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Abstract 

Due to climate change, the Arctic is warming twice as fast as the rest of the world. This leads to a 

northward expansion of species from the Atlantic to the Arctic. As a result, the species composition 

in the Arctic is changing. The Northeast Arctic cod (NEAC) is the most abundant cod population, 

with a distribution area in the Barents Sea and also in Svalbard. However, NEAC can also be found 

along the coast of Norway. There the NEAC spawns in the Lofoten region with the Norwegian 

Coastal cod (NCC), which in turn occurs along the Norwegian coast and in fjords. The offspring 

is drifted to Svalbard by the prevailing currents. The aim of this work was to investigate the 

composition of the cod population in Svalbard and whether a local coastal population has formed 

in Svalbard. For this purpose, the Pantophysin I locus (Pan I) was used to investigate to which 

ecotype of cod the caught animals from expeditions between August and October in 2018 and 

2020 could be assigned. The analysis of Pan I in the caught cod shows that NCC inhabits both 

coastal and fjord areas in Svalbard. The discovery of NCC in Svalbard is an indication that due to 

climate change a coastal population may become established in Svalbard, with effects on the 

prevailing ecosystem in Svalbard. 
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1 Introduction 

Due to climate change, the Arctic has warmed at nearly twice the rate as the rest of the world over 

the last decades (NSIDC, 2020). The Svalbard archipelago, the sampling area of this thesis, is also 

affected by climate change and its consequences. Svalbard is influenced by cold and warm water 

masses of different origins. The east coast of Svalbard is influenced by cold water from the Arctic 

Ocean moving southwards (Spotowitz et al., 2022). The west coast of Svalbard, on the other hand, 

is influenced by warmer Atlantic currents. The West Spitsbergen Current (WSC), which is a branch 

of the gulf stream, moves northwards along the west coast (Spotowitz et al., 2022). Thus, in the 

region around Svalbard, Atlantic water, which is steadily warming, enters the Arctic Ocean 

(Onarheim et al., 2014). This increased warming will lead to changes that may affect Arctic food 

webs and the well-being of Arctic communities (Vincent, 2020). Due to the warming of the Arctic 

waters the sea ice cover is declining, opening new habitats. Since 1979, the trend in winter ice area 

loss is close to 10% per decade (Onarheim et al., 2014). A northward expansion of invasive species 

from the Atlantic, such as Atlantic cod (Gadus morhua (Linnaeus, 1758)), is a consequence of 

warming (Renaud et al., 2011; Mark et al., 2014), causing a change in species distribution and 

occurrence in the Arctic (Spotowitz et al., 2022).  

 

G. morhua is a bentho-pelagic fish and distributed in the boreal regions of the North Atlantic and 

the Arctic (Drinkwater, F., 2005) (Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Distribution of Atlantic cod.  
The area of distribution is shown in grey. Spawning areas are shown in dark grey. (Drinkwater, 2005). 
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In the North Atlantic, more precisely in the Barents Sea and in the waters along to the coast of 

Norway, exist two main groups of Atlantic cod. The Northeast Arctic cod (NEAC) and the 

Norwegian Coastal cod (NCC). Both belong to the species Gadus morhua. The two cod populations 

differ in their way of life. The NCC is more stationary along the coast of the North of Norway and 

is found inside fjords. The NCC spawn their eggs in different locations along the coast and inside 

fjords in springtime (Dahle et al., 2018; Fevolden et al., 2009). The main spawning period is from 

March to April (Nordeide et al., 1998). The eggs drift passively with the Norwegian Coastal Current 

from the spawning sites in the North of Norway to the Barents Sea until they finally are able to 

reach Svalbard. Now it may happen that, due to consequences of climatic changes such as the 

decline of sea ice, the offspring of the NCC can survive the winters in ice-free areas of fjords and, 

as they show less migratory behaviour (Stransky et al., 2008), they settle as a local population in the 

fjords and the west coast of Svalbard. Nevertheless, the NCC undertakes local coastal migrations 

(Berg & Albert, 2003). In contrast, the NEAC is a migratory species. They have their feeding area 

mainly in the Barents Sea but also along western Svalbard (Otterå et al., 2020, Andrade et al., 2020). 

However, its spawning area is in the North of the Norwegian coast in the region of Lofoten and 

Vesterålen whereto the adults of NEAC migrates between December and January (Otterå et al., 

2020; Sarvas & Fevolden, 2005; Andersen et al., 2015). The offspring drift with the Norwegian 

Coastal Current from the coast of Norway to the northeast and mix with the Atlantic water until 

finally reaching the Barents Sea and Svalbard (Vikebø et al., 2005). The migratory ecotype of 

Atlantic cod such as the NEAC comprise the largest known cod stock compared to the NCC as a 

stationary population (Spotowitz et al., 2022; Markusson, H., 2020). Atlantic cod in Svalbard waters 

are generally assigned to the ecotype of NEAC according to the literature (Spotowitz et al., 2022). 

Accordingly, the spawning sites of NEAC and NCC overlap around the Lofoten during springtime 

(Dahle et al., 2018; Fevolden et al., 2012; Spotowitz et al., 2022; Nordeide et al., 1998). This 

temporary geographical overlap around the Lofoten can lead to interbreeding of the two 

populations and the emergence of hybrids (Stransky et al., 2008). Therefore, hybrids originate in 

the Lofoten region and not in Svalbard, as the NEAC has their spawning sites around the Lofoten 

and not in Svalbard. 

 

As already mentioned, eggs and larvae are drifted northwards from the spawning sites in the North 

of Norway with the Norwegian Coastal Current finally reaching Svalbard. This also affects 

offspring of the NCC. There is growing evidence that a cod ecotype (NCC) that is now able to 

establish itself in the fjords of Svalbard due to warming will compete with native species for habitat 

and food, leading to a change in species composition and thus changes in the local Arctic 

ecosystem. Furthermore, it has already been described that cod attributed to the NCC ecotype have 
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also been caught in fjords on the west coast of Svalbard (Andrade et al., 2020). The interest here is 

whether NCC has settled permanently in Svalbard or whether this population is only temporarily 

resident in Svalbard (Andrade et al., 2020). Therefore, this thesis aims to investigate the population 

composition of Atlantic cod surveyed in Svalbard waters in 2018 as well as 2020 and whether the 

NCC has already established itself as a stationary coastal cod population in Svalbard due to the 

described consequences of climate warming. Due to the rising temperatures, there is the potential 

that they can survive the winter and settle in Svalbard. This could lead to perennial stocks forming 

and reproducing in the new habitat. The questions which emerge are: 1.) will a representative 

number of NCC individuals be found among the selected samples and are they already of 

reproductive age? It has been reported that coastal cod become mature at the age between 5 and 6 

years in average (Berg & Albert, 2003). The ability of reproduce can therefore be inferred from the 

age. The age, in turn, can be determined by the length of the animals. Knowing that the NCC tends 

to be more stationary, the size of the individuals might indicate the length of stay in the respective 

locality. 2.) are the available data sufficient to support the statement that a costal stock of Atlantic 

cod (NCC) has become established at the respective locations and remains there throughout the 

year?  

 

These hypotheses were tested by differentiating the selected samples, taking advantage of a specific 

gene locus identified in Atlantic cod in the 1990s, Pan I (Fevolden and Pogson, 1997). The gene 

locus (originally called GM798) codes for an integral membrane protein (Pogson, G. H., 2001), 

which can serve as a genetic marker for characterisation Atlantic cod ecotypes by using allele-

specific PCR in combination with a subsequent fragment length analyse (Stenvik et al., 2006).  

Pan I encodes part of the protein pantophysin, which is a cellular isoform of synaptophysin and 

occurs in neuroendocrine as well as in non-neuroendocrine tissues (Haass et al., 1996). The protein 

consists of four transmembrane domains, two intravesicular loops and two cytoplasmic tails 

(Pogson, G. H., 2001). Pan I of the Atlantic cod shows genetic differences between stationary 

(NCC) and migratory (NEAC) populations (Andersen et al., 2015). This allows us to determine the 

ecotype by genotyping the selected samples. The gene Pan I is biallelic and can be found in three 

different variants (Otterå et al., 2020). Figure 2 describes the three different variants in which the 

Pan I alleles can be present. One possible allele variant is Pan IAA (blue) which shows the 

homozygous genotype of the Pan IA allele dominating in the relatively stationary Norwegian 

Coastal cod (NCC). Variant 2, Pan IBB (red), represents the homozygous genotype of the Pan IB 

allele which is predominant in the migratory population of the Northeast Arctic cod (NEAC) 

(Felvolden & Pogson, 1997; Andersen et al., 2015). And the third variant, Pan IAB, shows the 

heterozygous form with both alleles A and B are present, indicating the hybrid form. The different 
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intensities also become clear. For Pan IAA and Pan IBB, the intensities are clearly higher compared 

to the standard (orange). For Pan IAB, both allele peaks have almost the same intensity. 

 

 

  

Figure 2: Pan I Genotyping.  
The three different genotypes of Pan I of the Atlantic cod after fluorescent allele-specific PCR and 
genotyping. (Stenvik et al., 2006). 
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2 Material and Methods 

For genotyping cod using the Pan I locus DNA is extracted, which is the DNA template for the 

subsequent PCR, amplifying the Pan I locus. This is done with the help of specific fluorescent-

labelled reverse primers and an unmodified forward primer, flanking the region of the sequence to 

be amplified and serving as a starting point for the DNA polymerase. The length of these 

synthesised DNA fragments is then determined by fragment length analysis, which allows 

conclusions to be drawn about the ecotype.  

2.1 Chemicals, Materials, Equipment and Media 

2.1.1 Chemicals 

Table 1: List of chemicals and names of their suppliers. 

Name Supplier 

H2O AppliChem, Darmstadt, Germany 

Ethanol 70% Roth, Karlsruhe, Germany 

Ethanol absolute for molecular biology AppliChem, Darmstadt, Germany 

Proteinase K Qiagen, Venlo, Netherlands 

Buffer ATL Qiagen, Venlo, Netherlands 

Buffer AL Qiagen, Venlo, Netherlands 

Buffer AW1 Qiagen, Venlo, Netherlands 

Buffer AW2 Qiagen, Venlo, Netherlands 

Buffer AE Qiagen, Venlo, Netherlands 

5x Phire Reaction Buffer Thermo Scientific, Waltham, Massachusetts 

Phire Hot Start II DNA Polymerase Thermo Scientific, Waltham, Massachusetts 

DMSO Thermo Scientific, Waltham, Massachusetts 

dNTPs Roth, Karlsruhe, Germany 

Primer fwd: PanI-2-PIG Eurofins Genomics GmbH, Ebersberg, 

Germany 

Primer rev: PanIAfam, PanIBhex Eurofins Genomics GmbH, Ebersberg, 

Germany 

Ultra pure Agarose Invitrogen, Waltham, Massachusetts 

Buffer TAE AppliChem, Darmstadt, Germany 

6x Orange DNA Loading Dye Thermo Scientific, Waltham, Massachusetts 

FastRuler Low Range DNA ladder Thermo Scientific, Waltham, Massachusetts 
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HI-DI, Formamid Applied biosystems, Waltham, Massachusetts 

GeneScan ROX Size Standard Applied biosystems, Waltham, Massachusetts 

POP-7™ Polymer for 3730/3730xl DNA 

Analysers 

Applied biosystems, Waltham, Massachusetts 

2.1.2 Materials 

Table 2: List of equipment and names of their suppliers. 

Name Supplier 

2.5/10/20/100/300/1000 µl/10 ml Pipettes Eppendorf, Hamburg, Germany 

10/300 µl multichannel pipettes Eppendorf, Hamburg, Germany 

96-well reaction plate Applied biosystems, Waltham, Massachusetts 

Pipette tips, epDualfilter T.I.P.S. Eppendorf, Hamburg, Germany 

1.5/2 ml tubes Eppendorf, Hamburg, Germany 

50 ml falcon Greiner Bio-One, Kremsmünster, Austria 

tweezers Dumont, Montignez, Switzerland 

Precision wipes, Kimtech science Kimberly-Clark, Irving, Texas 

2.1.3 Equipment 

Table 3: List of used equipment and names of their suppliers. 

Name Supplier 

Bio Vortex V1 peQLab, Biotechnologie GmbH, Erlangen, 

Germany 

Thermomixer comfort Eppendorf, Hamburg, Germany 

Centrifuge Eppendorf, Hamburg, Germany 

Mastercycler Eppendorf, Hamburg, Germany 

Centrifuge Galaxy Mini VWR, Radnor, Pennsylvania 

Centrifuge SiGMA, Osterode am Harz, Germany 

NanoDrop Spectrophotometer peQLab, Biotechnologie GmbH, Erlangen, 

Germany 

Electrophoresis, power supply Consort, Turnhout, Belgium 

Gel imager, Transilluminator  peQLab, Biotechnologie GmbH, Erlangen, 

Germany 

Genetic Analyser 3130xl Applied biosystems, Waltham, Massachusetts 
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2.1.4 Media 

Table 4: List of used software and names of their suppliers. 

Software and Version Supplier 

Nanodrop, ND-1000, Version 4.64.00 Thermo Scientific, Waltham, Massachusetts 

VisionCapt, Version 14.2 for Windows peQLab, Biotechnologie GmbH, Erlangen, 

Germany 

GeneMapper, Version 4.0 Applied biosystems, Waltham, Massachusetts 

2.2 Sampling area 

The sampled G. morhua for the analysis of this thesis come from two different cruises carried out 

in the past years: in 2018 (cruise code: HE519) and 2020 (HE560), the cruises organized by the 

Alfred-Wegener-Institute (AWI) with the research vessel Heincke took place in the water around 

Svalbard and in its fjords. A total of 12 stations were sampled, with a total of 317 individuals 

surveyed (7.1.1, see appendix). The fish were partly caught by angling, but also caught with pelagic 

and bottom trawl. From the caught fish, among other things, muscle tissue (stored at -80°C) as 

well as finclips (stored in ethanol at -20°C) were taken. For this thesis, stations within fjords as well 

as stations from coastal and fjord areas were selected. From all stations of both cruises, a total of 

7 were selected (Figure 3, Figure 4, Table 5, Table 6). 
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Table 5: Station details.  

cruise date station_name station_number latitude longitude 

HE519 28.09.2018 Bear Island 001 74°29'36.4"N 19°30'51.6"E 

HE519 29.09.2018 Hornsund 002 76°58'54.4"N 15°44'40.7"E 

HE519 30.09.2018 Moffen 003 80°08'42.0"N 13°09'57.6"E 

HE519 01.10.2018 Raudfjorden 004 79°47'44.8"N 12°02'58.1"E 

HE519 01.20.2018 Raudfjorden 005 79°44'28.1"N 12°00'45.0"E 

HE519 03.10.2018 Kongsfjorden 008 78°56'05.0"N 12°01'17.5"E 

 

Figure 3: Selected Stations of HE519 in 2018.  
Selected Stations (yellow) for this thesis of the cruise to Svalbard with Heincke (HE519) in the year 
2018: S001 Bear Island, S002 Hornsund, S003 Moffen, S004/S005 Raudfjorden, S008 Kongsfjorden. 

003 

004 
005 

008 

002 

001 
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Table 6: Station details. 

cruise date station name station number latitude longitude 

HE560 09.08.2020 YMP/SMB 000 79°24'33.8"N 10°06'09.4"E 

HE560 17.08.2020 Raudfjorden 010 79°47'44.8"N 12°02'58.1"E 

HE560 20.08.2020 SciFi 014 79°44'28.1"N 9°47'49.0"E 

HE560 21.08.2020 Kongsfjorden 015 78°57'50.9"N 11°50'01.2"E 

HE560 25.08.2020 Kongsfjorden 020 79°01'12.9"N 10°14'25.7"E 

HE560 30.08.2020 Hornsund 025 76°57'02.7"N 15°48'31.8"E 

HE560 14.08.2020 Moffen 7B 80°00'00.0"N 14°08'27.5"E 

 

 

 

 

 

Figure 4: Selected Stations of HE560 in 2020. 
Selected Stations (yellow) for this thesis of the cruise to Svalbard with Heincke (HE560) in the year 2020: 
S000 YMP/SMB, S010 Raudfjorden, S014 SciFi, S015/S020 Kongsfjorden, S025 Hornsund, 7Β Moffen. 

7B 010

000 

014 
020 015 

025 
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All individuals from these stations were sorted in ascending order of total length (TL) for each 

station to assign them to a size class (7.1.2, see appendix). 12 different size classes were defined. 

Size class 1 was assigned to individuals with total lengths between 0 and 9.9 cm, size class 2 to 10.0 

to 19.9 cm etc. up to size class 12 with 110.0 to 119.9 cm total length (Figure 5). Finally, 10 

individuals per station were chosen (Table A 1, see appendix). The smallest and the largest 

individual were selected, as well as animals in size classes in between, so that individuals of different 

sizes could be used for the analysis (Figure 6). 
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Figure 5: Size classes of all Atlantic cod caught. 
Total of all individuals (n) of the respective 
selected station of both cruises assigned to their 
size class. 
 
1 (0-9 cm) 7 (60-69 cm) 

2 (10-19 cm) 8 (70-79 cm) 

3 (20-29 cm) 9 (80-89 cm) 

4 (30-39 cm) 10 (90-99 cm) 

5 (40-49 cm) 11 (100-109 cm) 

6 (50-59 cm) 12 (110-119 cm) 
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1 (0-9 cm) 7 (60-69 cm) 

2 (10-19 cm) 8 (70-79 cm) 

3 (20-29 cm) 9 (80-89 cm) 

4 (30-39 cm) 10 (90-99 cm) 

5 (40-49 cm) 11 (100-109 cm) 

6 (50-59 cm) 12 (110-119 cm) 
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2.3 Purification of DNA 

2.3.1 DNA Extraction 

DNA was extracted using a DNeasy Blood & Tissue Kit (QIAGEN). An adjusted Quick-Start 

protocol (April 2016) was used.  

The first step of the DNA extraction was to lyse the samples with help of proteinase K. 

For this step, a 1.5ml tube (Eppendorf) was prepared with 180 µl ATL buffer and 20 µl proteinase 

K for each sample. These were mixed by vortexing and they were then centrifuged quickly. The 

samples were taken under sterile conditions. For this purpose, two forceps were cleaned with 70% 

ethanol and then flamed with the aid of a Bunsen burner. This procedure was repeated after each 

sample to avoid contamination. Furthermore, a petri dish was needed for the finclips, which were 

also thoroughly cleaned with ethanol after each sampling. 

For finclips (stored in ethanol at -20°C), attention was paid to ensure that only tissue from lower 

skin layers was collected to avoid possible contamination from skin surface. Therefore, the top 

layer of skin was lifted off and the exposed tissue was used for the extraction. Before finclip samples 

were transferred into the prepared lysis solution, they were carefully blotted out on a KIMTECH 

cloth after collection so that no ethanol remained on the tissue. Muscle samples (stored at -80°C) 

were transferred directly from the storage-tube into the prepared tubes with the lysis solution. The 

samples were then incubated at 56°C and 450 rpm overnight. 

After incubation, the lysate was briefly mixed and centrifuged. In the next step, the DNA is 

selectively bound to the membrane of the DNeasy Mini spin column. For this, 200 µl Buffer AL 

was premixed with 200 µl ethanol per sample. 400 µl of the premix was added to the lysate and 

immediately mixed thoroughly to homogenise. The whole mixture was pipetted onto the DNeasy 

Mini spin column and centrifuge at 6000 x g (6.0 rcf) for 1 min. During the centrifugation, the 

DNA is bound to the membrane as contaminants pass through (DNeasy Blood and Tissue 

Handbook, QIAGEN, S.9). The flow-through and the collection tube were discarded, and the spin 

column was placed in a new 2 ml collection tube. In the following two wash steps, the remaining 

contaminations were removed. 500 µl Buffer AW1 was added onto the spin column and centrifuge 

at 6000 x g (6.0 rcf) for 1min. The throw-through and the collection tube were discarded. The spin 

column was placed in a new 2 ml collection tube. 500 µl Buffer AW2 was added onto the spin 

column and centrifuge at 16.100 x g (16.1 rcf) for 3 min. The collection tube was emptied and 

blotted, then the spin column was placed back onto the collection tube and centrifuge again at 

16.100 x g (16.1 rcf) for 1 min. The collection tube including flow-through was discarded and the 

spin column was transferred to a new 1.5 ml microcentrifuge tube. To elute the DNA from the 

membrane of the DNeasy Mini spin column, 150 µl Buffer AE was pipetted to the center of the 
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spin column membrane and incubate at room temperature for 1 min. After incubation, centrifuged 

at 6000 x g (6.0 rcf) for 1 min. The spin column was discarded. The DNA is eluted in the buffer.  

2.3.2 Quantification of the purified DNA 

To determine the yield of the extracted DNA the concentration was measured a Nanodrop 

Spectrophotometer. The absorbance peak of DNA is at 260nm, that of proteins at 280nm. The 

ratio of absorbance at 260 and 280 nm provides information about the purity of the measured 

DNA. DNA is considered pure when the ratio is ~1,8. If the ratio is clearly below 1,8, this may 

indicate contamination, for example by protein.  

So that the measurement of the DNA concentration is not falsified by the absorbance values of 

the buffer, a previous reference measure is necessary, which is carried out with buffer AE in which 

the DNA is eluted. After blanking, the DNA concentration (ng/µl) of all samples was quantified 

(Table A 2, see appendix). The purified DNA samples were then diluted in distilled water to an 

end concentration of 10 ng/µl with a final volume of 50 µl. For this purpose, the following formulas 

were used: 

 

To determine the needed volume of the eluted DNA: 

 

!! =
#"(%&'	#)&#%&*+,*-)&) ∗ !"(%&'!)012%)
#!(#)&#%&*+,*-)&	)3	*ℎ%	51+-3-%'	678)

 

 

To determine the needed volume of H2O: 

 

!#"$ = !" − !! 

 

The pure DNA as well as the diluted DNA were immediately stored at -20°C. 
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2.4 Allele-specific Polymerase Chain Reaction 

By using PCR, specific DNA sequences can be amplified in vitro (Sadava et al., 2006). PCR was 

performed to amplify the Pan I locus and to identify in a subsequent fragment analysis, if one or 

both alleles of the locus are present. For this purpose, two different fluorescent-labelled reverse 

primers, specific for Pan IA (PanIAfam-R) or Pan IB(PanIBhex-R), and one unlabelled forward 

primer (PanI-2-PIG), flanking the searched locus and serving as a starting point for the polymerase, 

were used (Table 7). The fluorescent primers allow a specific amplification of the Pan I locus in 

PCR (Stenvik et al., 2006). The forward primer was modified by a PIG-tail. This means that a 

sequence is added to the 5’end, in our case the sequence GTTTCTT (Table 7). The PIG-tailing 

modification is intended to improve the genotyping (Brownstein et al., 1996). 

 
Table 7: PCR primer list. 
Primers with their respective sequences and band sizes. PIG-tail sequence underlined. 
 

Primer name Sequence (5’-> 3’) Band size in Bp 

PanI-2-PIG GTTTCTTTGACAGCGCTTGGCAAATGAA 28 

PanIAfam-R GCTTAAGCAGATATCGCAGTAGTTTC 26 

PanIBhex-R TTAAGCAGATCTCCGCAGTAGTTTT 24 

 

The final volume of the PCR mix was 20 µl per sample consisting of 18,5 µl PCR reaction mix and 

1,5 µl template DNA. The total volume was determined according to the number of samples. All 

volumes of the required components were determined according to the supplier’s information 

(Table 8) in relation to the calculated total volume for the reaction mix. The amount of water was 

determined proportionally from the sum of these. Two PCR reaction mixtures were prepared, each 

with one of the two primers since it was decided against a multiplex PCR during the pretests. 

Starting with water, all components were pipetted in order 1-6 (Table 8) into a reaction tube and 

mixed by vortexing. Finally, PCR reaction tubes were prepared with 18,5 µl of the reaction mix and 

1,5 µl of the template DNA.  
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Table 8: Pipetting instructions. 

Order Component 

Stock 

concentration 

Final 

concentration 

1 Phire Reaction Buffer 5X 1X 

2 dNTPs 2 mM 0,2 mM 

3 Primer fwd 100 µM 0,5 µM 

4 Primer rev 100 µM 0,5 µM 

5 DMSO - 0,6 µl/reaction 

6 Phire Hot Start II DNA Polymerase - 0,4 µl/reaction 

 

A Mastercycler was used for the Polymerase Chain Reaction. After an initial denaturation step for 

30 sec at 98°C, 30 cycles of DNA amplification followed. The DNA is heated to 98°C for 5 sec, 

whereby the single strands separate. The denaturation is followed by primer annealing at 64°C for 

5 sec. In this step, the primers bind to their target sequence (Sadava et al., 2006). In the following 

extension step with a temperature of 72°C for 10 sec the DNA polymerase synthesizes the new 

complementary strands, using the dNTPs as building blocks (Sadava et al., 2006). Once the 30 

cycles are completed, the process ends with the final extension at 72°C for 1 min and the 

subsequent final hold at 4°C. During the reaction, the buffer regulates the pH value (Sadava et al., 

2006) to guarantee optimal conditions for the activity and stability of the DNA-polymerase 

(Gelfand, 1989). 
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2.5 Gel electrophoresis 

To verify whether the PCR worked, which means the primer successfully bind to their target region, 

a gel electrophoresis was run. According to the literature, the size of the products determined by 

fragment analysis is 79 bp for Pan IA und 77 bp for Pan IB, so a band just above the 50 bp band of 

the DNA ladder should be visible in our gel.  

A 3% (weight/volume) Agarose gel was produced by dissolving 3 g Agarose in 100 ml TAE (Tris-

acetate-EDTA) buffer. The mixture was heated up until a homogeneous solution was obtained. 

When the solution was cooled down, it was poured to a gel tray equipped with gel combs. After 

polymerisation of the solution, the gel tray was transferred into the electrophoresis chamber filled 

with TAE-buffer. Afterwards the gel combs were removed so that the gel was ready for sample 

application. To prepare the PCR products for the gel electrophoresis, 1 µl DNA Loading Dye was 

placed into a reaction plate and 4 µl PCR product was added.  

All samples were pipetted into the lanes and finally 3 µl of the DNA ladder was applied. The 

electrophoresis chamber was connected to a power supply and the gel run for 35 min at 100 V.  

For visualisation of the gel a transilluminator was used. The gel was placed into a staining solution 

to make the DNA fragments visible in form of bands by UV light.  

2.6 DNA Fragment length analysis 

2.6.1 Capillary electrophoresis using Genetic Analyser 3130xl (Applied biosystems) 

By using fragment analysis, the size of fluorescent-labelled DNA fragments can be determined. 

The fragments are separated by capillary electrophoresis, whose capillaries are filled with polymer, 

and detected by laser, whereby the exact size in bp is determined by comparison with a size 

standard. This genetic analysis method was used to find out in the subsequent evaluation whether 

the allele exists homozygous or heterozygous, which then allowed us to determine the ecotype.  

To prepare the PCR products for the fragment length analysis, they were first diluted 1:20 in 

distilled water. Then a mixture of 15 µl per sample of HiDi and 0,3 µl per sample of ROX size 

standard was prepared. Afterwards, 15 µl of the HiDi-ROX-mix and 1 µl of the diluted PCR 

product were pipetted into a 96-well plate and directly denatured at 95°C for 5 min. Before the 

plate was placed into the Genetic Analyser, it was cooled in a cooling rack. One run for 16 samples 

took 90 min. 
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2.6.2 GeneMapper Software 

If the labeled primer has bound to the target region of the DNA during PCR and the respective 

products synthesized, the labelled products could then be detected by the laser of the Genetic 

Αnalyser. The GeneMapper Software was then used to illustrate and analyse the results. To be able 

to analyse the products, a new analysis method was created as described in the manual of the 

GeneMapper Software (Thermo Fisher Scientific, 2009). The allele and marker definitions 

including the fragment size (bp) and the dye colour for both were defined and adjusted.  

 

The size standard ROX75 indicates a peak at a length of 75 bp. It represents a reference point to 

which the peaks of the labelled Pan I allele sequences are related. On the one hand, this allows the 

length (bp) of the products to be inferred. On the other hand, the relation between the intensity or 

height of the standard peak and that of the products can be used to determine whether the allele is 

homozygous or heterozygous, as described above.  

 

Accordingly, the important information was the intensity of the Peak (height in datapoints) and the 

length of the fragment (bp). Based on these data, conclusions could be drawn in which variants the 

alleles were present. Therefore, a sizing table was created, which displays a row of sizing 

information for each detected peak (Applied Biosystems, 2009). The data of the height of the peak 

and the base pair length of the labelled products were taken from the sizing table of the Gene 

Mapper Software. An Excel table was created based on this sizing table (7.1.3, see appendix). 

2.7 Correction of the raw data 

As already described, the value of ROX75 intensity is the reference point to which the intensities 

of the allele peaks are referred. This means that the intensities of the allele peaks are considered in 

relation to the intensity of ROX75. It is therefore important that ROX75 has the same value in all 

samples so that the allele intensities linked to the standard by the ratio can be compared with each 

other. Since the two primers for the Pan I alleles were used separately in the PCR, two fragment 

analysis results were available for each sample in which ROX75 did not always have the same 

intensity value. This also occurred when the results of the intensities of the different samples were 

compared with each other. Therefore, it was necessary to adjust the data using correction factors 

for comparability. 
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2.7.1 Correction of the intensity values 

In order to firstly compare the data for each sample of the identical DNA and secondly that all 

samples can be compared with each other, the intensity value of ROX75 was set to the value 500 

for all samples. Thus, the measured intensity values of the alleles also had to be adjusted to the 

newly determined ROX75 value (ROX75corr) so that the ratio of intensity between ROX75 and the 

alleles is maintained. In the following, this new value of the ratio is called ‘correction factor’ (corrf). 

 

The fragment analysis results of sample GmoH025 were used for the following calculation 

example: 

 

Results of GmoH025 for Pan IA: 
Table 9: Results of the fragment length analysis for GmoH025 for allele Pan IA. 

Intensity of the ROX75 (in dp) Intensity of the Pan I
A 

(in dp) 

844 642 

 

First, the ratio of the ROXcorr value of 500 dp to the measured value of Pan IA was calculated: 

 

Definition of corrf for Pan IA: 

 

#)++%(:,&	;&) =
<=>75'())

:,&	;&	-&*%&A-*B 

 

Calculation of corrf(Pan IA): 

 

#)++%(:,&	;&) =
500
844 = 0,59241706 
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Next, the corrf(Pan IA) was applied to the measured value of Pan IA allele intensity to determine 

the new intensity (Pan IAcorr) relative to the ROX75corr intensity value of 500 dp, so that the ratio 

of the two values remains the same even though the ROX75 value is new.  

For this purpose, the following calculation was used: 

 

Definition of Pan IAcorr: 

 

:,&	;&#)++ = #)++%(:,&	;&) × :,&	;&	-&*%&A-*B 

 

Calculation of Pan IAcorr: 

 

:,&	;&#)++ = 0,59241706 × 642 = 380,331754 

 

Results of GmoH025 for Pan IB: 
Table 10: Results of the fragment length analysis for GmoH025 for allele Pan IB. 

 

Definition of corrf for Pan IB: 

 

#)++%(:,&	;*) =
<=>75'())

:,&	;* 	-&*%&A-*B 

 

Calculation of corrf(Pan IB): 

 

#)++%(:,&	;*) =
500
675 = 0,74074074 

 

Definition of Pan IBcorr: 

 

:,&	;*#)++ = #)++%(:,&	;*) × :,&	;* 	-&*%&A-*B 

 

Calculation of Pan IBcorr: 

 

:,&	;*#)++ = 0,74074074 × 1139 = 843,703704 

Intensity of the ROX75 (in dp) Intensity of the Pan I
B 

(in dp) 

675 1139 
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The data of Pan IAcorr and Pan IBcorr obtained in this way were rounded to the nearest integer: 

 
Table 11: New values of ROX75, Pan IA and IB of GmoH025. 

Intensity of the ROX75corr 

(in dp) 

Intensity of the Pan I
A
corr

 

(in dp) 

Intensity of the Pan I
B
corr 

(in dp) 

500 380 844 

 

In this way, the intensity values of all samples were corrected (Table A 3, Table A 4, see appendix). 

2.7.2 Determination of an identification factor 

Since, as already mentioned, heterozygosity or homozygosity is determined, among other things, 

by comparing the height of the peak (intensity) of the alleles with the standard and the values of 

the intensities of the two Pan I alleles are already related to the standard as a reference point. The 

evaluation could be carried out by looking at the ratios of the intensities.  

 

The results of the fragment length analysis of this project, differed from those described in the 

literature as follows. There were results (n=30) that showed a single peak and thus allowed a clear 

ecotype assignment. However, the remaining results (n=40) deviated from the results in the 

literature to the effect that even though these samples showed a peak at the location of allele A and 

a peak at the location of allele B, but the ratios of the two peaks did not clearly point to the third 

allele variant (heterozygosity). Therefore, an additional calculated factor had to be introduced, 

which nevertheless allows the deviating results to be interpreted. This is referred to as the 

"identification factor" (identf) in the following. Identf indicates how much higher or lower the 

intensity of the Pan IAcorr allele is compared to the Pan IBcorr allele, i.e., the intensity ratio of 

Pan IAcorr : Pan IBcorr is.  
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The following example calculation is intended to illustrate the identf explained in the previous 

section. The corrected values of sample GmoH025 are used for the calculation (see above). 

 

Definition of identf:  

 

-'%&*% =
:,&	;&#)++
:,&	;*#)++ 

 

Calculation of identf: 

 

-'%&*% =
380
844 = 0,45 

 

In this way, identf of all samples were calculated (Table A 5, see appendix). 

 

The identf could then be used to decide which of the three possibilities of the Pan I genotype was 

applicable. Ranges were defined for this purpose.  

 

Homozygosity: 

Variant 1 Pan IAA: From an identf of 2.0, the individuals are assigned to the NCC ecotype. This 

means that from a ratio of the intensity of the Pan IA allele to that of the Pan IB allele of 2:1, 

homozygosity for Pan IA is determined.  

Variant 2 Pan IBB: An identf of 0.5 or smaller, in other words, if the ratio between the intensity of 

the Pan IA allele and that of the Pan IB allele is at maximum 1:2, homozygosity for Pan IB is defined 

thus the individual belongs to the ecotype of the NEAC. 

Heterozygosity: 

Variant 3 Pan IAB: If the calculated identf is between 0.51 and 1.99, the individual is assumed to 

have a heterozygous genotype and is thus assigned to the group of hybrids. 
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3 Results 

3.1 Genotype plots 

In this project, the genotyping was performed in order to determine the ecotype of the collected 

samples. The two different fluorescent primers specific for Pan I were detected by the laser of the 

Genetic Analyser 3130xl. If the allele was present, this was displayed in form of a peak in position 

of the respective base pair length with 77 bp for Pan IB and 79 bp for Pan IA. Fragments from three 

individuals (GmoH56, GmoH057 and GmoH049) are shown below (Figure 7-9). 

Figure 7: Genotype plots of the homozygous genotype PanIAA. 
A: Genotyping results of PCR product using primer for Pan IA. B: Genotyping results of PCR product using 
primer for Pan IB. Y-axis: intensity (in dp). X-axis: fragment length (in bp). 

A 

B 

GmoH056 

GmoH056 
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Figure 8: Genotype plots of the homozygous genotype PanIBB. 
A: Genotyping results of PCR product using primer for Pan IA. B: Genotyping results of PCR product using 
primer for Pan IB. Y-axis: intensity (in dp). X-axis: fragment length (in bp). 
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Figure 9: Genotype plots of the heterozygous genotype PanIAB. 
A: Genotyping results of PCR product using primer for Pan IA locus. B: Genotyping results of PCR product 
using primer for Pan IB locus. Y-axis: intensity (in dp). X-axis: fragment length (in bp). 
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3.2 Ecotype determination 

As already described, the ecotype determination was carried out with the help of the calculated 

identification factor (identf). Identf indicates the ratio of the intensity of the Pan IA allele to that of 

the Pan IB allele, both are related to the ROX75corr Standard. Ranges were determined for the three 

possible variants of how the alleles can be present. Using this information, it was discovered that 

of the 70 samples, 24 can be attributed to the ecotype of the NCC (Figure 10, Table 12). 37 

individuals belong to the ecotype of the NEAC (Figure 10 ,Table 13) and 9 have both Pan I alleles 

and are thus hybrids (Figure 10, Table 14). 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 10: All tested samples assigned to their ecotype. 
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Table 12: Samples with the genotype Pan IAA belonging to the ecotype of NCC.  
Identified by evaluating a calculated relation factor (identf). Sorted by identf (ascending). 

Id Cruise Station N° Pan IAcorr Pan IBcorr identf Allel Ecotype 
   (intensity) (intensity) (Pan IA corr/Pan IB corr)   

GmoH070 HE519 002 183 83 2,21 Pan IAA NCC 

GmoH083 HE560 7B 439 193 2,28 Pan IAA NCC 

GmoH062 HE519 001 296 107 2,75 Pan IAA NCC 

GmoH044 HE519 008 1464 533 2,75 Pan IAA NCC 

GmoH046 HE519 003 347 125 2,78 Pan IAA NCC 

GmoH063 HE519 001 298 91 3,27 Pan IAA NCC 

GmoH055 HE560 000 1349 403 3,34 Pan IAA NCC 

GmoH079 HE519 005 553 157 3,53 Pan IAA NCC 

GmoH053 HE560 000 1037 261 3,98 Pan IAA NCC 

GmoH041 HE560 000 887 220 4,04 Pan IAA NCC 

GmoH051 HE519 004 456 86 5,31 Pan IAA NCC 

GmoH077 HE519 008 8552 144 5,91 Pan IAA NCC 

GmoH028 HE560 014 2078 338 6,15 Pan IAA NCC 
GmoH099 HE560 014 2617 346 7,55 Pan IAA NCC 

GmoH095 HE560 014 2482 325 7,63 Pan IAA NCC 

GmoH056 HE560 000 1592 0 - Pan IAA NCC 

GmoH061 HE560 000 1976 0 - Pan IAA NCC 

GmoH065 HE519 001 291 0 - Pan IAA NCC 

GmoH048 HE519 003 117 0 - Pan IAA NCC 

GmoH092 HE560 014 1146 0 - Pan IAA NCC 

GmoH093 HE560 014 1610 0 - Pan IAA NCC 

GmoH094 HE560 014 1484 0 - Pan IAA NCC 

GmoH096 HE560 014 2981 0 - Pan IAA NCC 

GmoH098 HE560 014 4696 0 - Pan IAA NCC 

       S=24 
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Table 13:Samples with the genotype Pan IBB belonging to the ecotype of NEAC.  
Identified by evaluating a calculated relation factor (identf). Sorted by identf (ascending). 

Id Cruise Station N° Pan IAcorr Pan IBcorr identf Allel Ecotype 

   
(intensity in 

Dp)) 
(intensity in 

Dp) (Pan IA corr/Pan IB corr)   

GmoH025 HE519 001 380 844 0,45 Pan IBB NEAC 

GmoH068 HE519 001 1018 3554 0,28 Pan IBB NEAC 

GmoH037 HE519 008 50 179 0,28 Pan IBB NEAC 

GmoH080 HE519 005 160 680 0,23 Pan IBB NEAC 
GmoH031 HE519 001 53 887 0,06 Pan IBB NEAC 

GmoH027 HE519 008 30 664 0,05 Pan IBB NEAC 

GmoH084 HE560 7B 0 786 0 Pan IBB NEAC 

GmoH085 HE560 7B 0 605 0 Pan IBB NEAC 

GmoH086 HE560 7B 0 440 0 Pan IBB NEAC 

GmoH087 HE560 7B 0 450 0 Pan IBB NEAC 

GmoH054 HE560 000 0 453 0 Pan IBB NEAC 

GmoH057 HE560 000 0 818 0 Pan IBB NEAC 

GmoH059 HE560 000 0 5540 0 Pan IBB NEAC 

GmoH060 HE560 000 0 718 0 Pan IBB NEAC 

GmoH066 HE519 001 0 851 0 Pan IBB NEAC 

GmoH033 HE519 002 0 205 0 Pan IBB NEAC 

GmoH052 HE519 002 0 52 0 Pan IBB NEAC 

GmoH069 HE519 002 0 120 0 Pan IBB NEAC 

GmoH071 HE519 002 0 53 0 Pan IBB NEAC 

GmoH072 HE519 002 0 59 0 Pan IBB NEAC 
GmoH073 HE519 002 0 50 0 Pan IBB NEAC 

GmoH074 HE519 002 0 316 0 Pan IBB NEAC 

GmoH047 HE519 003 0 115 0 Pan IBB NEAC 

GmoH082 HE519 003 0 896 0 Pan IBB NEAC 

GmoH035 HE519 004 0 122 0 Pan IBB NEAC 

GmoH050 HE519 004 0 510 0 Pan IBB NEAC 

GmoH078 HE519 005 0 738 0 Pan IBB NEAC 

GmoH045 HE519 008 0 737 0 Pan IBB NEAC 

GmoH075 HE519 008 0 223 0 Pan IBB NEAC 

GmoH076 HE519 008 0 548 0 Pan IBB NEAC 

GmoH088 HE560 010 0 444 0 Pan IBB NEAC 

GmoH089 HE560 010 0 580 0 Pan IBB NEAC 

GmoH090 HE560 010 0 764 0 Pan IBB NEAC 

GmoH081 HE560 015 0 665 0 Pan IBB NEAC 

GmoH029 HE560 020 0 19391 0 Pan IBB NEAC 

GmoH030 HE560 025 0 1111 0 Pan IBB NEAC 

GmoH040 HE560 025 0 521 0 Pan IBB NEAC 

       S=37 
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Table 14: Samples with the genotype Pan IAB which represents the hybrid form.  
Identified by evaluating a calculated relation factor (identf). Sorted by identf (ascending). 

Id Cruise Station N° Pan IAcorr Pan IBcorr identf Allel Ecotype 
   (intensity) (intensity) (Pan IA corr/Pan IB corr)   

GmoH064 HE519 001 477 937 0,51 Pan IAB Hybrid 

GmoH026 HE519 004 240 289 0,83 PanIAB Hybrid 

GmoH067 HE519 001 277 215 1,29 PanIAB Hybrid 

GmoH049 HE519 003 194 141 1,38 PanIAB Hybrid 

GmoH058 HE560 000 583 417 1,4 PanIAB Hybrid 

GmoH043 HE519 008 502 298 1,69 PanIAB Hybrid 

GmoH097 HE560 014 1555 876 1,78 Pan IAB Hybrid 

GmoH091 HE560 014 798 447 1,79 Pan IAB Hybrid 

GmoH042 HE519 001 265 139 1,91 Pan IAA NCC 

 
  

    S=9 
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3.3 Size and age classes of the individuals belonging to Norwegian 
Coastal cod 

As already described, it is assumed that NCC are rather loyal to their location and do not migrate 

over long distances. In the following, the size classes of the individuals assigned to the ecotype of 

NCC are presented below. The size will be used to classify the age of the individuals (reference 

values see Figure 11). This data can be used to make an assumption about how long the animals 

have already been at the sites and whether a statement can be made about the possibility of the 

NCCs found being an established local cod population in Svalbard. 

 

3.3.1 Size classes 

In this section, the size classes of the three different ecotypes identified are presented for the 

purpose of completeness. For the discussion of the possible population relocation of the NCC that 

follows, however, only the presented information on size classes of the NCC (Figure 12A) is used. 

The length of the smallest individual of NCC is 19 cm, that of the largest 101 cm, on average the 

length is 71,96 cm. For NEAC the average length is 50,59 cm, the smallest in size class 2 is 13 cm 

and the length of the largest individual is 110 cm assigned to size class 11 (Figure 12B). Length of 

the smallest in size class 6 of the hybrid group is 53 cm, the largest is 89 cm. Mean length is 70,22 cm 

(Figure 12C). 

Figure 11: Length at age. 
“Mean, minimum, and maximum length at age for coastal cod and Nordeast Arctic cod, 1995-2001 
combined. […]” (Berg & Albert, 2003). 
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3.3.2 Age classes  

In this section, the age classes of the three different ecotypes identified are presented for the 

purpose of completeness. For the interpretation that follows, however, only the presented 

information on age classes of the NCC is used. The youngest individual of NCC in age class 1 is 

in the 0-year group, the oldest 10-11 years old in age class 10 (Figure 13A). Mean age of NCC is 7 

years. The average age of NEAC is between 4 and 5 years. The youngest individuals are in age class 

1. The oldest is in age class 11, therefore over 11 years old (Figure 13B). Mean age of the hybrid 

group is 7 years. Youngest individuals are in age class 5, the oldest in age class 9 (Figure 13C).  

Figure 12: Size classes of NCC (A), NEAC (B) and 
Hybrids (C).  

 
1 (0-9 cm) 7 (60-69 cm) 

2 (10-19 cm) 8 (70-79 cm) 

3 (20-29 cm) 9 (80-89 cm) 

4 (30-39 cm) 10 (90-99 cm) 

5 (40-49 cm) 11 (100-109 cm) 

6 (50-59 cm) 12 (110-119 cm) 

 

0
1

0 0
1

3 3

9

5

1
2

0
0
2
4
6
8

10

1 2 3 4 5 6 7 8 9 10 11 12

a
m

o
u
n

t

size class

Size classes of  individuals 

assigned to NCC (=24)

4 4 4

7 7

5

1
2

1 1 1

0
1
2
3
4
5
6
7
8

1 2 3 4 5 6 7 8 9 10 11 12

size class

am
ou

nt

Size classes of  individuals 

assigned to NEAC (n=37) 

0 0 0 0 0

3

2

1

2

1

0 0
0

1

2

3

4

1 2 3 4 5 6 7 8 9 10 11 12

size class

a
m

o
u
n

t

Size classes of  individuals 

assigned to the group of  hybrids 

(n=8)

A B 

C 



R e s u l t s |  32 
 

 

3.4 Ecotype distribution in relation to locality 

In order to make a statement about the locality of the different ecotypes, the results of the 

determination were assigned to the locations. A differentiation was made between coastal areas and 

areas within fjords. The differentiation according to the stations selected for this work follows. On 

this basis of these results concerning the whereabouts, it can be checked with help of ice maps 

whether the animals found, assigned to ecotype NCC, could have spent the winter at the respective 

station (Figure A 1-10, see appendix). Based on this, a possible migration behaviour of the NCC 

could be recognised. The ice maps were selected at maximum ice extent in the area of the station 

surveyed in the respective year of the cruise (Cryo-Norwegian Meteorological Institute, 2022). 

3.4.1 Distribution within coastal and fjord areas 

Figure 14 shows the distribution of the ecotype of all analysed samples with regard to the areas of 

the catch locations. Cod were found in both coastal and fjord areas. It was discovered that of 24 

individuals of Norwegian Coastal cod, 5 were found inside fjords and 19 in coastal areas. Of 37 

individuals belonging to Northeast Arctic cod, 22 individuals were located inside fjords and 15 in 

coastal areas. One hybrid was also found inside a fjord and the remaining 8 in coastal areas.  
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Figure 13: Age classes of NCC (A), NEAC (B) and 
Hybrids (C). 
(x-axis: the associated size classes in brackets) 
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Figure 14: Distribution of Ecotypes. 
Ecotype distribution of all analysed samples divided in coastal and fjord areas of Svalbard. 

3.4.2 Ecotype distribution in regard of the selected stations 

Cod were found at all surveyed stations (Figure 15). It is noticeable that on the west coast (stations 

000, 014) most individuals belong to the NCC type of cod. At the two stations in the north of 

Svalbard (003, 7B) there were more of the NEAC type. At the station near Bear Island, both types 

of cod are represented equally often. Within the fjords surveyed, most individuals belong to the 

NEAC ecotype. The group of hybrids is little represented but was found at 6 out of 7 stations. 
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3.4.3 Ice cover  

When considering the ice maps, it emerged that no area of the stations surveyed was completely 

covered by ice in 2018. The area around Moffen (003) in the north of Svalbard was freely accessible 

without drift ice. In Raudfjorden (004, 005), also in the north, the inner part of the fjord was 

completely covered with ice, but in the front part of the fjord only drift ice was recorded. At the 

remaining stations on the west coast (002, 008), as well as Bear Island (001), only drift ice was 

recorded.  

In 2020, 3 stations in the north of Svalbard were completely covered with ice (025, 7B, 010). Areas 

on the west coast of 3 stations (000, 014, 015) were completely ice-free and drift ice was recorded 

in the area of the remaining station (020). 
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4 Discussion 

The increased warming of the Arctic as consequence of the climate change, may bring a change in 

Arctic communities. New habitats have opened up due to the decline of sea ice and a northward 

expansion is possible for species from lower latitudes. One of the species expanding northwards is 

the Atlantic cod. In this study, it was to investigate whether the Norwegian Coastal cod population 

can or has established itself in Svalbard. For molecular differentiation of the two cod ecotypes, 

genotyping using the pantophysin I (Pan I) locus was used. 

4.1 Biological consideration 

The Pan I locus was used to determine to which ecotype the selected samples for this project 

belong. It was found that Northeast Arctic cod, Norwegian Coastal cod and hybrids were among 

70 tested samples. Among those, 37 individuals were assigned to the NEAC population, 24 to NCC 

and 9 to the hybrid group. As the NEAC begins its spawning migration south between December 

and January, NEAC was found in Svalbard during the sampling period between August and 

October in 2018 and 2020. NEAC is the most frequently represented cod type among the samples 

in this work, accounting for 53%. This result is consistent with data from other studies, which 

indicate that the NEAC is the largest known cod stock in the north-east Atlantic and the Barents 

Sea (Spotowitz et al., 2022). After spawning on the Norwegian west coast, the NEAC undertake 

their feeding migration towards Svalbard after spawning time from April on and thus also reaches 

the coasts and fjords of Svalbard in summer. 

NCC was also found. 34% of the catch could be assigned to this ecotype. This discovery can be 

explained by the fact, that the eggs of NCC were passively driven from the spawning grounds in 

the Lofoten region to Svalbard and due to climate change it can be possible for them to overwinter. 

The NCC shows less migratory behaviour, only local migrations were attributed to NCC. 

Therefore, overwintering is dependent on the prevailing conditions on arrival in Svalbard. This 

study has shown that NCC is present in Svalbard. Accordingly, the offspring must have survived 

the winter months, if it is assumed that this ecotype is stationary. This means that it is possible for 

the offspring of NCC to overwinter under the given environmental conditions in Svalbard. The 

formation of local coastal populations in Svalbard is thus related to the survival during the winter. 

If the locations of the animals are considered in combination with the ice maps (of the year in 

which the sampling took place) at maximum ice cover, it can be assumed that there are indeed ice-

free areas that are habitable for NCC in winter (7.2, see appendix). In addition, assuming that NCC 

is a non-migratory cod type, it can be assumed that the NCC found have survive the winters in 

Svalbard according to their age. More precisely, if an individual has reached its seventh year of life, 

for example, it can be concluded, that is has already spent seven years in Svalbard. Due to the West 



D i s c u s s i o n |  37 
 

Spitsbergen Current bringing warm Atlantic water along the west coast of Svalbard, this area may 

be suitable for species coming from lower latitudes to live. This effect is further enhanced by the 

fact that the temperature of the Atlantic water increases by 0.3°C per decade (Onarheim et al., 

2014). This could be the reason why the most frequent appearance of the NCC ecotype at the 

surveyed stations is on the west coast of Svalbard. In addition, the west coast remains relatively 

ice-free in winter except for a little drift ice due to the West Spitsbergen Current, offering the 

chance of wintering in this area. This appearance of the NCC in Svalbard shows the shift of Atlantic 

species northwards into Arctic waters, enabled by the changing climatic conditions in the Arctic 

(Lisa Spotowitz et al., 2022).  

In addition to the simple fact that NCC has been found, the individuals have reached sizes that are 

capable of reproduction. Under the mentioned aspect of location fidelity of the NCC in contrast 

to the NEAC, which migrates back from its feeding ground to its spawning grounds over a long 

distance every spring, the adults of the NCC in Svalbard must have already survived there for 

several years, judging by their size. For this purpose, the sizes (TL [cm]) of the animals were 

assigned to an age class. The results show that the individuals of the NCC found in this study, 

ranged in size from 19-101 cm, are between 1-11 years old. The individuals of NCC are on average 

7 years old with mean length 71,28cm. From point of view of site fidelity, it can be assumed that 

the animals survived an average 7 years in Svalbard. This allows to investigate the question of 

whether a local cod population has established itself in Svalbard at the respective sites. The forming 

of a stock that establishes itself in a new location includes, in addition to survival, the ability to 

reproduce. According to the literature, coastal cod is capable of reproducing between the ages of 

five and six years old (Berg & Albert, 2003). Relying on this reference value from the literature, 

92% of the analysed animals (figure 8A) may be capable of reproduction, even though it was not 

examined if NCC found had already spawned. Nevertheless, the two conditions mentioned above 

for the establishment of a coastal cod stock in Svalbard would be fulfilled. The stage of maturity 

of the animals was determined during sampling, all individuals were only in stage 1 or 2 (7.1.1, see 

appendix). Sampling took place at the end of the summer, i.e., about 5-7 months before spawning 

season beginning in March. Thus, the gonads had already been formed, but they were still maturing. 

If the sampling had been conducted in the first quarter of the year, the maturity observations, 

among others, would have been different. But it is possible that, considering that the animals have 

reached sizes that are reproductive according to the literature, they have found spawning sites in 

Svalbard and are reproducing there. Furthermore, tagging experiments on coastal cod have shown 

that they visit the same spawning grounds every year after making only short local migrations (Berg 

& Albert, 2003). Therefore, it is possible that the found reproductive individuals assigned to the 

NCC ecotype formed a locally migratory coastal population. 
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Furthermore, it was decided by using ice maps whether it was possible that the animals spent the 

last winter at the location where they were found (7.2). If the sampled station was covered with ice 

last winter, the animals in question could not have spent the winter there. This suggests that the 

animals migrated to the station of interest in the period between the retreat of the ice cover and 

the sampling. This discovery of local migrations is consistent with results from a study that also 

described that NCC undertaking local migrations (Andrade et al., 2020). By looking at the ice maps 

at the times of maximum ice expansion, specific to the respective stations of the catches, it could 

be determined that at three out of seven stations it had been impossible for the animals to spend 

the winter at the location found. The reason for that is, that the ice maps show that in Hornsund 

(025), Moffen (7B) and Raudfjorden (010), the areas were completely covered by ice in spring 

during the year of the catch (2020). This confirmed it was unlikely that the animals spent the winter 

at the stations in question and must have migrated to the site of capture after the sea ice had 

retreated. It was noticeable that the stations were located in the south and on the north coast of 

Svalbard. The exact route of the animals could not be determined in this work. Most of the 

individuals stay on the west coast, which is due to the above-mentioned Atlantic influence in this 

area. It therefore suggests that the NCC feels most comfortable in this area. The results also show 

that NEAC also reside along the west coast and north of Svalbard. Thus, it can be concluded that 

both ecotypes essentially follow the currents of the Gulf Stream. It can therefore be assumed that 

animals found in the north or south of Svalbard most likely migrate northwards and southwards 

from this area. This is possible in the period after the maximum ice expansion, which is also the 

period of the catches. However, in order to create a more specific pattern of NCC migration in 

Svalbard, a more detailed study has to be performed and more samples have to be collected. 

4.2 Methodological consideration 

For this study, however, a self-defined range had to be used, since 30 of the 70 samples did not 

provide clear results. The results from the fragment length analysis are considered unambiguous if 

either the Pan I allele is homozygous, meaning that only one of the specific primers for the 

respective allele has bound and thus only one intensity peak is recorded. This intensity peak is at 

the 77 bp position for Pan IBB or NEAC and at 79 bp for Pan IAA or NCC. Or in the case of 

heterozygosity, both primers have bound, which means that two peaks of the same intensity should 

be present at the respective bp positions. Among the results for Pan IAA, however, there are 15 

samples in which two peaks were detected for both alleles, whereby the intensity for the Pan IA 

allele was clearly stronger. The same was the case for the Pan IB allele, in which 6 samples were 

nevertheless classified as homozygous for Pan IB due to the significantly stronger intensity for the 

specific primer of the Pan IB allele than for Pan IA. In order to be able to assign the ambiguous 
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samples to a population, ranges (0 to 0,5 Pan IBB, 0,51 to 1,99 Hybrid, off 2,0 Pan IAA) were defined, 

which allowed a clear classification to the populations. The reasons for the differences in the results 

compared to those from literature have not yet been conclusively explained. Nevertheless, the 

results are reproducible because during the phase of optimising the PCR conditions, the same 

starting DNA was used for different PCR. In the subsequent fragment length analyses, however, 

the same results were produced for the different PCR products by using identical DNA templates. 
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5 Summary and Outlook 

This project investigated whether a local coastal population of NCC ecotype has formed in 

Svalbard. For this purpose, the population structure in Svalbard waters was studied. The data 

survey was carried out in September and October 2018, as well as in August 2020 in the coastal 

and fjord areas of Svalbard. Tissue samples of muscle and fins, as well as other data such as the 

total length of the fish were measured. Genotyping of cod from results of fragment length analysis 

(FLA) after previous allele-specific PCR, was performed using the pantophysin I locus (Pan I). The 

two ecotypes mentioned can be distinguished by their allelic variants of the Pan I locus. NEAC has 

the homozygous genotype Pan IBB, whereas NCC is homozygous for the Pan IA allele. In addition, 

there is the heterozygous variant Pan IAB, which is assigned to the group of hybrids. Due to a 

discrepancy in the results from the FLA compared to results from the literature, the data had to be 

adjusted using a correction factor, as well as a calculated identification factor. It has not yet been 

sufficiently explained where the origin of these differences lies, although it could be verified and 

confirmed that the identical initial DNA yields the same divergent FLA results. From the usable 

and reproducible results, it was found that all three ecotypes of cod occur in Svalbard. It was then 

investigated whether the cod found assigned to the NCC ecotype had reached sizes that were 

capable of reproduction, which would allow an answer to the question of whether this type has 

become established in Svalbard. For this purpose, the individuals were divided into age classes 

based on their sizes using reference values from the literature. This in turn made it possible to 

determine whether the animals were already able to reproduce. On the basis of these investigations, 

it could be shown that the NCC found in Svalbard are in age classes that have been able to spawn 

for several years. On the basis of the fact that these animals show a stationary behaviour and only 

undertake local coastal migrations, it can be assumed that they have been in Svalbard for several 

years. In addition, an investigation of migratory behaviour was carried out using ice maps. The ice 

maps provide information on whether it was possible for the animals to have survived the last 

winter at the location where they were caught. At stations on the coast (Moffen, 7B), as well as a 

fjord (Raudfjorden, 010) in the north of Svalbard and a station in a southern fjord (Hornsund, 025), 

it could be shown that it was not possible for the animals to have spent the winter at these locations. 

These areas were completely covered by ice. Since the distribution of the animals in Svalbard shows 

that most individuals of the NCC were found on the Atlantic-influenced west coast, it can be 

assumed that the animals undertake southward and northward coastal migrations from there. 

Tagging experiments on the animals in Svalbard would provide more precise conclusions, which, 

however, could not be carried out within the context of this work. Finally, the appearance of the 

NCC, which were on average 7 years old, in Svalbard's coasts and fjord areas shows that it is 

possible for them to have survived there for several years, assuming site fidelity. With more 
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profound genetic studies, such as single nucleotide polymorphic (SNP) markers, it would be 

possible to show more specifically whether the population (NCC) in Svalbard is genetically 

different from that on the west coast of Norway. Which would support the establishment of a 

Svalbard Coastal cod (SCC) population. Overall, this finding represents a change in species 

composition in Svalbard, which may have an effect on the already established Arctic inhabitants 

there. For this, it would be important that Arctic species in Svalbard are also studied annually to 

show patterns in any changes. 
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able A
 3: C

orrection of the intensity of Pan I A using corrf . 
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Figure A
 2: Ice m

ap Svalbard 10
th A

pril 2018. H
ornsund 002 (grey fram

ed). 
Figure A

 1: Ice m
ap Svalbard 9

th A
pril 2018. B

ear Island 001 (grey fram
ed). 
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Figure A
 4: Ice M

ap Svalbard 3
rd A

pril 2018. K
ongsfjorden 008 (grey fram

ed). 
Figure A

 3: Ice m
ap Svalbard 16

th M
arch 2020. H

ornsund 025 (grey fram
ed). 
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Figure A
 5: Ice m

ap Svalbard 3
rd A

pril 2018. M
offen 003 (grey fram

ed).  
Figure A

 6: Ice M
ap Svalbard 1 st A

pril 2020. K
ongsfjorden 020 (grey fram

ed). 
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Figure A
 8: Ice m

ap Svalbard 3
rd A

pril 2018. R
audfjorden 004/005 (grey fram

ed). 
Figure A

 7 Ice m
ap Svalbard 6

th M
ay 2020. M

offen 7B
 (grey fram

ed). 
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Figure A
 10: Ice m

ap Svalbard 1 st A
pril 2020. W

estcoast 000, 014, 015 (grey fram
ed). 

Figure A
 9: Ice m

ap Svalbard 26
th M

arch 2020. R
audfjorden 010 (grey fram

ed). 
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