin sampling equipment 

• Boat 
• Scuba gear + 2-3 air tanks (12-15l) 
• Sampling bags, 3 pc. One for each plot in an area (exc. 4.1, 4.2 and 4.3) 
• Small rake, used to scrape up sea urchins and minimize the risk of damaging them. 
• Styrofoam boxes, one for each plot (i.e. 3 for each area) 
• Plastic bags, 1 bag for each Styrofoam box 
• Pencil or pen 
• Paper (forms), preferably wax to withstand the wet surroundings 
• Panel folder for papers and registration 
• Bottles, 50 ml each for ocean sample (one for each area, 4, 5 and 6) 
• Clock to register time of sampling 
• Forms (forms to fill out time, area description ext.)  

Sea urchin laboratory equipment 

• Knife, dial calliper, spoon, plastic tray and plastic grid, Sartorius TE412 Portable 
Battery Powered Electronic Scale (0,00g) 

 

Oceanography laboratory equipment 

• pH meter:  Orion dual star pH/ISE/mW meter. 
• pH probe: Thermo Orion general purpose pH electrode 
• Standards (pH): pH 4, 7, and 10 buffers 
• Timer 
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Appendix VII 

Table 0-4: Form to fill out for each dive. 

 



 

 

Appendix VIII 

Sea Urchin Colour Card (Green Sea Urchin)
(Strongylocentrotus droebachiensis

 

  
Yellow/Clear Light Yellow 

  
Light Orange   

  
Orange  

  
Dark Orange  

  
Light Red (Orange/Red) 

  
Red  

  
Dark Red (Red-brown)  

  

o 

Sea Urchin Colour Card (Green Sea Urchin)
Strongylocentrotus droebachiensis) 

   
Light Yellow  Yellow Dark Yellow 

 
 Curry Yellow

 
 Curry

 
 Curry Brown

 
 Light Brown

 
 Brown

 
Curry Grey Dark Brown (Black)

  

Sea Urchin Colour Card (Green Sea Urchin) 

 
Dark Yellow  

 
Curry Yellow 

 
Curry  

 
Curry Brown

  
Light Brown

 
Brown

 
Dark Brown (Black) 
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Appendix IX 

 

Table 0-5 Form to fill out salinity and pH in the laboratory. 

Seltu- og pH mælingar á sjó 

Dags:     

Svæði 
Selta  

pH 
Leiðni ppt 

                
                
                
                
                
                
                

                

Mælandi:     

Muna að stilla seltumæli og pH mæli. 
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 Appendix X 

Table 0-6: Form to fill out in the laboratory. 
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Appendix XI 

Table 0-7: Environmental variables (salinity and pH) within areas and plots by dates. 

  Salinity (%) pH 

 Area 4,2 5,2 6,2 Grand Total 4,2 5,2 6,2 Grand Total 

Bottom 3.2% 3.2% 3.3% 3.3% 7.9 8.0 7.9 7.9 

18.6.2010 2.8% 2.8% 2.8% 2.8% 8.0 8.0 7.9 8.0 

29.7.2010 3.1% 3.2% 3.2% 3.1% 7.9 8.0 8.0 8.0 

8.9.2010 3.4% 0.0% 3.4% 3.4% 8.0   8.0 8.0 

31.10.2010 3.5% 3.5% 3.5% 3.5% 7.9 8.0 7.9 7.9 

5.12.2010 3.4% 3.4% 3.4% 3.4% 7.8 7.9 7.9 7.9 

5.1.2011     3.5% 3.5%     7.8 7.8 

Surface     3.3% 3.3%     7.8 7.8 

29.7.2010     2.8% 2.8%     7.7 7.7 

8.9.2010     3.5% 3.5%     8.0 8.0 

31.10.2010     3.5% 3.5%     7.9 7.9 

5.12.2010     3.4% 3.4%     7.9 7.9 

5.1.2011     3.4% 3.4%     7.5 7.5 

Grand Total 3.2% 3.2% 3.3% 3.3% 7.9 8.0 7.9 7.9 
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Appendix XII 

Table 0-8: Length distribution of sea urchins by area and plots. 

 

 

 

 

  

  Area 4     4 Total Area 5     5 Total Area 6     6 Total 

Grand 

Total 

  Plot1 Plot 2 Plot3 Area 4 Plot1 Plot 2 Plot3 Area 5 Plot1 Plot 2 Plot3 Area 6   

39     2 2                 2 

41 1     1                 1 

43 1     1     1 1         2 

44     1 1     1 1 1     1 3 

45 1   1 2   1   1         3 

46 3 2 3 8         1     1 9 

47 2     2     2 2 1 1 1 3 7 

48 2   1 3 1     1 2 1   3 7 

49 2 1   3   1 1 2 1     1 6 

50 5   1 6 2 2   4 4 2   6 16 

51 2 3 6 11 1 2 1 4 1 2   3 18 

52 1 4 5 10 4 3 2 9 5 2 1 8 27 

53 6 2 1 9 2 3 3 8 5 3 3 11 28 

54 4 6 4 14 3 3 1 7 8 2 2 12 33 

55 7 3 8 18 4 7 1 12 3 3 5 11 41 

56 7 5 4 16 4 3 4 11 8 5 2 15 42 

57 6 6 6 18 2 6 3 11 8 5 7 20 49 

58 10 5 5 20 6 8 7 21 8 6 7 21 62 

59 9 11 2 22 4 4 3 11 10 10 8 28 61 

60 10 9 6 25 3 5 3 11 10 9 7 26 62 

61 9 14 6 29 9 10 15 34 9 17 11 37 100 

62 11 10 9 30 7 9 8 24 13 8 11 32 86 

63 16 14 13 43 7 10 8 25 11 17 16 44 112 

64 6 9 6 21 15 8 10 33 10 12 16 38 92 

65 14 18 10 42 13 14 8 35 5 11 14 30 107 

66 10 13 6 29 11 8 8 27 4 11 11 26 82 

67 5 7 11 23 8 16 16 40 5 11 8 24 87 

68 10 2 12 24 10 5 13 28 4 8 8 20 72 

69 5 10 17 32 12 9 6 27 8 7 9 24 83 

70 6 4 8 18 8 3 6 17 4 6 8 18 53 

71 3 2 6 11 9 4 10 23 4 4 11 19 53 

72 1 2 5 8 4 6 4 14 5 4 3 12 34 

73   7 5 12 3 3 4 10 3 2 1 6 28 

74 1 3 1 5 3 2   5 1   1 2 12 

75   2   2 1   10 11 1 1 1 3 16 

76     1 1   1   1 1 3 1 5 7 

77           2   2 1 1   2 4 

78     2 2 1 1 1 3     2 2 7 

80   1   1                 1 

81         1     1         1 

82                     1 1 1 

Grand 

Total 176 175 174 525 158 159 160 477 165 174 176 515 1517 
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Appendix XIII 

Table 0-9: Number of sea urchins measured for gonad and intestine weight by date, 
area, plot and size categories, <50 mm (1), 50-69 mm (2) and >69 mm (3). 

 

 

 

  

   Area 4     4 Total Area5     5 Total Area 6     6 Total Grand Total 

   Plot 1 Plot 2 Plot 3   Plot 1 Plot 2 Plot 3   Plot 1 Plot 2 Plot 3     

1 (<50 mm)                           

21.3.2009   1 1 2 1 2   3 1     1 6 

21.4.2009     2 2     3 3 2     2 7 

10.9.2009   1   1                 1 

29.10.2009 4     4                 4 

18.6.2010 3 1 1 5           1   1 6 

29.7.2010 1   1 2     1 1         3 

8.9.2010 3   1 4         2 1 1 4 8 

31.10.2010 1     1     1 1         2 

5.1.2011                 1     1 1 

15.1.2011     2 2                 2 

2 (50-70 mm)                           

21.3.2009 22 22 22 66 21 19 20 60 20 18 20 58 184 

21.4.2009 15 13 9 37 11 11 7 29 12 14 13 39 105 

10.9.2009 14 11 11 36 14 14 9 37 13 12 12 37 110 

27.9.2009 49     49                 49 

29.10.2009 10 25 27 62                 62 

14.4.2010 15 15 9 39 10 13 8 31 14 14 13 41 111 

18.6.2010 10 12 13 35 12 14 12 38 12 13 13 38 111 

29.7.2010 13 12 13 38 10 12 13 35 13 13 14 40 113 

8.9.2010 11 14 12 37 13 13 13 39 12 12 10 34 110 

31.10.2010 14 13 10 37 12 14 11 37 12 15 14 41 115 

6.12.2010 14 13 13 40 14 13 14 41 12 14 13 39 120 

5.1.2011                 14 12 12 38 38 

15.1.2011 15 13 12 40 11 12 13 36 14 14 12 40 116 

3 (>70 mm)                           

21.3.2009 3 2 2 7 3 4 5 12 4 7 5 16 35 

21.4.2009   2 3 5 4 4 5 13 1   2 3 21 

10.9.2009 1 3 4 8 1 1 6 8 2 3 3 8 24 

27.9.2009 2     2                 2 

29.10.2009 1 2 4 7                 7 

14.4.2010     6 6 4 1 7 12 1 1 2 4 22 

18.6.2010 2 2 1 5 3 1 3 7 3 1 2 6 18 

29.7.2010 1 3 1 5 5 3 1 9 2 2 1 5 19 

8.9.2010 1 1 2 4 2 2 2 6 1 2 4 7 17 

31.10.2010   2 5 7 3 1 3 7 3   1 4 18 

6.12.2010 2 2 2 6 1 2 1 4 3 1 2 6 16 

5.1.2011                   3 3 6 6 

15.1.2011   2 1 3 4 3 2 9 1 1 4 6 18 

Grand Total 227 187 190 604 159 159 160 478 175 174 176 525 1.607 
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Table 0-10: Gonad weight index (%) of the sea urchins by date, area, plot and size 
categories, <50 mm (1), 50-69 mm (2) and >69 mm (3). 

 

 

 

 

  

   Area 4     4 Total Area5     5 Total Area 6     6 Total Grand Total 

   Plot 1 Plot 2 Plot 3   Plot 1 Plot 2 Plot 3   Plot 1 Plot 2 Plot 3     

1                           

21.3.2009   10% 10% 10% 14% 6%   9% 4%     4% 8% 

21.4.2009     7% 7%     8% 8% 13%     13% 9% 

10.9.2009   8%   8%                 8% 

29.10.2009 6%     6%                 6% 

18.6.2010 5% 4% 0% 4%           4%   4% 4% 

29.7.2010 8%   10% 9%     4% 4%         7% 

8.9.2010 7%   7% 7%         5% 6% 6% 5% 6% 

31.10.2010 8%     8%     6% 6%         7% 

5.1.2011                 8%     8% 8% 

15.1.2011     8% 8%                 8% 

2                           

21.3.2009 13% 13% 15% 14% 12% 11% 13% 12% 9% 11% 12% 11% 12% 

21.4.2009 19% 15% 13% 16% 12% 11% 8% 11% 10% 11% 13% 11% 13% 

10.9.2009 10% 12% 10% 11% 7% 8% 8% 8% 8% 9% 9% 9% 9% 

27.9.2009 11%     11%                 11% 

29.10.2009 12% 13% 10% 12%                 12% 

14.4.2010 6% 7% 6% 6% 5% 6% 6% 6% 5% 9% 5% 7% 6% 

18.6.2010 6% 8% 7% 7% 5% 6% 7% 6% 5% 8% 7% 7% 7% 

29.7.2010 9% 8% 9% 8% 5% 8% 9% 8% 4% 5% 6% 5% 7% 

8.9.2010 7% 7% 6% 7% 5% 7% 6% 6% 5% 5% 7% 6% 6% 

31.10.2010 8% 7% 6% 7% 5% 6% 6% 6% 6% 6% 5% 6% 6% 

6.12.2010 6% 9% 10% 8% 8% 6% 8% 8% 8% 7% 9% 8% 8% 

5.1.2011                 6% 9% 16% 10% 10% 

15.1.2011 9% 13% 13% 12% 7% 8% 11% 9% 6% 8% 8% 7% 9% 

3                           

21.3.2009 17% 8% 12% 13% 11% 11% 17% 13% 8% 6% 11% 8% 11% 

21.4.2009   11% 12% 11% 13% 16% 8% 12% 4%   10% 8% 11% 

10.9.2009 9% 9% 12% 10% 5% 7% 7% 7% 7% 5% 9% 7% 8% 

27.9.2009 10%     10%                 10% 

29.10.2009 10% 9% 10% 10%                 10% 

14.4.2010     9% 9% 5% 5% 10% 8%   11% 9% 10% 8% 

18.6.2010 6% 6% 6% 6% 7% 4% 7% 6% 3% 4% 6% 4% 6% 

29.7.2010 9% 9% 10% 9% 5% 6% 4% 5% 4% 5% 2% 4% 6% 

8.9.2010 6% 10% 6% 7% 5% 6% 4% 5% 4% 5% 5% 5% 6% 

31.10.2010   7% 5% 6% 4% 6% 5% 5% 4%   6% 4% 5% 

6.12.2010 5% 8% 9% 8% 15% 6% 5% 8% 7% 9% 5% 7% 7% 

5.1.2011                   8% 13% 11% 11% 

15.1.2011   16% 7% 13% 7% 6% 8% 7% 8% 4% 8% 8% 8% 

Grand Total 10% 10% 10% 10% 8% 8% 9% 8% 7% 8% 9% 8% 9% 
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Table 0-11: Standard deviation of gonad weight index (%) of the sea urchins by date, 
area, plot and size categories, <50 mm (1), 50-69 mm (2) and >69 mm (3). 

 

 

 

 

 

  

   Area 4     4 Total Area5     5 Total Area 6     6 Total Grand Total 

   Plot 1 Plot 2 Plot 3   Plot 1 Plot 2 Plot 3   Plot 1 Plot 2 Plot 3     

1                           

21.3.2009   #DIV/0! #DIV/0! 0% #DIV/0! 7%   6% #DIV/0!     #DIV/0! 5% 

21.4.2009     3% 3%     2% 2% 2%     2% 3% 

10.9.2009   #DIV/0!   #DIV/0!                 #DIV/0! 

29.10.2009 2%     2%                 2% 

18.6.2010 0% #DIV/0! #DIV/0! 2%           #DIV/0!   #DIV/0! 2% 

29.7.2010 #DIV/0!   #DIV/0! 1%     #DIV/0! #DIV/0!         3% 

8.9.2010 2%   #DIV/0! 2%         4% #DIV/0! #DIV/0! 2% 2% 

31.10.2010 #DIV/0!     #DIV/0!     #DIV/0! #DIV/0!         1% 

5.1.2011                 #DIV/0!     #DIV/0! #DIV/0! 

15.1.2011     0% 0%                 0% 

2                           

21.3.2009 4% 4% 5% 5% 4% 3% 4% 4% 4% 4% 3% 3% 4% 

21.4.2009 3% 3% 3% 4% 3% 4% 3% 4% 4% 5% 6% 5% 5% 

10.9.2009 3% 10% 3% 6% 2% 3% 3% 2% 3% 2% 2% 3% 4% 

27.9.2009 2%     2%                 2% 

29.10.2009 2% 3% 2% 3%                 3% 

14.4.2010 2% 4% 1% 3% 4% 4% 3% 3% 3% 5% 3% 4% 4% 

18.6.2010 2% 3% 3% 3% 2% 3% 2% 3% 3% 4% 3% 4% 3% 

29.7.2010 3% 3% 3% 3% 2% 2% 2% 3% 1% 1% 2% 2% 3% 

8.9.2010 2% 3% 2% 2% 2% 2% 2% 2% 2% 2% 1% 2% 2% 

31.10.2010 2% 2% 2% 2% 2% 2% 1% 2% 2% 2% 2% 2% 2% 

6.12.2010 2% 4% 2% 3% 3% 1% 1% 2% 3% 3% 3% 3% 3% 

5.1.2011                 2% 4% 4% 5% 5% 

15.1.2011 3% 2% 2% 3% 2% 3% 2% 3% 2% 2% 3% 3% 3% 

3                           

21.3.2009 3% 2% 3% 5% 4% 3% 5% 5% 9% 2% 4% 5% 6% 

21.4.2009   2% 6% 5% 4% 2% 3% 4% #DIV/0!   0% 3% 4% 

10.9.2009 #DIV/0! 4% 3% 3% #DIV/0! #DIV/0! 2% 2% 1% 1% 2% 2% 3% 

27.9.2009 3%     3%                 3% 

29.10.2009 #DIV/0! 4% #DIV/0! 2%                 2% 

14.4.2010     9% 9% 3% #DIV/0! 5% 5%   #DIV/0! 10% 7% 6% 

18.6.2010 1% 0% #DIV/0! 0% 6% #DIV/0! 4% 4% 0% #DIV/0! 1% 2% 3% 

29.7.2010 #DIV/0! 0% #DIV/0! 1% 1% 1% #DIV/0! 1% 0% 3% #DIV/0! 2% 2% 

8.9.2010 #DIV/0! #DIV/0! 2% 2% 0% 1% 0% 1% #DIV/0! 4% 1% 2% 2% 

31.10.2010   1% 1% 1% 3% #DIV/0! 1% 2% 1%   #DIV/0! 1% 2% 

6.12.2010 2% 1% 4% 3% #DIV/0! 1% #DIV/0! 5% 2% #DIV/0! 3% 2% 3% 

5.1.2011                   2% 5% 4% 4% 

15.1.2011   4% #DIV/0! 6% 2% 2% 3% 2% #DIV/0! #DIV/0! 3% 3% 4% 

Grand Total 4% 5% 4% 4% 4% 3% 4% 4% 3% 4% 4% 4% 4% 
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Table 0-12: Intestine weight index (%) of the sea urchins by date, area, plot and size 
categories, <50 mm (1), 50-69 mm (2) and >69 mm (3). 

 

 

 

 

  

   Area 4     4 Total Area5     5 Total Area 6     6 Total Grand Total 

   Plot 1 Plot 2 Plot 3   Plot 1 Plot 2 Plot 3   Plot 1 Plot 2 Plot 3     

1                           

21.3.2009   10% 8% 9% 7% 13%   11% 9%     9% 10% 

21.4.2009     10% 10%     10% 10% 14%     14% 11% 

10.9.2009   14%   14%                 14% 

29.10.2009 8%     8%                 8% 

18.6.2010 10% 10% 15% 11%           14%   14% 11% 

29.7.2010 11%   14% 12%     9% 9%         11% 

8.9.2010 10%   8% 10%         7% 7% 10% 8% 9% 

31.10.2010 11%     11%     15% 15%         13% 

5.1.2011                 8%     8% 8% 

15.1.2011     9% 9%                 9% 

2                           

21.3.2009 6% 8% 8% 8% 8% 9% 8% 8% 8% 8% 9% 8% 8% 

21.4.2009 15% 9% 9% 11% 9% 10% 7% 9% 15% 15% 14% 15% 12% 

10.9.2009 18% 17% 8% 15% 9% 6% 7% 7% 8% 6% 7% 7% 10% 

27.9.2009                           

29.10.2009 5% 5% 6% 5%                 5% 

14.4.2010 8% 9% 10% 9% 10% 9% 10% 10% 7% 10% 11% 10% 10% 

18.6.2010 8% 6% 9% 8% 8% 10% 8% 9% 8% 8% 9% 8% 8% 

29.7.2010 17% 12% 10% 13% 7% 9% 8% 8% 8% 12% 13% 11% 11% 

8.9.2010 9% 6% 8% 8% 9% 10% 7% 9% 6% 8% 10% 8% 8% 

31.10.2010 8% 7% 10% 8% 12% 12% 10% 11% 12% 11% 11% 11% 10% 

6.12.2010 7% 5% 6% 6% 10% 6% 10% 9% 5% 7% 8% 7% 7% 

5.1.2011                 8% 11% 10% 10% 10% 

15.1.2011 7% 8% 7% 7% 10% 9% 8% 9% 11% 11% 8% 10% 9% 

3                           

21.3.2009 6% 3% 8% 6% 8% 6% 7% 7% 10% 10% 7% 9% 8% 

21.4.2009   8% 6% 7% 10% 7% 5% 7% 14%   13% 13% 8% 

10.9.2009 19% 22% 10% 16% 11% 7% 4% 5% 5% 5% 9% 7% 9% 

27.9.2009                           

29.10.2009 7% 4% 5% 5%                 5% 

14.4.2010     10% 10% 9% 11% 8% 9%   11% 6% 7% 9% 

18.6.2010 8% 7% 7% 7% 8% 7% 6% 7% 7% 7% 6% 7% 7% 

29.7.2010 4% 9% 6% 7% 7% 7% 8% 7% 7% 14% 8% 10% 8% 

8.9.2010 4% 5% 6% 6% 9% 10% 8% 9% 3% 7% 9% 7% 7% 

31.10.2010   5% 8% 8% 9% 11% 10% 10% 9%   5% 8% 9% 

6.12.2010 3% 4% 5% 4% 8% 4% 9% 7% 5% 6% 7% 6% 5% 

5.1.2011                   7% 11% 9% 9% 

15.1.2011   8% 9% 8% 8% 6% 7% 7% 8% 6% 8% 8% 8% 

Grand Total 9% 8% 8% 9% 9% 9% 8% 9% 9% 10% 10% 9% 9% 
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Table 0-13: Standard deviation of intestine weight index (%) of the sea urchins by 
date, area, plot and size categories, <50 mm (1), 50-69 mm (2) and >69 mm (3). 

 

 

 

 

 

 

   Area 4     4 Total Area5     5 Total Area 6     6 Total Grand Total 

   Plot 1 Plot 2 Plot 3   Plot 1 Plot 2 Plot 3   Plot 1 Plot 2 Plot 3     

1                           

21.3.2009   #DIV/0! #DIV/0! 2% #DIV/0! 4%   4% #DIV/0!     #DIV/0! 3% 

21.4.2009     0% 0%     4% 4% 1%     1% 3% 

10.9.2009   #DIV/0!   #DIV/0!                 #DIV/0! 

29.10.2009 4%     4%                 4% 

18.6.2010 4% #DIV/0! #DIV/0! 4%           #DIV/0!   #DIV/0! 3% 

29.7.2010 #DIV/0!   #DIV/0! 2%     #DIV/0! #DIV/0!         2% 

8.9.2010 1%   #DIV/0! 1%         3% #DIV/0! #DIV/0! 2% 2% 

31.10.2010 #DIV/0!     #DIV/0!     #DIV/0! #DIV/0!         3% 

5.1.2011                 #DIV/0!     #DIV/0! #DIV/0! 

15.1.2011     2% 2%                 2% 

2                           

21.3.2009 2% 2% 2% 2% 2% 3% 3% 3% 3% 3% 2% 3% 2% 

21.4.2009 2% 2% 2% 3% 2% 3% 2% 2% 3% 3% 3% 3% 4% 

10.9.2009 4% 7% 2% 6% 3% 2% 2% 3% 2% 2% 2% 2% 5% 

27.9.2009                           

29.10.2009 1% 2% 2% 2%                 2% 

14.4.2010 3% 3% 1% 3% 5% 2% 2% 3% 2% 2% 3% 3% 3% 

18.6.2010 2% 3% 2% 2% 2% 2% 2% 2% 3% 2% 2% 2% 2% 

29.7.2010 18% 5% 3% 11% 3% 2% 2% 2% 2% 2% 2% 3% 7% 

8.9.2010 3% 2% 2% 2% 2% 2% 2% 2% 3% 2% 2% 3% 2% 

31.10.2010 2% 2% 2% 2% 2% 1% 3% 2% 3% 3% 3% 3% 3% 

6.12.2010 4% 3% 2% 3% 2% 2% 4% 3% 1% 2% 2% 2% 3% 

5.1.2011                 1% 3% 2% 3% 3% 

15.1.2011 1% 2% 2% 2% 3% 2% 1% 2% 2% 2% 2% 3% 3% 

3                           

21.3.2009 1% 0% 3% 2% 4% 1% 3% 3% 1% 3% 1% 3% 3% 

21.4.2009   1% 2% 2% 4% 2% 2% 3% #DIV/0!   0% 1% 3% 

10.9.2009 #DIV/0! 3% 6% 8% #DIV/0! #DIV/0! 1% 3% 0% 2% 1% 2% 7% 

27.9.2009                           

29.10.2009 #DIV/0! 3% #DIV/0! 2%                 2% 

14.4.2010     3% 3% 2% #DIV/0! 3% 2%   #DIV/0! 1% 3% 3% 

18.6.2010 1% 4% #DIV/0! 2% 1% #DIV/0! 3% 2% 3% #DIV/0! 5% 3% 2% 

29.7.2010 #DIV/0! 1% #DIV/0! 2% 2% 2% #DIV/0! 2% 0% 1% #DIV/0! 3% 3% 

8.9.2010 #DIV/0! #DIV/0! 1% 1% 2% 1% 1% 1% #DIV/0! 0% 2% 2% 2% 

31.10.2010   2% 3% 3% 4% #DIV/0! 1% 3% 2%   #DIV/0! 2% 3% 

6.12.2010 2% 2% 1% 2% #DIV/0! 2% #DIV/0! 3% 1% #DIV/0! 0% 1% 2% 

5.1.2011                   1% 3% 3% 3% 

15.1.2011   1% #DIV/0! 1% 3% 2% 1% 2% #DIV/0! #DIV/0! 1% 1% 2% 

Grand Total 7% 5% 3% 5% 3% 3% 3% 3% 3% 3% 3% 3% 4% 

 


