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Abstract 

Salmon lice (Lepeophtheirus salmonis) infestations on Salmonids (Salmo salar) in cages has brought 

Norwegian aquaculture to a stable production since 2012. Many chemotherapeutic , chemical, and 

mechanical approaches have been used to control the sea lice attack. Unfortunately, sea lice have 

developed resistance against  chemotherapeutic treatments and other approaches are either not 

considered ecofriendly or  effect fish health. Biological control is deploying cleaner fish in cages to 

combat the sea lice. Lumpfish (Cyclopterus lumpus) is of commercial interest as a cleaner fish since 

it can be deployed at age of 4 months. The complicated first feeding phase and a lack of functional 

feeding protocols are the major barriers to large-scale lumpfish cultivation. 

The current study aimed to contribute to the optimization of start-feeding regimes for lumpfish 

larvae in commercial farming. This was accomplished by comparing the effects of various start-

feeding diets on the growth and survival of fish larvae. In addition to this development of lipids and 

fatty acids in lumpsucker larvae in relation to different feeding regimes was studied. Five feeding 

regimes were used in the experiment where lumpsucker larvae were fed from 2days post hatch to 35 

dph. One group of larvae were fed with enriched artemia which were then weaned to formulated diet 

(FD). Second group were initially fed with copepods and then ultimately weaned to FD. Third group 

had Cirripedia initially and then weaned to FD. Fourth group had three types of feed initially 

copepods , then Cirripedia and then FD. Fifth group were fed with formulated diet firstly with small 

pellets(150nm) and then with large pellets (300nm). 

Larvae fed with Artemia had best growth and survival as compared to other feeding regimes. Total 

lipid content and fatty acid content was highest in Art larvae initially and decreased on weaning to 

formulated diet but still significant. Artemia had significant amount of omega 3 and omega 6 fatty 

acids contributing to good growth and survival. Until 35 dph lipid content went steady in Art larvae. 

Lipidomics revealed that several lipid and fatty acid species are correlated either negatively or 

positively. The results clearly show the importance and responses of certain fatty acids in starting 

feed and can be helpful in optimizing start-feed of lumpsucker larvae. 
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Chapter 1: Introduction 

1.1 Norwegian aquaculture and cleaner fish 

According to current Norwegian aquaculture statistics, Norway is among the world's leading 

producers in terms of  sea cage salmon production, with about 986 locations in operation till date 

along with 91 land based production plants (Norwegian Directorate of Fisheries, 2020). Norway is 

exporting Salmon to more than 150 countries mainly European. In year 2018-19, 93% of the total 

production (Statistisk Sentralbyrå, Statistics Norway, 29 october, 2020) was exported and this 

production was raised by 2.7% in year 2021(Rolland, 2021). Huge production of Salmon is 

frequently accompanied by certain environmental issues(Klinger & Naylor, 2012), like attraction of 

ectoparasites . 

 The incidence of the ectoparasite, sea lice (Lepeophtheirus salmonis) has grown due to greater 

salmon production in sea cages Lepoptheirus salmonis and Caligus elongatus are the two major 

species in Norwegian waters with adverse effects on Salmon(Jansen et al., 2012). Due to sea lice 

being one of the key issues, yearly output has remained relatively steady after hitting 1.2 million 

tonnes in 2012(Risikorapport norsk fiskeoppdrett 2021). Therefore, it is among the most significant 

challenges currently confronting Norwegian salmon aquaculture, as it affects primarily fish 

wellbeing, as well as the producer's financial profit (Costello, 2009).  

Lice has its natural existence in marine environment and is attracted to salmon sea cages. By 

devouring mucous, skin, and blood, the sea lice(Liu & Bjelland, 2014) poses a danger to the host 

fish. This increases the fish's susceptibility to additional infestations such as bacteria, viruses, and 

fungus, as well as affecting the fish's osmoregulation(Carvalho et al., 2020; Mustafa & Piasecki, 

2005; Ørjan Karlsen  et al.). Control on sea lice infestation is vital to not only maintain a sustained 

increase of Salmon production, but also to improve fish welfare and achieve a long-term, financially 

beneficial development(Anne Berit Skiftesvik et al., 2018; Costello, 2009; Overton et al., 2019). So, 

the ultimate way is to reduce the control sea lice. Sea lice infestations in Norwegian Aquaculture is 

monitored by traffic light system to avoid adverse effects on cage fish as well as wild 

population(Saue, 2017). 

To remove salmon lice, there are mechanical, chemical, and pharmacological remedies, as well as 

other approaches and technical aspects. Unfortunately, sea lice have acquired resistance 

against  most commonly deployed chemotherapeutic treatments over time(Denholm et al., 2002; 

Treasurer et al., 2000). Chemical treatments impacted local biodiversity of other wild species  , and 
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mechanical treatments such as thermolicers and hydrolicers brought the fish under physical stress, 

causing impairment and, in some cases, death(Overton et al., 2019; A. Skiftesvik et al., 2014). The 

demand for more sustainable alternatives is required like use of cleaner fish such as ballan wrasse 

(Labrus bergylta) and lumpfish (Cyclopterus lumpus). Use of cleaner fish as a biological, non-

pharmaceutical, and amicable delousing solution in marine cages accommodating salmon(Anne Berit 

Skiftesvik et al., 2018; Treasurer, 2002) is now one of the preventatives and ecologically friendly 

therapies (Anne Berit Skiftesvik et al., 2018; Treasurer, 2002). Deploying cleaner fish is 

advantageous to both producers and fish because it is both cost effective and favorable to fish 

welfare. In the Norwegian salmon aquaculture, the lumpfish (Cyclopterus lumpus) and four different 

wrasse species—the rock cook wrasse (Centrolabrus exoletus), ballan wrasse (Labrus bergylta), 

corkwing wrasse (Symphodus melops), and goldsinny wrasse (Ctenolabrus rupestris) have been 

primarily deployed into the net pens(Powell, Treasurer, et al., 2018; Treasurer, 2002). Cleaner fish 

deployment grew popular in the 1980s, and the first species to be deployed was the goldsinny wrasse 

(Ctenolabrus rupestris)(Bjordal, 1991; A. B. Skiftesvik et al., 2014). Labridae are convenient; 

however, their temperature sensitivity makes them less effective and inactive when exposed to 

temperature below 6 °C or 8 °C, they go into a hypometabolic condition, drastically reducing their 

ability to graze on lice (Blanco Gonzalez & de Boer, 2017; Sayer & Reader, 1996).  Alternatively, 

lumpfish are active at 4°C being cold water specie (Bjordal, 1991; Kelly et al., 2014; Powell, 

Treasurer, et al., 2018).  

Other factors making lumpfish a good candidate is  that it is ready to be deployed at its age of 4 

months,(Kelly et al., 2014) while Ballan Wrasse takes longer about  18 months which makes it less 

cost effective(Brooker et al., 2018; Muncaster et al., 2010; Powell, Treasurer, et al., 2018). 

Additionally, only the ballan wrasse is currently grown, and the great majority of lumpfish utilized 

today come from commercial farming, whilst the majority of wrasse source is still wild catch 

(Blanco Gonzalez & de Boer, 2017; Risikorapport norsk fiskeoppdrett 2021) (Figure 1.1). This is 

because multiple research ((Dahle et al., 2017; Marthinsen, 2018; Rian, 2019b; Romundstad, 2015) 

have found lumpfish to be faster to culture and have a typically far greater survival rate than ballan 

wrasse. Lumpfish commercial production has increased from 431,000 in 2012 to over 36 million in 

2020 (Fig1.1) and is now the most often utilized cleaner fish but ballan wrasse output is 

comparatively less (Norwegian Directorate of Fisheries, 2020).  
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Figure 1.1 Sale of farmed lumpfish (Cyclopterus lumpus) and ballan wrasse (Labrus bergylta) to producers of 

Atlantic salmon and Rainbow trout in millions from year 2012-2020 in Norway. Source: Norwegian 

Directorate  of Fisheries (2020)  

1.2 Challenges of lumpfish production in Norwegian aquaculture 

Larviculture, is one of the key stages in the production cycle of lumpfish  often known as the method 

of raising fish larvae from hatching to ongrowth, ( (Marthinsen, 2018). The larval is defined by fast 

growth and development, making it a critical life phase if mass rearing individuals with high quality 

is desired (Kjørsvik et al., 2004; Powell, Treasurer, et al., 2018). After all, one of the most crucial 

stages in a fish's existence is when it switches from an endogenous energy source given by the yolk 

sac to an external energy source from the diet (De Silva  Sena S.  et al., 1994). Currently, the 

survival, quality, and size of the larvae produced by lumpfish larval rearing can be regarded as 

variable(Anne Berit Skiftesvik et al., 2018; Dahle et al., 2017; Garcia de Leaniz et al., 2022; Powell, 

Pooley, et al., 2018). The transition from a live to a manufactured diet is thought to be the reason of 

the high post-weaning mortality that has also been observed (Powell et al., 2018). Being a relatively 

new species in aquaculture, the lumpfish's variable rearing performance has frequently been 

attributed to the lack of information on the proper feeding schedules and nutritional needs for the 

species. (Imsland et al., 2018; Powell, Treasurer, et al., 2018). Start-feeding regimens have currently 

been based on such techniques whereas other marine fish species have been produced in aquaculture. 

(Benfey & Methven, 1986; Powell, Treasurer, et al., 2018) feeding regimes that are uniquely suited 

to lumpfish is therefore essential to overcoming the uneven rearing success. First ever industrial 

lumpfish production pilot trials began in 2011 (Imsland et al., 2016; Towers, 2013).  
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Lumpfish hatch from a demersal egg (Marthinsen, 2018) (Rian, 2019a) of 5-6mm in size It has 

suction disc and mostly like to stay attached to any substrate. Although it has abundant of prey types 

nearby but due to sessile nature makes its only feeds on crustaceans (Benfey & Methven, 1986; 

Dahle et al., 2017; Marthinsen, 2018)., and other potential prey is ignored (Ingólfsson et al., 2002). 

Having suction disc it mostly attaches itself to seaweeds and feed passively which helps in using less 

energy that costs less for foraging, but when food is scarce it behaves oppositely (Killen et al., 2007). 

According to (Dahle et al., 2017; Imsland et al., 2019) (Jobling, 2018), most producers now use 

FD directly, administered at 2 to 5 dph. Different live feeds, such as Artemia nauplii, copepods, and 

cirripeds, have also been investigated before weaning to formulated diets. (FHF, 2019; Jonassen et 

al., 2018)However, little is yet understood about how the various feeds and feeding regimens now 

being employed impact the fish's continued development and survival as well as their main objective 

of lice-grazing (FHF, 2019)It is crucial to understand the overall nutritional needs of fish larvae and 

how they are met by the industry standard (formulated diet) and various live prey species to establish 

an effective feeding regime. 

Current production still relies on the acquisition of wild brood stock, which has already been 

suggested unsustainable(Committee & Butterworth, 2014). The species must be extensively raised in 

captivity to equip the salmon farming business with the number of lumpfish required for louse 

control(Brooker et al., 2018).. Utilization of cleaner fish to delouse farmed salmon has become 

considerably more well-known in recent years, however above 80% of studies mention wrasse and 

>13% percent mention lumpfish(Bailey, 2014; Powell et al., 2017; Powell, Treasurer, et al., 2018). 

As per current Salmon production, Lumpfish production must expand to around 50 million fish per 

year to accommodate global industry demands, and this can only be achieved through aquaculture. 

These information gaps must be overcome through research to improve animal welfare and ensure 

integrated and sustainable lumpfish production. This project will emphasize issues such as adequate  

feeding regimes, larval rearing in terms of growth, fatality, and stress.  

1.3 Commercial diets for lumpfish production 

1.3.1 Formulated diet 

The industry has usually preferred prepared diets since they need less labor and are 

cost effective than deploying live prey (Hamre et al., 2013). Additionally, prepared diets are 

available in a variety of forms, sizes, and nutritional compositions, making them appropriate for a 

wide range of fish species.(Hamre et al., 2013) Microdiets are cost effective and need to comply with 

biochemical and structural characteristics for making it suitable as first feed specially in terms of 
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digestibility of pelagic larvae like lumpfish(Kjørsvik et al., 2004). Formulated feed must be 

substantial to dissolution along with leaching of hydrosluble components. Addition of some 

attractants to the diet like amino acids is helpful in digestion(Hughes, 1989; Langdon, 2003; Yúfera 

et al., 2003). Trials are in progress to replace live feed with formulated diet as that can be used as 

early as possible in larval phase, but underdeveloped stomach of marine pelagic larvae makes it 

further challenging (Cahu & Zambonino Infante, 2001; Kjørsvik et al., 2004). 

Additionally, the granules of the formulated diet must be recognized by the larvae as food source to 

be consumed (Hamre et al., 2013). Since  lumpfish larvae have functioning eyes from the moment 

they hatch, it is probable that most fish larva utilize their eyesight to seek for food (Hunter, 1981). 

(Brown, 1986). However, the feed particles can only travel in the directions determined by the water 

currents in the tanks, and if the currents are weak, the feed particles may end up settling and 

collecting at the bottom of the tank (D'Abramo, 2019). Despite the lumpfish's size and ability to 

consume formulated diets from the beginning (Kjørsvik et al., 2004) .It should be fed with live feed 

due to several reasons.  It has been demonstrated that feeding lumpfish larvae a prepared diet can 

have a deleterious impact on the gut epithelium and energy storage in the liver, and that the lumpfish 

larval's stomach is not fully functional until 21–34 days after hatching (Dahle et al., 2014; 

Marthinsen, 2018). 

1.3.2 Live feed 

Despite improvements in the manufacturing of inert feeds for larvae, several aquaculture species still 

rely upon live feeds throughout the early phases of their lives.(Govoni et al., 1986) Live feeds are the 

predominant source of nutrition for cultured larvae and are especially important when producing 

altricial(development relies on yolk sac resorption) marine fish larvae. Because of rudimentary 

digestive system in early-stage larvae can’t process formulated diet so it relies on live feed(Cahu & 

Zambonino Infante, 2001). Another reason of live feed being priority is that live feed keeps on 

swimming in water column while formulated one aggregates and sinks to the bottom. The most used 

live feeds in aquaculture of marine larvae are rotifers (Brachionus sp.), planktons, copepods(Acartia 

tonsa), and brine shrimp (Artemia sp.), because of their cost-effective mass production(Conceicao et 

al., 2010). 

 Artemia Smaller shrimp-like crustaceans called Artemia, commonly known as "brine shrimp," are 

mostly utilized live prey in marine aquaculture due to their economic availability and usefulness 

(Dhont et al., 2013; Van Stappen & G., 1996). Cysts, or latent embryos, are used by artemia to 

reproduce, which is perhaps the key characteristic that makes it such a useful live feed to use. 
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Saltwater incubation of 24 hours is used to rehydrate the cyst which emerges f ree-swimming 

nauplii. After hatching, Nauplii instar I (400–500 m long) can be utilized as live prey (Van Stappen 

& G., 1996). Artemia are simple and inexpensive to grow. They are orange-red, move constantly, 

and are simple to catch for larvae because they lack effective escape reflexes(Prusińska et al., 2015). 

Harvesting, processing, and storing determine retention of their nutritional value(Baert et al., 1996). 

It has been questioned if Artemia is sufficient in providing the nutritional demands of marine fish 

larvae, despite the fact that it is easily grown and frequently employed as a live feed. 

 Artemia spp. are divided into two groups based on their lipid and fatty acid composition: marine and 

freshwater. Marine-type strains contain substantially greater lipid and triacylglycerol levels, and 

higher EPA and ARA levels and lower linolenic acid (LNA; 18:3n-3) levels compared to freshwater-

type strains.(Harel et al., 2002) Over the years, a wide range of lipid enrichment techniques, both 

commercial products and improvised, have been used for enhancing its nutritional content since 

artemia is among preferred feed of lumpfish.(Navarro et al., 1999) Alternative enrichment products 

have been developed as knowledge of the lipid requirements of marine fish larvae, as well as 

advances in marine biotechnology and industrial feed processing technologies(Conceicao et al., 

2010; Navarro et al., 1999). 

Copepods are tiny crustaceans that serve as the natural food of larval marine fish (Støttrup & 

McEvoy., 2003). Lumpfish larvae have also been observed to eat copepods (Ingólfsson et al., 2002). 

Copepods descend slowly, and their darting zigzag movements preceded by drifting glides are 

appealing to fish larvae because they stimulate basic foraging instincts and give visual stimulation 

(FAO, 1996). Despite massive cultivation of copepods, implementing cost-effective mass-production 

processes of copepods remains a difficulty(von Vaupel, 2008). When rotifers and/or Artemia were 

used as live feed for marine fish larvae, copepods produced significantly better outcomes in terms of 

larval efficiency . Current findings on the physicochemical characteristics of copepods, which 

includes macronutrients (lipids and amino acids) as well as micronutrients (pigments and vitamins), 

revealed that neritic calanoid species like Acartia tonsa seemed to have a high level of stability(van 

der Meeren et al., 2008). 

In comparison to Artemia and Rotifers, it has a higher EPA:DHA ratio and their inclusion in PLs, 

making it a more nutritious diet. HUFA is significantly more readily accessible, digested, and 

retained in tissue phospholipids in copepods as compared to HUFA in NLs, which makes copepods 

effective for marine fish larvae(Cahu et al., 2003; van der Meeren et al., 2008). In marine fish larvae 

like European seabass (Dicentrarchus labrax) and Atlantic cod (Gadus morhua), HUFAs stored in 
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phospholipids outperformed  such as triacylglycerols(TAG), in terms of growth, proliferation, 

maturation, calcification of the bones, and long-term survival, then HUFAs stored in neutral 

lipids(NL’s)(Cahu et al., 2003; Küllenberg et al., 2012).Copepods also have a high protein content, 

particularly free amino acids, which aids protein utilization and growth, particularly when the 

stomach of larvae is immature(Kjørsvik et al., 2009), which makes it good option as prey. 

Cirripedes Sessile crustaceans belonging to the subclass Cirripedia, or barnacles  spend the most of 

their life permanently attached to substrates like coral and rock (López, 2012). The larval 

development of all of them begins with a series of free-swimming naupliar instars and ends with a 

cypris larva. A barnacle is a crustacean that looks like a shrimp. Cirripedes , typically cryopreserved 

zooplankton nauplii also called  barnacles are thought to be a good replacement for both artemia and 

rotifers. Cirripedia nauplii contains PL’s in high amount specially DHA and EPA which is the 

natural diet for marine fish(Dhont et al., 2013; Moon et al., 2016) in PL’s without any enrichment. 

This nauplii stage was used by the firm Planktonic AS, who sold it as a preserved and effective 

substitute for conventional live feeds (Plankton, 2022). The cirripeds are still alive and capable of 

swimming after the rejuvenation time, according to the producer, as the cryopreservation method has 

just paused their metabolism(Plankton, 2022). As the cirripeds are claimed to have an ideal 

nutritional profile for marine fish larvae, they may then be given directly to the fish (Planktonic AS, 

2022). This is because the cirripeds' phospholipids contain significant amounts of the fatty acids 

DHA and EPA (Plankton, 2022). As per fact there are no research articles which can prove 

cirripedes to be the good option but can still be tested because of its good nutritional value.  

1.4 Why study larval lipids and fatty acids in early larval stages of lumpsucker 

larvae 

Norway has invested significantly in aquaculture research, focused on factors influencing the 

survival and development of larvae of commercial cleaner fish species (Norwegian Directorate  of 

Fisheries, 2020; Liu & Bjelland, 2014). The limited effectiveness of intensive marine fish culture 

may well be explained in part by ignorance or inadequate knowledge on larval feeding demands 

(Kjørsvik et al., 2009). Presumably, having a thorough understanding of the dietary needs of larvae 

throughout their growth would help to optimize feeds and feeding regimes as well as juvenile 

quality. Lipid, typically n-3 fatty acids nutrition is thought to be optimal solution to these problems. 

Quality of larvae is seen to be affected by lipid nutrition. For the quality of the larvae, lipids in the 

nutrition of the broodstock are thought to be crucial. Lack of (n-3) highly unsaturated fatty acids 

(HUFA) in broodstock adversely affects the fecundity, fertilization rate, and spawning rate of fish 
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larvae. Prior to first feeding, lipids are main reserve of energy during the embryonic and larval stages 

along with protein and carbohydrates (Rainuzzo et al., 1997).  

Phospholipids (PL) make up most of the structural polar lipids that make up fish cell and 

intracellular membranes (Parrish, 2013; Sargent, Bell, et al., 1999). The physico-chemical 

characteristics of cellular membranes are known to be influenced by the fatty acid content of dietary 

phospholipids (Bell et al., 2003; Lund et al., 2018; Sargent, McEvoy, et al., 1999a) As a result, PL 

are thought to have conservative fatty acid profiles that slightly correspond to diet. Triacylglycerols 

(TAG) are the main component of fish reserve lipids, which predominantly comprise fatty acids 

obtained from dietary sources. Since begning of 1980s, research has shown that membrane 

phospholipid is vital for fish larval feeding,(Kanazawa et al., 1981; Kanazawa et al., 1983) found 

that PL increased life expectancy and growth. 

The potential of dietary phospholipid to promote the growth and development of fish larvae is now 

well documented (L. A. Copeman et al., 2002; Geurden et al., 1995; Kanazawa, 1997; Kanazawa et 

al., 1983; Şen Özdemir et al., 2019) et al., 1995), which could also help to explain why copepod 

nauplii do well in comparison to other live prey (McEvoy et al., 1998). The effectiveness of dietary 

phospholipids tends to decline with aging and may be due to the rudimentary structure of the 

digestive system in marine fish larvae, which do not have a completely functioning digestive tract 

until they have undergone metamorphosis and digestive enzymes (Bisbal & Bengtson, 1995; 

Munilla-Moran & Stark, 1989). There is also considerable evidence that dietary phospholipids can 

improve feed intake (Koven et al., 1998), function as gut emulsifiers (Koven et al., 1993)prevent 

lipid peroxidation in the intestines and during enrichment  (Gatlin III & Bai, 1993; Kanazawa et al., 

1981; McEvoy et al., 1995) and induce the production of lipoprotein in intestinal enterocytes   

(Fontagné et al., 1998; Geurden et al., 1998) inconsistency of DHA:EPA leading to eyes impairment 

in terms of rods and cones  (Shields et al., 1999).Combining all of these will considerably increase 

dietary lipid utilization, which will help growth and development. Due to their inability to synthesize 

PL de novo in sufficient quantities to fulfill needs, early developing marine fish larvae are known to 

have a strict demand for pre-formed phospholipids (Teshima Shin-ichi  et al., 1987). 

The proportion of DHA and EPA in the larval diet is another key factor that is of interest. However, 

it appears that the larvae are unable to transform and retain these essential fatty acids(EFAs) from the 

dietary triacylglycerides (TAG) in their tissues,(Evjemo & Olsen, 1997) as evidenced by the fact that 

their growth and development are less favorable than if the fatty acids were present in the 

phospholipids of the prey (i.e. in the tissue membranes and nerve tissues)(Bell et al., 2003; Sargent, 
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McEvoy, et al., 1999b). According to research using halibut larvae that was fed by enriched prey, 

phospholipids from rotifers and copepods can be incorporated directly into the cellular membrane of 

quickly growing larvae (Evjemo & Olsen, 1997) and will display a profile of biologically active 

HUFA, particularly 22:6n-3, that will be advantageous for larval development and progression.  

Copepod nauplii is  rich in EFAs but rotifers and artemia requires enrichment. Copepods are 

nutritionally beneficial due to their naturally high levels of the essential highly unsaturated fatty 

acids (HUFA), 20:5n-3 (Eicosapentaenoic acid; EPA) and 22:6n-3 (docosahexaenoic acid; DHA) 

(Evjemo & Olsen, 1997), which are predominantly in the form of phospholipids. We will focus 

over development of fatty acids in larvae over time also the relation with growth and survival. It 

should not be overlooked, though, that lipids provide the "fuel" for development in the form of 

saturated and, particularly, MUFA. Also, it is crucial to keep a healthy balance between these acids 

and the less unsaturated fatty acids as energy reserves. 

1.5 Aims and objectives 

The expansion of lumpfish commercial production must be complemented by deeper understanding 

of suitable start-feeding regimes for lumpfish larviculture to be viable, which is the driving force for 

the current work. Therefore, the study's goals were to help optimize feeding regimes in lumpfish 

farming and aims were 

Aim 1: Assess the effects of various start-feeding diets on the survival and growth of lumpfish 

larvae. 

Aim 2: Assess the impact of various start-feeding diets on the production of lipids and fatty 

acids in larvae and their potential utility for lumpfish larvae growth and survival. 

In previous studies of start feed larvae showed good growth with Artemia(Marthinsen, 2018; Rian, 

2019a) while on commercial scale cryoplanktons can be a good live prey (Malzahn et al., 2022; 

Plankton, 2022). Based on its lipid and fatty acid profile(Malzahn et al., 2022) it can be tested and 

might give good results. In our study we used five feeding regimes composed of four diets. Artemia 

and copepods have possess significant quantities of Phospholipids, which is deemed essential for fish 

nutrition(Tocher, 2010). The low levels of omega 3 fatty acids in Artemia, on the other hand, are 

insufficient for early life stages, and must be enhanced before being deployed as prey (Conceicao et 

al., 2010)(ie et al., 2011). Copepods, on the other hand, are rich in phospholipids and EFA in the 

wild. (Drillet & Lombard, 2015). In rotifers and Artemia, the fatty acid composition of these animals 
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can be altered via enrichments(Castell et al., 2003; Hawkyard et al., 2015; Óscar Monroig 1 et al., 

2003). We enriched our diet as explained in methodology to enhance nutritional quality of prey. 

Based on pilot study following hypothesis was formulated.  

Hypothesis:  

Different start feeding diets (Art, Cir, Cop/FD, Cop/Cir, and FD) containing different 

lipid profile will have differential effect on larvae development. 

Larval growth was analyzed by dry weight(DW), standard length (SL) and Daily weight 

increase(DWI). While lipid was evaluated by analyzing the lipid and fatty acid profiles of feeding 

regimes and larvae. 

This study is part of FHF project named STARTRENS (“Optimalisert startfôring av 

rensefisk)(https://www.fhf.no/prosjekter/prosjektbasen/901561/) lasted for 35 days(2-35dph). 

SINTEF Ocean AS and NTNU collaborated on the project, which was primarily sponsored by FHF 

(Fiskeri- og havbruksnringens forskningsfinansiering). The goal of "STARTRENS" was to improve 

cleaner fish start feeding regimes (Cyclopterus lumpus and Labrus Bergylta). Two other Masters 

students  Sunniva Brevik Kværnø Growth, survival and liver histology in lumpfish (Cyclopterus 

lumpus) larvae fed different start-feeding diets (Artemia, copepods, cirripeds and formulated diet ) 

and Marte Solli Lindskog (Muscle growth and development in lumpfish (Cyclopterus lumpus) larvae 

in relation to start-feeding diets (Artemia, cirripedia, copepod (Acartia tonsa) and formulated diet ) 

were part of the study group. 

https://www.fhf.no/prosjekter/prosjektbasen/901561/
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Chapter 2: Materials and methodology 

2.1: Experimental layout and start feeding of lumpfish larvae 

2.1.1 Lab facility 

The start-feeding experiment was done in the COD-Tech laboratory NTNU/SINTEF in 

Trondheim. It lasted for 36 days, from September 9 to October 14, 2020. Unfertilized 

lumpfish eggs from seven different females were taken from Akvaplan-niva in Tromso. Eggs 

were pooled together in a bucket after receiving at NTNU (Sealab) in Trondheim, and milt of 

males was used for fertilization. Fertilized eggs were divided into 15 groups and then 

incubated separately with continuous flow of water and gradual increase of temperature from 

and 5°C to 10 °C in incubators holding 300ml saltwater. The larvae were moved from the egg 

incubator to their designated tank through an outlet as the eggs hatched. Hatching rate was not 

uniform based on mixing different eggs. The average density was intended to be 100 larvae L-

1 per tank however after calculating based on survival, it was variable. 

2.1.2 Tank setup and larval rearing 

Total 15 tanks were part of experimental setup(fig 2.1). Each cylindrical tank was having 

100L of seawater. Seawater was pumped from Trondheim fjord at depth of 77 meters. 

Membrane filters of 1µm and sand filters were used to filter the water. Aerated tubes were 

placed close to the bottom of the tank to keep oxygen level up to the mark. Temperature of 

the tanks along with oxygen saturation was measured on daily basis, on average 10.3°C and 

7.8 mg L-1, respectively. 

 

Figure 2.1 Experimental setup of five different feeding regimes in multiple of three each distributed 

randomly 
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 Silicon plates were hanging down in the tanks for providing some site to the lumpsucker for 

attachment. Each tank was supplied with LED, placed above tank throughout the experiment, 

24 hours a day, having 30% intensity at its maximum. The outlet of the tanks was covered 

with a mesh of different size depending on larval size as well as feed type. Rate of water 

exchange of the tanks was different depending on type of feed provided to the larvae in 

particular tanks A live prey feeding reservoir (KeyKeg, 20 L) was kept adjacent to each tank, 

and the live preys were consistently transported from the reservoir to the tank using a 

peristaltic transducer that was included in the tank configuration. Each tank was fitted with a 

feeding automat (Sterner Fish Tech AS, Norway), which was managed via the central 

operating facility (Normatic AS) at Sealab NTNU. The dry feed of two sizes was delivered to 

the tanks by an automated pump.  

2.1.3 Tank maintenance 

From 8 dph cleaning arm was used to gather the dead larvae and excess feed. A glass siphon 

was used to remove and count dead larvae on daily basis. Along with dead larvae all type of 

debris was removed twice a day. Alive larvae were taken out during cleaning and placed back 

into the tank.  Dead larvae were registered on daily basis. Mesh used in tanks outlet was to 

flush out the live feed overtime. Mesh was changed and cleaned depending on its clogging 

due to feed and also on changing feed type. (Fig2.2) 

 

Figure 2.1 Incubation tank of C lumpus eggs and experimental setup supplied with oxygen, automated 

feed , mesh or seive, cleaning arm by Marte Lindskog 
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2.2: Five feeding regimes 

Three types of live prey (Cirripedia, copepods and Artemia) and one formulated diet(FD) 

were used to create five start feeds. They were divided into 5 groups (table 1) All five regimes 

were having 3 replicates each making 15 tanks in total (fig 2.1) 

 

Table 1. Feeding regimes 

Type of feeding regimes Size and feeding schedule Specie and Source 

1.       Artemia nauplii (Art) 

 

 

a. ( Nauplii of 800µm used after 24 hour enrichment) 

b. Enriched artemia were fed for 18days(20dph).Larvae were 

then weaned to formulated feed until 34 dph 

(EG ® INVE Aquaculture, 

Thailand) 

2.       Cirripedia (Cir) 

. 

 

a. Nauplii were 150 µm and 350µm  long and wide 

respectively 

b. 6 hours  revitalization and thawing of Cirripedia were 

done before feeding. Larvae were fed with Cirripedia for 

18days(20dph).Larvae were then weaned to formulated 

feed until 34 dph 

Cryoplanktons: (Planktonic AS, 

Norway) 

 

3.       Copepod and formulated 

feed (Cop/FD) 

 

a. Copepod size:      (185-394 µm in stage n5/n6) 

b. Formulated feed: Pellets size was 150µm and 300µm 

 

c. Larvae were first fed with copepod for 7 days followed by 

small pellets of formulated feed for 7 days and rest with 

large pelletss until day 34. 

A.tonsa (C-feed AS, Norway) 

 

Formulated feed :GEMMA Micro 

150 and 300 µm (Skretting AS, 

Norway) 

4. Formulated feed 

(FD) 

a. Formulated diet :GEMMA Micro 150 and 300 µm 

larvae were fed with small pelletss from 2 to 9 DPH and 

then with big pelletss of formulated feed until 34 Dph. 

Skretting AS, Norway)(Skretting, 

2021) 

5.       Copepod and Cirripedia 

(Cop/Cir) 

 

a. Cirripedia: Nauplii were 150 µm and 350µm  long and 

wide respectively 

b. Copepod size:      (185-394 µm in stage n5/n6 

Larvae were fed with copepod till 9 dph then from 10 to 

17 with Cirripedia and until 34 dph they were weaned to 

formulated  feed. 
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Table 3 Experimental setup: Feeding regimes for start feeding of lumpfish (C.lumpus) from Sep-Oct 2020 (2 to 35 dph). Triplicates of five feeding regimes were used (n=3). Sampling times for lipid and 

fatty acid analysis and growth is marked with an X. Weaning periods are indicated with the overlapping in each feeding regime. 
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2.3 Types of feed for lumpfish larvae rearing and their distribution 

2.3.1 Artemia (Art): 

A German scale was used to weigh amount of artemia cyst (EG ® INVE Aquaculture, 

Thailand).After weighing it was placed in 60L cylindrical tank with sea water stabilized at 25-30°C 

by using electronic aquarium heater (EHEIM thermo control e300, Germany). The rightful amount 

of cyst to be weighed was figured out based on hatching potency of 260 000 nauplii g-1 dry weight 

of cysts given by producer. After 24 hours of aeration cysts, newly hatched Artemia were separated 

by using magnetic separator (SEP-ArtMagnetic Artemia SEPARATOR, Australia).(fig 3)Newly 

hatched artemia were placed into another conical cylinder and enriched with 10 g Larviva Multigain 

(Biomar AS, Norway) twice in 24 hours as recommended by producer. Enrichment was done twice 

within 24 hours. 60µm planktonic mesh was used to harvest artemia and was fed to the larvae 

through feeding reservoirs. Amount fed was based on tank as per Appendix 2 and protocol are 

attached. (Appendix 1)  

2.3.2 Copepods (Cop/FD): 

1m3 plastic container was used to store Acartia tonsa (A. tonsa) in a temperature control chamber at 

10 degrees Celsius. A.Tonsa was fed with microalgae (Rhodomonas baltica). Both microalgae and 

copepod were heavily aerated and delivered by C-feed AS, Norway. Acartia tonsa was harvested by 

using a sieve of 53µm. The A. tonsa fed to the fish ranged in stage from N3 to N6, and it measured 

between 185 and 394 m (C FEED AS, 2014). (table 1 (Appendix 5) 

2.3.3  Cirripedia: (Cir) 

Cryoplankton stored in liquid nitrogen at -196 °C were received from Planktonic AS Norway twice 

Cryoplankton are the frozen pellets of cirripedia protected by cryoprotectant Agent (CPA). The 

frozen pellets were thawed in sea water to remove CPA via rinsing and then transferred to 100 µm 

planktonic net, to rinse Cirripedia. They were then transferred into 55L tank until use. About 6 hours 

were mandatory for rejuvenation and then transferred to feeding reservoir. Cirripedia supplied to the 

larvae were 350 μm long and 150 μm wide (table 1). Protocol is attached (Appendix 3 ) 

2.3.4 Dry/formulated feed: (FD) 

Two sizes of dry feed (Gemma Microns) were used depending on larval size, GM150µm and 

300µm. Feed was supplied by Skretting AS, Norway. Feed automats (Sterner 905, Fish Tech AS, 

Norway; Figure 2.2B) were used to  drop the prepared feed straight into the rearing tanks four to 
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twenty-four times per day (Sterner Fish Tech13 AS, Norway) which were  placed on the top of tank. 

Same diet was used for all the tanks from day 21dph till 35dph (table 1) 

2.4 Larval sampling 

All the larvae were enesthesized in tricaine methane sulfonate (MS-222 Finquel®, Agent Chemical 

Laboratories Inc., USA) immediately after sampling. Larval sampling for standard length(SL) and 

dry weight(DW) were first subjected to distilled water to remove salt particles. Immediately after 

rinsing SL and dry weight was measured. Sampling days are according to the days mentioned in 

table. Initially on 2dph(days post hatch) and 9dph 5 larvae per tank were pooled and on later 

sampling days 15 larvae per tank were collected for DW and SL. 

Samples collected for Lipids and fatty acid after enesthesizing were deionized by distilled water, 

dried, moved to cryotubes, flushed with Nitrogen, and then stored at -80 °C until analyzed. While 

feed samples were taken in three replicates on four consecutive feeding days. 

On last day(35dph) of sampling at least 250 larvae per tank were sampled to check for possible 

sampling bias. Total number of larvae in each tank were also calculated to compare growth, survival 

as well as mortality among different feeding regimes (table 4). 

Table 4   Number of sampled larvae for growth, total lipid, and Fatty acid(FA) analysis. On 2 dph the number 

represents the total sample size as the treatments had not been distinguished yet. From 9 to 25dph the sample 

size is from each tank for growth and from each treatment for lipids and FA analysis 

 

2.5 Survival and growth of lumpfish larvae 

2.5.1 Growth (Standard length and dry weight) 

Growth was measured in terms of standard length, dry weight, and daily weight increase. Standard 

length SL of fish larvae is measured from the apex of snout till the end of notochord. For measuring 

SL software ImageJ was used. It was measured  from 2dph till 35dph. The images were captured 

with a 0.63x magnification and 10x objective stereo microscope (Leica MZ75, Leica Microsystems, 

Germany; Zeiss Axiocam ERc 5c, Zeiss Inc., Germany). External morphology was also assessed 

using these images. 

For dry weight (DW) larvae had been dried for two days (48 hours) at 60°C. Dry weight was 

measured in pre-weighed tin capsules using an ultra-microbalance weight (UMX2 

Dph(days post hatch) 0 2 9 15 21 29 34 35 

Growth samples 0 15 30 30 30 45 45 250 

Lipids and FA samples 15 45 45 45 45 45 45 0 
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Ultramicrobalance, Mettler-Toledo, USA). The following equation(Houde et al., 1981) was used to 

compute specific growth rates (SGR) for particular sampling intervals: 

      

W2 and W1 are the average larval dry weight for each tank, while T2 and T1 are the time (dph). The 

percentage daily weight increase (DWI) was determined based on the calculated SGR-values and 

equation used by  

      

2.5.2 Survival 

Larvae  were registered  on every sampling day as mentioned in table 3 throughout the experiment. 

Mortality was also noted by counting dead larvae each day during cleaning of tanks. On last day 250 

larvae were pooled , together . All of these were used to estimate Survival (St), which was calculated 

based on total alive and dead larvae in each tank by using following equation. 

      

Where, 

St = Survival 

Nt = Total number of larvae at given time (dph) 

N0= Number of larvae at the time 0 i.e., beginning of experiment 

2.6 Lipids and fatty acid analysis 

2.6.1 Lipid analysis 

Lipid extraction was done at SINTEF by using Methyl-tert-Butyl Ether (MTBE) extraction method 

introduced in 2008 by (Matyash et al., 2008). MTBE/methanol/water solvent system was done in 

volumetric ratios of 10:3:2.5 (v/v/v). m1 was the weight of kimax tube in which sample was 

transferred for MTBE extraction. After weighing larval sample(msample) it was initially diluted with a 

mixture of MTBE and methanol (10:3; v/v) which brought small metabolites into solution, whereas 

other macromolecules were precipitated for instance proteins (Liquid Extraction: Folch). To induce 

phase separation, water was then added to the crude extract. Top phase was carefully removed and 
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evaporated with Nitrogen to avoid any of the other metabolite. Removed phase of sample was 

reweighed (m2) and lipid content was measured by using following equation. 

   Lipid content= (100% x 
𝑚2−𝑚1

𝑚𝑠𝑎𝑚𝑝𝑙𝑒
 ) 

Left over sample was re-dissolved in 500µl of CHCl3 for lipid class and lipidomics and again stored 

at -80°C, protocol attached as Appendix 6 

2.6.2 Fatty acids analysis 

Total fatty acid and lipid profile was evaluated by Folch method (Folch et al., 1957)appendix . There 

were two types of samples larval samples as well as feed samples. Samples from freezer stored at -

80degree Celsius were taken and transferred to pre weighed kimax tubes (W1). Sample was dissolved 

in iso-octane, dried with Nitrogen evaporator, and placed in desiccator for 1 hour. Tube was again 

weighed(W2) to get dry weight of lipid (W=W2-W1). Stock solution (10mg/ml) was added to samples 

and divided into 2 parallels for reducing error. After adding  Internal Standard and CH3OH-

H2SO4(mixure of methanol and diluted sulphuric acid) samples were  placed on heating block for 18-

20 hours. 

Samples were removed from heating block cooled down and then subjected to three times 

centrifugation along with addition of sodium chloride (NaCl) and iso-octane. Again, sample was 

subjected to Nitrogen evaporator and mixed in 200µl of isooctane. Small viles specialized for Gas 

chromatography were filled with 40µl of prepared samples and run-on GC for fatty acid analysis. A 

7890B GC system equipped with a flame ionization detector (FID) and a mass spectrometry detector 

(5977B MSD), all from Agilent Technologies, was used for fatty acid analysis. Detailed protocol is 

attached Appendix 7 

2.7 Statistical analysis 

IBM SPSS Statistics 27 and SigmaPlot v.14 (Systat Software Inc., USA),  graphing application with 

built-in facilities for data analysis, were used for all statistical studies. All statistical tests had a 

significance threshold of 0.05. Prior to statistical analysis, percentage data underwent arcsine 

transformation. In addition to Microsoft Excel v.2109, SigmaPlot and was mostly used to create the 

graphs (Microsoft, USA). All tables were created using Microsoft Word v.2109 (Microsoft, USA). 

Difference between total lipids and fatty acids between treatments were determined through one way 

ANOVA test. Levene test was applied for checking homogeneity of variance. For non-normal 

distribution Pairwise comparison Mann Whitney test was applied.Pearson Correlation among 

different FAs was done to check dependency of variables on each other.   Results are presented as 
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mean ± standard deviation (SD) and the statistical significance was established at p < 0.05 and 95% 

confidence interval was taken. All statistical analyses were performed using IBM® SPSS Statistics 

27.0 software package for Windows. 

In order to rule out sampling bias, a larger sample of SL was taken at 35 dph (n = 750 larvae per 

treatment group). The SGR between 29-34 dph was used to estimate how long the larvae sampled at 

34 dph (n=45 larvae per treatment group) would have been at 35 dph. Welch's t-test was used to 

determine whether the sample of lengths measured within treatment groups differed significantly 

from the predicted length at 35 dph. 
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Chapter 3: Results 

3.1 Larval general features and developmental morphology  

From the very beginning of the feeding experiment, it was observed that the external features of 

lumpfish were changing considerably overtime. Eventually all the larvae from 5 treatments had 

similar characteristics like skin color, fin development, body shape etc. therefore following general 

description is based on Artemia-larvae. Larvae of lumpfish is found in various colours ranging from 

shades of green, pale yellow, and brown, however, Art-larvae was mostly found in dark red colour as 

shown in Fig 3.1. 

(2 days post hatch): The head of larvae was round and larger than the body having compressed long 

tail comprising 2/3rd of the body length and giving larvae a tadpole-like shape. There were separate 

bands of light pigments on the sides of each eye ranges from mouth till operculum, however, the 

head of larvae was dominated by the pigment of yellow colour with brown and black dots that goes 

up to its trunk. Despite the pigmentation, the visibility of the yolk sac across the skin was clear. The 

tail was covered with light yellow pigment with visible notochord; however, the median fins folds 

were observed to be transparent. At this stage, fin rays were seen on the finfold on the dorsal side 

within the pectoral fins. In the centre of the trunk area, the ventrally located functional disc was 

found.  

(9 days post hatch): The pigmented bands around the eyes were more reflective making the eyes 

more visible with respect to the brown and dull yellow colour of the rest of the body. However, the 

pigmentation in the tail of larvae was increased and it became less compressed laterally with visible 

notochord. The finfold had begun to resorb, forming two dorsal fins and one ventral fin. In all of 

these, fin rays had formed. Epidermal tissue has somewhat overrun the anterior dorsal fin. The fin 

rays in the suction disk were more noticeable since it had darkened and pigmented. 

(21 days post hatch ): It was observed at that the larval body was covered with brown and opaque 

red pigmentation. With a thick grown tail and oval head and trunk, the larvae body looked more 

seamless and streamlined. Also, with the complete reabsorption of the finfold, the fin rays become 

more visible in all fins. The first dorsal fin overgrew with epidermal tissues and the caudal fin was in 

a round shape. 

(34 days post hatch ): At 34dph the body shape of larvae looked more streamlined than instead of 

the tadpole. The overall colour of the body became red tinted with brown speckles and the 

pigmentation continued through the suction disk also. However, the reflective band with 
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Fig3.1 a)2dph, b)9dph ,c)21dph , and d)33dph. 1mm Scale bar. 2dph unfed . 9,21 and 33 are fed with 

Artemia showing best growth in comparison to other feeding regimes picture credits (Kværnø, 2022) 

pigmentation around the eyes remained noticeable. It was also observed that the caudal fin, dorsal 

fin, and posterior ventral fin were light yellows pigmented. 
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3.2. Observations for growth and survival  

3.2.1 Dry weight 

The mean dry weight of the larvae at 2 dph was 0.910.05 mg (Figure 3.2). The Art- larvae were 

substantially larger than the Cir-larvae by 9 dph, but not the other larval groups. At 15 and 21 dph, 

the Art-larvae grew steadily and had a much greater DW as compared to other larval groups. 

between 15 to 21Dph   Cir-, Cop/Cir-, and FD-larvae also grew  but not as much as the Art-larvae. 

The Cop/FD-DW, larvae on the other hand, had only remained steady on 21 dph, much lower than 

the other larval groups. During 29 and 34 dph, the Cir-DW larvae's and  Art-larvae grew to similar 

extent and were no longer statistically different. At 29 and 34 dph, Art- and Cir- larvae were 

substantially heavier than larvae from the other three larval groups. The three other larval groups, 

Cir-, Cop/Cir-, and FD-larvae, all experienced an increase in DW between 30 and 34 dph, although 

not to the same extent as the Art- and Cir-larvae. The dry weights of Cir-, Cop/Cir-, and FD-larvae 

were not substantially different on any of the final two sampling days. Appendix 8, Table A3 shows 

the mean DW per tank for each treatment group. 

 

Fig 3.2: Mean dry weight of lumpsucker larvae fed with 5 different feeding regimes Dry weight is given in 

mg n=15 larvae for 2dph, 9dph and 15dph and n= 30, 45 and 75 larvae pooled on 21, 34 and 35 dph 

respectively. Grey line shows change of feed from copepod to formulated diet for Cop/FD  while from 

copepod to Cirripedia for Cop/Cir .Dark line shows weaning to formulated diet for all the treatments. 
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Fig 3.3 Mean standard length(2 to 35dph):length is given in mm. Five treatments. 15 larvae per 

treatment were pooled on 2dph, 9dph and 15dph. 30, 45 and 75 larvae were pooled on 21, 34 and 35 

dph respectively. Grey line shows change of feed from copepod to formulated diet for Cop/FD  while 

from copepod to Cirripedia for Cop/Cir .Dark line shows weaning to formulated diet for all the 

treatments. Significant differences (p<0.05) letters indicate significance of treatments Error bars 

indicate ± standard error (SE). 

Significant differences (p<0.05) letters indicate significance of treatments. Bar indicates  ± standard error 

(SE). 

3.2.2 Standard length 

Larvae were 5.94±0.10 mm length at 2 dph (Figure 3.3). Art-larvae were already much longer than 

Cir-, Cop/FD-, and FD-larvae by 15 dph. At 21 dph, the Art-larvae were also substantially longer 

than any other larvae. However, weaning to a formulated diet between 21-25 dph for the Art-, Cir-, 

and Cop/Cir- larvae, the Cir-length larvae enhanced to the same range as the Art-at larvae's 29 and 

34 dph. Cop/Cir-larvae SL, on the other hand, did not increase promptly in length after weaning. At 

29 and 34 dph after weaning, Art- and Cir-larvae were substantially longer than all other larval 

groups and statistically significant. On 35 dph there were 750 samples per treatment group 

(250/tank), and results were different than 34dph. At 35 dph, Art-larvae were significantly longer 

than all other larvae, including Cir-larvae . Furthermore, at 35 dph, FD- and Cop/Cir- larvae were 

substantially longer than Cop/FD-larvae but not statistically different between the two groups. 

However, no significant difference was identified among treatments between the projected length at 

35 dph (based on 34 dph larvae and SGR) and the substantial sample of SL at the end of the trial. 

Appendix 10, Table A5 shows the mean SL per tank for each treatment group. 
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3.2.3 Correlation between standard length(mm) and mean dry weight (mg) 

The pooled data of five treatment groups showed strong positive polynomial correlation between the 

DW and SL (Figure 3.4), showing that the DW of the larvae rose exponentially as SL increased. The 

growth rate of larvae was slow initially that is the DW was 1mg approx. when larvae had SL of 5 -

7mm. A visible increase was observed both in DW and SL after larvae achieved the SL of 7mm 

Regardless of treatment, the pooled data's Pearson-correlation value was r=0.970, demonstrating a 

significant association between DW and SL for all larvae. 

 

 

Fig 3.4 Correlation among standard length and dry weight for lumpsucker larvae 2-34dph. Artemia n=166, 

Cirripedia n=165 for copepod, cop/cir and FD-group. (r2=0.970, P<0.0001). Each point indicates DW in 

correspondence to SL per larvae made from pooled data of all treatments. 

3.2.4 Survival of lumpsucker larvae 

Initially from 2dph to 10dph Cop/Fd larvae and Cir larvae had little less survival rate but not 

statistically different from other three treatment groups (Figure 3.5). Cir larvae stabilized after 10dph 

with decrease of about 1% while copepod larvae dropped until 35dph after weaning to formulated 

diet. Art- Larvae were having highest survival rate of 95±0 % throughout, only significantly different 

from Cop/FD not other treatment groups. At 35dph the Cop/FD larvae showed 10% less survival 
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than the best one which was Artemia larvae. Number of larvae per tank is given in Appendix 12 

(Table A7) 

 

Fig 3.5 Mean survival rate of 5 different feeding regimes with three replicates each (n=3) with corresponding 

error bars ± SE. letters indicate significance at (p<0.05) tested statically at 2, 9,15,21 ,29, 34 and 35 dph. Note 

vertical axis begin from 80%. 

3.2.5 Daily weight increase (DWI) 

The DWI in the Cirripedia-fed larvae remain negative from 2dph to 9 dph but a significant increase 

was seen after 9dph till the end of the experiment. From 9dph to 21dph the increase in daily weight 

(DWI) of larvae with Cirripedia feeding regime is like the trend seen from dph 21 – 34. The larvae 

fed on Cop/FD showed reduced DWI between 2dph to 9dph and from 9 to 21dph which is 

significantly less than that calculated for Artemia-fed larvae and Cirripedia-fed larvae in the duration 

of 9 to 21dph. For the DWI between the duration of 21dph to 34dph, larvae fed with Cop/FD showed 

enhanced values and were evidently higher than that of larvae fed with Artemia with a value of 

p=0.007. The DWI measured for Cop/Cir fed larvae was the same between duration of 9dph to 

21dph and from 21 to 34dph. However, FD larvae, the significant increase was observed in DWI 

from duration of 21dph to 34dph. From the experiment, it was evident that Artemia-fed larvae and 

Cirripedia-fed larvae showed higher DWI that is 5% in comparison to the larvae following other 

feeding regimes where DWI was calculated as 4% with p<0.05.      
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The larvae from groups with feeding regimes of Cop/FD, Art and Cop/Cir showed significant 

increase within 2-9dph interval, while FD and Cirripedia exhibited a negative tendency (Figure 3.6 

Appendix 9, Table A4) However, no other significant differences were found when larvae from 

different feeding regimes were compared during this time interval. During 9-21dph interval larvae 

fed with Artemia remained significantly highest in DWI. On weaning to formulated diet Art larvae 

and Cir larvae showed decrease in DWI while FD and Cop/FD were significantly lower than Art 

larvae during 21-34 dph interval (p<0.05). 

DWI in interval 2-34 indicates is the mean from beginning till the end of experiment which were 

significantly similar higher in Cir and Art larvae. Cop/FD, FD and Cop/Cir larvae had similar DWI 

during this interval.  

 

Fig 3.6 Mean daily weight increase (%/day-1) in C.lumpus from 2-34 dph. X-axis shows days post hatch 

intervals and y axis have mean daily weight increase %day-1. Bars show standard error(±SE). Letters indicates 

significance of DWI in particular interval larvae group. 
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3.3 Lipids and fatty acids in lumpsucker larvae and feed 

3.3.1 Total lipid and fatty acid content of prey 

Total lipid content had significant differences among feed types (Fig.3.7, Appendix 13). Artemia has 

shown the highest amount of lipid(% of dry weight) and formulated diet stands second both were 

statistically significant (P>0.05). Lipid content of both feed pellets Gemma micro 150nm and 300nm 

were similar so placed as one. Cirripedia and copepod had similar % of lipid and there was no 

significant difference between them. 

 

Fig3.7 Total lipid content of feed significance P>0.05. Lipid content is % of dry weight 

 

The enriched diet (Artemia) had higher lipid levels than the other 2 live prey  (cirripeds and 

copepods) used in 4 feeding regimes. Artemia was quite higher in lipids than the other groups, and 

no significant differences were observed between cirripeds and copepods (ANOVA p 0.05, followed 

by Holm Sidak post hoc test).  
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Fig 3.8  Selected fatty acids of four types of feeds (Copepods, Artemia, formulated diet and Cirripedia). Bars 

shows ± standard deviation. 

 

Fig 3.8 shows some selected fatty acids percentage in four types of feeds from Appendix. 

Arachidonic Acid (ARA) was highest in Artemia and significantly similar in copepods and 

cirripedes, EPA and DHA were significantly high in Artemia. Sum of saturated fatty acids in artemia 

and formulated diet. In general, Eicosapentaenoic acid (EPA) were higher in cirripedes than artemia  

but statistically no significant difference between both. Docosahexaenoic acid (DHA) was 

significantly high in Copepods. Saturated fatty acids were highest in copepods but had similar 

significance as in copepods. Artemia and FD had no significant difference in saturated fatty acids. n-

3 fatty acids were significantly highest in copepods than artemia and cirripedes and FD. n-6 fatty 

acids were significantly high in FD and similar in copepods and artemia with no significance 

difference between them.  

3.3.2 Total lipid content in C. lumpus (lumpsucker) larvae (2-34dph) 

Total lipid was highest in Cop/Cir larvae from beginning till end. Art/Fd and Cir had similar trend of 

total lipids initially the content was high but then dropped on weaning to formulated diet on 21dph 

and gets stabilized on 34 dph in both larvae. Cop/Fd lipid content dropped from 2dph to 21 dph and 

then increased on weaning to FD on 21dph. Total lipid content in FD larvae remain steady 

throughout the trial with a little change.(Figure 3.9, Appendix 14) 
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Figure 3.9 Development of total lipids (mg/g)over time in larvae fed with five different feeding regimes. 

(Values are mean n=5). Bars indicate development of lipid in each group of larvae from 2dph to 34 dph. Every 

tile indicates dph. 

 

3.3.3 Development of fatty acids in Cir larvae 

Certain fatty acids of Cirripedia larvae over time are plotted in Figure 3.10 (Appendix 15).  

∑PUFA(n-6)  dropped from 2dph to 9dph and remained similar till 21dph with no significance 

difference. From 21dph to 29dph ∑PUFA(n-6) increased. ∑PUFA(n-3) increased from 2 to 9dph and 

then dropped on 15dph. It again rises on 21dph significantly and then dropped. ∑PUFA(n-3) and 

∑MUFA had similar trend with different content and are significantly correlated(p < 0.05). ∑SFA 

had decreasing trend from 2 to 21dph and an increasing trend till 34dph. ∑SFA is highly correlated 

with ∑MUFA (p < 0.05), ∑PUFA(n-3) (p<0.05), and  ∑FA(p<0.01). 
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Fig 3.10 Trend of selected fatty acids(% of DW) over time in Cirripedia larvae from 2dph to 34dph. Bars 

indicate ±SE. Significance is taken at P<0.05 

 

Fig 3.11 shows percentage of DHA, EPA and ARA in lumpsucker larvae fed with Cirripedia (Cir) on 

selected days and their respective ratios. DHA content increased from 2dph to 9dph. DHA had its 

least percentage on 15dph. DHA was strongly correlated with ∑MUFA and ∑PUFA(n-3). Its 

percentage again increased until end of the trial. Percentage of EPA was less than DHA but followed 

similar trend. It was also significantly correlated with ∑PUFA(n-3). ARA remained very low 

throughout the experiment and was negatively correlated with ∑MUFA and ∑PUFA(n-6). 

DHA/EPA was non-significant while EPA/ARA was significant and positively correlated to 

∑MUFA and PUFA(n-3) (Appendix 15). 
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Fig 3.11  Development of DHA, EPA, and ARA in selected days post hatch of Cirripedia fed lumpsucker 

larvae. Bars indicate ±SE. Significance P<0.05. 

 

3.3.4 Development of fatty acids in FD larvae 

∑MUFA from 2dph till 34dph remained almost same with a slight decrease from 9dph to 15dph 

(Figure 3.12 Appendix 16). It was significantly positively correlated with ∑PUFA(n-3) and 

EPA/ARA. ∑SFA increased from 2dph to 9dph and then remained same. It was non-significant. 

∑PUFA(n-6)  dropped from 2dph to 9dph and then increased until 21dph and remained same till the 

end of trial. ∑PUFA(n-6) was positively correlated to ARA and DHA/EPA and negatively correlated 

to EPA/ARA. ∑PUFA(n-3) increased until 9dph then dropped till 21dph and remained same until 

34dph. ∑PUFA(n-3) is positively correlated with ∑MUFA and negatively correlated to EPA/DHA 

but positively correlated to EPA/ARA. 
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DHA increased from 2 to 9dph and decreased until 21dph and remained same until 34dph (Fig 3.13 

Appendix 16). DHA is positively correlated with ∑MUFA, ∑PUFA(n-3) and EPA/ARA while 

negatively correlated to ∑PUFA(n-6), ARA and DHA/EPA. EPA is increased from 2 to 9dph and 

then decreased till 34dph. EPA is positively correlated to ∑MUFA, ∑PUFA(n-3) and EPA/ARA and 

negatively correlated to DHA/EPA. ARA percentage remained low, decreased from 2 to 9dph and 

increased until end of the trial. EPA is negatively correlated to ∑PUFA(n-3) and EPA/ARA and 

positively correlated to DHA/EPA (p<0.05).  
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Fig 3.12 Trend of selected fatty acids in lumpsucker larvae fed with FD. Bars indicate 

±SE.  N=5 Significance P<0.05. 
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Fig 3.13 Development of EPA, ARA, and DHA from 2-34 dph in lumpsucker larvae fed with formulated diet. 

(N=5) p<0.05 Bars indicates ±SE 

3.3.5 Development of fatty acids in Art larvae 

On 2dph ∑SFA, ∑MUFA, and ∑PUFA(n-3) were almost same. ∑MUFA was almost same 

throughout the trial and non-significant. (Fig 3.14  Appendix 16)∑SFA increased slightly from 2 to 

9dph and then remained same until 34dph. It was only significantly related to EPA/ARA. ∑PUFA(n-

3) increased from 2 to 9dph and dropped until 21dph while remained same until 34dph.  

 

Fig 3.14 trend of selected fatty acids over time in larvae of lumpsucker fed with Artemia from 2 to 34 dph. 

Bars indicate ±SE (N=5 and p<0.05) 
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Fig 3.15  Development of EPA, DHA,  and ARA over time in lumpsucker larvae fed 

with Artemia. (n=5, p<0.05) Bars indicates ±SE 
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∑PUFA(n-3) is only positively and significantly (p<0.05) correlated to DHA.∑PUFA(n-6) decreased 

from 2dph to 9dph and remained same until 34 dph with a slight change over time. It is negatively 

and significantly correlated with (n-3)/(n-6) and EPA. 

 

 

 

 

 

 

 

 

 

 

 

EPA was highest in the beginning and decreased slightly from 9dph till 34 dph. It is negatively 

correlated to PUFA(n-6) and positively related to PUFA (n-3). Percentage of DHA was highest in the 

beginning on 2dph and 9dph and then dropped until 21dph while on 34dph it seemed increasing 

again. DHA was negatively correlated with ARA but positively correlated with ∑PUFA(n-3). 

EPA/ARA decreased from beginning and remained same on 21 dph and 34 dph and was negatively 

corr3elated with ARA. DHA/EPA was almost same with slight increase on 34dph. It is significantly 

and positively correlated to ∑SFA. (Fig 3.15, Appendix 17) 

3.3.6 Development of fatty acids in Cop/Cir larvae 

∑SFA and ∑MUFA increased slightly from 2 to 9 and then remained almost constant till 34 dph. 

∑MUFA was significantly correlated with DHA, ARA, and ∑PUFA(n-3) but ∑SFA was non-

significant. ∑PUFA(n-3) remains quite similar throughout experiment. It was negatively correlated 

with DHA/EPA and ∑PUFA(n-6) while positively correlated with DHA, ∑MUFA, and  EPA/ARA. 

∑PUFA(n-6) showed fluctuating trend. It increased from 9 to 15dph dropped on dph and again 
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increased until 34dph. PUFA(n-6) is negatively correlated with ∑MUFA and  DHA.(p<0.05)( Fig 

3.16) 

 

Fig 3.17 Trend of selected fatty acids (% of DW) over time in lumpsucker larvae fed with Cop/Cir. Bars 

indicate ±SE (n=5, P<0.05) 

DHA content was high in beginning till 9dph  dropped little on 15dph and again enhanced on 21 dph. 

While it remained same on 29 and 34 dph. EPA was high from 9 to 21dph but dropped on 29 and 

34dph. DHA and EPA were negatively correlated with ∑PUFA(n-6) and DHA/EPA and, positively 

correlated with ∑PUFA(n-3) and ∑MUFA. ARA remained same throughout the experiment 

EPA/ARA has decreasing trend from 9dph to 34 dph while DHA/EPA remained constant. DHA/EPA 

were negatively correlated with ∑MUFA, ∑PUFA(n-3), EPA/ARA, and DHA. while EPA/ARA 

were negatively correlated with ARA and PUFA(n-6). (Appendix 18, Fig 3.18) 
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Fig 3.18 Development of ARA, EPA, and  DHA  in relation to time (2-34dph) in lumpsucker larvae fed with 

Cop/Cir. Bars indicates ±SE. (N=5. P<0.05) 

3.3.7: Development of fatty acids in Cop/FD larvae 

∑PUFA(n-3) increased slightly from 2dph till 15 dph and then dropped suddenly on 21dph which 

remained same until 34dph. ∑PUFA was significant and positively correlated with DHA and EPA 

while negatively correlated to ∑SFA had quite stable value throughout the trial.  ∑SFA was non-

significant and had no correlation. ∑PUFA (n-6) was significant and negatively correlated to DHA 

and ∑PUFA(n-3). Its percentage remained static from 2 to15 dph and then increased on 21dph with 

further slight rise until 34dph.∑MUFA had almost stable value throughout the trial with a little drop 

on 21and 34dph. It was positively correlated to EPA/ARA and negatively correlated to DHA/EPA. 

(Appendix 19, Fig 3.19) 

 

Fig 3.19 Trend of different fatty acids in lumpsucker larvae  fed with Cop/Fd in relation to time. Bars 

indicates ±SE. (N=5, P<0.05) 
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DHA content increased from 2 to 15dph and then dropped on 21dph but again started rising on 

34dph. EPA decreased continuously from 2dph to 21dph and remained same on 34dph. It was 

statistically significant had a positive correlation with DHA, ∑MUFA, ∑PUFA(n-6 and DHA/EPA. 

ARA was less but increased very minutely on 15 and 21dph. DHA/EPA remained constant over time 

while EPA/ARA decreased continuously. Both are negatively correlated with each other. DHA/EPA 

is significantly related to ARA and negatively correlated to ∑MUFA and is opposite for EPA-ARA 

(Fig 3.20). 

 

Fig 3.20 Development of EPA, DHA, and ARA (%of Fatty acids) in larvae fed with COP/FD. (N05, p<0.05) 

Bars indicate ±SE. 
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Chapter 4 : Discussion 

4.1 Effects of start-feeding regimes on larval development and survival 

The feeding-regime using enriched Artemia nauplii generally gave the highest growth and survival in 

the experiment. However, Cir-larvae increased to a similar DW and SL to Art- larvae after weaning 

to formulated diet towards the experiments end. Both start-feeding regimes initiating with copepods, 

Cop/Cir and Cop/FD, were not as successful, with the latter treatment group having the highest 

mortality by the experiments end. Similarly, the larval diet consisting solely of formulated diet for 

FD-larvae also yielded a lower growth and survival than the diets using Artemia and cirripeds. It 

should however be noted that all larval groups had a high survival rate at the experiments end, 

ranging from 86-95 %, with only the Cop/FD-larvae having a significantly lower survival rate than 

the Art-larvae. 

At 15 dph and up to the completion of the trial, growth and survival were both noticeably higher (35 

dph) among larvae fed with Artemia nauplii. Other research have also shown that feeding lumpfish 

larvae Artemia has a positive impact on growth (Hanssen, 2018; Marthinsen, 2018; Rian, 2019a) 

Furthermore, at 21 dph, prior to weaning with formulated feed, Art-larvae were substantially heavier 

and longer than larvae from the other treatment groups. Due to its larger size as compared to the 

other feed types employed in the current study, the Artemia nauplii may be favored (Baert et al., 

1996) 

Greater accessible biomass and quicker detection of larger prey allow for increased consumption 

with less energy input (Killen et al., 2007).  Swimming speed of Artemia nauplii may be optimal for 

the lumpfish larvae to conserve its energy. Due to low aerobic energy for foraging and swimming 

lumpfish prefers passive foraging (Hvas et al., 2018)  The Artemia-fed larvae originally exhibited a 

greater DWI than the other regimes during the live prey phase till weaning (21 dph) started. Weaning 

itself may be stressful, which would explain why development is slower at that point, but overall 

survival is still good in the Artemia-fed larvae at that point. Realizing that the larvae typically take 

larger feed as they develop, the switch to a much smaller feed (Gemma micro 300nm) might be 

difficult and stressful (Yúfera, 2011).  FD may not elicit predatory behavior to the same degree as 

Artemia nauplii since they flow with water currents (D'Abramo, 2019). But still predatory behavior 

can’t be considered primary cause for the decline in DWI as Cirripedia fed with formulated diet after 

21 dph showed higher DWI in comparison to others. 

 During  the trial, the larvae fed Cirripedia nauplii had the second greatest growth rate, and the 

largest development spurt took place at weaning to FD at 21 dph. Larvae fed with Cirripedia nauplii 
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stands second highest to larvae fed with Artemia but still better than larvae fed with copepods and 

FD smallest Initially just after hatching entire energy of larvae fed with Cirripedia was utilized in 

growth resulting in lowest dry weight and negative DWI. However, this may not have been the case 

for all of the larvae. The growth of the larvae was much worse when fed Cop/FD compared to the 

Artemia and Cirripedia group. However in certain other pelagic species like cod and ballan wrasse  

copepods and rotifer fed larvae (Berg, 2012; Rajkumar & Kumaraguru vasagam, 2006)has shown 

better growth and survival rates while in case of lumpfish (Marthinsen, 2018; Rian, 2019b)and 

(Hanssen, 2018) has similar results as us. 

Pelagic fish  has a smaller egg size as compared to lumpfish which hatch from demersal egg  and 

takes more time in development i.e. from fertilization to hatching (Kjørsvik et al., 2004). Large egg  

contains a larger yolk and hence produces big larvae like lumpfish having better digestive system 

and big mouth and eyes (Kjørsvik et al., 2004). Therefore, artemia and Cirripedia are suitable for 

lumpfish , providing  higher biomass by utilizing less energy (Plankton, 2022). Greater biomass is 

made accessible by larger prey, and if larvae are fed with diet in accordance with their mouth size, 

they might consume more food with less energy (Killen et al., 2007). On the other hand, copepods  

move swiftly as compared to artemia and Cirripedia and requires more energy to catch  but lumpfish 

has low aerobic scope and swimming speed, (Hvas et al., 2018) so  it’s not a preferred diet for 

lumpsucker in our trial. Hence confirming that larvae fed with artemia  will have better growth and 

survival as compared to  larvae fed with copepods, formulated diet (Hanssen, 2018; Marthinsen, 

2018). 

High growth potential of fish not only relies on quality but on location and quantity as well, which 

demands a high concentration of polar lipids  (Brown, 2005; Moksness et al., 2008; Navarro et al., 

1999) rather than NL for proper development and growth of several marine fish species larvae. 

(Cahu et al., 2003; Evjemo & Olsen, 1997; Fontagné et al., 1998; Watanabe, 1982). Not only their 

concentration but their location also matters (Kjørsvik et al., 2009). After enrichment, artemia do 

have more lipid content than copepods do(van der Meeren et al., 2008). It's possible that cirripeds 

also do as well because they are believed to have a comparable nutrient profile to copepods 

(Plankton, 2022).  Proteins and amino acids are another part of dietary quality that can impact both 

development and survival (Holt et al., 2011; Karlsen et al., 2015). The protein content of Cirripedia 

and copepod nauplii is roughly equal (67g/100g DW), and it is nearly twice as high as that of 

Artemia nauplii (35g/100g DW) (Karlsen et al., 2015; Plankton, 2022) . Nevertheless, the Artemia-

fed larvae had the best growth and survival rates at the end of the trial. Therefore, the position of the 
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FA in the Particular lipid class like polar lipid may not be as important for optimal use in the 

lumpfish larvae and the protein may not hinder the larval development. 

In Cop/Cir group, primary shift of larvae from copepod to Cir feed enhanced the development rate 

but the second shift to GM300 resulted  in delayed  growth. Study by  (Hansen et al., 2018; 

Marthinsen, 2018) gave negative survival initially but enhanced on  larger FD pellets. Cod larvae 

also demonstrated a favorable shift from rotifers to copepods, but not the other way around (Koedijk 

et al., 2010). Because they were both fed Copepods, the Cop/Cir and Cop/FD groups both progressed 

equally in terms of SL, DW, and DWI in the first 10dph. Weaning Cop/FD to formulated diets has 

been associated with decreased survival at secondary diet change, whereas Cop/Cir had significantly 

higher SL and DW. This impact may be brought on by stress factors, such as pellet size and mouth 

size, etc. Despite the fact that lumpfish already have effective eyes, smaller feed pellets may be more 

difficult to discover (Hunter 1981) and their size may not be compatible with the mouths of the fish 

(Brown 1986). . The copepod and the smallest diet (150 m) may have appeared too tiny for the 

lumpfish larvae during hatching. Since the FD-pellets float with the water currents rather than 

actively swimming, the rate of ingestion in the FD group and the Cop/Cir group (after weaning to 

FD) may be reduced. As a result, it might not stimulate the larvae's predatory behavior to the same 

degree as live prey (D'Abramo, 2019). Considering the fact that the functional stomach of lumpfish 

does not fully develop until 34 dph, (Marthinsen, 2018)  the aggregation of proteins utilized to avoid 

leaching (Nordgrreen et al., 2009) may have hindered the digestion of the formulated diet. This 

suggests that using prepared pellets at the beginning of exogenous feeding may not be ideal since 

lumpfish larvae lack a fully developed and functional digestive system. 

The average survival rate across all larvae fed with different feeding regimes was above 85%, and 

other research also indicate that cultured lumpfish larvae have great survival rate. (Dahle et al., 2017; 

Hanssen, 2018; Marthinsen, 2018)All the larvae showed peak in mortality at around 21 dph, with the 

Cop/FD larvae exhibiting the greatest mortality. Knowing that the Cop/FD larvae were smaller 

compared to the other larvae at that moment but were fed the same quantity of FD, 

indicating excessive intake the cause of high mortality rate. The highest decrease(85-92%) in 

survival was noticed in the Cop/FD-fed larvae, which was also noted by (Hanssen, 2018; 

Marthinsen, 2018; Rian, 2019a) Hanssen et al. (2018), and (Dahle et al., 2017). However, compared 

to pelagic species such as ballan wrasse (Berg, 2012; Romundstad, 2015) and Atlantic cod (Øie et 

al., 2017), lumpfish larviculture has a substantially better overall survival rate. 

The nutritional needs of lumpfish larvae at the commencement of feeding are still not fully 

understood based on the current studies. Better development and survivability of the lumpfish larvae 
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were obtained in the current study and a few other start feeding trials by feeding them with 

Artemia(Hanssen, 2018; Marthinsen, 2018; Rian, 2019a). 

According to (Conceicao et al., 2010), smaller species of pelagic fish seem to benefit more from 

feeding on copepods. Even though prepared diets may be preferable for larger fish species because 

lumpfish larvae's stomachs don't fully separate until 34 days after hatching (dph)(Marthinsen, 2018). 

The best course of action for this medium-sized fish may be to begin feeding on Artemia nauplii and 

gradually switch to a bigger FD size, maybe after the stomach has fully differentiated (34 dph), since 

that can boost the ability for digesting protein in the larvae(Marthinsen, 2018). Weaning to FD was 

place in the current study at two distinct dates (10 and 21 dph), and although the growth suggests that 

a later weaning is preferable, the weaning at 10 dph may have benefited from utilizing a bigger FD. 

Due to the lumpfish's apparent acceptance of and preference for huge prey even right after hatching. 

Because of the rapid larval development in the current study,  and the fact that it is a relatively novel 

prey, future research on start-feeding lumpfish should examine feeding regimes using cirripedia 

nauplii. Another intriguing feeding regime would consist entirely of FD, but with a bigger FD size 

from the beginning than in the current study, since lumpfish has functional eyes from hatching. 

 

4.2 Larval lipids and fatty acids development in relation to feeding regimes 

Lipids are the key contributors of metabolic fuel during the rapid development of early stages of the 

fish (Glencross, 2009; Sargent, 1995). and provide at least two thirds’ times more energy per gram 

than that of provided by proteins or carbohydrates (Parrish, 2013). In our study lipid content is 

highest in Artemia nauplii (22%) since it was enriched using lipid emulsion. Technique of long-term 

and short-term enrichment as devised by (Olsen et al., 1993)was used that proved to build up 14-18% 

lipid content in Artemia which is also evident in our study . While formulated diet has about 18-19% 

lipid content and least was in found Cirripedia and copepods nauplii> 10%. However, Copepods are 

main source of food for fish in wild and are nutritionally superior to artemia and rotifers (Evjemo & 

Olsen, 1997; Støttrup & McEvoy., 2003). Though it has been observed that growth and survival of 

Artemia fed larvae was higher than Cop/Cir nauplii, however the total lipid content was higher in 

Larvae that was fed with Cop/Cir (35%) than that of artemia (15%).  

With the variation in species (Cetta & Capuzzo, 1982; Finn et al., 1996; Fraser et al., 1988; Tocher, 

2003) the lipid class preference and hydrolyzation also varies along with the ratio of phospholipids to 

neutral lipids(Hamre et al., 2013) (Hamre et al). Provided with the required content of PUFA, EPA 

and DHA the fish exhibit high potential for growth (Navarro et al., 1999). However all the lipid 
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classes are not preferred by marine fish species for growth and survival, but some fatty acids are 

considered vital and termed as essential fatty acids (EFAs)(Glencross, 2009; Parrish, 2013) while 

others are used as fuel for activities like swimming , preying etc. n-3 and n-6 are the two families of 

PUFA which are categorized as essential fatty acids. In different diets the amount of PUFA found 

varies as it makes up 50 % of the total fatty acid in FD, 47% in Cop/FD, 46% in Art group, 42% in 

Cir group and 47% in Cop/Cir fed larvae. These two families (n-3 and n-6) are very effective for 

contributing to fish growth and survival if they are part of phospholipid. 

In early 1980s studies have shown significance of dietary Phospholipids for the growth and survival 

of a range of species (Izquierdo & Koven, 2011; Izquierdo et al., 2000; Tocher et al., 2008)However, 

it has also been observed that the capacity of production of phospholipids is limited in fish larvae and 

juveniles (Izquierdo & Koven, 2011). PL are structural constituents of bio-membranes and therefore 

a basic requirement of fast-growing larvae (Cahu & Zambonino Infante, 2001; Cahu et al., 2003; 

Geurden et al., 1995; Kanazawa et al., 1983; Kjørsvik et al., 2009). Along with growth PL also plays 

an important part in digestion, absorption, and transportation of lipids from the intestine to the rest of 

the body. It has been observed that the optimal level required for the integration of dietary PL 

depends on the species, the PL source and classes, and the criteria on which evaluation is based like 

growth, survival, stress resistance, malformations in larvae(Bell et al., 2003; T Takeuchi, 1990; 

Tocher et al., 2008).  

The presence of DHA in phospholipids sustains the structure and function of cell membranes 

especially when it is a major component of polar lipids like in neural tissues such as brain and eye 

(Seelig & Seelig, 1974; Stillwell & Wassall, 2003) . It is expected that requirement of DHA  is 

higher in different stages of development where growth is fast, and it is required to satisfy the 

demands of rapidly forming tissues that accumulate DHA. Likewise, EPA has a major role as a 

precursor of highly bioactive compounds such as eicosanoids, and it can also partly satisfy 

requirements of DHA in species with adequate elongate and desaturase activities to convert EPA to 

DHA (Castro et al., 2016). In addition, previous studies have shown decrease in absolute requirement 

for n-3 LC-PUFA when there is increase in DHA/EPA dietary ratio (Rodríguez et al., 1998; 

Rodriguez et al., 1994). Thus, the relative proportion of DHA and EPA is also an imperative aspect 

to be considered during formulation of feeds along with absolute dietary level of both, during the 

fast-growing stages of the fish (Rodríguez et al., 1998). As per NRC the requirement of dietary 

DHA/EPA ratios range for marine fish has been reported from 0.5 to 2.0(National Research Council 

(2011) Committee on the Nutrient Requirements of Fish and Shrimp Nutrient requirements of fish 

and shrimp. Washington, DC: National Academies Press. ). In our study larvae fed with Art and Cir 
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had almost equal DHA/EPA ratio that is 1.71 and 1.88 respectively while cop/cir had 1.989. Other 

feeding regimes had DHA/EPA ratio above 2. Previous studies have indicated that the high level of 

PUFA induces oxidative stress in juvenile of sea bream and lipid peroxidation in liver. Similarly in 

our study formulated diet (FD) and Cop/FD has comparatively less rate of growth and high mortality 

rate that might be due to increased levels of fatty acids also reported in a study by (Qian et al., 2015). 

DHA/EPA ratio was also higher than recommended (optimum between 0.5 to 2 for marine species) 

in larvae fed with formulated diet It might be due to high concentrated feed that had induced stress 

and mortality as the content of Omega 3 fatty acids is not significantly high from other diets. 

The essential fatty acids DHA and EPA must be found in phospholipids (polar lipids) rather than 

neutral lipids for appropriate development of several marine fish species, as they have shown to be 

more effectively utilized by the larvae (Cahu et al., 2003; Evjemo et al., 2003; Fontagné et al., 1998; 

Gisbert et al., 2008) (Kjørsvik et al., 2009). Artemia does show  higher lipid content than copepods 

after enrichment (van der Meeren et al., 2008), and likely also cirripeds, as they are said to have a 

similar nutrient composition as copepods (Plankton, 2022).( However, the lipids found in Artemia 

are approximately 60-70 % neutral lipids, meaning the majority of DHA and EPA are not found in 

the polar lipids(Hamre et al., 2013)(Øie et al., 2017).It would therefore be natural to assume that 

Artemia would result in reduced growth compared to the copepod A. tonsa, which in contrast have a 

polar lipid fraction at approximately 70 % (Øie et al., 2017).This was however not the case in the 

present study. It could therefore be reasonable to assume that the higher lipid content in the Artemia 

in general are of greater importance than whether the PUFAs are in the neutral or polar lipid fraction. 

Furthermore, lumpfish hatch from demersal eggs and at a more developed stage than many of the 

larvae that require the PUFAs in the polar lipid fraction. 

Compared to the studies of n-3 LC-PUFA, ARA nutrition studies in marine organisms are scarce. 

Recently few studies on arachidonic acid (20:4n–6, ARA) revealed that it has role in skeleteogenesis 

(Boglino et al., 2014) growth performance (Araújo et al., 2020; Nayak et al., 2017; Torrecillas et al., 

2018)survival, and stress resistance (Araújo et al., 2021; Boglino et al., 2014)disease resistance 

(Furuita et al., 2003) and reproduction (Yuan et al., 2015). It has been suggested that increased 

dietary ARA positively affects cortisol levels and stress response in marine fishes (Koven et al., 

2001; Lund et al., 2007; Martins et al., 2013). However, excess in ARA levels can induce adverse 

effects in development (L. Copeman et al., 2002; Lund et al., 2007). Another important functional 

role of the LC-PUFA, especially EPA and ARA, is the substrate to the eicosanoid synthesis by the 

action of some specific enzymes (Araújo et al., 2021; Bell et al., 2003).Thus an adequate ARA/EPA 

ratio in diets to marine fish is essential for the proper functioning of the immune system (Bell et al., 
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2003). Our study revealed that level of EPA/ARA ratio was lowest in artemia 3.86 as compared to 

other diets. However, the content of ARA in fatty acids were not high enough but still correlated 

with statistical significance P>0.001. Still, we need to work on its responses that how it effects fish 

larvae in different stages of life like larval and juvenile and its exact amount required needs to be 

configured. 

Overall, our study was designed to formulate the first feeding for lumpsucker larvae. The results 

obtained from the study has supported proved that artemia is the best diet for Lumpsucker larvae. 

During the studies it has been observed that fish larvae has preferred enriched artemia diet due to 

compatibility of its size, and behavior of fish. Copepods are found to be least preferred diet that can 

be explained in terms of size of nauplii and swimming capacity of both larvae and nauplii.  

Formulated diet had also shown significant results however, there is a need to adjust the 

concentration of diet for avoiding stress response and over-crowding. It has been proved that  only 

the highest amount of omega 3 fatty acids does not give better survival and growth rate rather it is 

optimum content of the components which must be in ratio of DHA/EPA ≤ 2. 

 

4.3 Limitations and challenges 

 The experiment went well and gave useful information for formulating start feed of lumpsucker fish. 

Due to some technical fault, I lost some samples and because of limited time I could not repeat my 

extraction and analysis which decreased my sample size, and I could not get more accurate and 

significant values for fatty acids of larvae. In the beginning of the experiment when eggs were 

incubated, we mixed the eggs of  5 females. Every individual has its own strength and certain 

weakness as well and most important in larval development is the egg quality. In my opinion it might 

be a good idea use eggs of one female to avoid ambiguities in results. 

For further study on role of DHA, EPA,  and ARA in phospholipids and neutral lipids , we can use 

any labelling technique at molecular level to analyze exact amount in neutral lipids and polar lipids. 

Secondly there must be a comparison of how much individual fatty acid were in feed and how many 

are incorporated in larvae that can give us exact value needed for larvae based on its age.  
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Chapter 5: Conclusion 

The results of the current study showed that during the trial, lumpfish larvae grew and survived the 

best when enriched Artemia nauplii were used. It also showed that the recently developed live feed 

cryopreserved cirripeds may be a choice for lumpfish starter feeding. When weaned to a formulated 

diet, the cirripeds-fed larvae and Art larvae resulted in increase in standard length than the larvae of 

other feeding regimes and both had equal sizes at the experiment's conclusion. The cirripeds-fed 

larvae initially developed poorly. It is logical to suggest that a feeding regime that integrates both 

enriched Artemia and cirriped nauplii before the fish are weaned to formulated diet might be viable 

alternative in start-feeding regimes for lumpfish larvae because the cirripeds clearly had a positive 

carry-over effect when weaned to formulated diet. Regardless of whether the fish were weaned to 

cirripeds later or immediately started on a prepared diet, feeding regimens beginning with copepods 

had a deleterious impact on the lumpfish's development. According to the study's findings, copepods 

are probably not a good live food source for lumpfish larvae. However, It can be good for other 

marine fish larvae. The feeding regime that introduced the lumpfish to the formulated diet 

immediately without a live feed phase prior also appears to be inappropriate because it led to less 

development. Furthermore, development of total lipid and total fatty acids content in larvae is 

correlated with  type of feed, preference by larvae, and the nutritional value of the feed as well.  

Although total lipid content was high in Cop/FD and formulated diet FD but still the larvae fed with 

artemia and Cirripedia gave highest survival and development of adequate phospholipids as well. 

Total fatty acids profile declined significantly when fish larvae were weaned to formulated diet and 

then raised again till the end of experiment. So, there is a chance if the experiment duration was 

enhanced the fish might have adapted itself completely to formulated diet and gave further better 

results. 

Future studies on lumpfish start-feeding should focus on determining the nutritional needs of the 

lumpfish and how various live feeds satisfy these needs. As there is little literature on cirripeds as 

live feed organisms, there is also a clear need for additional study of their nutritional makeup. 

Additionally, the long-term implications of feeding regimens are still unknown. To develop a good 

start-feed which can cope with industrial standards one must know accurate required content of  

individual fatty acids like DHA , EPA ad ARA based on their location in PLs or NLs, we must study 

them on molecular level using markers to identify their exact location, development, and responses 

in physiological development on fish larvae.  
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 Appendix 1. Outlet mesh size and water exchange rate 

Table A1. Outlet mesh size (µm) and water exchange rate (%) in rearing tanks for the different 

treatments throughout the experimental period (dph). 

 

Treatments 

Artemia Formulated diet Copepods Cirripedia Cop/Cir 

Dph 
Mesh size 

(µm) 

Water exchange 

rate (%) 

Mesh size 

(µm) 

Water 

exchange rate 

(%) 

Mesh size 

(µm) 

Water 

exchange rate 

(%) 

Mesh size 

(µm) 

Water exchange 

rate (%) 

Mesh size 

(µm) 

Water exchange 

rate (%) 

0 750 2400 750 2400 100 300 350 1200 100 300 

1 750 2400 750 2400 100 300 350 1200 100 300 

2 750 2400 750 2400 100 300 350 1200 100 300 

3 750 2400 750 2400 100 300 350 1200 100 300 

4 750 2400 750 2400 100 300 350 1200 100 300 

5 750 2400 750 2400 100 300 350 1200 100 300 

6 750 2400 750 2400 100 300 350 1200 100 300 

7 750 2400 750 2400 100 300 350 1200 100 300 

8 750 2400 750 2400 100 300 350 1200 100 300 

9 750 2400 750 2400 100 300 350 1200 100 300 

10 750 2400 750 2400 100 300 350 1200 100 300 

11 750 2400 750 2400 100 300 350 1200 100 300 

12 750 2400 750 2400 100 300 350 1200 100 300 

13 750 2400 750 2400 100 300 350 1200 100 300 

14 750 2400 750 2400 100 300 350 1200 100 300 

15 750 2400 750 2400 100 600 350 1200 100 600 

16 750 2400 750 2400 100 600 350 1200 100 600 



 

57 

 

17 750 2400 750 2400 750 2400 350 1200 350 1200 

18 750 2400 750 2400 750 2400 350 1200 350 1200 

19 750 2400 750 2400 750 2400 350 1200 350 1200 

20 750 2400 750 2400 750 2400 350 1200 350 1200 

21 750 2400 750 2400 750 2400 350 2400 350 2400 

22 750 2400 750 2400 750 2400 350 2400 350 2400 

23 750 2400 750 2400 750 2400 350 2400 350 2400 

24 750 2400 750 2400 750 2400 350 2400 350 2400 

25 750 2400 750 2400 750 2400 350 2400 350 2400 

26 750 2400 750 2400 750 2400 750 2400 750 2400 

27 750 2400 750 2400 750 2400 750 2400 750 2400 

28 750 2400 750 2400 750 2400 750 2400 750 2400 

29 750 2400 750 2400 750 2400 750 2400 750 2400 

30 750 2400 750 2400 750 2400 750 2400 750 2400 

31 750 2400 750 2400 750 2400 750 2400 750 2400 

32 750 2400 750 2400 750 2400 750 2400 750 2400 

33 750 2400 750 2400 750 2400 750 2400 750 2400 

34 750 2400 750 2400 750 2400 750 2400 750 2400 

35 750 2400 750 2400 750 2400 750 2400 750 2400 
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Appendix 2. Feeding amount 

Table A2. The amount of Artemia (volume/ml), copepod (ind/ml), cirripedia (ind/ml) and formulated 

diet (g/day) provided to the tanks. 

 

Treatments 

Artemia FD Copepods Cirripedia Cop/Cir 

Dph 
Art (ml 

vol) 

FD 

(g/day) 

FD 

(g/day) 
Cop (ind/ml) 

FD 

(g/day) 
Cir (ind/ml) 

FD 

(g/day) 
Cop (ind/ml) Cir (ind/ml) 

FD 

(g/day) 

2 20 - - 30 - 18 - 30 - - 

3 21 - 4g-1s 30 - 24 - 30 - - 

4 22 - 4g-1s 50 - 30 - 50 - - 

5 23 - 6g-1s 50 - 30 - 50 - - 

6 34 - 6g-1s 50 - 42 - 50 - - 

7 36 - 12g-1s 70 - 42 - 70 - - 

8 38 - 12g-1s 70 - 42 - 70 - - 

9 41 - 24g-2s 90 - 54 - 90 - - 

10 50 - 24g-2s 70 6g-1s 54 - 70 54 - 

11 54 - 24g-2s 70 6g-1s 60 - 70 60 - 

12 59 - 24g-2s 50 12g-1s 60 - 50 60 - 

13 63 - 24g-2s 30 12g-1s 60 - 30 60 - 

14 68 - 24g-2s 30 24g-2s 72 - 30 72 - 

15 74 - 30g-2s 20 24g-2s 72 - 20 72 - 

16 80 - 30g-2s 10 30g-2s 78 - 10 78 - 

17 86 - 30g-2s - 30g-2s 78 - - 78 - 

18 93 - 30g-2s - 30g-2s 78 - - 78 - 

19 101 - 30g-2s - 30g-2s 78 - - 78 - 

20 109 - 30g-2s - 30g-2s 78 - - 78 - 
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21 176 6g-1s 30g-2s - 30g-2s 60 6g-1s - 60 6g-1s 

22 152 6g-1s 30g-2s - 30g-2s 54 6g-1s - 54 6g-1s 

23 123 12g-1s 30g-2s - 30g-2s 24 12g-1s - 24 12g-1s 

24 89 12g-1s 30g-2s - 30g-2s 18 12g-1s - 18 12g-1s 

25 48 24g-2s 30g-2s - 30g-2s 12 24g-2s - 12 24g-2s 

26  24g-2s 30g-2s - 30g-2s - 24g-2s - - 24g-2s 

27  30g-2s 30g-2s - 30g-2s - 30g-2s - - 30g-2s 

28  30g-2s 30g-2s - 30g-2s - 30g-2s - - 30g-2s 

29  24g-1s 24g-1s - 24g-1s - 24g-1s - - 24g-1s 

30  24g-1s 24g-1s - 24g-1s - 24g-1s - - 24g-1s 

31  24g-1s 24g-1s - 24g-1s - 24g-1s - - 24g-1s 

32  24g-1s 24g-1s - 24g-1s - 24g-1s - - 24g-1s 

33  24g-1s 24g-1s - 24g-1s - 24g-1s - - 24g-1s 

34  24g-1s 24g-1s - 24g-1s - 24g-1s - - 24g-1s 

35  24g-1s 24g-1s - 24g-1s - 24g-1s - - 24g-1s 
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Appendix 3. Artemia protocol 

Working protocol for preparing and enriching Artemia. The protocol is made in accordance with 

producer recommendations and NTNU Sealab facilities. 
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Appendix 4. Producer manual for Cirripedia (Planktonic AS) 

 

Producer manual for thawing, washing and revitalization of Cirripedia nauplii (Planktonic AS). 

Procedure for thawing, washing and revitalization of CryoPlankton 

 

 

 

 

 

 

 

 

 

 

 

 

Step To do Description Notice

1
Prepare water for 

revitalization

Decide how much CryoPlankton is needed. Prepare the

revitalization water. The water amount should be a

minimum of 50 litres per kg CryoPlankton. Fill seawater in

the tank and add ice. Use aeration to thaw the ice

Water temperature < 5°C, salinity 24-36 psu, aeration.

2
Prepare water for 

thawing

Fill the thawing tank with seawater. The water amount

should be a minimum of 25 litres per kg CryoPlankton.

Water temperature 5- 12°C (no need for cooling),

salinity of 24-36 psu, aeration.

3
Weigh out 

CryoPlankton

Find a scale, gloves, net, safety glasses and a container to

transport the plankton in. Tare the container on the scale,

collect the plankton and weigh out the wanted amount.

Use safety equipment and protect arms and legs with

clothes. Read the material safety data sheet before

handling liquid nitrogen.

CryoPlankton that are collected from the thermos 

should not be transferred back to the thermos. 

CryoPlankton will not survive the extreme changes in 

temperature.

4
Thaw 

CryoPlankton
Add the plankton in the thawing tank with aeration.

The time between taking the plankton out of the

thermos until it is transferred to the seawater should not

exceed 5 minutes. The vitality of the nauplii could be

affected.

5
Wash 

Cryoplankton

the plankton can be transferred to the net when plankton is

thawed. Rinse with sea water for 5 minutes

The Cryo protection agent is important to remove 

because it is toxic for the fish

6 Revitalize 

cryoplankton

Transfer the planktonic to the revitalization tank with cold 

sea water and aeration. Cryoplankton is revitalized after 6 

hours and ready to feed to the fish larvae

Easy method for thawing, washing and revitalization

Versjon nr Godkjent av 

1 03.07.18 Maria Bergvik 
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Appendix 5. Protocol Copepods (A.tonsa) 

Working protocol for handling, feeding and harvesting of Copepods (A.tonsa). The protocol is made 

in accordance with producer recommendations and NTNU Sealab facilities. 
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Appendix 6 Protocol: MTBE lipid extraction 

Materials: 

o Styrofoam box with ice 

o 2 ml plastic tubes with lids 

o Ceramic beads 

o Precellys tissue homogenizer  

o 1.5 ml microcentrifuge tubes 

o 12 ml Kimax tubes (3 per sample) 

o Plastic digital pipettes with tips 

o High precision laboratory scale 

o 0.15 M ammonium acetate 

o Methanol, LCMS grade (MeOH) 

o Methyl tert-butyl ether (MTBE) 

o Chloroform (CHCl3) 

o SPLASH® II LIPIDOMIX® Mass Spec Standard (from Avanti, delivered by Sigma) 

Experimental: 

NB! Keep samples on ice between steps. 

o Add 6-10 beads to 2 ml plastic tubes 

o Tare scale with 2 ml bead-filled tube 

o Transfer material to tubes and weigh, noting down weight as msample 

o For large eggs, roll over a glass surface to remove fluid surrounding eggs (e.g. for 

lumpsucker eggs) 

o For small eggs, transfer them to tubes as they are (e.g. Ballan wrasse) 

o Add exactly 300 µl ice-cold MeOH 

o Add 5 µl mass spec standard 

o Standard can be mixed with MeOH solution and added together 

o Homogenize with homogenizer 2x 30s at 6000 rpm 

o Transfer homogenate to glass 12 ml Kimax tube 

o Centrifuge for 30-60 s if material is stuck to tube wall 

o Rinse plastic tubes with 162 µl MeOH and transfer to Kimax tube 

o Add 1540 µl MTBE to Kimax tube 
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o This is 10:3 MTBE:MeOH 

o Extract 1 h at room temperature 

o Vortex 30 s after 30 min 

o Add 380 µl 0.15 M ammonium acetate 

o Incubate 10 min at room temperature 

o Centrifuge 10 min @ 1000 g 4 °C 

o Weigh a new 12 ml Kimax tube, noting down weight as m1 

o Carefully transfer the top phase of the samples to new tube using a digital plastic pipette 

o Blow down sample with a gentle nitrogen stream until dry 

o Weigh the dried tube, noting down weight as m2 

o Lipid content is reported as: 𝐿𝑖𝑝𝑖𝑑 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 = 100% ×  
𝑚2−𝑚1

𝑚𝑠𝑎𝑚𝑝𝑙𝑒
 

o Re-dissolve in 500 µl CHCl3 

o 250 µl for lipid class 

o 250 µl for lipidomics 

o Store at -80 °C 
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Appendix 7. Analysis of total lipid and fatty acid profile by Folch 

Method 
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Appendix 8. Mean dry weight per tank 

Table A3. Mean dry weight in C.lumpus from 2-34 dph in each tank with corresponding standard 

error (± SE). N is the total number of larvae. 

Dph Group Tank 

Mean DW ± SE 

(mg/larva) 
N Dph Group Tank 

Mean DW ± SE 

(mg/larva) 
N 

2 All - 0.91 ± 0.05 15  

9 

Art 

1 

7 

15 

1.04 ± 0.06 

1.17 ± 0.10 

0.98 ± 0.04 

5 

5 

5 

29 

Art 

1 

7 

15 

2.92 ± 0.25 

3.89 ± 0.20 

3.66 ± 0.21 

15 

15 

15 

FD 

2 

10 

12 

0.90 ± 0.06 

0.98 ± 0.03 

0.82 ± 0.07 

5 

5 

5 

FD 

2 

10 

12 

2.27 ± 0.21 

2.42 ± 0.16 

2.57 ± 0.11 

15 

15 

15 

Cop/ FD 

6 

11 

13 

0.92 ± 0.05 

1.02 ± 0.04 

0.93 ± 0.11 

5 

5 

5 

Cop/ FD 

6 

11 

13 

2.27 ± 0.17 

2.10 ± 0.13 

2.18 ± 0.19 

15 

15 

15 

Cir 

4 

8 

14 

0.80 ± 0.02 

0.73 ± 0.11 

1.01 ± 0.07 

5 

5 

5 

Cir 

4 

8 

14 

2.97 ± 0.24 

3.11 ± 0.23 

2.97 ± 0.21 

15 

15 

15 

Cop/ Cir 

3 

5 

9 

1.05 ± 0.08 

1.04 ± 0.07 

0.86 ± 0.06 

5 

5 

5 

Cop/ Cir 

3 

5 

9 

2.12 ± 0.28 

2.19 ± 0.15 

2.60 ± 0.17 

15 

15 

15 

15 

Art 

1 

7 

15 

1.73 ± 0.13 

1.68 ± 0.13 

1.93 ± 0.09 

5 

5 

5 

34 

Art 

1 

7 

15 

4.35 ± 0.24 

4.11 ± 0.17 

4.82 ± 0.25 

15 

15 

15 

FD 

2 

10 

12 

0.83 ± 0.06 

0.90 ± 0.09 

1.16 ± 0.12 

5 

5 

5 

FD 

2 

10 

12 

3.54 ± 0.23 

2.96 ± 0.19 

3.53 ± 0.17 

15 

15 

15 

Cop/ FD 
6 

11 

1.07 ± 0.09 

1.14 ± 0.08 

5 

5 
Cop/ FD 

6 

11 

2.85 ± 0.23 

2.96 ± 0.24 

15 

15 
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13 1.09 ± 0.09 5 13 3.23 ± 0.21 15 

Cir 

4 

8 

14 

1.17 ± 0.08 

1.16 ± 0.09 

1.29 ± 0.08 

5 

5 

6 

Cir 

4 

8 

14 

4.70 ± 0.26 

4.38 ± 0.38 

4.12 ± 0.38 

15 

15 

15 

Cop/ Cir 

3 

5 

9 

1.13 ± 0.07 

1.24 ± 0.05 

1.13 ± 0.06 

5 

5 

5 

Cop/ Cir 

3 

5 

9 

3.86 ± 0.27 

3.12 ± 0.29 

3.16 ± 0.30 

15 

15 

15 

21 

Art 

1 

7 

15 

3.03 ± 0.12 

2.59 ± 0.12 

2.59 ± 0.09 

10 

10 

10 

 

FD 

2 

10 

12 

1.36 ± 0.09 

1.41 ± 0.07 

1.65 ± 0.11 

10 

10 

10 

Cop/ FD 

6 

11 

13 

0.93 ± 0.05 

1.38 ± 0.09 

1.18 ± 0.14 

10 

10 

10 

Cir 

4 

8 

14 

1.90 ± 0.12 

1.90 ± 0.15 

1.73 ± 0.09 

10 

10 

10 

Cop/ Cir 

3 

5 

9 

1.96 ± 0.14 

1.90 ± 0.07 

1.51 ± 0.05 

10 

10 

10 
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Appendix 9. Daily weight increase (DWI) 

Table A4. Daily weight increase in C.lumpus on different dph interval in each tank. 

Dph 

interval 

Group Tank DWI (%/day) 
Dph 

interval 

Group Tank DWI (&/day) 

2-9 Art 1 1.97 21-34 Art 1 2.82 

  7 3.73   7 3.63 

  15 1.10   15 4.87 

 FD 2 -0.10  FD 2 7.60 

  10 1.12   10 5.87 

  12 -1.40   12 6.05 

 Cop/ 6 0.27  Cop/ 6 9.03 

 FD 11 1.66  FD 11 6.06 

  13 0.34   13 8.07 

 Cir 4 -1.75  Cir 4 7.23 

  8 -3.02   8 6.62 

  14 1.59   14 6.90 

 Cop/ 3 2.10  Cop/ 3 5.34 

 Cir 5 2.05  Cir 5 3.87 

  9 -0.65   9 5.86 

9-21 Art 1 9.35 2-34 Art 1 5.03 

  7 6.85   7 4.85 

  15 8.48   15 5.36 

 FD 2 3.54  FD 2 4.35 

  10 3.10   10 3.94 

  12 5.97   12 4.35 

 Cop/ 6 0.04  Cop/ 6 3.65 



 

74 

 

 FD 11 2.56  FD 11 3.77 

  13 2.01   13 4.05 

 Cir 4 7.47  Cir 4 5.28 

  8 8.31   8 5.05 

  14 4.58   14 4.85 

 Cop/ 3 5.37  Cop/ 3 4.64 

 Cir 5 5.14  Cir 5 3.94 

  9 4.75   9 3.99 
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Appendix 10. Mean standard length per tank 

Table A5. Mean standard length in C.lumpus from 2-34 dph in each tank with corresponding 

standard error (± SE). N is the total number of larvae. 

Dph Group Tank 

Mean DW ± SE 

(mg/larva) 
N Dph Group Tank 

Mean DW ± SE 

(mg/larva) 
N 

2 All - 5.94 ± 0.10 15  

9 

Art 

1 

7 

15 

6.39 ± 0.26 

6.78 ± 0.16 

6.62 ± 0.07 

5 

5 

5 

29 

Art 

1 

7 

15 

8.51 ± 0.20 

9.29 ± 0.13 

9.04 ± 0.16 

15 

15 

15 

FD 

2 

10 

12 

6.49 ± 0.11 

6.61 ± 0.07 

6.34 ± 0.13 

5 

5 

5 

FD 

2 

10 

12 

7.70 ± 0.26 

8.01 ± 0.16 

8.13 ± 0.13 

15 

15 

15 

Cop/ FD 

6 

11 

13 

6.65 ± 0.14 

6.44 ± 0.08 

6.61 ± 0.15 

5 

5 

5 

Cop/ FD 

6 

11 

13 

7.80 ± 0.18 

7.66 ± 0.15 

7.71 ± 0.19 

15 

15 

15 

Cir 

4 

8 

14 

6.60 ± 0.05 

6.25 ± 0.21 

6.46 ± 0.12 

5 

5 

5 

Cir 

4 

8 

14 

8.54 ± 0.20 

8.51 ± 0.19 

8.43 ± 0.19 

15 

15 

15 

Cop/ Cir 

3 

5 

9 

6.61 ± 0.10 

6.40 ± 0.15 

6.50 ± 0.08 

5 

5 

5 

Cop/ Cir 

3 

5 

9 

7.62 ± 0.27 

7.70 ± 0.15 

8.08 ± 0.15 

15 

15 

15 

15 

Art 

1 

7 

15 

7.87 ± 0.13 

7.51 ± 0.11 

7.79 ± 0.07 

5 

5 

5 

34 

Art 

1 

7 

15 

9.26 ± 0.13 

9.19 ± 0.11 

9.54 ± 0.15 

15 

15 

15 

FD 

2 

10 

12 

6.59 ± 0.16 

6.77 ± 0.12 

7.05 ± 0.15 

5 

5 

5 

FD 

2 

10 

12 

8.57 ± 0.17 

8.23 ± 0.17 

8.76 ± 0.14 

15 

15 

15 

Cop/ FD 
6 

11 

7.04 ± 0.04 

7.04 ± 0.16 

5 

5 
Cop/ FD 

6 

11 

8.09 ± 0.18 

8.28 ± 0.19 

15 

15 
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13 7.14 ± 0.12 5 13 8.46 ± 0.15 15 

Cir 

4 

8 

14 

7.08 ± 0.08 

6.80 ± 0.39 

7.37 ± 0.15 

5 

5 

6 

Cir 

4 

8 

14 

9.25 ± 0.15 

9.14 ± 0.25 

9.04 ± 0.26 

15 

15 

15 

Cop/ Cir 

3 

5 

9 

7.24 ± 0.19 

7.40 ± 0.14 

7.16 ± 0.07 

5 

5 

5 

Cop/ Cir 

3 

5 

9 

8.78 ± 0.19 

8.22 ± 0.21 

8.29 ± 0.24 

15 

15 

15 

21 

Art 

1 

7 

15 

8.62 ± 0.08 

8.12 ± 0.11 

8.28 ± 0.09 

10 

10 

10 

 

FD 

2 

10 

12 

7.37 ± 0.11 

7.41 ± 0.10 

7.46 ± 0.09 

10 

10 

10 

Cop/ FD 

6 

11 

13 

6.94 ± 0.07 

7.27 ± 0.11 

7.24 ± 0.15 

10 

10 

10 

Cir 

4 

8 

14 

7.79 ± 0.16 

7.80 ± 0.15 

7.68 ± 0.10 

10 

10 

10 

Cop/ Cir 

3 

5 

9 

7.85 ± 0.08 

7.91 ± 0.08 

7.57 ± 0.07 

10 

10 

10 
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Appendix 11. Mean standard length of 250 larvae per tank 

Table A6. Mean standard length in C.lumpus on 35 dph in each tank with corresponding standard 

error (± SE). N is the total number of larvae. 

Dph Group Tank Mean DW ± SE (mg/larva) N 

  1 9.29 ± 0.04 250 

 Art 7 9.25 ± 0.04 250 

  15 9.34 ± 0.04 250 

  2 8.67 ± 0.04 250 

 FD 10 8.39 ± 0.04 250 

  12 8.55 ± 0.03 250 

  6 8.17 ± 0.04 250 

 Cop/FD 11 8.54 ± 0.04 250 

35  13 8.42 ± 0.04 250 

  4 9.05 ± 0.04 250 

 Cir 8 8.79 ± 0.05 250 

  14 8.95 ± 0.04 250 

  3 8.70 ± 0.05 250 

 Cop/Cir 5 8.34 ± 0.05 250 

  9 8.46 ± 0.04 250 
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Appendix 12. Number of lumpfish larvae per tank 

Table A7. Estimated number of lumpfish larvae alive in each tank from 2-35 dph. The estimation is 

based on the remaining larvae left at 35 dph, sampled larvae and registered dead larvae. 

 Treatments 

 Artemia FD Cop/FD 

 Tank 

Dph 1 7 15 2 10 12 6 11 13 

2 6663 7017 4361 9314 5923 5680 6044 6982 3570 

3 6610 7000 4361 9276 5897 5655 5993 6982 3570 

4 6610 7000 4341 9267 5875 5544 5993 6831 3545 

5 6594 6999 4341 9264 5863 5538 5911 6805 3483 

6 6591 6995 4338 9258 5859 5524 5876 6777 3432 

7 6590 6992 4335 9251 5851 5519 5863 6740 3411 

8 6586 6990 4332 9249 5850 5517 5854 6732 3409 

9 6572 6971 4330 9230 5848 5515 5813 6709 3378 

10 6567 6971 4324 9224 5848 5512 5788 6686 3355 

11 6565 6963 4324 9217 5842 5510 5781 6681 3353 

12 6565 6958 4323 9209 5832 5509 5776 6678 3350 

13 6564 6958 4323 9204 5819 5506 5768 6648 3347 

14 6562 6953 4321 9199 5804 5489 5761 6630 3347 

15 6562 6947 4321 9192 5793 5476 5752 6601 3347 

16 6559 6940 4317 9165 5732 5459 5737 6537 3325 

17 6557 6933 4312 9149 5732 5442 5728 6506 3294 

18 6554 6927 4306 9109 5715 5423 5722 6498 3286 

19 6552 6925 4304 9091 5701 5421 5692 6486 3273 

20 6550 6923 4296 9082 5662 5409 5659 6466 3264 
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21 6528 6920 4290 9073 5632 5389 5606 6448 3260 

22 6520 6920 4282 9066 5596 5370 5590 6427 3254 

23 6516 6909 4278 9057 5543 5353 5569 6391 3232 

24 6493 6888 4263 9047 5531 5352 5520 6364 3219 

25 6465 6861 4243 9038 5514 5351 5473 6317 3204 

26 6434 6831 4231 9030 5463 5326 5403 6268 3179 

27 6401 6819 4215 9026 5424 5323 5347 6224 3161 

28 6389 6791 4207 9019 5386 5313 5291 6182 3126 

29 6383 6778 4204 9013 5295 5310 5231 6121 3103 

30 6378 6764 4196 9004 5236 5299 5176 6112 3090 

31 6378 6748 4193 8996 5184 5298 5156 6092 3080 

32 6363 6725 4183 8983 5115 5295 5121 6080 3071 

33 6357 6705 4178 8967 5079 5295 5103 6078 3068 

34 6351 6695 4172 8961 5046 5295 5079 6075 3065 

35 6347 6686 4171 8958 5028 5292 5070 6070 3064 
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Appendix 13. Total lipids(% of dry weight) and Fatty acids of the 

different feeds used in the start feeding experiment with Lump 

sucker  

Fatty acids of the different feeds used in the start feeding experiment with Ballan wrasse. Fatty acids are 

expressed as % of total fatty acids +/− standard deviation in brackets. Total lipids (last row) are expressed as 

% of dry weight. 

  Artemia(Art) Cirripeds(Cir) Copepod (n4 - n6)  Formulated diet 

C14:0 1.45 (0.22) 1.59 (0.12) 1.97 (0.38) 2.48 (—) 

C14:1n5 0 (0) 0.05 (0.01) 0.02 (0.03) 0.06 (—) 

C15:0 0.12 (0.02) 0.28 (0.13) 0.2 (0.15) 0.08 (—) 

C16:0 16.95 (0.32) 14.62 (0.8) 12.77 (2.39) 18.9 (—) 

C16:1n5 0.26 (0.01) 0.04 (0.08) 0 (0) 0.33 (—) 

C16:1n7 5.91 (0.46) 3.86 (0.24) 1.35 (1.7) 3.34 (—) 

C16:1n9 0.21 (0.05) 0.17 (0.11) 0.39 (0.2) 0.36 (—) 

C17:0 1.24 (0.08) 0.33 (0.02) 0.22 (0.09) 0.33 (—) 

C17:1n7 0.2 (0.02) 0 (0) 0 (0) 0.18 (—) 

C18:0 5.09 (0.32) 3.59 (0.5) 4.2 (0.43) 3.62 (—) 

C18:1n7 8.02 (0.63) 9.14 (0.45) 4.17 (4.1) 3.38 (—) 

C18:1n9 13.52 (0.46) 6.08 (0.25) 2.28 (2.91) 14.43 (—) 

C18:2n6 5.46 (0.18) 0.9 (0.06) 7.01 (4.78) 26.85 (—) 

C18:3n3 4.91 (0.4) 0.66 (0.04) 7.16 (4.38) 3.24 (—) 

C18:3n6 0.33 (0.04) 0.15 (0.04) 0.36 (0.3) 0.09 (—) 

C18:4n3 0.02 (0.03) 0.9 (0.61) 2.04 (1.76) 0 (—) 

C20:0 0.19 (0.01) 0.12 (0.01) 0.17 (0.02) 0.35 (—) 

C20:1n9 0.44 (0.09) 2.71 (0.13) 0.92 (1.49) 2.13 (—) 

C20:2n6 0.15 (0) 0.62 (0.02) 1.54 (0.58) 0.26 (—) 
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C20:3n3 0.18 (0) 0.2 (0.01) 0.3 (0.08) 0.16 (—) 

C20:4n3 0 (0) 0.28 (0.19) 2.73 (4.69) 0 (—) 

C20:4n6 (ARA) 4.23 (1.93) 1.25 (0.03) 1.61 (0.25) 0.99 (—) 

C20:5n3(EPA) 12.55 (1.03) 31.92 (1.56) 17.7 (10.79) 6.97 (—) 

C22:0 0.36 (0.06) 0.11 (0.01) 0.38 (0.17) 0.26 (—) 

C22:1n9 0.03 (0) 0.17 (0.02) 0.09 (0.09) 0.07 (—) 

C22:5n3 0 (0) 0.36 (0.24) 0.48 (0.33) 0 (—) 

C22:5n6 0.03 (0.02) 0.18 (0.12) 0.83 (0.81) 0 (—) 

C22:6n3(DHA) 18.08 (0.31) 19.35 (0.49) 28.71 (10.58) 10.8 (—) 

C24:1 0.08 (0.01) 0.37 (0.08) 0.38 (0.05) 0.35 (—) 

Sum unsaturated fatty acids 25.4 (0.81) 20.64 (1.39) 19.91 (2.54) 26.02 (—) 

Sum saturated fatty acids 74.6 (0.81) 79.36 (1.39) 80.09 (2.54) 73.98 (—) 

Sum n3 fatty aicds 35.73 (1.14) 53.66 (2.33) 59.13 (7.51) 21.17 (—) 

Sum n6 fatty aicds 10.21 (1.82) 3.11 (0.07) 11.35 (5.57) 28.19 (—) 

EPA/DHA 0.69 (0.05) 1.65 (0.04) 0.9 (1.06) 0.65 (—) 

TOTAL LIPIDS 21.28(1.82) 9.56(0.95) 9.14(0.74) 16.4 
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Appendix 14. Total lipids and dry weight of Lumpsucker larvae 

fed with 5 feeding regimes 

Treatment Rep dph 
Dry weight  

(mg) 
Total lipid content (mg) % Lipid content 

FD 2 2 4.88 0.17 3.50% 

FD 3 2 (-) (-) (-) 

FD 1 9 5.94 0.82 13.80% 

FD 2 9 7 0.97 13.90% 

FD 3 9 5.1 0.53 10.40% 

FD 1 15 5.02 0.31 6.20% 

FD 2 15 7.49 0.92 12.30% 

FD 3 15 6.97 1.05 15.10% 

FD 1 21 12.15 1 8.20% 

FD 2 21 9.36 0.69 7.40% 

FD 3 21 11.9 1.38 11.60% 

FD 1 29 15.78 1.43 9.10% 

FD 2 29 16.74 1.78 10.60% 

FD 3 29 16.02 1.13 7.10% 

FD 1 34 27.16 2.67 9.80% 

FD 2 34 33.38 4.26 12.80% 

FD 3 34 28.03 2.15 7.70% 

Art/FD 1 2 4.84 0.89 18.40% 

Art/FD 2 2 (-) (-) (-) 

Art/FD 3 2 (-) (-) (-) 

Art/FD 1 9 7.54 1.98 26.30% 

Art/FD 2 9 7.59 1.9 25.00% 

Art/FD 3 9 7.77 1.54 19.80% 

Art/FD 1 15 6.21 1.44 23.20% 

Art/FD 2 15 11.22 2.53 22.50% 

Art/FD 3 15 10.62 2.65 25.00% 

Art/FD 1 21 27.74 4.41 15.90% 

Art/FD 2 21 26.46 6.72 25.40% 

Art/FD 3 21 17.17 2.64 15.40% 

Art/FD 1 29 24.23 2.94 12.10% 

Art/FD 2 29 20.04 2.52 12.60% 

Art/FD 3 29 41.9 5.12 12.20% 

Art/FD 1 34 52.69 5.87 11.10% 

Art/FD 2 34 34.46 6.96 20.20% 

Art/FD 3 34 36.51 5.14 14.10% 

Cop/FD 1 2 5.61 1.58 28.20% 

Cop/FD 2 2 (-) (-) (-) 

Cop/FD 3 2 (-) (-) (-) 

Cop/FD 1 9 5.98 1.41 23.60% 

Cop/FD 2 9 7.49 1.45 19.40% 

Cop/FD 3 9 8.37 1.82 21.70% 
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Cop/FD 1 15 6.62 1.29 19.50% 

Cop/FD 2 15 7.37 0.87 11.80% 

Cop/FD 3 15 7.67 1.04 13.60% 

Cop/FD 1 21 9.67 1.23 12.70% 

Cop/FD 2 21 8.17 0.88 10.80% 

Cop/FD 3 21 10.59 1.23 11.60% 

Cop/FD 1 29 15.6 1.7 10.90% 

Cop/FD 2 29 13.26 3.07 23.20% 

Cop/FD 3 29 18.88 2.23 11.80% 

Cop/FD 1 34 27.33 9.71 35.50% 

Cop/FD 2 34 34.37 4.64 13.50% 

Cop/FD 3 34 20.45 2.15 10.50% 

Cir 1 2 6.28 1.53 24.40% 

Cir 2 2 16.16 2.32 14.40% 

Cir 3 2 (-) (-) (-) 

Cir 1 9 7.4 2.82 38.10% 

Cir 2 9 7.43 1.66 22.30% 

Cir 3 9 7.56 2.09 27.60% 

Cir 1 15 6.77 0.95 14.00% 

Cir 2 15 8 1.59 19.90% 

Cir 3 15 7.59 1.45 19.10% 

Cir 1 21 12.77 1.22 9.60% 

Cir 2 21 15.11 1.8 11.90% 

Cir 3 21 14.01 1.48 10.60% 

Cir 1 29 24.79 10.03 40.50% 

Cir 2 29 13.99 2.01 14.40% 

Cir 3 29 10.17 1.39 13.70% 

Cir 1 34 32.87 4.15 12.60% 

Cir 2 34 19.38 2.56 13.20% 

Cir 3 34 35.62 8.22 23.10% 

Cop/Cir 1 2 6.69 1.94 29.00% 

Cop/Cir 2 2 (-) (-) (-) 

Cop/Cir 3 2 (-) (-) (-) 

Cop/Cir 1 9 6.04 2.08 34.40% 

Cop/Cir 2 9 4.16 1.95 46.90% 

Cop/Cir 3 9 7.39 1.58 21.40% 

Cop/Cir 1 15 9.94 2.07 20.80% 

Cop/Cir 2 15 6.3 1.39 22.10% 

Cop/Cir 3 15 4.46 0.97 21.70% 

Cop/Cir 1 21 14.66 1.4 9.50% 

Cop/Cir 2 21 5.88 0.95 16.20% 

Cop/Cir 3 21 9.97 1.83 18.40% 

Cop/Cir 1 29 18.23 4.28 23.50% 

Cop/Cir 2 29 13.96 4.38 31.40% 

Cop/Cir 3 29 13.37 2.5 18.70% 

Cop/Cir 1 34 (-) (-) (-) 
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Cop/Cir 2 34 23.9 14.92 62.40% 

Cop/Cir 3 34 9.63 0.81 8.40% 
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Appendix 15. Fatty acids of lumpsucker larvae fed with 

Cirripedia(Cir) 

Fatty acids of lumpsucker larvae fed with Cirripedia (Cir). Fatty acids are in % of total fatty acids and SD is +/- standad deviation 

Age(days) 2 ± SE 9 ± SE 15 ± SE 21 ± SE 29 ± SE 

C14:0 0.9960 0.1765 0.8889 0.0902 0.5329 0.3239 0.9719 0.0963 0.7810 0.0429 

C15:0 0.3341 0.0317 0.3471 0.0217 0.3852 0.2186 0.3260 0.0031 0.2788 0.0429 

C16:0 15.9632 0.7220 14.9719 0.1417 8.8262 5.9100 18.4201 0.4294 15.8523 1.0007 

C17:0 0.2665 0.0453 0.3393 0.0443 0.6069 0.0857 0.3273 0.0102 0.2614 0.0165 

C18:0 5.5660 0.6582 5.3066 0.0349 3.7243 2.7056 5.8523 0.0401 5.1827 0.5679 

C20:0 0.1149 0.0220 0.0773 0.0083 0.6721 0.3654 0.0575 0.0074 0.1410 0.0458 

C21:0 0.0891 0.0000 0.1967 0.0000 0.4247 0.0292 0.0000 0.0000 0.1907 0.0000 

C22:0 0.6682 0.1638 0.9615 0.4333 0.6694 0.5395 0.7929 0.1685 0.5032 0.0158 

C14:1n5 0.0000 0.0000 0.0000 0.0000 0.1659 0.1332 0.0000 0.0000 0.0468 0.0000 

C16:1n9 0.2625 0.0000 0.4265 0.0915 0.0334 0.0000 0.0000 0.0000 0.2711 0.0382 

C16:1n7 1.1109 0.1649 1.0988 0.1155 0.4883 0.2274 1.6152 0.1464 1.1698 0.2089 

C16:1n5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0862 0.0000 

C17:1n7 0.1613 0.0122 0.2614 0.0485 0.0000 0.0000 0.1798 0.0308 0.2249 0.0195 

C18:1n9 11.8478 1.3577 12.8419 1.6076 5.3054 3.6509 10.6198 0.2205 10.4635 0.2813 

C18:1n7 2.5715 0.2332 3.1002 0.3455 1.6103 1.3178 6.1490 0.5229 2.6370 0.6824 

C18:3n4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

C20:1n9 1.4640 0.6498 2.1287 0.5810 0.6997 0.4128 1.0739 0.1181 1.1105 0.1467 

C20:1n7 0.0000 0.0000 0.4161 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

C20:3n4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

C22:1n11 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

C22:1n9 0.2528 0.0747 0.3591 0.0176 0.1938 0.0000 0.1368 0.0157 0.1682 0.0070 

C24:1 0.9253 0.5743 0.2879 0.1117 0.1723 0.0628 0.2330 0.0145 0.4769 0.0408 

C16:4n3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

C18:3n3 1.1107 0.6181 0.4294 0.1208 0.5263 0.0734 0.2339 0.0044 1.4798 0.0454 

C18:4n3 0.4430 0.0669 0.5334 0.1898 1.8881 0.3700 0.3629 0.0008 0.5777 0.1537 

C20:3n3 0.0599 0.0049 0.0928 0.0000 0.5331 0.2068 0.0000 0.0000 0.0728 0.0021 

C20:4n3 0.3784 0.2166 0.5060 0.1638 0.4304 0.2125 0.7604 0.0284 0.3472 0.1031 

C20:5n3 (EPA) 10.0582 2.8418 13.2007 1.3772 6.1708 4.5555 16.5871 0.2218 8.0634 1.4566 

C22:5n3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

C22:6n3 (DHA) 19.5531 1.2315 23.0626 2.5241 12.0811 8.0379 22.7881 2.1026 19.3363 0.6571 

C18:2n6 10.5307 9.7259 1.0609 0.2863 0.4544 0.1889 0.6772 0.0473 16.0972 0.6349 

C18:3n6 0.5926 0.0000 0.6974 0.2098 0.0440 0.0000 0.6444 0.0987 0.5247 0.0000 

C20:2n6 0.2158 0.0321 0.2009 0.0554 0.1371 0.0000 0.1988 0.0161 0.2637 0.0315 

C20:3n6 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

C20:4n6 (ARA) 0.9178 0.2865 0.9861 0.0024 1.8788 0.0516 1.2344 0.0599 1.5261 0.1635 

C22:5n6 2.2052 0.5887 1.2461 0.9744 1.7953 1.3975 2.0697 0.3498 1.6127 0.0712 

Σ SFA 23.9980 1.9615 23.0891 1.8307 15.8415 1.0546 26.7481 2.2595 23.1911 1.9457 
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Σ  MUFA 18.5962 0.0000 20.9205 0.3330 8.6690 0.4798 20.0074 0.5531 16.6548 0.4310 

Σ  PUFA (n-6) 14.4620 1.6547 4.1914 0.2041 4.3097 0.3598 4.8244 0.3078 20.0244 2.5662 

Σ  PUFA (n-3) 31.6034 2.5362 37.8248 3.0707 21.6299 1.5228 40.7324 3.2398 29.8772 2.4274 

Σ FA 88.6595 0.9002 86.0258 0.9627 50.4501 0.4961 92.3123 1.0387 89.7475 0.9316 

(n-3) / (n-6) 2.1853 (-) 9.0244 (-) 5.0189 (-) 8.4430 (-) 1.4920 (-) 

DHA/EPA 1.9440 (-) 1.7471 (-) 1.9578 (-) 1.3738 (-) 2.3980 (-) 

EPA/ARA 10.9589 (-) 13.3868 (-) 3.2844 (-) 13.4373 (-) 5.2837 (-) 
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Appendix 16. Fatty acids of lumpsucker larvae fed with 

Formulated diet (FD) 

Fatty acids of lumpsucker larvae fed with Formulated diet(FD) from 2dph to 34 dph. Fatty acids are in % of total fatty acids and SD is +/- standad 

deviation 

  2 ± SE 9 ± SE 15 ± SE 21 ± SE 34 ± SE 

C14:0 0.46 -0.08 0.9517 0.1042 0.6883 0.0500 0.8658 0.0018 0.7801 0.0038 

C15:0 0.21 0.01 0.3343 0.0011 0.4131 0.0971 0.3089 0.0512 0.2532 0.0211 

C16:0 14.27 0.19 16.3680 0.2875 13.6047 0.1019 16.2010 0.2920 16.7397 0.0533 

C17:0 0.26 0.03 0.4100 0.0288 0.2858 0.0000 0.2303 0.0001 0.2349 0.0197 

C18:0 4.87 0.06 5.0305 0.0106 6.6622 0.6542 5.2476 0.1011 4.8667 0.1077 

C20:0 0.12 0.01 0.0627 0.0040 0.1128 0.0000 0.1505 0.0318 0.1052 0.0016 

C21:0 0.12 0.00 0.0000 0.0000 0.2075 0.0000 0.2178 0.0361 0.0664 0.0000 

C22:0 0.51 0.11 0.3647 0.0088 1.2742 0.2126 0.6859 0.3429 0.3186 0.0153 

C24:0   0.00   0   0.00   0.00   0 

C14:1n5 0.00 0.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

C16:1n9 0.25 0.03 0.4438 0.0069 0.3261 0.0267 0.2433 0.0247 0.2826 0.0219 

C16:1n7 1.13 0.02 1.1916 0.0367 0.7508 0.0843 1.1858 0.0732 1.3344 0.0493 

C16:1n5 0.07 0.02 0.0000 0.0000 0.0000 0.0000 0.0899 0.0000 0.0000 0.0000 

C17:1n7 0.18 0.02 0.2831 0.0060 0.1571 0.0395 0.1607 0.0035 0.2090 0.0290 

C18:1n9 10.99 0.32 13.6435 0.0094 10.6061 1.4975 11.0394 1.0240 11.2461 0.2869 

C18:1n7 2.62 0.08 3.0427 0.0041 2.1393 0.2596 2.0488 0.1515 2.0740 0.0248 

C18:3n4 0.00 0.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

C20:1n9 1.10 0.04 2.3466 0.0024 1.6392 0.0940 1.0876 0.2083 1.0267 0.0638 

C20:1n7 0.00 0.00 0.3001 0.0124 0.0000 0.0000 0.1082 0.0000 0.0734 0.0000 

C20:3n4 0.00 0.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

C22:1n11 0.00 0.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

C22:1n9 0.23 0.02 0.3198 0.0084 0.3593 0.1014 0.1098 0.0235 0.1793 0.0617 

C24:1 0.63 0.08 0.2901 0.0032 0.2538 0.0300 0.3661 0.0440 0.4608 0.1020 

C16:4n3 0.00 0.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

C18:3n3 1.67 0.06 0.5261 0.0043 0.4210 0.1353 1.6418 0.0714 1.8948 0.0340 

C18:4n3 0.43 0.02 0.7038 0.0026 0.4836 0.1280 0.5811 0.1346 0.4295 0.0037 

C20:3n3 0.09 0.00 0.0942 0.0061 0.0000 0.0000 0.1035 0.0243 0.0750 0.0030 

C20:4n3 0.21 0.02 0.6524 0.0042 0.3812 0.0392 0.3099 0.0254 0.2002 0.0059 

C20:5n3(EPA) 7.99 0.31 16.5060 0.0088 9.7432 1.4962 7.0523 0.6639 6.9864 0.1327 

C22:5n3 0.00 0.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

C22:6n3(DHA) 19.98 0.69 26.3396 0.0133 21.2857 3.1428 18.4336 1.2412 18.1686 0.1326 

C18:2n6 20.43 0.62 1.0220 0.0103 1.4792 0.2017 19.3315 1.1089 23.6670 0.6087 

C18:3n6 0.30 0.04 0.5401 0.0397 0.9611 0.2547 0.2305 0.0000 0.1622 0.0000 

C20:2n6 0.36 0.01 0.2448 0.0039 0.1761 0.0539 0.2871 0.0223 0.3305 0.0041 

C20:3n6 0.00 0.00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

C20:4n6(ARA) 1.44 0.01 0.9503 0.0040 1.0347 0.1802 1.4394 0.0296 1.5583 0.0213 

C22:5n6 2.13 0.39 0.2880 0.0001 3.7993 0.6418 2.9074 1.4433 1.5910 0.0983 
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Σ SFA 20.81 1.76 23.5218 2.0061 23.2487 1.7130 23.9077 1.9821 23.3648 2.0551 

Σ  MUFA 17.18 0.78 21.8613 0.9629 16.2317 0.7480 16.4395 0.7760 16.8862 0.7901 

Σ  PUFA (n-6) 24.66 3.28 3.0452 0.1670 7.4503 0.5597 24.1960 3.0919 27.3090 3.8337 

Σ  PUFA (n-3) 30.37 2.50 44.8222 3.5765 32.3147 2.7322 28.1223 2.2906 27.7544 2.2616 

Σ FA 93.01 1.00 93.2505 1.0989 79.2454 0.8569 92.6655 0.9720 95.3145 1.0571 

(n-3) / (n-6) 1.23 (-) 14.7190 (-) 4.3374 (-) 1.1623 (-) 1.0163 (-) 

DHA/EPA 2.50 (-) 1.5958 (-) 2.1847 (-) 2.6138 (-) 2.6006 (-) 

EPA/ARA 5.54 (-) 17.3684 (-) 9.4163 (-) 4.8994 (-) 4.4834 (-) 
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Appendix 17. Fatty acids of lumpsucker larvae fed with Artemia 

(Art) 

Fatty acids of lumpsucker larvae fed with Artemia(Art) from 2dph to 34 dph. Fatty acids are in % of total fatty acids and SD is +/- standad 

deviation 

Age (dph) 9 ± SE 15 ± SE 21 ± SE 29 ± SE 34 ± SE 

C14:0 1.0087 0.0197 0.9317 0.0672 0.8034 0.0845 0.7968 0.0270 0.8377 0.0359 

C15:0 0.3517 0.0262 0.3622 0.0180 0.3667 0.0167 0.3311 0.0134 0.2758 0.0081 

C16:0 14.5466 0.4363 14.1271 0.4176 13.2232 0.1307 14.3801 1.3342 16.3782 0.1076 

C17:0 0.3270 0.0810 0.4610 0.0350 0.7152 0.0323 0.4903 0.1178 0.4259 0.0214 

C18:0 5.5632 0.3192 5.6274 0.2698 5.8335 0.1513 5.1960 0.1241 4.7429 0.1608 

C20:0 0.0964 0.0098 0.0717 0.0128 0.0982 0.0067 0.0956 0.0037 0.0907 0.0097 

C21:0 0.2971 0.0000 0.2953 0.0344 0.1815 0.0039 0.1954 0.0169 0.1039 0.0122 

C22:0 0.3229 0.0695 0.3007 0.0213 0.2880 0.0189 0.3069 0.0236 0.2205 0.0239 

C14:1n5 0.0424 0.0224 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0106 0.0013 

C16:1n9 0.4125 0.0100 0.3684 0.0185 0.4761 0.0443 0.0000 0.0000 0.3598 0.0387 

C16:1n7 1.5643 0.0574 2.2174 0.3028 3.6352 0.1214 2.4857 0.4966 2.3001 0.0729 

C16:1n5 0.0000 0.0000 0.1721 0.0000 0.0000 0.0000 0.0000 0.0000 0.1649 0.0000 

C17:1n7 0.3491 0.0299 0.4884 0.0455 0.8353 0.0334 0.6269 0.1960 0.5199 0.0390 

C18:1n9 13.4122 0.4720 13.8364 0.1157 13.4477 0.0871 10.7892 0.2654 12.0629 0.1081 

C18:1n7 3.6636 0.1541 4.9948 0.4118 7.5236 0.0104 5.5060 1.3014 4.4784 0.2339 

C18:3n4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

C20:1n9 2.0839 0.2605 1.7515 0.0483 0.9242 0.0057 0.6819 0.1839 0.8666 0.0328 

C20:1n7 0.3367 0.0000 0.2641 0.0104 0.0000 0.0000 0.0000 0.0000 0.0879 0.0000 

C20:3n4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

C22:1n11 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

C22:1n9 0.3986 0.1279 0.2604 0.0151 0.1994 0.0116 0.0873 0.0113 0.1134 0.0092 

C24:1 0.2443 0.0482 0.3111 0.0156 0.2881 0.0193 0.2679 0.0849 0.3572 0.0445 

C16:4n3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

C18:3n3 0.9028 0.0216 1.3896 0.1960 2.6083 0.0034 1.7925 0.0071 2.0315 0.0449 

C18:4n3 0.6982 0.1444 0.6880 0.1137 0.5052 0.0126 0.4182 0.0285 0.4202 0.0197 

C20:3n3 0.0979 0.0233 0.1313 0.0376 0.1129 0.0019 0.0753 0.0033 0.0860 0.0034 

C20:4n3 0.6201 0.0684 0.5853 0.0072 0.4363 0.0008 0.1779 0.0082 0.2397 0.0060 

C20:5n3(EPA) 13.3624 0.7823 12.9829 0.7004 12.0458 0.0052 8.9503 0.7575 8.4761 0.1365 

C22:5n3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

C22:6n3(DHA) 22.8177 1.2554 22.1937 1.8357 17.2158 0.0282 14.4775 1.6563 17.6134 0.4457 

C18:2n6 1.6010 0.0890 2.0555 0.2212 3.5936 0.0111 7.1374 6.6129 15.9281 0.8965 

C18:3n6 0.9098 0.3365 0.1397 0.0162 0.2792 0.0119 1.8270 0.8912 0.0986 0.0179 

C20:2n6 0.1999 0.0116 0.1668 0.0174 0.1507 0.0105 0.1231 0.0880 0.2333 0.0024 

C20:3n6 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

C20:4n6(ARA) 1.7896 0.1557 2.7505 0.1996 4.6733 0.0027 4.2360 1.4584 3.5204 0.2386 

C22:5n6 1.5702 0.3315 2.5657 0.1711 3.8666 0.1569 2.6968 0.7201 2.1149 0.0867 
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Σ SFA 22.5136 1.7961 22.1771 1.7483 21.5097 1.6500 21.7921 1.7705 23.0756 2.0054 

Σ  MUFA 22.5077 0.0886 24.6648 0.0457 27.3296 0.0419 20.4449 0.1925 21.3217 0.0232 

Σ  PUFA (n-6) 6.0705 0.3140 7.6782 0.5353 12.5633 0.8850 16.0204 1.1066 21.8954 2.5215 

Σ  PUFA (n-3) 38.4989 3.0344 37.9708 2.9388 32.9243 2.3651 25.8917 1.9334 28.8669 2.2452 

Σ FA 95.9327 0.9581 92.4909 0.9429 96.9476 0.8389 84.1491 0.7459 95.1595 0.9256 

(n-3) / (n-6) 6.3420 (-) 4.9453 (-) 2.6207 (-) 1.6162 (-) 1.3184 (-) 

DHA/EPA 1.7076 (-) 1.7095 (-) 1.4292 (-) 1.6175 (-) 2.0780 (-) 

EPA/ARA 7.4668 (-) 4.7202 (-) 2.5776 (-) 2.1129 (-) 2.4077 (-) 
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Appendix 18. Fatty acids of lumpsucker larvae fed with 

Copepods and Cirripedia(Cop/Cir) 

Fatty aci+A1:K36ds of lumpsucker larvae fed with Cop/Cir  from 2dph to 34 dph. Fatty acids are in % of total fatty acids and SD is +/- 

standad deviation 

Age (dph) 9 ± SE 15 ± SE 21 ± SE 29 ± SE 34 ± SE 

C14:0 1.1006 0.1120 1.0750 0.0096 0.7976 0.0286 0.8931 0.0965 0.8703 0.041028 

C15:0 0.3283 0.0008 0.4214 0.0225 0.2849 0.0286 0.3161 0.0580 0.3449 0.023145 

C16:0 15.9905 0.7809 18.1261 0.9402 16.4872 0.5191 16.9079 0.6994 17.0418 1.620508 

C17:0 0.4148 0.0705 0.3407 0.0355 0.3882 0.0039 0.0000 0.0000 0.1887 0 

C18:0 5.4442 0.5852 7.5218 0.1175 6.0791 0.0016 5.5650 0.3846 6.1568 0.180287 

C20:0 0.0597 0.0000 0.0000 0.0000 0.0615 0.0068 0.0787 0.0091 0.1193 0 

C21:0 0.0000 0.0000 0.0000 0.0000 0.3945 0.0000 0.6944 0.0000 0.2108 0 

C22:0 0.5276 0.0431 1.0798 0.2313 0.7172 0.3684 0.5066 0.1923 1.0271 0.308017 

C14:1n5 0.0117 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 

C16:1n9 0.4078 0.0000 0.0000 0.0000 0.3445 0.0684 0.2647 0.0638 0.2754 0 

C16:1n7 1.2019 0.0923 0.8585 0.0812 1.5515 0.0808 1.3501 0.0918 1.0233 0.044395 

C16:1n5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 

C17:1n7 0.2326 0.0634 0.1387 0.0622 0.1792 0.0130 0.2370 0.0255 0.1784 0.003904 

C18:1n9 14.2861 0.4127 13.5220 0.5231 10.3188 0.9610 10.7443 0.5651 11.2902 0.003785 

C18:1n7 3.0142 0.0162 3.3111 0.2808 4.9543 0.2726 3.3017 0.3175 2.6248 0.091951 

C18:3n4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 

C20:1n9 2.4342 0.5230 1.5987 0.3094 1.0984 0.2145 0.8430 0.0895 1.0777 0.327558 

C20:1n7 0.3661 0.0000 0.0000 0.0000 0.5000 0.0000 0.1879 0.0095 0.0000 0 

C20:3n4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 

C22:1n11 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 

C22:1n9 0.3133 0.0691 0.2326 0.0000 0.1758 0.0323 0.1469 0.0292 0.2669 0.138434 

C24:1 0.3838 0.0217 0.3892 0.0626 0.5435 0.1343 0.3395 0.0452 0.6027 0.259514 

C16:4n3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 

C18:3n3 0.6363 0.0228 0.3399 0.0451 0.3337 0.0206 1.2737 0.0965 1.2275 0.08354 

C18:4n3 0.6448 0.1525 0.3080 0.0365 0.2736 0.0767 0.4321 0.0924 0.3176 0.048316 

C20:3n3 0.0777 0.0314 0.0000 0.0000 0.0895 0.0000 0.0792 0.0130 0.0000 0 

C20:4n3 0.6509 0.1018 0.3805 0.0836 0.2119 0.0467 0.1678 0.0254 0.1749 0 

C20:5n3(EPA) 15.0143 0.9336 12.4579 0.0301 14.1509 0.9884 8.8924 0.6678 8.5454 0.510337 

C22:5n3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 

C22:6n3(DHA) 26.5401 0.3298 23.9519 0.4279 25.1666 1.3084 19.7517 2.0084 19.2890 0.018858 

C18:2n6 1.7410 0.4911 1.4179 0.2147 0.8092 0.0330 13.7427 0.8743 13.8695 2.931052 

C18:3n6 0.1237 0.0220 0.3071 0.0532 0.1032 0.0000 0.0000 0.0000 0.5237 0.236606 

C20:2n6 0.2462 0.0200 0.1906 0.0195 0.1890 0.0056 0.2369 0.0138 0.2674 0.001292 

C20:3n6 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 

C20:4n6(ARA) 0.9590 0.0736 1.0162 0.0336 1.2138 0.1936 1.3633 0.0797 1.2222 0.063319 

C22:5n6 0.9927 0.7617 3.3290 0.3495 2.6759 1.0577 2.1424 0.4892 3.1549 0.433945 

Σ SFA 23.8658 1.9636 28.5649 2.2589 25.2103 2.0305 24.9620 2.0728 25.9598 2.0964 

Σ  MUFA 22.6518 0.2036 20.0508 0.0934 19.6660 0.2827 17.4151 0.1307 17.3395 0.1160 

Σ  PUFA (n-6) 4.0626 0.2745 6.2608 0.5074 4.9911 0.4156 17.4854 2.1940 19.0377 2.1890 
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Σ  PUFA (n-3) 43.5641 3.5199 37.4382 3.1454 40.2262 3.3583 30.5970 2.5143 29.5543 2.4551 

Σ FA 94.1443 1.0865 92.3147 1.0372 90.0936 1.0121 90.4594 0.9347 91.8913 0.9331 

(n-3) / (n-6) 10.7233 (-) 5.9797 (-) 8.0596 (-) 1.7499 (-) 1.5524 (-) 

DHA/EPA 1.7677 (-) 1.9226 (-) 1.7784 (-) 2.2212 (-) 2.2572 (-) 

EPA/ARA 15.6562 (-) 12.2590 (-) 11.6582 (-) 6.5225 (-) 6.9916 (-) 
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Appendix 19. Fatty acids of lumpsucker larvae fed with 

Copepods(Cop/FD) 

Fatty acids of lumpsucker larvae fed with Copepods(Cop/FD) from 2dph to 34 dph. Fatty acids are in % of total fatty acids and SD is +/- 

standad deviation 

Age (dph) 2 ± SE 9 ± SE 15 ± SE 21 ± SE 34 ± SE 

C14:0 0.8877 0.1280 1.0128 0.0134 0.7054 0.0051 0.7533 0.0319 0.9004 0.0198 

C15:0 0.3095 0.0352 0.3343 0.0105 0.2797 0.0107 0.3161 0.0565 0.2758 0.0413 

C16:0 13.6170 0.3327 17.5212 0.1189 17.3507 0.2348 15.2472 0.6031 17.3530 0.2813 

C17:0 0.3473 0.0458 0.4250 0.0460 0.6201 0.0174 0.9230 0.6942 0.2076 0.0265 

C18:0 5.3931 0.5740 5.9799 0.0247 5.6125 0.1212 4.9410 0.3197 4.7915 0.4260 

C20:0 0.0760 0.0178 0.0565 0.0023 0.0480 0.0057 0.1130 0.0168 0.1117 0.0003 

C21:0 0.4058 0.0569 0.0000 0.0000 0.1577 0.0000 0.1359 0.0000 0.1636 0.0378 

C22:0 0.6327 0.1350 0.4324 0.0364 0.2142 0.0181 0.3845 0.21575793 0.5172 0.2413 

C14:1n5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0353 0.0000 0.0000 0.0000 

C16:1n9 0.3169 0.0552 0.4365 0.0234 0.4548 0.0063 0.2612 0.0144 0.3040 0.0496 

C16:1n7 1.0714 0.0081 1.1227 0.0123 1.2659 0.0160 1.1335 0.0682 1.2974 0.1395 

C16:1n5 0.0841 0.0048 0.0000 0.0000 0.0804 0.0173 0.2093 0.0000 0.1052 0.0000 

C17:1n7 0.2304 0.0055 0.2543 0.0052 0.2589 0.0361 0.1940 0.0363 0.1973 0.0274 

C18:1n9 13.5641 0.0040 13.0628 0.0721 11.7391 0.0970 10.0781 0.5541 10.9623 0.8750 

C18:1n7 2.9049 0.1635 2.8203 0.0016 2.7663 0.0197 1.9615 0.1986 2.0656 0.1400 

C18:3n4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

C20:1n9 2.0701 0.1010 1.7169 0.0469 1.2106 0.0319 1.0243 0.0487 0.9404 0.1667 

C20:1n7 0.0000 0.0000 0.2150 0.0118 0.0000 0.0000 0.0000 0.0000 0.0692 0.0000 

C20:3n4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

C22:1n11 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

C22:1n9 0.4697 0.0510 0.2626 0.0472 0.1811 0.0180 0.1609 0.0234 0.1392 0.0489 

C24:1 0.3677 0.0084 0.3839 0.0269 0.3501 0.0651 0.3368 0.0047 0.3765 0.0929 

C16:4n3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

C18:3n3 0.5279 0.0954 0.5685 0.0048 0.6451 0.0099 1.5121 0.0873 1.7325 0.0843 

C18:4n3 0.6288 0.0326 0.5109 0.0194 0.4557 0.0142 0.3004 0.0000 0.3888 0.0446 

C20:3n3 0.1206 0.0270 0.0814 0.0089 0.1020 0.0065 0.0858 0.0000 0.0689 0.0253 

C20:4n3 0.6659 0.0511 0.4800 0.0004 0.5060 0.0201 0.2232 0.0233 0.1902 0.0095 

C20:5n3(EPA) 14.0112 0.8379 13.7881 0.0058 12.9522 0.3214 6.2704 0.4445 6.8559 0.5419 

C22:5n3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

C22:6n3(DHA) 24.1712 1.7405 26.3672 0.0585 29.9057 1.4447 16.6448 0.5035 18.2085 0.3947 

C18:2n6 1.3264 0.2628 1.6854 0.0029 1.4097 0.0405 17.1200 1.7156 22.2662 1.6548 

C18:3n6 0.2279 0.1268 0.1250 0.0517 0.2571 0.0000 0.0000 0.0000 0.1130 0.0495 

C20:2n6 0.2118 0.0368 0.2127 0.0081 0.2355 0.0086 0.2265 0.0166 0.3122 0.0531 

C20:3n6 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

C20:4n6(ARA) 0.8151 0.1806 1.0895 0.0037 1.4244 0.0404 1.3093 0.0870 1.4702 0.0510 

C22:5n6 2.3152 0.6052 1.3327 0.0896 1.2749 0.1618 1.1012 0.4047 2.2585 1.0324 

Σ SFA 21.6690 1.6765 25.7622 2.1601 24.9883 2.1361 22.8141 1.8590 24.3208 2.1187 
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Σ  MUFA 21.0793 0.0962 20.2750 0.0782 18.3071 0.0729 15.3948 0.7416 16.4570 0.9597 

Σ  PUFA (n-6) 4.8962 0.3599 4.4453 0.2928 4.6016 0.2729 19.7569 2.7750 26.4203 3.5908 

Σ  PUFA (n-3) 40.1257 3.2195 41.7960 3.4533 44.5667 3.8143 25.0367 2.0721 27.4448 2.2662 

Σ FA 87.7702 0.9876 92.2785 1.6108 92.4637 1.1377 83.0026 0.8823 95.6816 1.0357 

(n-3) / (n-6) 8.1952 (-) 9.4024 (-) 9.6851 (-) 1.2672 (-) 1.0388 (-) 

DHA/EPA 1.7251 (-) 1.9123 (-) 2.3089 (-) 2.6545 (-) 2.6559 (-) 

EPA/ARA 17.1903 (-) 12.6550 (-) 9.0931 (-) 4.7892 (-) 4.6631 (-) 

 

 

 

 


