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Abstract 
 

The European lobster is a commercially valuable crustacean found around most of coastal 

Europe. Annual catch is little over 5.000 tonnes and prices are high. At this time point the 

species is not farmed commercially but land based farming could provide stable supply of 

the product and maintain high quality. 

To study the growth rate, metabolism and survival of the European lobster through 

respiration measurements, growth experiments and daily monitoring, juveniles were 

imported from the Institute of Marine Research in Norway and the National Lobster 

Hatchery in Cornwall, UK, to Iceland. They were reared in the University of Iceland’s 

Research Centre in Sudurnes in Sandgerdi and in Sæbýli ehf in Eyrarbakki.  

Growth experiments showed reduced growth in colder water as well as a lower feed 

conversion efficiency (FCE), while the survival rate was higher in colder water. Growth 

was similar between lobsters held in flow through system and in semi–RAS system and 

between lobsters fed with commercial Arctic char feed and specially formulated lobster 

feed. Lobsters receiving shrimp supplements along with Arctic char feed grew significantly 

more than the ones fed with dry feed only. When two photoperiods were compared, the 

growth, oxygen consumption rate (OCR) and FCE were not different between treatment 

groups. 

Respiration measurements showed that metabolism decreases per kilogram as 

individual lobsters gain size, ranging from 0.0035 mgO2/g/L/min for the smallest 

individuals weighing less than 1 g down to less than 0.0005 mgO2/g/L/min for the largest 

lobster weighing 35 g. The metabolism increases with rising temperatures for all lobster 

sizes combined, from 0.0016 mgO2/g/L/min at 10°C to 0.0026 mgO2/g/L/min at 20°C. The 

metabolism also rises after feeding, by 0.0015 mgO2/g/L/min at 10°C and by 0.0020 

mgO2/g/L/min at 20°C. The rise in respiration following feeding, or specific dynamic 

action (SDA), was higher at 20°C. The increase in OCR at 10°C was on average 0.0015 

mgO2/g/L/min but was 0.0020 mgO2/g/L/min at 20°C. The lobsters are well equipped to 

withstand temperature fluctuations as little difference was detected in metabolism between 

individuals recently transferred between temperatures and those who had acclimated.  

  

 

 

 

  



vi 

Útdráttur 
 

Evrópuhumarinn er verðmæt tegund tífættra krabba sem finnst við flestar strandlengjur 

Evrópu. Árleg heildarveiði er rétt yfir 5000 tonnum og afurðaverð er hátt. Á þessum 

tímapunkti er tegundin hvergi í fullu eldi, en landeldi gæti tæknilega séð fyrir stöðugu 

framboði og gæðum. 

Til að rannsaka vaxtarhraða, efnaskiptahraða og lifun Evrópuhumars voru fluttir til 

landsins unghumrar frá Institute of Marine Research, Noregi og National Lobster Hatchery 

í Cornwall, Bretlandi. Þeim var haldið í Rannsóknasetri Háskóla Íslands á Suðurnesjum og 

í Sæbýli ehf á Eyrarbakka.  

Vaxtartilraunir sýndu fram á minni vöxt í kaldari sjó, sem og lægri fæðunýtnistuðul 

(FCE) en lifun var meiri í kaldari sjó. Vöxtur var sambærilegur á milli hringrásar– og 

gegnumstreymiskerfis sem og á milli hópa sem voru annars vegar fóðraðir með 

bleikjufóðri og hins vegar með sérstöku humarfóðri. Humrar sem fengu rækjubita með 

bleikjufóðri uxu maktækt meira en þeir sem eingöngu fengu bleikjufóður. Þegar bornir 

voru saman hópar við tvær ólíkar ljóslotur reyndist ekki marktækur munur á vexti, öndun 

(OCR) og fæðunýtnistuðli. 

Öndunarmælingar sýndu fram á minnkandi efnaskiptahraða á hvert kíló eftir því sem 

humrarnir stækka, og var öndunarhraðinn frá 0,0035 mgO2/g/L/mín meðal smæstu 

humranna sem voru léttari en 1 gramm og niður í 0,0005 mgO2/g/L/mín hjá stærsta 

humrinum sem var um 35 g. Öndun jókst einnig með hækkandi hitastigi, frá 0,0016 

mgO2/g/L/mín við 10°C upp í 0,0026 mgO2/g/L/mín við 20°C. Efnaskiptahraði jókst líka 

eftir fóðrun, um 0,0015 mgO2/g/L/mín við 10°C og um 0,0020 mgO2/g/L/mín við 20°C. 

Aukning í öndun eftir fóðrun (SDA) var meiri við 20°C. Aukning á OCR við 10°C var að 

meðaltali 0,0015 mgO2/g/L/mín en var 0,0020 mgO2/g/L/mín við 20°C. Einnig eru 

humrarnir þolnir fyrir sveiflum í hitastigi þar sem lítill munur var greinanlegur á öndun á 

milli humra sem höfðu nýlega verið fluttir á milli hitastiga og þeirra sem höfðu fengið 

meiri tíma til aðlögunar. 
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Figure 1-1: European lobster. 

Picture: Soffía K. Magnúsdóttir. 

 

Figure 1–1: European lobster 
 

1 Introduction 
 

 

The European lobster (Homarus gammarus, Linnaeus 1758) is a valuable species that is 

fished commercially throughout its distribution area. To protect wild stocks and ensure 

stable supply to customers, land based farming of the species is of interest. The first known 

effort to farm a Homarus species dates back to the mid 1800’s when the American lobster 

(Homarus americanus) was farmed in France. The interest in both the American lobster 

and the European lobster, however, peaked over a hundred years later. During that time 

considerable effort and governmental funding from the US and Canada was applied to 

research in this field. After a brief golden age all contributions were cut back and the 

industry fell dormant (Aiken and Waddy, 1995). The reasons were thought to be a 

combination of factors, regarding economic reasons and the lack of biological information 

on the species (Nicosia and Lavalli, 1999). To this date there is no large scale farming of 

Homarus lobsters and all recent farming of the European lobster has been at an 

experimental level. Acceptable results have been obtained in rearing lobsters from larval 

stage IV to plate size at optimum conditions with feed of fresh shrimp or mussels (Richard 

and Wickins, 1979; Beard et al., 1985). One of the main challenges in farming is the 

lobsters’ aggressive behavior. A system design is available that keeps lobsters in individual 

cages, feeds them automatically and guarantees regular water exchange within the cages 

(Drengstig and Bergheim, 2013). To optimize the farming of the European lobster, further 

knowledge of the animal’s farming requirements and optimum environmental factors is 

essential.  

 

 

1.1 The European lobster 
 

The European lobster (Figure 1-1) is a crustacean in 

the order of Decapoda, in the Homarus genus. The 

genus is small and contains only two species, the 

European lobster, Homarus gammarus previously 

known as Homarus vulgaris and the American lobster, 

Homarus americanus. The two are similar in both 

appearance and behavior. The largest European lobster 

caught is thought to have been 9.3 kg (Burton, 2003) 

and the oldest individual caught and aged is a female 

European lobster at the age of 72 ± 9 years (Sheehy et 

al., 1999). The lobsters are blue or dark brown in color 

and coloration can depend on both size and biological condition. 

The European lobster has a wide distribution range as shown in Figure 1-2, reaching 

from northern Norway to the Mediterranean and down to Morocco. Through genetic 

analysis of individuals from parts of the lobsters’ distribution area, four major groups were 

detected; in the Mediterranean, northern Norway, the Netherlands and the remaining parts 
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Figure 1-2: The distribution area of the 

European lobster (red) and American 

lobster (yellow). Picture: Responsible 

Sourcing Guide, 2013. 

 

 

of the lobsters’ distribution area in the Atlantic Ocean. Even though the groups are distinct 

there is a low degree of differentiation indicating that they are all derived from a small 

population surviving the last Ice Age (Trinata-

fyllidis et al., 2005). 

Commercial fisheries make the European 

lobster an important species within its 

distribution range. The annual captures have 

been below 2,500 tonnes from the mid 1960’s 

until 2005. Since 2005 there has been an 

increase in captures and in the year 2010 it 

surpassed 5,000 tonnes. Since then the catch has 

remained between 4,500 – 5,000 tonnes per year 

(FAO, 2016). The countries with the highest 

capture rates of European lobster are Norway, 

England, Wales and France. Other countries 

with lower capture rates are Ireland, Sweden, 

Spain and Denmark (Browne et al., 2001).  

 

 

1.2 Farming of the Homarid lobsters 
 

The first known effort to farm a Homarus species dates back to the mid 1800’s when the 

American lobster (Homarus americanus) was farmed in France for stock enhancement 

(Aiken and Waddy, 1995). High market prices and the robustness of the Homarus lobsters 

is what first made them appear as a viable option for land based farming. Around the 1900, 

lobsters were farmed to market size in submerged cages at sea and reached 450 g in little 

over three years. When reared at stable 20°C, fed regularly and the fastest growing lobsters 

were selected for the project, a market size lobster could be produced in less than 2 years 

(Nicosia and Lavalli, 1999). Experimental farms so far have aimed to grow Homarid 

lobsters to 340 g (Richards, 1980; Beard et al., 1985). Mortalities for these trials were high, 

small portion of the lobsters reached marked size and feed conversion ratio was high. 

Researchers also assumed that the system setup would require substantial changes to be 

viable for large scale production due to intense labor costs (Beard et al., 1985). The studies 

have shown the optimum temperature for the European lobster to be around 20°C and 

salinity of 30 – 32 ppt. Fresh and live feed has yielded the best growth and survival. They 

have also noted that to prevent limitation in growth, the lobsters’ cages needed to be twice 

their length and width (Richard and Wickins, 1979). 

General interest in lobster farming grew with the Sea Grant College Program of the 

U.S. National Oceanographic and Atmospheric Administration (NOAA) in the 1970’s 

(McVay, 1993) and the interest in the field was particularly high around the 70’s and early 

80’s when wild captures were low. Considerable effort and governmental funding from the 

US and Canada was applied to research in this field, but all funding was later cut and the 

industry fell dormant (Aiken and Waddy, 1995). The reasons were thought to be a 

combination of factors, regarding economic reasons and the lack of biological information 

on the species (Nicosia and Lavalli, 1999). Wild captures increased after the 1980‘s, 

possibly affecting the market price of lobsters (FAO, 2017). In captivity the lobsters are 

reared in individual cages due to their cannibalistic and highly aggressive behavior, 

making daily maintenance a challenge (McVay, 1993). Still, advances have been made in 
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Figure 1-3: Larval stages I – IV. Picture: 

Richard and Wickins, 1979. 

 

 

 

 

 

recent years, both in the field of aquaculture in general and in system design with the 

special needs of the European lobster in mind (Drengstig and Bergheim, 2013). These 

developments might give reason to revisit the idea of lobster farming. 

The culture of European lobsters is currently for experimental purposes and stock 

enhancement only. For stock enhancement, larvae are reared from hatching to stage IV and 

released back into the wild to strengthen the preexisting wild stocks (Schmalenbach et al., 

2011; Agnalt, 2008; Nicosia and Lavalli, 1999). Genetic monitoring has been 

recommended to assess the impact of stock enhancement and detailed research of the 

population is considered vital (Ellis et al., 2014). Recapture rates for a single year class of 

released lobster larvae can be from 8% and up to 43% of total captures in a single area. 

This has been shown to be the case in islands in south-western Norway, indicating that 

hatching and releasing lobster juveniles can enhance the stock size at a given location 

(Agnalt et al., 2008).  

 

 

1.3 Life cycle 
 

The life of the European lobster starts as an egg 

underneath the tail of a female lobster. The egg 

size varies and are slightly larger from bigger 

females, but the size range is around 1.6 – 2.1 

mm in diameter (Agnalt, 2008). An embryo 

develops within the egg and the time between 

spawning and larval release can be around 10 

months, depending on the sea temperature 

(Schmalenbach and Franke, 2010). During the 

incubation time, the female carries the eggs 

underneath it’s tail, where they cling to the 

pleopods. The number of eggs produced each 

time is variable and can range from only a few 

thousand up to more than 40,000 (Agnalt, 

2008). When the eggs are fully incubated, 

hatching occurs and the pre–larval stage begins. 

Within 24 hours these pre–larvae moult and 

reach the 1
st
 larval stage and the female beats its 

pleopods to release the larvae from underneath 

its tail and into the sea (Ennis, 1995). At that point the pelagic phase of the lobsters live 

begins. The larvae remain in the upper layers of the ocean during the next three stages 

(Figure 1-3). The survival rate during the planktonic phase is very low, both in the wild 

and when held in captivity (Jörstad et al., 2010). The larvae moults several times to 

develop from the first stage to the fourth. This takes about 15 – 35 days (Richard and 

Wickins, 1979). Once the larvae have completed stage IV it becomes fully benthic and 

prefers rocky bottoms that provide shelter (Linnane et al., 2000).  

After the lobster settles at the bottom it is seldom seen in the wild before reaching 10 

cm in total length, i.e. when their adult life begins (Bennet and Howard, 1978). The 

lobsters still spend much of their time in burrows, but the time spent outside of the burrows 

increases with hunger and foraging behavior (Wickins et al., 2009). As they age, the 

lobsters continue to moult and grow, and they reach sexual maturity after 5 – 7 years. At 
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Figure 1-4: Ecdysis of a European lobster: 1: lobster 

emerges from open shell through carapace. 2: lobster 

pulls out of trunk. 3: lobster leaves the shell. 4: lobster 

has fully emerged. Picture: Soffía K. Magnúsdóttir 

 

 

 

that age the carapace length is between 80 – 110 mm, and females tend to be larger than 

males (Lizárraga–Cubedo et al., 2003). After the lobster is mature, mating occurs between 

moults. The female spawns one year following mating after carrying the eggs under its tail 

during the eggs’ incubation time (Agnalt et al., 2007). 

 

 

1.4 Growth and moulting 
 

Since crustaceans gain weight and 

grow through moulting, the 

physiological aspect of that process 

needs to be explained. Each moult is 

energy demanding and very complex, 

ending with the lobster shedding its old 

shell and forming a new one (Figure 

1-4). The process of moulting is 

divided into four major stages and each 

stage is further subcategorized based 

on physiological changes as every 

stage progresses. The stages are; 

premoult (D0–D4), ecdysis, postmoult 

(A–B) and intermoult (C1–C4) (Saxena, 

2005; Chang and Thiel, 2015). The 

process is largely dependent on the 

interaction between the Y organ and 

the X organ. The Y organ is in the gill 

chamber and produces 20–

hydroxyecdysone, a moulting hormone (MH) that is then thought to be blocked by a moult 

inhibiting hormone (MIH) from the X organ, located in the eye stalk (Chang, 1995). The 

moulting hormones (ecdysteroids) are known to peak during premoult and then drop as 

ecdysis approaches (Chang and Thiel, 2015). These physiological changes control the 

moulting cycle (Skinner, 1962), thus proving their importance for lobsters’ growth at all 

life stages.  

Among the physiological changes associated with the moulting cycle is the rise of 

calcium concentration in the hemolymph during premoult (Chang, 1995). Majority of all 

stored calcium of marine crustaceans is in the exoskeleton (Wheatly et al., 2002) which 

they shed during ecdysis, leaving them soft and vulnerable. For the shell to harden they 

require HCO3
–
 and Ca

2+
 ions (Zanotto and Wheatly, 2002). After shedding the old 

exoskeleton, the animal needs to absorb water to expand the new shell. Therefore, the 

regulation of ions and ion permeability varies during the cycle and concentration of many 

ions seem to be lower during postmoult than premoult (Chang, 1995). The Ca
2+ 

can in 

some instances be a limiting factor in fresh water but in the marine environment it is most 

often both abundant and stable (Greenaway, 1985). When crustaceans are held in a 

Recirculating Aquaculture System (RAS), where water in the system is reused and 

circulated, it should be considered that the bacteria changing ammonia to nitrate use 

HCO3
–
 in the process, which can result in lowered alkalinity (Eshchar et al., 2006).  
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When European lobster is held at these conditions the lowered alkalinity affects its 

ability to absorb bicarbonate and the exoskeleton takes longer to harden (Middlemiss et al., 

2016). The calcification process is summarized in this equation (Hoffman et al., 2010): 

 

Ca
2+

 + 2HCO3
– 

<–> CaCO3 + CO2 + H2O 

 

The European lobster, like other marine crustaceans, does not depend greatly on 

calcium storage. Young lobsters have been shown to store only 11% of calcium in their 

body after shedding their shell that held 89% of the animals’ total calcium amount. They 

rather rely on the surrounding availability of calcium (Middlemiss et al., 2016) but after 

moulting they eat the old shell to reabsorb part of the lost calcium. 

Moulting of crustaceans is also affected by light conditions and biological functions 

may be controlled by photoperiods, including moulting rate, survival (Diaz et al., 2003) 

and growth at every moult (Hadley, 1906). Manipulation of light can also synchronize the 

moulting for Bay lobster (Thenus rientalis) and the preferred time of day for moulting 

switches from sunrise for larval stages to sunset for juveniles (Mikami, 2005). Under 24 

hours of light or 24 hours of darkness the regulation of moulting is limited since light 

regime is thought to influence endogenorus rhythmic functions that regulate moulting time 

(Mikami, 1997). 

Even though the moulting process is complicated and sensitive, it also has its 

benefits for the lobsters. For example, it assists the lobsters with regenerating lost limbs 

and internal organs. If a limb is lost it reforms during premoult and is visible after the 

following ecdysis. Depending on the animals’ age, size and condition the regeneration may 

require one to several moults (Vogt, 2010; Skinner, 1985). The loss of a limb may however 

induce ecdysis, reduce growth and increase mortality rate within a population as seen for 

the South African rock lobster Jasus lalandii (Brouwer et al., 2006). For the American 

lobster, loss of limb has shown to reduce resistance to vibreo-like bacteria (Shields et al., 

2012) but little information seems to be available on how loss of limbs may affect growth 

of Homarid lobsters. 
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1.5 Feeding behavior and dietary requirements 
 

Homarus species are omnivores in nature and most of their diet consist of animal prey. 

When given a choice, lobsters prefer invertebrates over plant matter (Sungail et al., 2013). 

There still is a low but constant portion of plant material included in their diet as well 

(Lawton and Lavalli, 1995). They either burry in sand when searching for food (Karnofski 

et al., 1989), or capture visible invertebrates, such as crabs or molluscs. They are 

opportunistic and their diet is dependent on food availability and can vary between seasons 

and from year to year. When foraging, the lobsters locate their prey using chemoreceptive 

setae on their antennules. The most effective attractants are thought to be nitrogenous 

compounds such as amino acids. Their food of choice also fluctuates with their position in 

the moulting cycle. During intermoult they seek out prey high in calories for muscle 

generation and following ecdysis the focus shifts to increased intake of calcium for the soft 

shell to harden (Lawton and Lavalli, 1995). 

One of the main criteria that needs to be met before land based farming of the 

European lobster can become a viable option is the making of formulated feed. The 

benefits that come with the use of formulated dry feed in commercial farming are the 

added advantages of handling and storing the feed, the stable nutritional composition and 

year round availability (Conklin et al., 1975). The difficulty of producing the optimum feed 

for lobster culture is thought to be one of the main bottle necks of the industry (Kristiansen 

et al., 2004). When it comes to the production of dry feed the optimum protein levels have 

been difficult to determine and the feed should hold all the essential amino acids needed by 

the lobsters (Conklin, 1995). When farming the European lobster the optimum growth rate 

is when the carapace grows on average 0.1 mm per day and the lobsters reach 80 mm 

carapace length and wet weight of about 450 g in little over two years (McVay, 1993). The 

diet that has proven the most successful is either fresh or live feed (Beard et al., 1985). The 

composition and quality of the feed affects both growth and survival of the lobsters as well 

as the shell pigmentation, which is important for marketing (Kristiansen et al., 2004).  

There is still no dry feed composition that has been able to yield the same growth as 

live or fresh feed. The reason for reduced growth among lobsters fed with dry feed is not 

fully understood but it can affect the thickness of the lobster shell in a negative way and 

the shell tends to get thinner and softer with each ecdysis (Conklin et al., 1975). The 

efficiency of every moult is also known to largely depend on the quality of the feed (Ali 

and Wickins, 2008).  

 

 

1.6 Metabolism 
 

The lobsters’ rate of oxygen consumption reflects their metabolic rate, which is influenced 

by a variety of both internal and external factors (Waterman, 1960). Knowledge of the 

lobsters’ metabolism is important to understand their energy requirements in given 

surroundings. Understanding of the lobsters’ metabolic response to their environment will 

also serve as a guide for oxygen usage in lobster farming so the cost of production can be 

optimized. The oxygen consumption of marine crustaceans is known to vary depending on 

body size, feeding, level of activity, temperature and other aspects of their surrounding 

environment (Bridges and Brand, 1980).  

When an animal is at rest and no energy is assigned to digestion, it is considered to 

be at Basal Metabolism Rate (BMR) (Hullbert and Else, 2004). The Specific Dynamic 
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Action (SDA) is the rise in metabolism following feeding and can depend on the food 

composition (Carefoot, 1990) as well as temperature (Klinger et al., 2016). It is known that 

when the digestion starts the energy cost for the lobsters is generally high, regardless of the 

meal size. That is why the portion size is not as relevant when it comes to SDA of 

Homarus lobsters compared to other crustaceans (McGaw and Curtis, 2013). When 

studying metabolic response of Panulirus argus with regards to temperature, feeding and 

size researchers found that the metabolism was most affected by feeding (Perera et al., 

2007). Knowing how aquatic animals in captivity respond to feeding is important when 

determining oxygen levels for farming. Low level of oxygen is known to decrease growth 

in aquaculture (Harrisa et al., 1999; Tawwab, 2015) making it important to predict and 

understand the rise in oxygen uptake following feeding. The impact of SDA can depend on 

temperature (Guinea and Fernandez, 1997) and therefore it is vital to learn how the SDA 

and temperature interact for the European lobster. 

The lobsters’ physiological response to fluctuating temperature needs to be 

understood to assess the possible impact of fluctuations in water conditions when farming 

the European lobster. The tolerance limit is different between species and the impact of 

sudden changes can vary. When the American lobster experiences rapid changes in 

temperature it can lead to change in gene expression as well as reversible protein damage 

(Spees et al., 2002). Change in temperature can also affect gills‘ capacity to exchange 

oxygen with the environment and sudden cold can reduce their respiratory area (Xie et al., 

2017).  

Another factor contributing to the lobsters’ metabolism is their size. The metabolic 

rate of the European lobster is known to decrease per kilogram with increasing animal size 

at 19 – 21°C (Drengstig and Bergheim, 2013; Drengstig et al., 2017). The change in 

metabolism based on size needs to be understood to manage oxygen use when size and 

composition of the lobster changes. Temperature also affects the lobsters’ metabolic rate 

and rises with higher temperatures (Tully et al., 2000).  

 

 

 

 

 

 

 

  



24 

  



25 

2 Objectives 
 

 

When farming an aquatic species, it is essential to know and understand the biology of the 

species. The general information available for the most commonly farmed aquatic species 

is mostly lacking for the European lobster. The purpose of these experiments was to 

provide further insight into the biology of the European lobster. The knowledge provided 

can then be used to further streamline the farming conditions of the species when held in 

captivity. 

 The aim of the project was to assess the impact of environmental factors and feed on 

growth, metabolism and feed conversion efficiency of the European lobster, emphasizing 

temperature, light and the difference between two different land based culture conditions. 

 To assess growth at different conditions where total growth and daily specific growth 

of lobsters was compared between two groups held in different systems (where the sea 

types were different). The same was done for two groups held at different temperatures as 

well as two groups held at different photoperiods. 

 The lobsters’ metabolism changes depending on environmental conditions and to 

determine how much metabolism changes with temperature, the respiration of lobsters at 

three different temperatures was compared. Measurements were also performed following 

temperature fluctuations to determine how the lobsters responded. Respiration was also 

compared between different photoperiods to see how difference in light affects their 

metabolic rate.  

Metabolism per weight unit is generally known to decrease with size. Respiration 

was measured for lobsters different in size to determine how that applies to the European 

lobster. To determine how much metabolism changes depending on feeding, the respiration 

of individual lobsters was measured at starvation, while feeding and shortly after feeding. 

Feed conversion efficiency is an important aspect of aquaculture to determine how 

cultured species utilize feed for growth at different conditions. To determine how 

temperature and light affect feed conversion efficiency of the European lobster the food 

intake was compared to growth at different temperatures and different photoperiods. 
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Figure 3-1: Stage IV lobsters on arrival. 

Picture: Soffía K. Magnúsdottir 

 

 

 

 

 

3 Material and methods 
 

 

3.1 Comparison of growth between flow 

through and semi RAS system 
 

 

3.1.1 Experimental design 
The growth and survival of lobsters was monitored in two different systems; a semi-RAS 

system in Sæbýli where sea water from the outside was partly recirculated and a flow 

through system at UIRCS (University of Iceland’s Research Centre in Sudurnes) using sea 

water from a drill hole. The total duration of the experiment was 215 days and 

measurements were conducted 5 times during experimental time, in 6-8 week intervals as 

described in Table 3-1. Carapace Length (CL) and Total Length (TL) were used to monitor 

growth and weight was monitored as well during measurement intervals 4–5 in Sæbýli and 

3–5 at UIRCS (Table 3-1) 

 Lobsters were held in individual cages, where the size was changed as the lobsters 

grew (Table 3-1). They were fed with Arctic char feed (Table 3-2) and were fed no less 

than 3% of their own body weight (McVay, 1993) five days a week. On the day of first 

measurements there were 111 lobsters at UIRCS and the lobsters in Sæbýli ehf. were 133. 

At the first day of measurements the average carapace length in Sæbýli was 5.86 mm (SD 

= 0.66) and at UIRCS the average carapace length was 5.64 mm (SD = 0.58).  

Sea water temperature in Sæbýli was on average 15.3°C (SD = 1.31) and salinity was 

on average 30.2 ppt (SD = 2.51). Both temperature and salinity fluctuated, with 

temperature ranging from 10.0°C to 18.4°C and salinity went as high 36 ppt down to 20 

ppt. These factors changed with outside conditions and fluctuations could last for few days 

at a time. Oxygen saturation remained above 95%. The sea water temperature in UIRCS 

was on average 16.2°C (SD = 0.31), ranging from 15.9°C to 16.8°C. Oxygen saturation 

remained above 75% and salinity was stable at 33 ppt. Water conditions remained stable 

since the water came from a drill hole and was unaffected by outside conditions. 

 

3.1.2 The lobsters 
On the 29

th
 of April 2014, European lobsters were imported to Iceland from the National 

Lobster Hatchery (NLH) in Padstow, Cornwall, UK. In total, 270 lobsters were imported 

from NLH in Cornwall, UK. The lobsters were at 

larval stage IV and were 6 weeks old. They had 

been reared at 19°C from day of hatching. The 

lobsters were transferred in four circular plastic 

trays (Figure 3-1) and each tray was stacked on top 

of the other. The stack of trays was placed in a 

plastic bag, filled with sea water and oxygen. The 

duration of the transport was approximately 24 

hours and on arrival the water temperature was 

17°C. All lobsters survived the transport and 

appeared to be at good health. On arrival the 

lobsters were split into two groups and 135 



28 

 

Figure 3-2: A tank holding individual cages in 

URICS. Picture: Soffía K. Magnúsdóttir 

 

 

 

 

 

 

individuals were placed in the University of Iceland’s Research Centre in Sudurnes 

(UIRCS) in Sandgerdi and the other 135 individuals were moved to Sæbýli ehf. in 

Eyrarbakki. The lobsters were placed in 16°C on arrival. They were acclimated for 36 days 

to eliminate possible effects from transport and change in circumstances and to make sure 

the lobsters would survive in the provided conditions.  

 

3.1.3 Experimental setup in UIRCS 
The system used in UIRCS was a flow 

through system where the sea water is 

pumped from a drill hole, making water 

parameters stable and the sea water clean. 

The sea water was pumped into tanks, one 

cubic meter in size (Figure 3-2). All 

lobsters were placed in individual cages, 

combined in islands, and they were set 

afloat in the tanks. An air stone releasing 

bubbles was placed at the bottom of each 

tank, near the center, facilitating water 

movement to ensure water exchange 

within the cages. The water temperature, 

oxygen saturation and levels of dissolved 

oxygen were monitored 5 days of the week using a Handy Polaris OxyGuard meter 

(OxyGuard International A/S, Denmark). Salinity was monitored less frequently, using a 

spectrometer, and it remained stable at 32±1 ppt during the experiment. The photoperiod 

used was 8L:16D and lights were controlled with an automatic switch.  

 

3.1.4 Experimental setup in Sæbýli 
The system at Sæbýli was a semi–RAS system where part of the sea water was recirculated 

and part of the water was released out of the system and renewed, depending on outside 

condition each time, ranging from 50 – 80% renewal. The sea water was pumped in from 

the depth of 40 meters from the outside bay, resulting in environmental fluctuations of both 

temperature and salinity. It is also likely that algae, microbes and minerals from the outside 

were carried into the system. Instead of tanks the cages were held in long and shallow 

races. The lobsters’ individual cages were combined in islands standing in the center of the 

races, each island of cages placed next to the other. Underneath the cages an air tube 

released bubbles under the cages to provide oxygen and facilitate water exchange. 

Temperature and salinity was monitored automatically every day, but oxygen was 

monitored less frequently. Oxygen saturation remained above 95%. The photoperiod used 

was 8L:16D, controlled manually in the morning and in the afternoon by staff members. A 

small window was above the system so the photoperiod was also partly affected by the 

outside conditions. 

 

3.1.5 Weight and length measurements 
To estimate growth, the weight and length of each lobster was measured. Length was 

measured as total length and carapace length. Carapace length (CL) is the length between 

the bottom of the eye socket to the rear end of the carapace. The total length was also 

measured, from the tip of the rostrum to the end of the telson. Both length measurements 

are explained in Figure 3-3. Length measurements were performed by removing lobsters 
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Figure 3-3: The length measurements of a lobster. Carapace Length (CL) and Total Length (TL) 

Picture: Soffía K. Magnúsdóttir. 

 

 

 

 

 

 

 

 

 

 

from their cages, placing them on a table and photographing them next to a ruler. The 

length was then assessed from the photographs. CL and TL were at the precision of 0.1 cm. 

Weight measurements were at the precision of 0.01 g. 

 

 

 

The data for weight and carapace length was used to calculate the daily specific 

growth rate (DSGR) of the lobsters as described in Ricker (1979). The calculations were 

made for both weight gained (g) and the added length of the carapace (mm) using the 

following formulas: 

 

Weight (g): 

DSGR (%d
–1

)W = 100 · (LN(Wscf) – LN(Wsci))/t 

 

Carapace length (mm): 

DSGR (%d
–1

)CL = 100 · (LN(CLscf) – LN(CLsci))/t 

 

 

Where Wscf = wet weight of each lobster at the end of the experiment; Wsci = wet 

weight of each lobster at the beginning of the growth experiment and t = time in days, 

CLscf = carapace length of each lobster at the end of the growth experiment and CLsci= 

carapace length of each lobster at the beginning of the experiment. 

 

3.1.6 Dates of measurements, cages and feed 
Lobsters were placed in individual cages. The size of the cages was increased as the 

lobsters grew, as well as the size of feed pellets. Table 3-1 shows how the setup for the 

lobsters was changed over time, the dates of measurements and length of each 
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measurement interval in number of days. Table 3-2 shows nutrient composition of the 

feeds. 

 

Table 3-1: Dates of measurements for UIRCS and Sæbýli and size of cages and feed 

pellets. 
Measurement 

interval 

Dates 

UIRCS 

Dates 

Sæbýli 

Cage size (cm) Feed and pellet 

size 

Arrival 29.04.2014 

(36 d) 

 

29.04.2014 

(35 d) 

3,5 * 6,8 * 5,5 3mm 

0.017g (FB) 

1–2 04.06.2014 – 16.07.2014 

(42 d) 

 

03.06.2014 – 15.07.2014 

(42 d) 

3,5 * 6,8 * 5,5 3mm 

0.017g (FB) 

2–3 16.07.2014 – 04.09.2014 

(50 d) 

 

15.07.2014 08.09.2014 

(55 d) 

3,5 * 6,8 * 5,5 3mm 

0.017g (FB) 

3–4 04.09.2014 – 11.11.2014 

(68 d) 

 

8.09.2014– 12.11.2014 

(65 d) 

14.5 * 6,5 * 14 4–6mm 

0.060g (L) 

4–5 11.11.2014 – 05.01.2015 

(55 d) 

12.11.2014 – 09.01.2015 

(58 d) 

14.5 * 6,5 * 14 4mm 

0.074g (FB) 

5–6 05.01.2015 – 23.02.2015 

(49 d) 

09.01.2015 – 20.02.2015 

(42 d) 

14.5 * 6,5 * 14 4mm 

0.074g (FB) 

0.063g (LF) 

 

 

 

Table 3-2: Nutrition composition of feed used during the experimental phase. Information 

on feed composition of the custom-made lobster feed has not yet been made public. 

Contents (%) 
Fodurblandan 

(FB), 3 mm 

Fodurblandan 

(FB), 4 mm 

Laxa  

(L), 4 mm 

Laxa  

(L), 6 mm 

Protein 45.0 40.0 42 38 

Fat 23.0 26.0 26 28 

Water 9.0 9.0 N.A N.A 

Fibers 1.0 1.0 N.A N.A 

Ash 10.5 9.0 8 8 

Carbs 15 14.5 17 18 

Astaxanthin 

(panaferd) 

52 mg/kg 50 mg/kg 70 mg/kg 60 mg/kg 

 

 

 

3.2 Comparison of growth at different 

temperatures 

 
3.2.1 Experimental design 
To determine how temperature affects growth, lobsters were held at two different 

temperatures in UIRCS, 10°C and 15°C. The total duration of the experiment was 215 days 

and measurements were conducted 5 times during that time, in 6-8 week intervals as 
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Figure 3-4: Lobsters in styrofoam box. 

    Picture: Soffía K. Magnúsdóttir. 

 

 

 

 

 

 

described in Table 3-1. CL, TL and weight were used to monitor growth. Feed conversion 

efficiency was also monitored between the two temperatures. 

 Lobsters were held in individual cages, where the size was changed as the lobsters 

grew (Table 3-1). They were fed with Arctic char feed (Table 3-2) and were fed no less 

than 3% of their own body weight (McVay, 1993) five days a week. 

On the day of first measurements the average weight of the lobsters was 0.45 g (SD = 

0.12) and the average carapace length was 9.55 mm (SD = 1.44). The temperatures used 

were 9.6°C (SD = 0.24), ranging from 9.0°C to 10.4°C and 16.2°C (SD = 0.31), ranging 

from 15.9°C to 16.8°C. The lobsters were in individual cages as described in Table 3-1. 

Oxygen saturation remained above 75%.  

 

3.2.2 The lobsters 
On the 29

th
 of April 2014, European lobsters 

were imported to Iceland from the Institute of 

Marine Research (IMR) in Bergen, Norway. In 

total, 87 lobsters were imported from the IMR. 

The lobsters were at various stages, all above 

stage IV. They were 22 months old and had been 

reared at 10°C from hatching. They were 

transferred in a Styrofoam box shown in Figure 

3-4 and each individual was wrapped in moist 

newspaper. Small ice–cooling blocks were put in 

the box to keep the temperature low. The box 

was closed with a lid and sealed with tape. The 

duration of the transport was approximately 24 

hours and on arrival the temperature in the box 

was 6°C. Out of the 87 lobsters arriving, 73 were in good health and 14 were marked as 

weak, based on response to handling and general mobility, but all individuals did survive 

the transport. Out of the 87 individuals, four lobsters were both larger and older than the 

others and were held separately.  

On arrival the lobsters were divided between 10°C and 16°C. 41 lobsters (and 4 

larger individuals) were placed in 10°C and 42 were placed in 16°C. The lobsters 

acclimated for 36 days to eliminate possible effects from transport and change in 

circumstances and to make sure the lobsters would survive in the provided conditions. At 

the day of first measurement the remaining number of lobsters in both temperatures were 

29 individuals. The average carapace length at the first measurement after acclimation was 

9.6 mm (SD = 1.45). 

 

3.2.3 Experimental setup in UIRCS 
See section 3.1.3. 

 

3.2.4 Weight and length measurements 
See section 3.1.5. 

 

3.2.5 Feed conversion efficiency 
Feed consumption was precisely monitored for intervals 1–3 for the lobsters from IMR at 

two different temperatures. The number of pellets given was logged for every feeding. 
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Before each feeding, the leftover feed from the day before was also logged, as number of 

pellets or portions of whole pellets, before they were removed with a pipette. Using the 

average weight of pellets, the weight of the leftovers was deducted from the weight of feed 

given, leaving the total weight of feed ingested. The amount of feed ingested was used for 

feed conversion calculations according to Yuan et al. (2006): 

 

FCE (%) = 100 · (Wf – Wi) / (Ct / nsc ) 

 

Where Wf = final combined weight of the lobsters for each temperature treatment; 

Wi = initial combined wet weight of the lobsters for each temperature; Ct = weight of feed 

given to each treatment group per day and nsc = number of lobsters in each treatment. 

The feed ingestion of the lobsters used in the photoperiod system was not monitored, 

however every feeding was logged and cages were closed at the bottom so no feed could 

escape. Lobsters were fed according to need and calculations of FCE were applied, even 

though results will not be fully precise. 

 

3.2.6 Dates of measurements, cages and feed 
Lobsters were placed in individual cages. The size of the cages was changed as the lobsters 

grew, as well as the size of feed pellets. Table 3-3 shows how the setup for the lobsters 

changed over time, the dates of measurements and length of each measurement interval in 

number of days. Table 3-2 shows nutrient composition of the feeds. 

 

 

Table 3-3: Dates of measurements, size of cages and feed pellets. 
Measurement 

interval 

Dates Cage sizes (cm) Feed and pellet size 

Arrival  29.04.2014 (36 d) 3,5 * 6,8 * 5,5 3mm – 0.017g (FB) 

1-2 04.06.2014 - 

16.07.2014 (42 d) 

3,5 * 6,8 * 5,5 3mm – 0.017g (FB) 

2-3 16.07.2014 - 

04.09.2014 (50 d) 

3,5 * 6,8 * 5,5 3mm – 0.017g (FB) 

3-4 04.09.2014 - 

11.11.2014 (68 d) 

14.5 * 6,5 * 14 4-6mm – 0.060g (L) 

4-5 11.11.2014 - 

05.01.2015 (55 d) 

14.5 * 6,5 * 14 4mm – 0.074g (FB) 

 

 

 

3.3 Growth and respiration at different 

photoperiods 
 

3.3.1 Experimental design 
To determine how photoperiod affect growth, FCE and respiration lobsters were held at 

two different photoperiods. The total duration of the experiment was 123 days. Lobsters 

experienced two different photoperiods; a “short day” of 8 hours of light and 16 hours of 

darkness and a “long day” of 14 hours light and 10 hours darkness. Results show starting 
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Figure 3-5: Photoperiod system setup 

Picture: Soffía K. Magnúsdóttir. 

 

 

 

 

 

 

 

and final weight of the lobsters. CL, TL and weight were used to monitor growth. Feed 

conversion efficiency was also monitored between the two photoperiods. 

 Lobsters were held in individual cages in a system designed for photoperiod trials (as 

described in section 3.3.3). They were fed with 4 mm Arctic char feed pellets from 

Fodurblandan (for information on nutritional values, see Table 3-2). Ideally lobsters would 

have been fed with 3% of their own body weight during each feeding, but some days 

compromises had to be made not to corrupt water qualities within each cage. When that 

was the case, all lobsters would still receive the same amount of feed. 

Any leftover feed and fecal matter were removed with a pipette before feeding and 

cages were cleaned as needed. Possible buildup of toxins was minimized by exchanging 

water every other day. Average temperature was 18.8°C (SD = 0.46) and oxygen saturation 

always remained above 94%. 

 

3.3.2 The lobsters 
The lobsters were a mix of the lobsters imported from MRI (section 3.2.2) and NLH 

(section 3.1.2). Total of 30 lobsters were transferred from their original cages to the 

photoperiod system (section 3.3.3) where they could acclimate for 28 days prior to 

measurements to eliminate possible effects from transport and change in circumstances, 

and to make sure the lobsters would survive in the provided conditions. At the start of the 

experiment lobsters had reached the average weight of 2.2 g (SD = 0.58). 

 

3.3.3 Experimental design 
The system used for experiments with 

photoperiod (Figure 3-5) was located at 

UIRCS. It was made up of a glass tank 

(35 cm * 39 cm * 75 cm) and on top of 

the tank a unit held two rows of 

individual lobster cages (13.5 cm * 7 cm 

* 17 cm, each holding 1.6 L). The unit 

holding the cages was made of a plastic 

box (35 cm * 39 cm * 75 cm) sitting on 

the glass tank, and the two rows of cages 

were divided with a plastic wall inside 

the box. On each side of the wall 

separating the two rows of cages was an 

8 watt led light, covered with a black 

film for filtration. A lid was placed on 

top of the box to keep all external light 

out, making sure that the only source of light for each row was the bulb on the side of the 

wall. The glass tank was filled with sea water and a Hailea HX–2500 pump was placed in 

the tank. The pump moved water through a PVC pipe (2.5 cm diameter) and into the 

plastic box on top of the glass cage. The pipe split into two and each of those pipes were 

placed over the two rows of cages. On top of each cage a hole was made in the pipe (1.5 

mm) allowing water to pass from the pipe into each cage. The water level of the cages was 

held at 13 cm by an overflow from each cage letting the sea water flow back to the glass 

cage. 

Each row consisted of 5 individual cages, so one system held 10 lobsters. In total the 

units were 3 so each treatment group had 15 lobsters. The lights were connected to timers 
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controlling photoperiods on each side of every unit. There were two different day lengths; 

8L:16D and 14L:10D. 

 

3.3.4 Weight and length measurements 
See section 3.1.5 

 

3.3.5 Feed conversion efficiency 
See section 3.2.5 

 

3.3.6 Oxygen consumption rate 
The oxygen consumption of lobsters can be used as a good estimator of their metabolic 

rate. The lobsters were starved for 2 days before respiration measurements to avoid 

metabolic responses associated with processing food (Specific Dynamic Action, SDA).  

Measurement methods are similar as described by Hilvarsson et al., 2007. For 

respiration measurements each lobster was placed in a plastic container of 365 ml or 155 

ml in volume, depending on the lobsters’ size, and it was filled with sea water of the same 

temperature as they were reared in during each experiment. A lid was put on the containers 

sealing them tightly so that no air bubbles were noticeable within the container and then it 

was completely sealed. Containers were set afloat in a tank, providing heat controlled 

conditions making sure that temperature remained stable throughout the measurements. 

Once the lid had been placed on the container, the lobsters remained enclosed for 30–130 

minutes, depending on the lobsters’ size and the water temperature. One of the containers 

for each measurement held no lobster inside and served as a control. Once the 30–130 

minutes had passed, the lids were carefully removed and oxygen measurements performed 

by using Handy Polaris OxyGuard, which measured oxygen saturation and dissolved 

oxygen. The value of the control served as a starting value. The values from each measured 

lobster were deducted from the control generating a value of oxygen consumption for each 

individual lobster. Oxygen consumption rate (OCR) was calculated with the following 

formula: 

 

OCR (mg O2/g/L/min) = ((O2A – O2B) · V) / W) / t 

 

where O2A = the level of dissolved oxygen of the control for each measurement, O2B 

= the level of dissolved oxygen in the container for each lobster at the end of measurement, 

V = the volume of the container, after the volume of the lobster had been deducted and W 

= the lobsters wet weight. 

 

 

3.4 Difference in growth between lobsters 

receiving different feed 
 

3.4.1 Experimental design 
To determine how different types of feed affect growth rate of lobsters a feeding trial was 

conducted at UIRCS and Sæbýli simultaneously. The total duration of the experiment was 

49 days and results show size and weight at the beginning and in the end of the trial. CL, 
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TL and weight were used to monitor growth. Lobsters were held in individual cages, sizes 

14.5 * 6,5 * 14 cm.  

 Out of the two groups compared in Sæbýli, one was fed with shelf bought 4 mm 

Arctic char feed from Fodurblandan and the other group was fed with custom made dry 

feed for lobsters. Two groups were also compared in UIRCS where one group was fed with 

4 mm Arctic char feed from Fodurblandan only (see table Table 3-2 for nutritional values), 

and the other group received the same feed with the addition of shrimp in small quantities 

once a week. Lobsters receiving dry feed were fed roughly 5% of their own body weight as 

described by McVay (1993) and feeding occurred 5 days a week. The lobsters receiving 

shrimp were fed with small pieces of shrimp (roughly 0.1 g) along with the Arctic char dry 

feed. They were given 20 – 30 minutes to feed on the shrimp before it was removed. The 

feeding time was kept short and the pieces were removed to minimize the added volume of 

feed to ensure that increased growth of individuals in that group could not be contributed 

to added quantity of feed ingested since all lobsters were fed to saturation. 

Lobsters had reached the average weight of 1.17g (SD = 0.25) and average carapace 

length of 13.19 mm (SD = 1.00) in Sæbýli and average weight of 1.04 g (SD = 0.33) and 

average carapace length of 12.75 mm (SD = 1.44) in UIRCS. Temperature, oxygen 

saturation and salinity were as described in sections 3.1.3 and 3.1.4. 

Welch Two Sample T-Test was used to compare the total DSGR for carapace length 

and weight between the two groups of each experimental research station. One Way Anova 

followed with Tukey HSD posthoc test were used to determine difference in means of 

daily specific growth rate (carapace length) between all four groups regardless of research 

station. The results from the comparison between the custom made lobster feed and Arctic 

char feed will give an idea of the value of Arctic char feed compared to custom made 

lobster feed.  

 

3.4.2 The lobsters 
See sections 3.1.2 and 3.2.2 for information on lobsters used. In addition to the 36 days of 

acclimation on arrival, the lobsters underwent a 215-day trial as described in section 3.1. 

The only change in setup between the previous trial and the feed trial was a change in feed 

for some of the lobsters. 

 

3.4.3 Experimental setup in UIRCS 
See section 3.1.3 

 

3.4.4 Experimental setup in Sæbýli 
See section 3.1.4 

 

3.4.5 Weight and length measurements 
See section 3.1.5. 
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3.5 Oxygen consumption rate 
 

3.5.1 Oxygen consumption rate and size 
To determine how metabolism of lobsters change with size, the respiration of lobsters at a 

0.5 g and 34.6 g size range was measured (n: 29). Lobsters were from NLH (section 3.1.2) 

and MRI (section 3.2.2). Lobsters acclimated at 10°C for no less than two weeks before 

measurements were performed. The experiment was performed at UIRCS (section 3.1.3) 

and respiration measurements were performed as described in section 3.3.6. 

 

3.5.2 Oxygen consumption rate at different temperatures 
To determine how metabolism of lobsters is affected by temperature, the respiration of 

lobsters was measured at 10°C, 15°C and 20°C. Lobsters were from NLH (section 3.1.2) 

and MRI (section 3.2.2). They acclimated at each temperature for no less than two weeks 

previously to measurements being performed. The experiment was performed at UIRCS 

(section 3.1.3) and respiration is measured as described in section 3.3.6. 

On the day of measurements the temperatures were as follows: 10°C (10.1°C), 15°C 

(15.4°C), and 20°C (19.9°C). The average weight of individuals in 10°C was lower than 

for the other two temperatures or 1.58 g (SD = 0.52) (n: 12). Average weight of individuals 

in 15°C was 4.38 g (SD = 1.88) (n:14) and in 20°C the average weight was 4.75 g (SD = 

2.68) (n: 20).  

 

3.5.3 Oxygen consumption rate at different status of feeding 
To determine how metabolism of lobsters’ change based on their status of feeding, 

respiration measurements were conducted after two days of starvation, during feeding and 

two hours after being fed with two 4 mm Arctic char feed pellets. When measuring lobsters 

during feeding, a 4 mm pellet of Arctic char feed was placed in the container during 

measurements. The experiment was performed at UIRCS (section 3.1.3) and OCR is 

measured as described in section 3.3.6. Lobsters mean weight of each treatment group and 

number of samples is specified in Table 3-4. 

 

 

 

Table 3-4: Mean weight (g, SD) and number of individuals in the three feeding groups at 

15°C and 20°C. 
 15°C 20°C 

Starved 4.38 (SD = 1.88) (n: 14) 1.77 (SD = 0.42) (n: 23) 

Feeding 4.62 (SD = 2.05) (n: 11) 2.34 (SD = 0.70) (n: 10) 

Recently fed 4.82 (SD = 2.05) (n: 10) 1.80 (SD = 0.41) (n: 29) 

 

 

 

3.5.4 Oxygen consumption rate following temperature 
fluctuations 

To assess the lobsters´ response to temperature fluctuations respiration was measured 

before any change of temperatures, immediately after temperature change and then again 

after the lobsters had acclimated to the new temperature for 5 days. Temperature was 

raised by 10°C, from 10°C to 20°C, at once for one group and for the other group, the 
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temperature was raised by 10°C, from 10°C to 20°C, by increasing the temperature twice 

by 5°C. Both groups were lowered from 20°C to 10°C in one step. 

 For all lobsters, respiration measurements were performed at 10°C (as described in 

section 3.3.6). They were then moved to either 15°C or 20°C and 2 hours after the rise in 

temperature, respiration was measured again. Following 5 days of acclimation, the 

respiration measurements were repeated at the same temperature. Afterwards, the lobsters 

at 15°C were moved to 20°C and respiration was measured 2 hours later. The lobsters at 

20°C were moved to 10°C and respiration was measured 2 hours later. The lobsters at 

20°C acclimated for 5 days before respiration was measured again and were then moved to 

10°C where respiration was measured 2 hours later.  

The number of individuals used for each measurement and the average weight (g) of 

those individuals are specified in Table 3-5 for the ones going from 10°C to 20°C in one 

jump group and in Table 3-6 for the ones going from 10°C to 20°C in two 5°C jumps 

group. 

 

 

 

Table 3-5: Transfer from 10°C to 20°C in one jump, and back to 10°C 
Days Measurement 10°C to 20°C Mean 

weight 

g(SD) 

n 

1 1 At day 1 the lobsters were stable at 10°C and first 

respiration measurements were performed 

 

4.57 (2.88) 20 

1 2 Following the measurement in 10°C the lobsters 

were transferred to 20°C and respiration was 

measured 2 hours later. 

 

4.58 (2.97) 18 

5 3 At day 5 the lobsters had acclimated in 20°C for 5 

days and respiration measurements were 

performed. 

 

4.20 (2.79) 21 

5 4 After respiration had been measured at 20°C the 

lobsters were moved back to 10°C and respiration 

measured 2 hours after the move. 

 

4.21 (2.78) 21 

10 5 At the 10
th
 day the lobsters had acclimated at 

10°C for 5 days and last respiration measurements 

were performed. 

4.16 (2.82) 21 
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Table 3-6: Transfer from 10°C to 20°C, in two 5°C jumps, and back to 10°C. 
Day Measure–

ment 

Description (two jumps) Mean weight 

g(SD) 

n 

1 1 At day 1 the lobsters were stable at 10°C and first 

respiration measurements were performed 

 

4.80 (2.27) 1

6 

1 2 Following the measurement in 10°C the lobsters were 

transferred to 15°C and respiration was measured 2 

hours later. 

 

4.13 (2.47) 1

7 

5 3 At day 5 the lobsters had acclimated in 15°C for 5 

days and respiration measurements were performed. 

 

4.56 (2.34) 1

8 

5 4 After respiration had been measured at 15°C the 

lobsters were moved to 20°C and respiration measured 

2 hours after the move. 

 

4.54 (2.34) 1

8 

10 5 At day 10 the lobsters had acclimated in 20°C for 5 

days and respiration measurements were performed. 

 

4.32 (2.41) 1

9 

10 6 After respiration had been measured at 20°C the 

lobsters were moved back to 10°C and respiration 

measured 2 hours after the move. 

 

4.32 (2.41) 1

9 

15 7 At day 15 the lobsters had acclimated at 10°C for 5 

days and last respiration measurements were 

performed 

4.17 (2.41) 1

4 

 

 

 

3.6 Statistical analysis 
 

A Two Way repeated measures Anova was run to determine the effect of different 

treatments over time on DSGR (% day in grams and carapace length), growth (effects of 

temperature and flow through vs semi-RAS setup) and respiration (feeding and 

temperature effects and stable vs shock temperature effects). Analysis of studentized 

residuals showed in all cases that there was normality, as assessed by the Shapiro-Wilk test 

of normality (p > 0.05) and no outliers, as assessed by no studentized residuals greater than 

± 3 standard deviations. Sphericity for the interaction term, assessed by Mauchly's test, 

indicated that the assumption of sphericity was met for the two-way interaction in most 

cases (p > 0.05) but the Greenhouse-Geisser correction was applied when it was violated. 

Pairwise comparisons and post hoc analysis with a Bonferroni adjustment were performed 

following analysis of the main effect (interaction) of treatment and time. One Way Anova 

and Welch Two Sample T-Test were conducted to compare means of total growth rates of 

groups held at different temperature, in different systems and the two groups at the two 

different location receiving different feeds. The level of significance was set at p = 0.05 for 

all tests and comparisons.  
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4 Results 
 

4.1 Growth at different temperatures 
 

 

4.1.1 Total growth at different temperartures 
Growth was compared between lobsters held at 10°C and 16°C for 215 days. Growth rate 

at 10°C was slower, and as shown in Fig. 4-1, the lobsters at 10°C gained little size and the 

difference between the groups increased with every measurement interval. The lobsters at 

16°C had grown significantly more at the second measurement after 42 days. The 

difference grew steadily as the trial progressed Figure 4-1). Repeated measures Anova 

followed by Tukey multiple comparisons of means showing that no significant difference 

was detected between the two groups at the start of the trial (F1,9 = 43.55, p = 1.00), or at 

the second measurements (p = 0.16) but the difference at the third measurement was 

significant (p < 0.001) and the difference continued to increase as the trial progressed. 

 

 

 

 
 

 

 

4.1.2 Survival and moulting rates at different temperatures 
The survival of the lobsters held at 10°C was slightly higher than for those held at 16°C. 

Out of the 29 lobsters in each group at the beginning of the trial, 79% survived the full 215 

days at 10°C and 59% survived at 16°C (Table 4-1). The number of moults was also 

different between the two groups. Over 95% of all lobsters at 16°C moulted between every 

measurement. At 10°C the rate was lower and as few as 41% of the lobsters at 10°C 

moulted (Table 4-2). 

 

       

Figure 4-1: The average weight (g ±SE) (left) and the average carapece length (mm ± SE) (right) of 

lobsters held at 10°C and 15°C and measured 5 times over a 215 day period.  
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Table 4-1: Survival of lobsters at 10°C and 16°C during a 215 day trial. The table shows 

how survival decreases at every measurement (6-8 week intervals, see Table 3-3 for dates) 
Temperature Arrival  1 (42 d) 2 (50 d) 3 (68 d) 4 (55 d) 5 (42 d) 

10°C 41  100% (29) 100% (29) 93% (27) 90% (26) 79% (23) 

16°C 41  100% (29) 93% (27) 83% (24) 79% (23) 59% (17) 

 

 

 

Table 4-2: The table shows the percentage of lobsters moulting at 10°C and 16°C during a 

215 day trial (6-8 week intervals, see Table 3-3 for dates) 
Temperature 1-2 (42 d) 2-3 (50 d) 3-4 (68 d) 4-5(55 d) 

10°C 32% 80% 41% 91% 

16°C 96% 95% 95% 100% 

 

 

   

4.1.3 DSGR (% d–1) at different temperatures 
Lobsters growth at 10°C was significantly reduced (Figure 4-1), resulting in lower DSGR 

for the group held at 10°C. The 6°C difference between the treatment groups led to the 

DSGR of lobsters at 16°C to be twice as high as it was at 10°C (Figure 4-2). The difference 

was found significant by Welch Two Sample T-Test (t33 = 6.254, p < 0.001). Almost all 

lobsters at 16°C moulted between measurements. However, the growth rate decreased with 

time as lobsters gained size (Figure 4-2).  

For DSGR (CL, mm) there was a statistically significant two-way interaction 

between treatment and time (F3,27 = 5.269, p = 0.005) showing that it changed differently 

over time depending on temperature. Mean DSGR was not significantly different over time 

for lobsters at 10°C (F3,48 = 1.318, p = 0.279) but in 16°C it was significantly different 

(F1.3,17.5 = 5.599, p = 0.022). The main effect of time did not show a statistically significant 

difference in DSGR between time points (F1.2,10.5 = 4.026, p = 0.067).  

The weight gain followed a similar trend (Fig. 4-3). DSGR (g) changed differently 

over time depending on temperature as shown by a statistically significant two-way 

interaction between treatment and time (F3,27 = 7.524, p = 0.001). Mean DSGR was 

significantly different over time for lobsters in 10°C (F1.9,30.5 = 5.808, p = 0.008) and in 

16°C (F3,39 = 7.827, p < 0.001). The main effect of time showed that there was not a 

statistically significant difference in DSGR between time points (F3,27 = 0.632, p = 0.601). 
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Figure 4-2: Average DSGR (% d
–1

) ± SE of the juvenile lobsters at different temperatures for the total 

duration of the experiment (215 days). 
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Figure 4-3: The figure shows how average DSGR (% d
–1

) ± SE decreases during the 215 day trial. 

Measurements were perfromed at 6-8 week intervals (see table Table 3-3 for dates). 
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4.1.4 Feed Conversion Efficiency at different temperatures 
Feed intake was monitored to determine how temperature affected FCE. At 10°C the FCE 

was 0.13 (SD = 0.076) and at 16°C the FCE was 0.21 (SD = 0.070) indicating that the 

lobsters at 16°C yielded more growth per unit of ingested feed compared to the lobsters at 

10°C. The difference between the FCE at the two temperatures was found significantly 

different by Welch Two Sample T-Test. (t39 = 3.3617, p = 0.0017) 

 

 

 

4.2 Comparison between flow through system 

and semi–RAS system 
 

 

4.2.1 Total growth in flow through system and semi–RAS 

system 
Even though the final growth rate of the two groups was the same, the lobsters in the semi-

RAS system outgrew the ones in the flow through system during measurements 2 and 3. 

The difference decreased again as the trial progressed (Figure 4-4). One Way Anova 

(F(9,893) = 724.1) and Tukey multiple comparison of means showed that at the start of the 

trial the carapace length of the lobsters in both groups was the same (p = 0.76). The 

difference between the two groups was the highest during measurement 3 (p < 0.001). At 

the end of the trial the difference had reduced again, but it remained significant (p < 

0.001). 

 

 

     

Figure 4-4: Average weight (g ± SE, on the left) and CL (mm ± SE, on the right) of lobsters in a 

flow through system and a semi–RAS system at each measurement during a 215 day trial. 

Measurements were performed at 6-8 week intervals (see table Table 3-1 for dates). 
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4.2.2 Survival and moulting rate in flow through and semi–RAS 
On arrival the lobsters in each system were 135. At the first measurements the number of 

lobsters had gone down to 111 in the flow through system but the lobsters in the semi–

RAS system were 133. After the first measurement and until the second, there was a more 

noticeable decline in the semi–RAS system and the number of lobsters went down to 105. 

From there, the survival remained similar between the two groups. The group held in the 

flow through system showed 67% survival while it was 58% in the semi-RAS (Figure 4-5). 

 

 

 
 

 

 

In both groups the precentage of lobsters moulting between measurements declined with 

time. Almost all lobsters moulted between every measurement although the precentage of 

moults reduced as the trial progressed (Table 4-3). 

 

 

 

Table 4-3: Percentage of lobsters that moulted at each interval. For dates and days between 

intervals see Table 3-1. 
 1-2 

(42 d) 

2-3 

(50 d) 

3-4 

(68 d) 

4– 5 

(55 d) 

Flow through 96% 93% 86% 89% 

Semi–RAS 100% 99% 92% 80% 

 

 

 

4.2.3 DSGR (% d–1) in flow through and semi–RAS systems 
For both treatment groups the DSGR (% d

–1
) was the most rapid at first, decreasing with 

time as shown in figure 4-6. However, DSGR (CL) changed differently over time 

depending on treatment, as shown by a statistically significant two-way interaction 

between treatment and time (F3,54 = 10.156, p < 0.001). Mean DSGR (CL) was 

significantly different over time for lobsters in flow through conditions (F1.6,86.7 = 25.955, p 

     

Figure 4-5: Survival of lobsters (%) in a flow through system and a semi–RAS system during a 215 

day interval where measurements were performed at 6-8 week intervals (see table Table 3-1 for dates). 
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< 0.001) and in semi-RAS (F3,54 = 73.476, p < 0.001). The growth rates of DSGR (CL) 

were significantly different between the treatment groups (F1.9,34.7 = 48.824, p < 0.001) and 

only the first measurement showed significant difference between treatments (flow through 

= 0.61 (SD = 0.29) and semi-RAS = 0.89 (SD = 0.23), F1,95 = 26.059, p < 0.001).  

Pairwise comparison between treatments showed the difference between every 

measurement to be as follows: 1 to 2: F1,95 = 2.609, p < 0.001, 2 to 3: F1,71 = 3.794, p = 

0.055, 3 to 4: F1,24 = 1.680, p = 0.207 and 4 to 5: F1,18 = 4.360, p = 0.051. When the total 

growth rate of the two groups is compared (Figure 4-7) a Welch Two Sample T-Tests 

shows that there is no significant difference (t128.91 = 0.44, p = 0.6546).  

 

 

 

 
 

 

 

    

Figure 4-6: Average DSGR (% d
–1

)  of carapace length, mm ± SE, between measurement intervals in a 

flow through system and a semi–RAS system during a 215 day trial where measurments were performed 

at 6-8 week intervals (see Table 3-1 for dates). 
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Figure 4-7: Average DSGR in carapace length (% d
–1

) ± SE of juvenile lobsters in a flow through system 

and a semi–RAS system during the full time of the experiment (total of 215 days). 
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4.3 Difference in growth between lobsters 

receiving different feed 
 

 

4.3.1 Total growth for different feeds 
The total growth from start of the trial to the finish for each treatment group was very 

similar and there was little growth among all groups (Figure 4-8). According to weight 

measurements the lobsters in Sæbýli receiving Arctic char feed lost weight during the 

experiment so all weight measurements for this trial will be excluded.  

 The lobsters gaining the most size (CL) were the ones that were fed with shrimp as 

well as Arctic char feed. One Way Anova (F3,103 = 3.204) and Tukey multiple comparison 

of means showed that the only statistically significant difference between the final CL of 

the treatment groups was between the groups at UIRCS in Sandgerdi fed with Arctic char 

feed and Arctic char feed and shrimp (p = 0.038), and between the ones receiving Arctic 

char feed and shrimp and the ones in Sæbýli receiving the custom made lobster feed (p = 

0.02). The results were the same for weight (g) where One Way Anova (F3,103 = 6.545) and 

Tukey multiple comparison test showed that the only statistical difference between the 

groups was between the group fed with shrimp and the one in Sandgerdi fed with Arctic 

char feed (p = 0.004), the one in Sæbýli receiving lobster feed (p < 0.001) and the one in 

Sæbýli reciving Arctic char feed (p < 0.001). 

 

 

 

 
 

 

 

Figure 4-8: The average weight (g ± SE, on the left) and the average carapace length (mm ± SE, on the 

right) at the start and finish of the experiment (49 days in UIRCS and 42 days in Sæbýli). 
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4.3.2 Survival and moulting rate on different feeds 
The survival was similar between all groups (Table 4-4), although lowest for the group in 

Sæbýli receiving Arctic char feed, and the group receiving shrimp supplements was the 

only group with 100% survival.  

Only half of the lobsters in Sæbýli moulted regardless of the feed given. The 

percentage was higher in UIRCS where 72% of the lobsters receiving the Arctic char feed 

moulted and all the ones receiving shrimp supplement moulted during the interval. 

 

 

 

Table 4-4: Survival rates and moulting ratio of lobsters receiving different feed. 
Research 

station 

Feed Moulting 

ratio 

Start 

n: 

End 

n: 

% Survival 

UIRCS Arctic char feed 72% 37 34 92% 

UIRCS Arctic char feed and shrimp 

supplement 

100% 17 17 100% 

Sæbýli Arctic char feed 52% 37 33 89% 

Sæbýli Lobster feed 51% 40 36 90% 

 

 

 

4.3.3 DSGR for different feeds 
The DSGR was not statistically different between three of the four groups; the two in 

Sæbýli, receiving Arctic char feed and lobster feed and the one in Sandgerði receiving 

Arctic char feed. The group receiving Arctic char feed and shrimp had a DSGR 

significantly different from the other three. When comparing growth rates between the four 

groups, One Way Anova (F3,103 = 4.826), followed by a Tukey multiple comparison of 

means showed that the only group significantly different from the others was the group 

receiving both Arctic char feed and shrimp supplements. The least difference was between 

that group and the one only receiving Arctic char feed in Sandgerði (p = 0.041). The 

largest difference was between the group fed with shrimp and the one fed with lobster feed 

(p = 0.003).  
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4.4 Comparison between different photoperiods 
 

 

4.4.1 Total growth at different photoperiods 
To assess growth at different photoperiods, the lobsters’ growth at a long day and a short 

day was compared (Fig. 4-10). The average weight gain was not statistically different 

between the two photoperiods (Welch Two Sample T-Test, t19 = 0.563, p = 0.580).  

 

            

     

Figure 4-9: Average DSGR % d
–1

 of carapace length ± SE during the total time of the 

experiment (UIRCS: 49 days and Sæbýli: 42 days). 
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Figure 4-10: The average weight gain (g) ± SE for lobsters at a long day (14L:10D) and 

a short day (8L:16D) at the start and finish of the experiment (total of 123 days). 
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4.4.2 Survival and moulting rate at different photoperiods 
Mortality was high for both treatment groups (40%) without a significant difference 

between the two photoperiods. Mortalities were not different between light regimes and the 

deaths of some individuals were unexplained. Six cages were affected by system faults 

where water supply to individual cages was accidentally halted. The fault affected 

treatment groups evenly.  

 

4.4.3 DSGR at different photoperiods 
DSGR was similar between the two treatment groups, and the difference was found 

insignificant by Welch Two Sample T-Test (t19 = 0.78, p = 0.45). 

 

 

 

                

 
 

 
  

     

Figure 4-11: Average DSGR (% d
–1

) ± SE of lobsters at different photoperiods 

(8L:16D and 14L:10D) during the 123 days of the experiment. 
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4.4.4 Feed conversion efficiency and oxygen consumption rate 
at different photoperiods 

Difference in feed conversion efficiency was not statistically different between treatment 

groups (Table 4–9) as Welch Two Sample T-Test shows no significant difference in the 

means of FCE between groups (t19 = 0.20, p = 0.84). The oxygen consumption rate (OCR) 

between the two groups was similar (t25 = 0.63, p = 0.53). 

 

 

 

Table 4-5: Measured feeding and metabolic responses of juvenile lobsters reared at 

different photoperiods. OCR is represented as mgO2/g/L/min and FCE in percentage. 

Values in the table are means (SD). 
 Long day Short day 

OCR   0.0026 (SD = 0.0007) 0.0027 (SD = 0.0007) 

FCE(%) 1.51 (SD = 0.63) 1.44 (SD = 0.74) 

 

 

 

4.4.5 Oxygen consumption rate; effects of temperature and 
feeding 

The oxygen consumption rate of lobsters at 10°C changes with size, as shown in Figure 

4-12. For the smallest lobsters the respiration rate was 0.0035 mgO2/g/L/min and when the 

lobsters reach 35 g the respiration was 0.0002 mgO2/g/L/min. The R
2
 = 0.63 and a fitted 

trend line shows how respiration is expected to change with size.  

 

 

 

     
 

 

 

     

Figure 4-12: mgO2/g/L/min as a function of weight, at 10°C. The figure shows how oxygen 

consumption per unit of weight decreases as the lobsters gain weight. 
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Oxygen consumption rate was greatly affected by temperature. At 10°C, the average rate 

of respiration was 0.0016 mgO2/g/L/min. At 15°C the rate of respiration rose to 0.0019 

mgO2/g/L/min and at 20°C the respiration rate was 0.0026 mgO2/g/L/min (Fig. 4–13). The 

rise between 10°C and 15°C was slightly less than between 15°C and 20°C. One Way 

Anova (F2,42 = 16,280) and Tukey post hoc test showed that the difference between 

respiration at 10°C and 15°C was not significant (p = 0.321) but between 10°C and 20°C 

the difference was found to be significant (p < 0.001) as well as between 15°C and 20°C (p 

= 0.001). 

         
 

 

 

Metabolic rate was affected by feeding and followed similar trends at 15°C and 

20°C. At 15°C the lobsters respiration rate was on average 0.0019 mgO2/g/L/min when 

starved. During feeding the respiration rate did not change much and remained at 0.0017 

mgO2/g/L/min. When recently fed the respiration increased to 0.0031 mgO2/g/L/min. At 

20°C the respiration at starvation was 0.0033 mgO2/g/L/min. During feeding the 

respiration dropped to 0.0023 mgO2/g/L/min and when recently fed the respiration was 

0.0042 mgO2/g/L/min. The lobsters at 15°C showed bigger difference between starvation 

and feeding than those at 20°C. 

Respiration of lobsters recieving different feeds did not change differently over time 

depending on temperature, as shown by insignificant two-way interaction between 

treatment and time (F2,18 = 1.075, p = 0.362). Mean respiration was significantly different 

over time at 15°C (F2,20 = 10.701, p = 0.001) and 20°C (F2,18 = 21.686, p < 0.001). The 

main effect of time showed that there was a statistically significant difference in respiration 

between time points (F2,18 = 38.213, p < 0.001). When starved, the difference was found 

significant by pairways comparison (F(1,13) = 23.812, p < 0.001) as well as when recently 

fed (F(1,9) = 14.865, p = 0.003). The difference between the two groups when feeding was 

not significantly different (F(1,13) = 1.788, p = 0.214). 

 

    

 

Figure 4-13: Average oxygen consumption of lobsters in mgO2/g/L/min ± SE at three 

different temperatures, 10°C, 15°C and 20°C. 
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When lobsters were exposed to temperature fluctuations the metabolic response was 

minimal. When temperature was raised from 10°C to 15°C the lobsters’ respiration was 

higher during the shock than following acclimation. When temperature was raised from 

15°C to 20°C the respiration rose to the same level as it was during the shock at 15°C. 

When lobsters acclimated at 20°C, the respiration rose even higher. When temperature was 

dropped from 20°C to 10°C respiration was lower following the shock than it was after 

acclimation at 10°C (Figure 4-15). 

When lobsters were moved from 10°C straight to 20°C the respiration following the 

shock of transfer was the same as it was after acclimation at 20°C. When temperature was 

dropped again to 10°C the respiration was slightly higher during the shock than it was after 

acclimation at 10°C (Figure 4-15). 

Respiration of lobsters in different groups was different over time depending on 

temperature as shown by significant two-way interaction between treatment and time (F2.5, 

32.5 = 3.188, p = 0.044). Mean respiration was significantly different over time in 10°C (F4, 

52 = 30.322, p < 0.001) and in 20°C (F2.5, 37.8 = 46.668, p < 0.001). The main effect of time 

showed that there was a statistically significant difference in respiration (F4,52 = 58.625, p 

< 0.001). 

Five points of measurements, as shown in figure 4-15 were statistically comparable, 

i.e. all lobsters were stable at 10°C at shock and stability at 20°C for both treatment groups 

as well as at shock and stability at 10°C. The transfer of one group from 10°C to 15°C was 

not compared to the other treatment group since it did not experience transfer to that 

temperature (Fig. 4-15). At the start of the experiment the difference between the two 

groups was found insignificant (F1,13 = 0.330, p = 0.575). The next measurement was when 

lobsters of one group were moved straight to 20°C from 10°C and the other group had 

    

 

Figure 4-14: Lobsters‘ average mgO2/g/L/min ± SE at starvation, when feeding and 

after being recently fed. 
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been moved from 15°C to 20°C. Both measurments were performed during heat shock and 

the difference was found insignificant (F1,17 = 0.226, p = 0.64). During the next 

measurement both groups had acclimated at 20°C and again no difference was detected 

(F(1,18) = 1.813, p = 0.195). Both groups were moved straight to 10°C and results from 

measurements during heat shock were insignificant (F(1,18) = 3.315, p = 0.085). After 

acclimation at 10°C the difference was still insignificant (F(1,19) = 3.427, p = 0.08). 

 

 

 

 
 

  

    

 

Figure 4-15: Lobsters‘ average mgO2/g/L/min ± SE at different temperatures at a shock 

and at stability. 
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5 Discussion 
 

5.1 Growth and survival in different systems  
 

The idea of land based lobster farming has high potential given the species high market 

prices (Bondad-Renatoso, 2012). Sufficient information on the biology of the European 

lobster is lacking, especially with regards to farming requirements. For other, more 

commonly farmed, species the information on biological requirements and optimum 

conditions is more available. To further widen the knowledge of the biology of the 

European lobster the current experiments were conducted to estimate growth at different 

conditions as well as feed conversion efficiency and metabolism. 

 When growth rate of lobsters held in a flow through system and a semi-RAS system 

were compared, a slight difference in growth was detected between the systems, but DSGR 

and survival between the two systems was very similar. Expected outcome would have 

been reduced growth in the semi-RAS system since alkalinity is lowered in RAS systems, 

negatively affecting the lobsters’ shell formation (Middlemiss et al., 2016). The low 

density of lobsters might have limited the impact from lowered alkalinity and the sea water 

was partially renewed several times, limiting the effect even further. Other variables might 

have distorted the outcome of this trial. There was a difference in the type of sea water 

between the two systems, since the semi-RAS system used natural sea water from nearby 

bay while the flow through system used sea water coming from a drill hole. The sea water 

from the drill hole was less affected by outside environmental conditions and therefore less 

prone to introduction of unknown variables.  

The fluctuating temperature and salinity in the semi-RAS system are also likely to 

have affected growth of the lobsters, but reduced salinity has been proven to reduce growth 

and survival of the European lobster (Richard and Wickins, 1979) and the American 

lobster (Koshio, 1989). The difference in aeration may also have affected growth and 

survival. The water in the flow through system was aerated before entering the tanks and 

an air stone at the bottom of each tank released bubbles to facilitate water movement at the 

surface. The air was set not to pass through the lobsters’ cages. The bubbles in the semi-

RAS system were released from a tube directly underneath the cages, possibly causing 

stress when passing through the lobsters’ cages and possibly increasing the rate of the 

breakdown of feed. Another difference in the two setups was the lighting. The duration of 

day length was set to be the same, but the lighting for the flow through system was 

stronger and the room had no windows. When the light was turned off it resulted in a 

complete darkness. Above the semi-RAS system however was a small window allowing 

natural light to enter the facilities. The lighting during daytime was also less powerful. 

How these variables interact with one another is not known and therefore their possible 

impact on growth and survival can not be determined. 
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5.2 Growth and survival at different 

temperatures 
 

Growth of lobsters held at 10°C and 16°C was significantly different, the DSGR and FCR 

at 16°C was significantly higher but survival was lower than it was at 10°C. The growth 

rate was relatively low, but optimum temperature for growth is thought to be 20°C 

(Richard and Wickins, 1979). For the farming of an aquatic species it is important to learn 

the relationship between growth and temperature. By knowing how much growth varies 

with temperature, the feasibility of farming can be calculated, based on the conditions 

available at any given time. It is also vital to know what growth rates to expect in different 

environments. Through manipulation of temperature and growth the farmed supply could 

be controlled to be synchronized with marked demand.  

  

 

5.3 Difference in growth between lobsters 

receiving different feed  
 

One of the main challenges when it comes to farming the European lobster is choosing the 

right feed. Growth is reduced when lobsters are only fed with dry feed while fresh or live 

feed has yielded better results. When dietary composition of dry feed is inadequate for the 

lobsters, it can result in the lobsters’ shell losing thickness with every moult (Conklin et al., 

1975). This might explain why some lobsters had difficulties moulting and why survival 

was generally low.  

The survival rate seen in other experiments varies between trials and treatment 

groups. In a study by Richard and Wicks (1979) comparing different light regimes, 

survival was as low as 35% for the group held at 12 hours of darkness and 12 hours of light 

while survival at constant light was 70% and 55% at constant darkness. When comparing 

different feeds, the difference in survival was from 33.3% to 86.7%, where frozen artemia 

yielded highest survivals and one of the dry feeds the lowest (Richard and Wickins, 1979).  

Conklin et al. (1975) performed feed trials with the American lobster and reported 

that both growth and survival improved by using live and fresh feed compared to dry feed. 

Researchers did not believe the difference in growth was only due to difference in 

nutritional composition between the dry feed and the fresh or live feed. They noted that the 

lobsters did not seem as interested in the dry feed and would not return to leftover feed 

unless it was fresh or live. Therefore, some loss in growth and even lower survival rates 

might be due to less feed ingested (Conklin et al. 1975). The comparison of growth and 

survival of lobsters in the present study was made between two groups in Sandgerðis’ flow 

through system (Arctic char feed and Arctic char feed supplemented with shrimp) and 

Sæbýlis’ semi-RAS system (Arctic char feed and lobster feed). The overall comparison 

between the four groups should therefore be interpreted with care. Due to an error in 

measurement, all weight measurements in Sæbýli for this experiment were excluded and 

carapace length was used to estimate growth of all groups. The only treatment group 

significantly different from the others was the one fed with Arctic char feed and a small 

shrimp supplement. The trial only lasted for 49 days, but all those who were fed with 

shrimp moulted during the trial and all of them survived. To make sure the shrimp 

supplement did not contribute excessively to the volume of feed ingested, the added shrimp 

was only placed in the lobsters’ cage for 20-30 minutes, once every week, and then 
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removed, regardless of how much was left of the piece. Since the added volume was not of 

great magnitude it is unlikely that it alone contributed to the added growth and survival. 

More likely is that the shrimps held some nutrients or essential amino- or fatty acids 

lacking in the dry feed. Few feedings with shrimp was sufficient to increase the lobsters´ 

viability indicating that there is not much missing from the dry feed available. The lobsters 

did show more interest when introduced to the shrimp than the dry feed, possibly 

supporting the previous statement of Conklin et al. (1975) about the necessity of dry feed 

being appealing to the lobsters. To fully utilize the lobsters’ growth capacity in an 

economical way in land based aquaculture the making of formulated feed is vital. The feed 

needs to fulfill the nutritional requirements of the animal and yield growth somewhat 

compatible with the growth of those individuals receiving fresh or live feed.  

The lobsters have a broad menu in the wild making detailed mapping of their natural 

requirements difficult. They absorb minerals and ions from the seawater so that aspect of 

nutritional need is largely unknown and little information is available on vitamin 

requirements, apart from the fact that lack of vitamin E reduces survival and lack of 

vitamin A, D and E results in reduced growth (Conklin, 1995). The necessary ratio 

between protein and other ingredients is not fully understood, and in some instances, using 

feed very rich in fish proteins results in necrosis of the lobsters’ digestive gland (Conklin et 

al., 1975). The right feed also needs to be attractive to the lobsters, making them want to 

feed until they reach saturation (Williams, 2007).   

For year round availability, consistency in nutritional value and for better storage, the 

use of shelf bought dry feed is more efficient than both live and fresh feed. To make dry 

feed a realistic option, the diatery needs have to be evaluated further with regards to 

growth and survival. How the lobsters nutritional requirements shift with age and maturity 

as well as the the lobsters‘ state in the moulting cycle need to be examined further with the 

making of formulated feed in mind. 

 

 

5.4 Feed conversion efficiency at different 

photoperiods and different temperatures 
 

The amount of ingested feed versus the animal’s growth indicates how well each 

individual utilizes the feed for weight gain. The efficiency to convert feed to bodyweight 

depends on both animal size and their surrounding temperature (Arnason et al., 2009).  

For cost-effective farming the utilization of feed needs to be as high as possible. That 

is why the feed ingestion of lobsters was monitored at different temperatures and at 

different photoperiods. The results indicate that the FCE was better for lobsters held at 

16°C than those at 10°C so for every kilogram of feed ingested by lobsters in 10°C water, 

lower portion of the weight of the feed is returned in the form of growth. Growth yield per 

kilogram of feed was still substantially lower than for other trials, and the ratio between 

feed and growth has been reported as low as 1:1 (Drengstig et al., 2013; Kristiansen et al., 

2004) and up to 5.8:1 (Beard et al., 1985).  

The results might be skewed since the lobsters at 10°C ate very little and the leftover 

feed was logged as number of pellets or portions of pellets. The amount of feed leftover 

was assesed visually and the feed ingestion of lobsters in cold waters might have been 

overestimated. The feed at 16°C dissolved faster than the feed at 10°C so the ingestion of 

feed might also have been over estimated at 16°C. 
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To further evaluate FCE based on temperature it would be advised to use a wider 

range of temperatures and variable sizes of lobsters. The conversion from feed to body 

mass in aquaculture needs to be efficient, both for environmental sustainability and for 

economical reasons. 

 

 

5.5 Growth and survival at different 

photoperiods 
 

Photoperiods affect maturity and growth of both vertebrates and invertebrates (Taranger et 

al., 1998) and are a vital part of aquaculture that should not be overlooked. The control of 

light may affect the physiology of crustaceans in a way that sometimes can be 

underestimated when considering growth rates and survival. Little information seems to be 

available on the growth of the European lobster at different photoperiods, but one study 

measured growth where lobsters were either held in complete darkness or complete light. 

The lobsters held in complete darkness grew more, but it was noted that there was less 

algae growth on the lobster cages held in darkness and the difference in their environment 

might have contributed to the results (Richard and Wickins, 1979). The American lobster 

has also been shown to be greatly affected by light regimes and excessive lighting can 

increase time between moults, reduce the growth at each moult and may lead to generally 

less healthier condition of the lobsters (Hadley, 1906).  

When comparing growth of European lobster juveniles between different 

photoperiod groups, the two photoperiods used (8L:16D and 14L:10D) resulted in growth 

that was very similar between the two treatment groups. The DSGR was not different and 

the OCR and FCE were similar. It is possible that the difference in growth between the two 

groups would have been greater if the difference between the day length was larger or if 

the trial had run for longer.  

The importance of photoperiod for lobster farming should still not be dismissed. An 

experiment of different responses to photoperiod by crayfish strongly indicates that the Y 

organ is directly stimulated by light and when wild crayfish was exposed to ill–fitting 

photoperiods it resulted in a rise in moult related mortality (Aiken, 1969). There is limited 

information available on the effect on how photoperiod affects growth and moulting of the 

European lobster. Since the lobster is a nocturnal animal (Smith et al., 1999) it might be 

possible to induce stress through photoperiod with too much light, possibly resulting in 

reduced growth. Previous studies have shown that nocturnal animals respire more in the 

dark than in light, since their activity level rises during darkness (Nelson et al., 1977) 

indicating that the light regime influences the animals’ metabolism and possibly feed 

intake. That also suggests that the photoperiod can directly affect the function of the Y 

organ and therefore influence moulting and growth (Chang, 2011).  

 

 

5.6 Metabolism and respiration 
 

In farming of aquatic animals the metabolic response to environmental conditions is 

important. Here respiration was used to measure metabolism. Knowledge of the animals 

metabolism helps guide oxygen use at given conditions and provides information on how 
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much energy the animal needs to survive at basal metabolic rate. In stressful conditions the 

basal metabolic rate of aquatic animals can rise, limit the amount of extra energy from feed 

and reduce growth (Bolasina, 2011). Increased temperature is also known to increase 

metabolic rate of aquatic animals (Klinger, 2016; Thomas, 1953) and feed intake increases 

as well, inducing higher growth rate within the species optimum temperature limits.  

  Measurements were performed during starvation, feeding and after feeding. The 

metabolism was shown to decrease while the lobsters fed, which was unexpected since the 

energy cost of starting digestion has been found to be high for the American lobsters 

(McGaw and Curtis, 2013) and a rise in respiration was expected. Feeding has been shown 

to trigger early physiological responses in the American lobster and other decapod crabs, 

even after ingesting low quantities of feed. The present results indicate slower response 

time seen in oxygen consumption following feeding, for the European lobster compared to 

the American lobster (Wang et al., 2016). 

 The lobsters’ respiration was shown to decrease with size. Measurements were 

conducted at 10°C and followed similar trend as shown by Drengstig et al. (2017) with 

similar R
2
 values where measurements were conducted at 20°C. The metabolic rate is 

lower at 10°C and when metabolism at 10°C, 15°C and 20°C was compared, the difference 

between 10°C and 15°C seemed to be less than the difference between 15°C and 20°C.  

To estimate the lobsters tolerance for temperature fluctuations they were moved from 

different temperatures and respiration was measured shortly after transport and again after 

full acclimation. The lobsters showed a wide tolerance for temperature fluctuations and 

rapid temperature changes or shocks did not affect the lobsters significantly with regards to 

metabolic response or survival. Similar study was done on the rock lobster (Jasus lalandii) 

where temperature was either increased or decreased by 5°C. The changes of temperature 

resulted in peak of oxygen consumption that then stabilised in 6 hours (Zoutendyk, 1989). 

Results here show how there is no difference in metabolic response during a heat shock of 

5°C or 10°C and the difference of temperature changes do not affect the respons following 

a drop in temperature. 

Knowing the species limits with regards to tolerance of tempearure fluctuations is 

important to predict consequences of unpredicted incidences, such as sudden drop or rise 

of temperature. High survival rates following temperature fluctuations and similarity of 

metabolism between temperature shock and following acclimation indicates that the 

lobsters are not greatly affected by vast changes in temperature, but when temperature 

changes rapidly it can cause reversable protein damage and alteration in gene expression 

for the American lobster (Spees et al., 2002). The effect of prolonged thermal stress has 

also been shown to affect the American lobster in a way that might decrease the lobsters 

resistance to diseases (Dove et al., 2005). Having shown that the European lobster 

responds well to temperature fluctuation with regards to metabolism and survival, further 

studies are needed to determine if and how the fluctuations affect other physiological 

aspects of the lobsters.  
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6 Conclusion 
 

The main knowledge gap for land based farming of the European lobster is a better 

understanding of the species biological factors and how it responds to its’ environment. By 

monitoring respiration, it has been shown how SDA of the lobster rises with feeding and 

how the response is proportionally higher at a lower temperature. The metabolic rate rises 

with temperature, and the difference between 10°C and 15°C is less than between 15°C 

and 20°C. The change in metabolic rate based on size at 10°C is similar to what has 

previously been shown at 20°C. The lobsters also responded well to large temperature 

fluctuations, based on metabolic response and survival. No difference was detected in 

metabolism at different photoperiods. 

 Through growth trials it was apparent that the dry feed tested does not fulfill the 

lobsters’ dietary needs and inhibits growth. When lobsters were fed with fresh shrimp 

along with Arctic char feed, DSGR was significantly increased. Temperature greatly 

increased growth as well and higher temperature induced better FCE. The growth in the 

semi-RAS system was slightly more rapid at first but the difference between the two 

groups reduced as the trial progressed. No difference in growth was detected at different 

photoperiods. 

 Information on lobsters’ difference in metabolism at different conditions is scarce 

and the results give further insight into their basic physiology. The feeding trial indicates 

that the dry feed available is not suitable for growing lobsters in captivity, but with small 

addition of shrimp the growth can be significantly increased. With increased knowledge of 

the lobsters’ growth response at different temperature the growth could be controlled to 

correlate supply and demand.  

 To make land based farming of the European lobster a viable option further studies 

are needed. Formulation of dry feed should be a priority and the ratio needed of fresh feed 

vs. the dry feed now available could also be of interest. Further mapping of the lobsters’ 

growth at different temperature is needed to know and predict future growth at any given 

condition. The photoperiod trial showed no significant difference between treatment 

groups but further studies of light regime are needed to see if and how light affects the 

moulting behavior of the European lobster.  

 The idea of land based farming of the European lobster has been around for a long 

time. The idea was revisited in the 70’s and 80’s and now again in the more recent years. 

The trials and results presented here give further insight into the lobsters’ response and 

behavior when held in farming conditions and provide a basis for further studies with 

increased productivity of lobster farming in mind. 
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