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Abstract 

White whales are found all around Svalbard, but their population structure in this area is 

unknown. A recent study using telemetry showed that the animals tagged in the Van 

Keulen/Van Mijenfjorden and Storfjorden in the southern parts of Svalbard only travelled in 

the southern areas of Svalbard. Because they never migrated to the northern parts of Svalbard 

this could indicate two or more separated sub-populations of white whales in the Svalbard 

waters. The aim of the present study was to analyze the population structure of the white 

whales around Svalbard by using molecular markers (the D-loop region of the mitochondrial 

DNA and seven microsatellite loci). This was done by comparing individual whales mainly 

from Krossfjorden in the northwestern part of Svalbard with individuals from Storfjorden in 

the southeastern parts of Svalbard to see if there are significant differences in the allele 

frequencies and haplotypes from these two regions. An analysis of molecular variance 

(AMOVA) based on the mitochondrial haplotypes showed a higher variation within the 

sample areas (96.79 %) than between the sample areas (3.21 %). The program STRUCTURE 

did not detect any structuring of the samples based on the seven microsatellite loci, and found 

just one cluster of individuals (K=1) most likely. A significant differentiation (FST) between 

the two sample locations was found for both the mitochondrial haplotypes (FST = 0.119, P < 

0.0001) and the microsatellite loci (FST = 0.01551, P = 0.01802 +/- 0.0121), but due to the 

small sample size, matrilineal pod structure and other deviations from the underlying 

assumptions this was only used as descriptors. A minimum spanning tree indicated some 

clustering of the mitochondrial haplotypes but these clustering did not correspond to the 

sample locations. A gender segregation of habitat use was found, as the Krossfjorden area was 

used mainly by all male groups. From the current results it seems that the studied part of 

Svalbard only contains one population. However, further analyses with more samples 

covering more areas of Svalbard and more loci are advised. Also the gene-flow and possible 

mixing of whales with the Karskaya population in the western Russian Arctic should be 

addressed. 
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1 Introduction 

1.1 The white whales 

White whales or belugas (Delphinapterus leucas) are medium-sized odontocetes that belong to the 

family Monodontidae. The narwhal (Monodon monoceros) is the only other extant species in this 

family (Berta et al. 2006, Harington 2008). The white whale has a discontinuous circumpolar 

distribution in Arctic and sub-Arctic regions, with the northernmost range limit at ca 82°N off 

Ellesmere Island, West Greenland and Svalbard (Stewart & Stewart 1989). East Greenland is the 

only hiatus in an otherwise continuous circumpolar distribution of belugas (Dietz et al. 1994, 

O’Corry-Crowe et al. 2010). A map showing the distribution of the white whales is shown in Fig. 1. 

 

 

 

 

 

 

 

 

 

 

Fig. 1: The world distribution of the white whale shown in blue (Laidre 2007).  

The Latin name gives a good description of the white whales: “delphinapterus” means “dolphin-

without-a-wing”, which refers to the absence of a dorsal fin (Gotch 1995). “Leucas” is the Latin 

name for “white”, which refers to the white color of the adult white whales (Gotch 1995). This is 

why they are also known as beluga whales, after the Russian species name “belukha” meaning 

“white” (Kleinenberg et al. 1969).  
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The white whales are not born white. The calves are grey and become gradually lighter as they 

mature and as adult they become pure white (Lønø & Øynes 1961, O’Corry-Crowe 2002). Body 

sizes of white whales vary geographically, ranging in length from of 3.5 to 5.5 m, and they weigh 

up to 1500 kg (O’Corry-Crowe 2002). White whales are sexually size dimorphic, with males being 

larger than females (Heide-Jørgensen & Teilmann 1994, Harwood et al. 2002, O’Corry-Crowe 

2002). The calves are born in spring or early summer (Kleinenberg et al. 1969, Stewart & Stewart 

1989, Heide-Jørgensen & Teilmann 1994), and the time of mating is not well known but may occur 

in the late winter or early spring (O’Corry-Crowe 2002).   

The white whales are highly adapted to the arctic environment and they possess a thick blubber 

layer that provides good insulation in cold water (Stewart & Stewart 1989, Harington 2008). The 

lack of a dorsal fin is believed to be an adaptation to living in ice covered waters, and instead they 

have a dorsal ridge that they use to break through the ice (Harington 2008).  

The white whales are highly social animals that are usually seen in groups (Boltunov & Belikov 

2002). The most common groups are all male groups of 10-15 individuals or family groups of up to 

ten whales with different age and sex. These family groups, or matrilineal pods, usually consists of 

mature females accompanied by calves and juveniles of both sexes (Stewart & Stewart 1989, 

Heide-Jørgensen & Teilmann 1994, Smith et al. 1994, Boltunov & Belikov 2002, Palsbøll et al. 

2002, Loseto et al. 2006, Chernetsky et al. 2011).The adult white whale male appears to travel in 

separate pods (Lønø & Øynes 1961, Kleinenberg et al. 1969, Stewart & Stewart 1989, Heide-

jørgensen & Teilmann 1994, Smith et al. 1994). Bigger groups are believed to be only temporary 

associations formed in feeding areas and at central points of migrations. The largest groups are seen 

during the migration between winter- and summer habitats (Kleinberg et al. 1969, Bultunov & 

Belikov 2002), where a few hundred to thousands of individuals are gathered (Smith et al. 1994, 

Richard et al. 1998a, Boltunov & Belikov 2002).  

1.2 Status and threats 

The white whales have only few natural predators: killer whales (Orcinus orca) and polar bears 

(Ursus maritimus), and to some extent walruses (Odobenus rosmarus) (Kleinenberg et al. 1969, 

Stewart & Stewart 1989). Entrapment during periods when ice forms rapidly is also of concern. 

White whales trapped in ice usually die from predation, hunting or exhaustion (Stewart & Stewart 

1989, NAMMCO 2012). Humans are currently the major threat for white whales (Stewart & 

Stewart 1989, NAMMCO 2012). They are protected under the IWC whaling moratorium, and only 

subsistence hunt is allowed (IWC 2012). They are hunted by aboriginal people in Alaska, Canada 
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and Greenland, and in small numbers in Russia (Hovelsrud et al. 2008), and in some areas a 

substantial number of whales is caught (Alvarez-Flores & Heide-Jørgensen 2004, Kovacs & 

Lydersen 2006).  

The estimated world population size of white whales is at least 200,000 individuals, but this number 

is very uncertain (Kovacs & Lydersen 2006). The IUCN lists the white whale world population as 

“near threatened”, which means that the species is close to or likely to qualify for the category 

“threatened” in the near future (Jefferson et al. 2008).   

In Svalbard the white whales have been harvested since the beginning of the 17th century, first by 

Russian, and from 1866 also by Norwegian whalers (Lønø & Øynes 1961). It is believed that over 

15 000 white whales were harvested from this area from the 18th century to the early 1960s (Lønø 

& Øynes 1961, Gjertz & Wiig 1994), which heavily depleted the population (Gjertz & Wiig 1994, 

Kovacs & Lydersen 2006). The whaling ended in the middle of the 1960s (Lønø & Øynes 1961), 

and the white whales has since been protected in Norwegian waters (Wiig & Gjertz 1992, Gjertz & 

Wiig 1994, Fiskeri- og Kystdepartementet 2000). The total number of white whales around 

Svalbard is unknown, but the white whale is the most common whale in the area (Gjertz & Wiig 

1994, Lydersen et al. 2001). Pods ranging from a few to a few hundred individuals are seen 

regularly and sometimes pods of even several thousand individuals have been observed (Gjertz & 

Wiig 1994, Kovacs & Lydersen 2006). 

1.3 Microsatellite DNA as a marker in population 

genetics  

For a good management of cetaceans knowledge about the population structure of the species is 

important (Heide-Jørgensen et al. 2006). Microsatellites are powerful genetic markers excellently 

suited for population studies (Buchanan et al. 1996). They are highly polymorphic and widely 

dispersed in eukaryotic genomes (Tautz 1989). Microsatellites are defined as short, tandemly 

repeated sequences (Tautz 1989), and the repeat unit is 1-6 bp long (Ashley 1999). The majority of 

microsatellites described so far consist of dinucleotide repeats (Buchanan et al. 1994, Buchanan et 

al. 1996).  The allelic variation of microsatellite loci is due to variation in the number of repeat units 

(Tautz 1989).  

Most microsatellites are located in non-coding regions (Ashley 1999) and they are usually 

embedded within unique DNA (Tautz 1989). In cetaceans these flanking DNA stretches are highly 

conserved, and suitable primer pairs for polymerase chain reaction (PCR) amplification across 
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species have been designed (Schlötterer et al. 1991, Buchanan et al. 1996, Valsecchi & Amos 1996, 

Caldwell et al. 2002).  

A high mutation rate is characteristic for microsatellite loci that are even higher than normally 

found in non-coding DNA. Accordingly, the number of alleles detected at microsatellite loci is 

usually high (Tautz 1989, Dietrich et al. 1992, Buchanan et al. 1994, Buchanan et al. 1996), which 

makes microsatellites frequently used nuclear genetic markers for determining the relationship of 

individuals within and between populations (Tautz 1989, Dietrich et al. 1992, Bruford & Wayne 

1993, Asley 1999, Waits et al. 2000, Krützen et al. 2006). For white whales microsatellites have 

provided insights into the structure of North American, Canadian, and some North Atlantic 

populations, and the genetic differentiation between these populations has been documented 

(Maiers et al. 1996, Brown Gladden et al. 1999, de March et al. 2002, de March & Postma 2003, 

O’Corry-Crowe et al. 2010).  

1.4 Mitochondrial DNA as a marker in population 

genetics 

Before the rise of the microsatellite loci mitochondrial DNA (mtDNA) has been widely used in 

population studies. The mtDNA exhibit lower genetic variation than microsatellite loci (Buchanan 

et al. 1994), but has still proven to be a good genetic marker for investigating genetic relationships 

at and below the species level (Brown et al. 1979, Wilson et al. 1985, Avise et al. 1987, Moritz et 

al. 1987, Harrison 1989). 

The mtDNA is located in the mitochondria, which occur in large numbers in mammalian cells 

(Brown et al. 1979). The genome of animal mitochondria is small and the gene arrangement is 

largely stable (Brown et al. 1979, Wilson et al. 1985). The mtDNA is maternally inherited 

(Hutchison et al. 1974, Brown et al. 1979, Wilson et al. 1985, Avise et al. 1987), and therefore 

functionally haploid.   

 

In animals the mtDNA evolves at a relatively rapid rate, about 5-10 times faster than single-copy 

nuclear DNA (Brown et al. 1979, Wilson et al. 1985). The control region, also known as the D-loop 

(Displacement loop), is the main noncoding region in the mtDNA (Douzery & Randi 1997, Larsson 

2010). Fig. 2 shows the placement of the D-loop within the mitochondrial genome. This region has 

the highest evolutionary rate in the mitochondrial genome (Jobling & Gill 2004), and hence causes 

high haplotype diversity (de March et al. 2002). Nucleotide sequences of the control region are 
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widely used as a marker in population and evolutionary genetic studies of mammals (Douzery & 

Randi 1997). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Sketch of a typical mammalian mitochondrial genome according to Larsson (2010). Protein-coding genes, 

tRNA-coding genes, rRNA-coding genes, and the non-coding control region (including the D-loop) are color-coded. 

In the white whales mtDNA has been used in studies of population structure mostly in Alaska, 

Canada and West Greenland (Brennin et al. 1997, Brown Gladden et al. 1997, O’Corry-Crowe et 

al. 1997, Palsbøll et al. 2002, de March & Postma 2003), but also recently from Russian waters 

(Meschersky et al. 2008) and the North Eastern Atlantic (O’Corry-Crowe et al. 2010).  

1.5 Migration 

Telemetry studies have revealed highly variable movement patterns for white whales in different 

geographic regions. They are capable of long-distance movements, and most animals migrate 

between distinct wintering and summering areas. Some white whales undertake large-scale annual 

migrations, while others remain in the same area year round, only shifting area when forced 

offshore by ice formation (Smith et al. 1994, Lydersen et al. 2001, Richard et al. 2001, Suydam et 

al. 2001, Kingsley et al. 2002, Hobbs et al. 2005). There is a strong matrilineal directed philopatry 

to traditional summering and wintering grounds, and natal homing behavior appears to maintain a 

discrete population structure around the Arctic (Brennin et al. 1997, Brown Gladden et al. 1997, 

O'Corry-Crowe et al. 1997, de March & Postma 2003, Meschersky et al. 2008). 
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Based on the satellite tracking of white whales around Svalbard it appears as they do not undergo a 

systematic long-range migration as many populations of this species do, and thereby remain 

resident in this area. Therefore, white whales around Svalbard might represent an isolated 

population (Lydersen et al. 2001).  

The white whales are known to be common along the coasts of Svalbard in spring and summer 

(Gjertz & Wiig 1994). Most observations of white whales are in near shore areas and in the inner 

fjords near the mouths of rivers or at glacier fronts during the summer and autumn (Gjertz & Wiig 

1994). The observations of the white whales from the Marine Mammal Sighting Survey (Fig. 3) 

confirm this pattern of distribution. In these areas there are oceanographic processes that produce 

upwellings and good feeding conditions (Wiig & Gjertz 1992, Gjertz & Wiig 1994, Lydersen et al. 

2001). When the fjords freeze in the autumn they are forced out of the fjords (Gjertz & Wiig 1994). 

It is not known where the white whales around Svalbard winter. They may migrate eastwards into 

the Barents Sea where they stay in the pack ice or follow the ice edge as this resides south during 

the autumn and winter (Gjertz & Wiig 1994, Kovacs & Lydersen 2006, NAMMCO 2012), or they 

may also winter in Svalbard (Gjertz & Wiig 1994, Lydersen et al. 2001).The preliminary tracking 

data suggest that they stay in the dense pack-ice in the archipelago during winter (Lydersen et al. 

2001). 

 

 

 

 

 

 

 

 

 

Fig. 3: Observation of white whales in Svalbard from the Marine Mammal Sighting Survey, Norwegian Polar Institute 

(Fig. from Kit M.  Kovacs). 
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1.6 Aim of this thesis 

For a good management of cetacean species specific knowledge about the population structure of 

the species is important (O’Corry-Crowe et al. 1997, Heide-Jørgensen et al. 2006). Earlier, 21 white 

whales have been tagged by satellite relay data loggers (SRDLs) in Van Mijen- and Van 

Keulenfjorden, and Storfjorden (Wichebukta) in the southern parts of Svalbard to study their 

distribution and movement patterns in the summer and autumn. 

 

 

 

 

 

 

 

 

 

 

Fig. 4: The satellite tracking data obtained from 21 white whales in the summer, autumn and early winter showing that 

neither of the white whales travelled to the northern parts of Svalbard (Lydersen et al. 2001).  

The obtained data showed that none of the tagged animals moved to the northern parts of Svalbard 

during all the years of tagging (1995-2001) (Fig.4; Lydersen et al. 2001), even though white whales 

commonly are observed in these northern parts (Fig. 3). If these movement patterns reflect the real 

distribution of white whales in the archipelago one may expect that this could result in some 

genetical differentiation of the whales in the area. 

The aim of this thesis is to analyze the population structure of the white whales around Svalbard by 

use of mtDNA and nuclear microsatellite loci. By using molecular markers (D-loop of the mtDNA 

and microsatellites) we wanted to compare individual whales mainly from Krossfjorden in the 

northwestern part of Svalbard with individuals from Storfjorden in the southeastern parts of 

Svalbard to see if there are significant differences in the allele frequencies and haplotypes from 

these two regions.  
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2  Materials and Methods 

2.1  Sampling 

Skin biopsies and blood samples were collected from 56 Beluga whales during the summer and 

autumn seasons 1995 – 2001 and 2007 – 2008 from three main geographic regions within Svalbard: 

(i) Krossfjorden on the northwest coast of Spitsbergen, (ii) Van Mijenfjorden and Van Keulen-

fjorden both on the southwest coast of Spitsbergen (the main island of Svalbard), and (iii) 

Wichebukta and Johnstonbukta (both in Storfjorden) on the east coast of Spitsbergen (Fig. 5). The 

sampling was conducted by Kit Kovacs and Christian Lydersen from the Norwegian Polar Institute, 

Tromsø. Some of these samples were also used earlier to investigate population structure of white 

whales in the North Atlantic (O`Corry-Crowe et al. 2010). An overview of the samples is provided 

in Appendix 1. The samples will be referred to as the southern Spitsbergen group (containing the 

samples from Wichebukta, Johnstonbukta, Van Mijenfjorden and Van Keulenfjorden) and the 

northern Spitsbergen group (containing the Krossfjorden samples), or shortened to the southern or 

northern group. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: The sampling localities for skin biopsies and blood samples from 56 white whales (Delphinapterus leucas) 

around Svalbard (NPI: the Arctic System 2012). 
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2.2 DNA extraction 

Total genomic DNA was extracted from 43 skin/blubber biopsies and 13 blood samples from 56 

different white whales. DNA extraction was carried out using the E.Z.N.A.
TM 

Tissue DNA kit 

(Omega Bio-tek), following the manual for “Protocol for isolation of total DNA from animal tissue” 

for the skin/blubber biopsies, and the protocol “Protocol for isolation of total DNA from animal 

blood”, “1a. For blood with nonnucleated erythrocytes” for DNA extractions from 100 µl blood. 

Minor modifications of the protocols were that the lysis reactions proceeded overnight and the 

optional step three (RNAse treatment) was excluded. The centrifugation time was set to 60 sec, and 

final DNA elution was performed with 100 µl elution buffer, and TL buffer was used instead of 

PBS buffer for the blood samples. 

2.3 Molecular sexing 

The molecular sexing was conducted using basically the method described in Palsbøll et al. (1992).    

2.3.1 PCR Amplification 

The ZFY- and ZFX- genes (that code for the Y- and X- chromosomal copies of the Zinc Finger  

protein) were amplified using the primers ZFYX0582F and ZFYX1204R (Appendix 2) by the 

polymerase chain reaction (PCR) on a Gene Amp PCR System 9700 Thermocycler (Applied 

Biosystems). The PCR reaction mixtures were prepared in total volumes of 20 µl, containing 10 µl 

(2x) AmpliTaq Gold PCR Master Mix (Applied Biosystems), 7 µl MilliQ H2O (Millipore direct-Q, 

Quantum EX), 1 µl (10 pmol) of the ZFYX0582F primer, 1 µl (10 pmol) of the ZFYX1204R 

primer (Table 2) and 1 µl of the extracted genomic DNA (not quantified).  A master mix of 

AmpliTaq Gold, MilliQ H2O and forward- and reverse primers was made and aliquoted to ensure 

homogeneity over samples. In addition to the white whale samples, five bowhead whale (Balaena 

mysticetus) samples with known gender were used as controls. 

The PCR amplifications were conducted with the following profile: initial denaturation at 94°C for 

three min, followed by 35 cycles of 94 °C for 20 sec, 45 °C for 20 sec, and 72 °C for 40 sec, and a 

final extension step at 72 °C for two min. 

Thirty-four (of the 56) samples could not be successfully amplified with this protocol and were 

analyzed with a modified protocol. Amplification was performed using illustra PuReTaq Ready-To-

Go PCR beads (GE Healthcare) with a total volume of 25 µl, and contained 1 µl template DNA, 1 

µl direct primer, 1 µl reverse primer and 22 µl milliQ H2O as described in the manufacturers 
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protocol. The PCR amplifications were conducted with the following profile: 94 ˚C for five min 

initial denaturation, followed by 35 cycles of 94 °C for 20 sec, 50 °C for 20 sec, 72 °C for 40 sec, 

and 72 °C for two min final extension. 

As a first verification of successful amplification, agarose gel electrophoresis of PCR products was 

conducted. The PCR product was run on a 1 % agarose gel that (on a medium sized gel) contained 

70 g Seakem Agarose (Lonza) and 70 ml 0.5 x Tris-Borate-EDTA (TBE) buffer. Two µl (1 ng/µl) 

of GelRed
TM

 Nucleic Acid Gel Stain (Biotium) was added for DNA staining. Three µl PCR 

products were mixed with 3 µl loading buffer on a strip of parafilm, and loaded into the wells of the 

gel. Four µl (20 ng/µl) Fast Ruler Low Range DNA ladder (Fermentas) was loaded into a separate 

well as a size standard. Gels were run for ca 40 min at 100 V. The DNA bands were visualized 

using a GelLogic 200 imaging system (Kodak).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         

2.3.2 Restriction digestion 

To tell apart the ZFX- and the ZFY-fragments the restriction endonuclease OliI (Fermentas) was 

used to digest the PCR products. OliI cleaves the DNA at a specific restriction site 

(CACNNNNGTG) in the ZFX- and the ZFY-fragments, resulting in different fragment patterns 

after electrophoresis for the ZFX and the ZFY nucleotide sequences.  

A master mix containing the MilliQ H2O, the 10x restriction buffer, and the restriction 

endonuclease OliI was aliquoted into reaction tubes. Subsequently the PCR product was added. 

Each sample contained 4 µl MilliQ H2O, 4 µl PCR product, 1 µl 10x OliI buffer and 1 µl OliI (ca 

10 units), with a total volume of 10 µl. The samples were incubated for one hour at 37 °C. 

Afterwards 5 µl loading buffer was added to each sample and ran out on an agarose gel. Three to 6 

µl of each sample was loaded into each well, and the gels were run for about 1.5 hours at 80 V. 

2.4 Mitochondrial DNA 

The amplification and sequencing of mitochondrial control region was conducted using basically 

the methods described in O’Corry-Crowe et al. (1997). 

2.4.1 PCR Amplification 

The control region (D-loop) of the mtDNA was amplified by PCR with a protocol very similar to 

that described above for the molecular sexing. The amplified region ranged from position 15368 to 

16000 in the mitochondrial genome of the narwhal (GenBank accession number: AJ554062.1). The 
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respective primers are listed in Appendix 2. The PCR amplifications were conducted with the 

following profile: initial denaturation with 94 °C for three min, followed by 40 cycles of 94 °C for 

20 sec, 50 °C for 20 sec, 72 °C for 35 sec, and 72 °C for two min final extension. 

For 31 of the 56 samples the protocol did not work properly, and the extension step was extended to 

60 sec. Still seven samples did not yield PCR products, and the targeted region was amplified using 

the PCR beads with the same protocol as described above for the molecular sexing. 

To prepare the PCR samples for downstream DNA sequencing, ExoSAP-IT (USB) was added to 

remove primers and unincorporated nucleotides (dNTPs) from the PCR reactions that could 

interfere with the sequencing reaction. A 1:10 dilution of 4 µl of the enzyme ExoSAP-IT was 

aliquoted in each tube along with the rest of the PCR product (20µl). The mix was incubated for 30 

min at 37 °C, and then 10 min at 65 °C to inactivate the enzyme.   

2.4.2 DNA Sequencing 

Both strands of the amplified PCR product were sequenced by the dideoxy chain-termination 

sequencing method (Sanger et al. 1977) using the Applied Biosystems (ABI) four-dye fluorescent 

methodology. 

The nucleotide sequencing was conducted using “BigDye Terminator v1.1 Cycle Sequencing Kit” 

(Applied Biosystems) following the protocol provided by the manufacturer. The reactions were 

prepared in 10 µl volumes containing 2 µl BigDye
R
 Terminator v1.1, 2 µl 5x sequencing buffer, 2 

µl milliQ H2O, 3 µl PCR product and 1µl (10 pmol) of either forward or reverse primer (Appendix 

2). For convenience master mixes were used. The master mixes were aliquoted, and then the PCR 

products were added. The sequencing protocol was as following: 94 °C for two min initial 

denaturation, followed by 35 cycles of 94 °C for 20 sec, 50 °C for 20 sec and 60 °C for four min. 

To purify the sequencing samples before subsequent capillary electrophoresis an Ethanol/Sodium 

Acetate precipitation was conducted to remove unincorporated dye-labeled terminators that can 

interfere with the electrophoresis. One µl 3 M NaAc and 25 µl 100 % ethanol was added to each 

sample and incubated for 15 min on ice. The samples centrifuged for 15 min at 2608 RCF. Samples 

were turned upside-down and then centrifuged for 20 sec with 14 RCF (to dry the pellet). Hundred 

µl 70 % ethanol was added to the samples and then again centrifuged for 15 min at 2608 RCF. 

Again the tubes turned and then centrifuged for 20 sec with 14 RCF. To the remaining pellet 10 µl 

HiDi
TM

 Formamide (Applied Biosystems) was added in each sample, and left in the refrigerator for 
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30 min. The plate was then placed in the ABI Prism® 3130XL Genetic analyzer (Applied 

Biosystems & Hitachi) for analysis. 

2.5 Microsatellite analyses  

2.5.1 PCR Amplification 

Microsatellite alleles were amplified as described by Buchanan et al. (1996). Seven microsatellite 

loci were targeted by PCR using fluorescently labeled primers (Appendix 2). The samples were 

prepared for the thermocycler using illustra PuReTaq Ready-To-Go PCR beads with a total reaction 

volume of 25 µl. They contained 1 µl (unknown concentration) template DNA, 1 µl (10 pmol) 

direct primer, 1 µl (10 pmol) reverse primer and 22 µl milliQ H2O as described in the manufacturers 

protocol. The seven microsatellite loci were amplified in separate PCR runs.  

The PCR amplifications were conducted with the following profile: 92 °C for three min initial 

denaturation, followed by 20 cycles at 92 °C for 20 sec, at a locus specific annealing temperature 

(Table 1) for 15 sec, 72 °C for 20 sec, and 72 °C for one min final extension.  

2.5.2 Fragment analysis 

The samples were prepared for fragment analysis by adding a master mix of 0.5 µl 500 Rox size 

standards (Applied Biosystems) and 7.5 µl HiDi to 1 µl of the PCR product. The different 

microsatellites needed different dilutions of the PCR product to acquire the right concentration, and 

were subsequently multiplexed for fragment analyses. Ideally a multiplex contained two 

microsatellites labeled with HEX dye and two microsatellites labeled with FAM dye (Table 1), and 

the length of the microsatellite within the same dye color differed enough so they would not 

overlap. The microsatellites were analyzed in an ABI Prism® 3130XL Genetic analyzer (Applied 

Biosystems & Hitachi). 

Table 1: Overview of the varying annealing temperatures and labeling of the microsatellite primers used in the PCR 

amplification and fragment analysis of the microsatellite loci. 

Locus Annealing temperature (°C) Modification 

DlrFCB3 60 °C (Dir) 5´-HEX 

DlrFCB5 61 °C (Dir) 5´-HEX 

DlrFCB17 64 °C (Dir) 5´-FAM 

Ev37Mn 60 °C (Dir) 5´-HEX 

Ev94Mn 60 °C (Dir) 5´-HEX 

CS415 42 °C (Dir) 5´-FAM 

CS417 42 °C (Dir) 5´-FAM 
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2.6 Statistical analysis 

2.6.1 Mitochondrial DNA analyses 

For manual editing, alignment, and haplotype assignment of the mitochondrial sequences the 

programs BioEdit Sequence Alignment Editor Version 5.0.9 (Hall 1999) and MEGA Version 5 

(Tamura et al. 2011) were used.  

Analysis of Molecular Variance (AMOVA) F-statistics, and the construction of minimum spanning 

networks were done in ARLEQUIN version 3.1 (Excoffier et al. 2006 and the references within). 

The samples were assigned to three populations based on their sampling locations: the northern 

Spitsbergen group, the southern Spitsbergen group, and Svalbard (including all the samples).  

FST values were calculated based on haplotype frequencies (1000 permutations) and pair wise 

nucleotide differences (π) (permutations 100, significance level: 0.05). Haplotype frequencies were 

estimated by mere counting. A minimum spanning tree among mitochondrial haplotypes was 

inferred. An exact test of population differentiation was run with 10 000 steps in the Markov Chain 

with 1000 demorization steps. A standard diversity indices test and a molecular diversity indices 

test were also run to assess the amount and nature of DNA polymorphism within the control region.    

2.6.2 Microsatellites analyses 

Microsatellite allele sizes were determined using ABI Prism® Genemapper™ Software version 4.0 

(Applied Biosystems).  

The program Micro-checker (Version 2.2.3; van Oosterhout et al. 2004) was used to assess 

deviations from the Hardy-Weinberg equilibrium, and to compare the observed and expected 

genotypic frequencies. The confidence interval was set to 95 %, the analyses were run 1000 times, 

and suspect data was not omitted from the analysis. The samples were divided into two groups 

according to their sampling locations: the northern Spitsbergen group and the southern Spitsbergen 

group. A genotypic disequilibrium test was run in the program Genepop (version 3.4; Raymond & 

Rousset 1995) using both the log likelihood ratio statistics and probability tests.  

Test for Wright’s fixation index of population subdivision, FST, were run in the program 

ARLEQUIN version 3.1 (Excoffier et al. 2006 and references therein). A pair-wise FST was 

calculated using 100 permutations and significant level 0.05. In addition to the groupings above, the 

samples were also grouped in three clusters: Krossfjorden (northern group), Storfjorden (southern 
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group) and Van Keulen/Van Mijenfjorden (southern group), to test for the relationship of the Van 

Keulen/Van Mijenfjorden samples to the other two sample locations. 

The program STRUCTURE version 2.3.3 (Pritchard et al. 2010 and the references therein) was 

used to infer the number of sample clusters with best statistical support. STRUCTURE is a 

Bayesian clustering method that uses multi-locus genotype data to infer population structure. The 

program assumes Hardy-Weinberg equilibrium within populations, and tries to find population 

groupings that are not in disequilibrium (Pritchard et al. 2000a). For summarizing the outputs of 

STRUCTURE the program Structure-sum (Ehrich 2006) were used in R version 2.11.0 

(http://www.r-project.org/). The most probable number of clusters was chosen according to the 

criterion of the highest estimated log likelihood of K as suggested in the STRUCTURE manual 

(Pritchard et al. 2000a).  

The analysis was run with admixture and allele frequency correlation. The length of both the burn-

in period and the number of Markov Chain Monte Carlo (MCMC) repetitions after burn-in were 

200 000 for each number of K. The number of populations (K) was tested for 1-5, and the run was 

repeated 10 times (10 iterations). No prior information of sampling locations was used. Different 

numbers of burn-in and MCMC repetitions was run to investigate that the values converged. 
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3 Results 

3.1 Molecular sexing 

The gender was successfully determined in all of the 56 white whale samples by molecular sexing 

(Fig. 6). Thirteen of the samples were females and 43 were males. Within the northern Spitsbergen 

group 20 of the 21 samples were males, and in the southern Spitsbergen group 22 of the samples 

were males and 13 were females (Appendix 1). 

 

Fig. 6: Gel-image illustrating the results of the molecular sexing approach. After agarose gel electrophoresis males 

show 2 bands and females 1 band. 

3.2 Mitochondrial analysis 

The targeted mitochondrial control region was successfully sequenced for 54 samples (19 samples 

from the northern group, 35 from the southern group) and haplotypes were assigned. For two 

samples (samples 0806 and 0703) no sequence data could be obtained due to very low sample 

quality. The final sequence alignment contained 531 bp.  Sixteen haplotypes were found and named 

F 1- F 16. The sequence differences of the mtDNA haplotypes are shown in Appendix 3. 

Haplotype F 1 was the most common one found in 18 samples from the southern samples and two 

from the northern samples. Seven haplotypes were unique to just one individual. The sequences 

from the northern group corresponded to 12 haplotypes with eight only found here. In the southern 

group there were eight haplotypes with four only found here. Four haplotypes was found in both 

sample groups (Table 2). 
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Table 2: Mitochondrial haplotypes from 56 samples of white whales from Svalbard . (“Svalbard” contains all the 

samples from Svalbard). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the 16 haplotypes from Svalbard 15 transitions but no transversions were observed. There were 

no indels in the sequence alignment (Table 3). The nucleotide composition of the Svalbard 

haplotypes was 33.1 % thymine, 31.0 % adenine, 23.6 % cytosine, and 12.3 % guanine. 

 

Haplotype Svalbard Northern group Southern group 

F 1 20 2 18 

F 2 1 1 - 

F 3 1 - 1 

F 4 4 - 4 

F 5 5 - 5 

F 6 3 3 - 

F 7 2 - 2 

F 8 1 1 - 

F 9 1 1 - 

F 10 2 1 1 

F 11 1 1 - 

F 12 6 3 3 

F 13 2 1 1 

F 14 1 1 - 

F 15 1 1 - 

F 16 3 3 - 

Sample size 54  19 35 

No. of haplotypes 16 12 8 
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Table 3: Molecular diversity of mitochondrial haplotypes in white whale samples from the northern Spitsbergen group, 

the southern Spitsbergen group, and Svalbard as a whole.  

 

The AMOVA of the white whale samples revealed a much higher percentage of variation within the 

sample groups (96.79 %) than between them (3.21 %) (Table 4).  

Table 4: Molecular variance of the mitochondrial haplotypes from samples from the northern Spitsbergen group the 

southern Spitsbergen group, and Svalbard as a whole.  

Source of variation d.f. Sum of Squares Variance components Percentage of variation 

Among Populations 2 1.710 0.01350 Va 3.21 

Within Populations 105 42.772         0.40735 Vb 96.79 

 

The Exact test of population differentiation (based on haplotype frequencies) indicated a significant 

differentiation between the northern group and the southern group (P < 0.0001).  

Haplotype frequency based FST indicated also a significant genetic differentiation between the 

northern group and the southern group (FST = 0.119, P < 0.0001). A significant FST was also 

observed when comparing the northern group and the whole Svalbard (FST = 0.031, P = 0.045) but 

not when comparing the southern group and the whole Svalbard (FST = 0.002, P = 0.414) datasets.   

The minimum spanning network of the mitochondrial haplotypes detected in white whales from 

Svalbard indicated four clusters, each containing of 2-6 closely related haplotypes. In the southern 

group haplotypes from all four clusters were found. In the northern group there were only 

haplotypes from 3 clusters, but the forth is lacking (Fig. 7).  

Molecular diversity Svalbard Northern group Southern group 

Transitions 15 12 10 

Transversions 0 0 0 

Indels  0 0 0 

Polymorphic sites 15 12 10 

Mean number of pairwise differences 2.321 +/- 1.29 2.912 +/- 1.6 1.65 +/- 1.0 

Nucleotide diversity per site (π) 0.00441 +/- 0.00274 0.0055 +/- 0.0034 0.0031 +/- 0.0021 

Haplotype diversity (h) 0.8393 +/- 0.0420 0.9415 +/-  0.0325 0.7092 +/- 0.0728 
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Fig. 7: Minimum spanning network for the mitochondrial haplotypes detected in the Svalbard white whales. The sector 

diagrams show the frequency of the respective haplotypes in each of the sampling locations.  
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3.3 Microsatellite analysis 

The Hardy-Weinberg test showed no significant deviation (P > 0.05) from the Hardy-Weinberg 

equilibrium. There was also no evidence for scoring error due to stuttering, considerable allele 

dropout or null alleles. One locus (FCB 5) contained more than 50 % of one allele size class and 

binomial analysis could therefore not be performed. The linkage disequilibrium test detected a 

significant deviation (P < 0.05) for over 50 % of the alleles.  

High levels of polymorphism were observed in most of the microsatellite loci (Appendix 4). The 

number of alleles ranged from 4 alleles (in CS 415) to 12 alleles (in FCB 3) (Table 5). Expected and 

observed heterozygous individuals are shown in Appendix 5.   

 

Table 5: The range and number of alleles of the 7 microsatellite loci 

Microsatellite loci Number of alleles Range of alleles 

DlrFCB 3 12 136-168 

DlrFCB 5 7 105-125 

DlrFCB 17 11 147-173 

CS 415 4 217-225 

CS 417 9 182-198 

EV 37 9 193-211 

EV 94 8 201-217 

 

The FST showed a significant differentiation between the northern and the southern groups (FST = 

0.01551, P = 0.01802 +/- 0.0121).  No genetic differentiation between Storfjorden (southern group) 

and the grouping of Van Keulenfjorden and Van Mijenfjorden (Southern group) (FST = -0.02787, P 

value = 0.93694 +/- 0.0203) was found, thus confirming the further grouping of Storfjorden and 

Van Keulen/Van Mijenfjorden. A small but statistically not significant differentiation was detected 

between Krossfjorden (northern group) and Van Keulen/Van Mijenfjorden (southern group) (FST = 

0.00939, P = 0.21622 +/- 0.0454).  

The model-based cluster analysis of all the Svalbard samples identified K = 1 and K = 2 as the most 

likely numbers of clusters given the data (Fig. 8/9). The likelihood for K =1 and K = 2 was found 

very similar, but the likelihood for K≥3 were much lower than for K=1 and K=2 (Fig. 8). The 

algorithm did not converge for K≥3 (Fig. 9). 
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The membership coefficient of each population, Q, was plotted against each individual (Appendix 

6).  The results showed for K=2 that the membership of the individuals seemed to be distributed 

almost equally to the two inferred clusters, and none of the individuals was attributed to one cluster 

with P> 0.6. 

Fig. 8:   

Left: Mean likelihood for each K (mean L(K)) estimated by STRUCTURE over 10 runs for different values of K (1-5) 

Right: The mean second-order rate of change in the likelihood function with respect to K (mean Δ K) estimated by    

STRUCTURE over 10 runs for different values of K (1-5) 

 

 

 

 

 

 

 

 

 

Fig. 9: Likelihood of the number of clusters (Ln P (D) estimated by STRUCTURE over 10 runs for different values of 

K (1-5). 
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4 Discussion 

4.1 Population structure in Svalbard 

The present study aimed at analyzing the population structure of white whales at Svalbard. The 

sequences of the mitochondrial control region (D-loop) and the genotype of seven microsatellite 

loci in 56 white whales were used to analyze genetic differentiation between the northern 

Spitsbergen group and the southern Spitsbergen group.  

The AMOVA showed a higher diversity of mtDNA haplotypes within the two areas than between 

them. Thus, most of the variance in the samples from Svalbard is within the sampling areas and 

there is little differentiation between them. This may be interpreted as a clear indication of just one 

white whale population at Svalbard.  

The results of the STRUCTURE analyses on the microsatellite data also indicated that just one 

population of white whales in these areas of Svalbard is most likely. When trying to find the highest 

hierarchical structuring of the samples, STRUCTURE did not detect any structuring of the samples 

when the number of clusters was set to 1-5. K=1 and K=2 received very similar likelihood values, 

but the algorithm did not converged for K≥3. This could either mean that the run was not conducted 

long enough or that there are several optima and there is no real genetic subdivision. Since also a 

longer run was conducted, which did not affect the results, it was assumed that STRUCTURE could 

not find any population structure for K≥3. According to Evanno et al. (2005) the estimated ‘log 

probability of data’ (Ln P (D)) does seldom provide a correct estimation of the number of clusters, 

K. However, the modal value of Δ K (a second-order rate of change of K) was shown to most likely 

identify the true K (Evanno et al. 2005).  ΔK indicated K=2 as the most likely number of clusters, 

but ΔK cannot be used for K = 1 (Evanno et al. 2005). Therefore, a Q-distribution was made to 

investigate the membership for each individual for each of the K=2 clusters. The results showed 

that the membership of the individuals seemed to be distributed almost equally to the two inferred 

clusters. According to the STRUCTURE user manual version 2.2 (p.14, Pritchard et al. 2007) this is 

a typically result from STRUCTURE when there is no population structure, and group assignment 

is likely to represent noise rather than signal. In short, STRUCTURE could not identify any 

genetically differentiated groups within the Svalbard white whale data set. 

The minimum spanning network showed some grouping of closely related mitochondrial 

haplotypes, but there was no evidence of sampling locality specific haplotype groups. This is also in 

line with the assumption of only one white whale population around Svalbard. The hapotypes 



22 

 

seemed to be randomly distributed in the sampling locations, and only the haplotypes F 4 and F 5 

were exclusively found in the southern samples. However, only seven individuals had these two 

haplotypes, and low sample size may best explain that they all were found in the southern group. 

There was no obvious correlation between the samples with these haplotypes with respect to 

sampling date and year, sex, or age of the individuals 

Based on these results it would seem that the part of the Svalbard population investigated here is not 

structured into differentiated sub-populations, and that could indicate that the waters of Svalbard 

only contain one homogeneous population. 

4.2 Small sample size and FST as descriptors 

The F-statistics revealed somewhat different results compared to the AMOVA and STRUCTURE 

analyses. The FST values from both the mtDNA haplotypes and microsatellite alleles showed a 

significant differentiation between the white whales from the two sampling areas.  

However, O’Corry-Crowe et al. (2010) found that their study populations, including animals from 

southern Spitsbergen, were not in mutation-drift equilibrium, and so the traditional F-statistics were 

only used as descriptors of genetic variance among populations as in Pearse & Crandall (2004). 

Since some of the samples used by O’Corry-Crowe et al. (2010) were also used in the present 

study, it is likely that this also is true for the samples used here. The linkage disequilibrium test 

showed a significant deviation in many of the alleles. This would imply that these alleles are not 

inherited independently. However, the test results were not considered very informative due to the 

small sample size. It is noteworthy that linkage disequilibrium was not detected in an earlier study 

of white whales in this area (O’Crorry-Crowe et al. 2010).  The detected linkage disequilibrium and 

the small deviation in the Hardy-Weinberg equilibrium could have also affected the FST analysis, 

which assumes equilibrium.  

Also a matrilineal pod structure could affect the results of the FST analysis. When dealing with small 

sample sizes, groups of closely related animals may have been sampled and this could lead to 

significant differences not necessarily representative for the population (de March et al. 2002, 

Palsbøll et al. 2002). Non-random breeding, maternally directed site-fidelity and matrilineal pod 

structure have also been documented to cause a significant level of genetic heterogeneity (Palsbøll 

et al. 2002). The lesser diversification of the mtDNA haplotypes from the southern group compared 

to the northern group further implies that the samples from the southern group are sampled from 

matrilineal pods.  
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When using polymorphic loci a sufficiently large sample size is important to reach conclusions 

about the genetic structuring of the populations with reasonable statistical power (Nei & Chesser 

1983, Ruzzante et al. 1998). Fixation indices can be estimated for small sample sizes, but then they 

could be strongly affected by sampling errors. Therefore, a larger sample size is preferred whenever 

possible (Nei & Chesser 1983). The number of individuals can be small if the numbers of loci used 

are large (Nei 1978). More individuals should be sampled when heterozygoseity is high (Nei 1978) 

and when the amount of differentiation between the populations is small (Kalinowski 2004). In this 

study the levels of heterozygosity were high compared to the amount of individuals sampled, but 

the differentiation between the two sampling locations was small. Also the number of microsatellite 

loci used was modest. Due to the restricted sample size and mirosatellite loci used the FST values in 

this study are used only as descriptors.  

Knowledge of the social behavior of the white whale is limited because they can only be observed 

part of the year due to the adverse weather and ice conditions in the winter (Brown Gladden et al. 

1999). This is also causing difficulties in obtaining adequate number of samples for many marine 

species, including the white whale (de March et al. 2002). Small sample size has been identified as 

problematical in statistical comparisons among white whale populations (Palsbøll et al. 2002). 

Even though the sample size in this study is small and may cause difficulties with some of the 

analyses, it is the only samples available from this area, and gives the best indices we can have of 

the population structure of the white whales around Svalbard. To develop more microsatellite 

markers to improve the power of the statistical analyses was out of the scope of this study but can 

be advised for future studies. 

4.3 Matrilineal philopatry 

A number of studies have documented a strong matrilineal philopatry to traditional summering and 

wintering grounds in the white whale (Brennin et al. 1997, Brown Gladden et al. 1997, O'Corry 

Crowe et al. 1997, O’Corry-Crowe et al. 2002, de March 2002, de March & Postma 2003, 

Meschersky et al. 2008). This philopatry has also been seen in males (Brennin et al. 1997, Brown 

Gladden et al. 1997). Maternally directed philopatry to seasonal habitats has been identified as a 

major influence on population genetic structure in another highly migratory cetacean species in the 

North Atlantic, the humpback whale (Megaptera novaeangliae) (Palsbøll et al. 1995) as well as in 

the white whale (O’Corry-Crowe et al. 1997). Heterogenity in mtDNA haplotype distribution 

among neighboring summering populations along with their long-distance dispersal capabilities and 

the absence of geographical barriers suggest this philopatric behavior (Brown Gladden et al. 1997, 
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O’Corry-Crowe et al. 1997, O’Corry-Crowe et al. 2002, de March et al. 2002, de March and 

Postma 2003). Since mtDNA is maternally inherited stronger differentiation in mtDNA than in 

nuclear markers is expected in species with female philopatry (Rueness et al. 2003). This is also the 

result of the present analyses, as can be seen from the FST values. 

White whales are also reported to be philopatric to specific sites even within a small geographical 

area (Brennin et al. 1997, Brown Gladden et al. 1997). In the same way white whales within 

Svalbard could have natal summering grounds where the same individuals return to year after year. 

As mentioned above Storfjorden could be such an area (Lydersen et al. 2001). Because of this 

matrilineal philopatry female behavior may be of great importance for the management of white 

whales (Brown Gladden et al. 1999). For Svalbard female white whales behavior is not well 

understood, and it is important to get further knowledge of their structuring and habitat use.  

4.4 Male biased dispersal 

In species with philopatry and pod structure, males usually disperse for mating to avoid inbreeding 

(Greenwood 1980). In the white whales a number of studies have suggested that when dispersal 

occurs it is male-biased (O’Corry-Crowe et al. 1997, O’Corry-Crowe et al. 2010, Brown Gladden et 

al. 1999, de March et al.  2002, de March & Postma 2003), and it has also been shown that most 

white whales that travel large distances are males (Richard et al. 1998b, Richard et al. 2001). 

The manner in which dispersal occurs significantly affects the way genetic variance is portioned in 

a population (Chesser 1991), and comparisons of mitochondrial and nuclear microsatellite DNA are 

often used to test for sex-biased dispersal (O’Corry-Crowe et al. 1997). Male dispersal will 

homogenize the nuclear allele frequencies and limit population structure at nuclear loci (O’Corry-

Crowe et al. 1997, Brown Gladden et al.1999), hence, a lower differentiation in microsatellites than 

in mtDNA may suggest a male biased dispersal (Brown Gladden et al. 1999, de March et al. 2002, 

de March & Postma 2003). A greater genetic differentiation for mtDNA compared to nDNA due to 

male dispersal was earlier demonstrated by O’Corry-Crowe et al. (2010) for the white whales in the 

Atlantic Ocean. 

The FST estimates for the mtDNA showed a higher differentiation than the corresponding estimates 

of molecular differentiation in the nuclear DNA (nDNA), hence, this could indicate that the 

dispersal is male biased. To further check for this possible bias in the dispersal one could compare 

the mtDNA and microsatellite loci in the males and females to see if it is significantly different. 

This was not done in the present study due to time limitations. 
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4.5 Sexual bias in habitat use 

In the northern Spitsbergen group a higher genetic diversity was observed than in the southern 

group. Based on the sampling information (location and date) and the molecular sexing results, it 

seemed that there were more mixed sex and age groups in the southern than in the northern group, 

which may also reflect family groups. In contrast, in the northern group all but one of the sampled 

individuals were males. The higher genetic diversity in the northern group compared to the southern 

group may thus also result from lower relatedness of the sampled individuals.  

In an earlier study on habitat use of white whales in the Svalbard area based on telemetry, it was 

shown that the northern parts of Storfjorden (southern group) are a very important foraging area 

during summer and autumn, and are thus particularly important for the upbringing of the calves. 

This area could be a summer area for many different pods of white whales (Lydersen et al. 2001), 

and accordingly more family groups than all male groups are found there.  

It seems that it is mostly herds of adult males that occur in Krossfjorden (northern group), and that 

they are staying there mainly during May and June when they are separated from the females and 

calves. This segregation of the family groups in early spring has been noted previously (Lønø & 

Øynes 1961, Wiig & Gjertz 1992). The sampling of white whales in Krossfjorden took place in 

May and June, which coincides with the month when males are separated from the family groups. 

All samples from Wichebukta (southern group) were collected later in the season (August and 

October) and there were accordingly a higher proportion of males. 

The catch statistics in Svalbard supports the hypothesis of all male herds in Krossfjorden in the 

spring. Before 1949 the white whale whaling in Svalbard took place in Bellsund during the summer. 

After 1949 the whaling started to occur in the spring instead and mainly in the Kongsfjorden area. 

Here for the first time the whalers came across large male shoals. Catches with hundreds of males 

and only a few females are documented. These male groups are larger than the mixed shoals, and 

they may also contain a few adult females (Lønø & Øynes 1961, Wiig & Gjertz 1992), as seen in 

the samples from Krossfjorden (northern group). 

Richard et al. (1998b) have shown a similar case where the Smith Sound in Canada was only used 

by male white whales. The segregation of individuals with different sex, age, and reproductive 

status into bachelor male groups and nursery groups in different summer habitats has been 

documented in white whales in the Beaufort Sea (Loseto et al. 2008), Northern Canada (Smith et al. 

1994, Richard et al. 1998b) and Greenland (Heide-Jørgensen & Lockyer 2001). This has also been 

documented in narwhals (Koski & Davis 1994)  
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This segregation in the habitat use occurs because energy requirements and survival strategies vary 

with age, sex, size and reproductive stage (Ruckstuhl & Neuhaus 2000, Bowyer 2004, Loseto et al. 

2006, Loseto et al. 2008). The sexual segregation is thought to be driven by body size dimorphism 

with the increased body size of the males affecting their energy demands and activity budget 

(Ruckstuhl & Neuhaus 2002, Bowyer 2004, Ruckstuhl 2007).  

For the white whales in the Beaufort Sea it was shown that the length of the whales drove the diet 

variability and that the white whales selecting different habitats also had different dietary 

compositions (Loseto et al. 2008). It was concluded that the summer segregation of the white 

whales in this area was caused by differences in foraging ecology, predation risk and reproduction 

(Loseto et al. 2006). Another study from North America also documented a significant difference in 

the male and female distribution. It was found that male white whales associate more strongly with 

light ice cover than the females, and that they associate with shallow water during summer and 

deeper water in the fall (Barber et al. 2001). Females on the other hand had a tendency to associate 

with the intermediate ice classes and (mother-calf pairs) shallow water (Barber et al. 2001). This 

could be in accordance with the male groups found in Krossfjorden. Due to the warm golf current 

on the west side of Svalbard, Krossfjorden is one of the first places in Spitsbergen being ice free in 

the spring (Lønø & Øynes 1961). However, the same associations of males and females with 

different ice cover were not found in another study of gender segregation and habitat use by white 

whales in the Beaufort Sea (Loseto et al. 2006).  

In narwhal it is found that the males move into summering areas from the pack ice before the family 

groups (Koski & Davis 1994). Maybe this is the same in the white whales, and could offer an 

explanation for the all-male group seen in the spring in this area. Another explanation could be that 

it is a higher predatory risk for the calves in Krossfjorden compared to Wichebukta, but whether 

this is the case is not known.  

The all-male groups found in Krossfjorden are thus not a newly documented phenomenon, and the 

gender biased habitat use has been documented in many other populations of the white whale. 

Because of the seen segregation it is likely that Krossfjord offers some advantage for the males or 

disadvantage for the females and calves with respect to food availability, predator risk or other 

habitat conditions.  
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4.6 Separate population or gene flow? 

It was interesting to compare the obtained minimum spanning network of haplotypes and their 

frequencies with the haplotype distribution from an earlier study from the North Eastern Atlantic by 

O’Corry-Crowe et al. (2010). That study used the same samples from southern Svalbard as used in 

the present study. In the minimum spanning network a cluster was found including the haplotypes F 

6, F 7, F 8, F 9, F 10, and F 11. Haplotype F 6, F 7, F 9, F 10 correspond to haplotypes 7 and 5 in 

the study of O’Corry-Crowe et al. (2010), because the haplotypes in that study are shorter. Of the 

33 instances these haplotypes have been found earlier in the North Eastern Atlantic, 32 were found 

in West-Greenland and only one was found in Svalbard. This may indicate gene flow between white 

whales from West Greenland and Svalbard, or it could be sampling bias due to the small sample 

sizes in both studies. The two haplotypes F 8 and F 11 that were also in this cluster were not found 

in the earlier study so their distribution outside Svalbard is unknown.  

It is currently not known whether the Svalbard population is genetically isolated or if it mixes with 

white whales from other areas. It is believed that the population that resides in the Svalbard area are 

non-migratory, which may be taken as support for assuming an isolated population (Lydersen et al. 

2001). However, the conclusion was based on only 21 animals tagged with satellite transmitters, 

and more data is needed for a better understanding of the migratory habits of the white whales in 

Svalbard. 

Even though white whales are known for their long seasonally migrations (e.g. Richard et al. 2001, 

Suydam et al. 2001), it is not uncommon for some populations to be non-migratory. Other more or 

less isolated, non-migratory populations are found in the Cook Inlet and Gulf of St Lawrence 

(Brown Gladden et al. 1999, Kingsley 2002, Hobbs et al. 2005). In the White Sea there may also be 

a non-migratory isolated population (Laidre et al. 2008, Chernetsky et al. 2011).  

The population structuring of the white whales have been studied in several other areas of the 

species range i.e. in Alaska, Canada and West-Greenland, but only one study was conducted on this 

topic in the North Eastern Atlantic using molecular markers (O’Corry-Crowe et al. 2010). This 

study showed a significant genetic differentiation between the Svalbard and the West-Greenland 

samples, and the structuring was explained with reduced gene flow. It was also shown a 

differentiation between the Svalbard and the White Sea samples, but due to very low sample size 

(nine samples) this result has to be taken with caution. O’Corry-Crowe et al. (2010) also showed an 

asymmetric gene flow across the North Atlantic, with a higher number of individuals migrating into 

Svalbard from the Western Atlantic and possibly the Beaufort Sea than the other way round; this 
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may indicate some gene flow into the Svalbard population. O’Corry-Crowe et al. (2010) showed a 

remarkably low differentiation between the Svalbard and Beaufort Sea populations, indicating some 

recent gene flow possibly through the Russian arctic in warmer periods when the polar ice cap had a 

lower coverage than at present. This finding illustrates the dispersal capabilities for the white whale, 

and in the future, the further loss of the ice cap can open up for new migration routes. This had 

occurred earlier in geological times (O’Corry-Crowe et al. 2010). 

The white whales of the neighboring Karskaya population in Russia (distributed in the Barents, 

Kara, and Laptev Seas) may extend as far as into the Svalbard area. The majority of the Karskaya 

white whales winter in the Barents Sea (Boltunov &Belikov 2002). This could allow for mixture of 

individuals between these populations during the winter because the drift ice in the winter forces the 

white whales from Spitsbergen, Novaya Zemlya, and possibly also from the Kara and Laptev Seas, 

out in the Barents Sea for several months each year (Lønø & Øynes 1961, Boltunov &Belikov 

2002). It is believed that the mating occurs while the white whales are in their wintering grounds or 

during spring migration and interbreeding among geographical summer concentrations may then 

occur (Brown Gladden et al. 1997, Brown Gladden et al. 1999, O’Corry-Crowe et al. 1997, de 

March & Postma 2003). Hence mixing of the summering populations from Svalbard and the 

Karskaya population could be likely. However, to further resolve this issue samples from the 

Karskaya population and more samples from the White Sea are needed for comparison with the 

samples from Svalbard to see if they are significantly differentiated or if gene flow has occurred. 

With the present samples no further conclusions can be made on this issue.  
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5 Conclusions and further prospects 

The white whales around Svalbard are part of an Arctic clustering of the species. The white whales 

from Svalbard have in periods had gene flow across the arctic due to warmer periods when the ice 

cap had a smaller coverage than today, indicating its dispersal ability and possible future migration 

routes in a warmer climate. Based on the results of the present analyses it is not likely that there is 

any structuring of the white whales within the studied areas of Svalbard. However, a difference in 

the habitat use of the males and females was observed. Whether gene flow occurs with other 

populations is not known, but mixing could be likely with the neighboring Karskaya population that 

also inhabits the Barents Sea.  

In order to obtain further knowledge for management of the white whales around Svalbard more 

information is needed about their home range and where/when they are mating to investigate the 

possibility for gene flow with other populations. Genetic sampling of white whales in Russian 

waters (especially from the Karskaya population) is needed to compare with the samples from 

Svalbard. Also a better knowledge about the female behavior and the traditional summering 

locations would be important for the management of the white whales in Svalbard, since this affects 

the structuring of the population. 

Caution is recommended when analyzing a species with matrilineal pod structure especially with a 

small sample size, since sampling of family groups could affect the results of the genetic analysis. A 

larger sample size is preferred as is the use of further microsatellite loci, to enhance the statistical 

power of the analyses and make the sampled individuals more representative for the population. 
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Appendix 1 Samples 

 

Overview of the 56 white whale samples, with additional sampling information, gender and haplotype. 

FieldID Date Location Sex Agegroup Length (cm) colour Samples Haplotype 

DL08/01 05.2008 Krossfjorden F Adult   White Blubber/Core F 6 
DL08/02 05.2008 Krossfjorden M Adult   White Blubber/Core F 13 

DL08/03 05.2008 Krossfjorden M Adult   White Blubber/Core F 14 

DL08/04 05.2008 Krossfjorden M Adult   White Blubber/Core F 16 
DL08/05 05.2008 Krossfjorden M Adult   White Blubber/Core F 16 

DL08/06 05.2008 Krossfjorden M Adult   White Blubber/Core - 

DL08/07 052008 Krossfjorden M Adult   White Blubber/Core F 2 
DL08/08 05.2008 Krossfjorden M Adult   White Blubber/Core F 15 

DL08/09 05.2008 Krossfjorden M Adult   White Blubber/Core F 6 

DL08/10 05.2008 Krossfjorden M Adult   White Blubber/Core F 16 
DL08/11 05.2008 Krossfjorden M Adult   White Blubber/Core F 6 

DL08/12 05.2008 Krossfjorden M Adult   White Blubber/Core F 1 

DL08/13 05.2008 Krossfjorden M Adult   White Blubber/Core F 8 
DL08/14 05.2008 Krossfjorden M Adult   White Blubber/Core F 1 

DL07/01 15.05.07 Krossfjorden M Adult   White Blubber/Core F 10 

DL07/02 21.05.07 Krossfjorden M Adult   White Blubber/Core F 9 
DL07/03 21.05.07 Krossfjorden M Adult   White Blubber/Core - 

DL07/04 21.05.07 Krossfjorden M Adult   White Blubber/Core F 12 

DL07/05 21.05.07 Krossfjorden M Adult   White Blubber/Core F 11 
DL07/06 21.05.07 Krossfjorden M Adult   White Blubber/Core F 12 

DL07/07 21.05.07 Krossfjorden M Adult   White Blubber/Core F 12 

DL01/001 17.10.01 Wichebukta M Subadult 370  Fat Vials F 7 
DL01/006 18.10.01 Wichebukta M calf 145   Fat Vials F 1 

DL01/008 19.10.01 Wichebukta M Subadult 345   Fat Vials F 1 
DL01/01 17.10.01 Wichebukta M Subadult 370 grey/white Blubber/Core F 7 

DL01/02 17.10.01 Wichebukta F Subadult 335 grey Blubber/Core F 3 

DL01/03 18.10.01 Wichebukta M Subadult 375 grey/white Blubber/Core  F 1 
DL01/04 18.10.01 Wichebukta F calf? 240 grey Blubber/Core F 4 

DL01/05 18.10.01 Wichebukta F Adult 330 grey  Blubber/Core F 13 

DL01/07 19.10.01 Wichebukta F Subadult 280 grey Blubber/Core F 1 
DL01/08 19.10.01 Wichebukta M Subadult 345 light grey Blubber/Core F 1 

DL00/02 14.10.00 Wichebukta F Adult 320 greywhite Fat Vials F 4 

DL00/05 18.10.00 Wichebukta M Adult 425 white Fat Vials F 5 
DL00/06 19.10.00 Wichebukta F Adult 395 white Fat Vials  F 5 

DL00/08 19.10.00 Wichebukta M Adult 460 white Fat Vials  F 1 

DL99/01 18.08.99 Wichebukta F Subadult 320 Light grey  Blood F 1 
DL99/02 18.08.99 Wichebukta M Adult 425 white Blood F 12 

DL99/04 18.08.99 Wichebukta M Adult 405 white, some greyish  Blood F 12 

DL99/05 19.08.99 Wichebukta F Subadult 260 grey Blood F 1 
DL99/06 19.08.99 Wichebukta M Adult 430 white Blood F 1 

DL99/07 19.08.99 Wichebukta M Adult 425 white, some grey shade Blood F 5 

DL99/08 19.08.99 Wichebukta M Adult 430 white, some grey shade Blood F 1 
DL99/09 20.08.99 Wichebukta M Adult 465 white Blood F 4 

DL99/10 20.08.99 Wichebukta M Adult 440 white Blood F 1 

DL99/11 20.08.99 Wichebukta M Adult 410 white, some grey shade Blood F 12 
DL99/12 21.08.99 Wichebukta F Adult 370 white, some grey shade Blood F 10 

DL98/01 22.08.98 Johnstonbukta  M Subadult 360 light grey Blubber/Core F 1 

DL98/03 22.08.98 Johnstonbukta  F Subadult 320 light grey  Blubber/Core F 5 
DL98/04 22.08.98 Johnstonbukta F Adult 375 white, some grey  Blubber/Core F 4 

DL98/06 23.08.98 Wichebukta M Adult 370 white Blubber/Core F 5 

DL98/10 23.08.98 Wichebukta M Adult 415 white Blubber/Core F 1 
DL98/12 24.08.98 Wichebukta M Adult 440 white Blubber/Core F 1 

DL98/13 24.08.98 Wichebukta F Adult 375 white Blubber/Core F 1 

DL98/15 24.08.98 Wichebukta F Adult 345 greywhite Blubber/Core F 1 
DL97/06 12.08.97  Van Mijen  M Adult 450 white Blood F 1 

DL96/01 20.07.96 Van Keulen  M Adult 435 white, molting  Blood F 1 
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Appendix 2 Primers 

 

Overview of the primers used in the molecular sexing, amplification and sequencing of the mtDNA and amplification of 

microsatellite locus of the 56 white whale samples from Svalbard. 

 

Primername  Primersequence (5´-3´) Reference 

Molecular sexing: 

ZFYX0582F  Dir: ATAGGTCTGCAGACTCTTCTA (21) Schneider-Gadicke et al. 1989 

ZFYX1204R  Rev: CATTATGTGCTGGTTCTTTTCTG (23) Palsbøll et al. 1992 

Mitochondrial DNA: 

L15926 

 

 Dir: ACACCAGTCTTGTAAACC (18) O’Corry-Crowe et al. 1997, 

Mod. from Kocher et al 1989 

H00034  Rev: TACCAAATGTATGAAACCTCAG (22) Rosel et al. 1994 

Microsatellites: 

DlrFCB3  Dir: CAAGTGCCTATCAGTAGATGAATG (24) 

Rev: CTTGTATCTATAACTCTGGTTATGG (25) 

Buchanan et al. 1996 

DlrFCB5  Dir: CTCCTCATGGTCAGACTCCCAG (22) 

Rev:  GTACATTTACCCATTCAGAACTTTGG (26) 

Buchanan et al. 1996 

DlrFCB17  Dir: TCAGCCTCTATAACGTCCTGAGC (23) 

Rev: ATGGGGACTGCCTATATTAGTCAG (24) 

Buchanan et al. 1996 

Ev37Mn  Dir:  AGCTTGATTTGGAAGTCATGA (21) 

Rev:  TAGTAGAGCCGTGATAAAGTGC (22) 

Valsecchi & Amos 1996 

Ev94Mn  Dir:  ATCGTATTGGTCCTTTTCTGC (21) 

Rev:  AATAGATAGTGATGATGATTCACACC (26) 

Valsecchi & Amos 1996 

CS415  Dir:  GTTCCTTTCCTTACA (15) 

Rev:  ATCAATGTTTGTCAA (15) 

Schlötterer et al. 1991 

CS417  Dir:  GTGATATCATACAGTA (16) 

Rev:  ATCTGTTTGTCACATA (16) 

Schlötterer et al. 1991 
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Appendix 3 Polymorphic sites (mtDNA) 

 

Sequence differences of the mitochondrial haplotypes. Polymorphic sites are shown in red and only polymorphic sites 

are shown. Positions refer to the respective sites in the alignment of all haplotypes.  

 Position 

Hap* 39 139 148 167 212 213 232 235 295 301 302 376 429 471 474 476 

F1 C C T A A T G C A C T C A T A T 

F 2 C C T A A T A C A C T C A T A T 

F 3 C C T A A T A C A C T C A C G T 

F 4 T C T A A T G C A C T C A T A T 

F 5 C C T A A C G C A C T C A T A T 

F 6 C C T A G T G C A C T C A T A T 

F 7 C C T G G T G C A C C C A C A T 

F 8 C T T A G T G C A C C C A C A T 

F 9 C C T A G T G C G C C C A C A T 

F 10 C C T A G T G C A C C C A C A T 

F 11 C C T A G T G T A C C C G C A T 

F 12 C C T A A T G T A C C C A T A T 

F 13 C C C A A T G T A C C C A T A T 

F 14 C C T A A T G T A C C T A T A T 

F 15 C C T A A T G T A C C C A T G C 

F 16 C C T A A T G T A C C C A T A C 

F 17 C C T A A T G C A T T C A T A T 

*Haplotype 
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Appendix 4 Microsatellite alleles 

 

Microsatellite alleles in the white whales from the 56 samples from Svalbard. 

 

 

Sample DlrFCB 3 DlrFCB 5 DlrFCB 17 CS 415 CS 417 EV 37 Ev 94 

0801 154,160 119,119 155,161 221, 223 192,196 199,201 207,209 

0802 152,166 119,119 159,159 217,217 186,196 205,205 205,207 
0803 136,138 119,119 155,165 223,213 190,192 203,205 209,215 

0804 150,152 119,119 155,161 221,223 186,190 197,203 207,209 

0805 138,166 119,119 155,159 217,221 190,196 205,211 207,215 
0806 136,152 119,119 155,169 223,225 190,196 205,211 207,215 

0807 136, 136 119,19 153,165 221,223 188,192 205,207 207,215 

0808 154,164 119,119 163,165 217,223 184,192 199,209 213,217 
0809 138,166 119,119 155,159 217,221 190,196 205,211 207,215 

0810 136,152 119,119 155,169 223,225 190,196 205,211 207,215 

0811 152, 152 119,119 159,171 221,223 190,192 195,197 215,217 
0812 154, 154 119,123 155,161 217,223 192,198 205,205 207,215 

0813 148,154 119,121 153,161 217,217 192,194 203,209 207,207 

0814 148,154 119,121 153,161 217,217 192,194 203,209 207,207 
0701 152,160 119,123 161,165 223,223 186,192 201,205 209,215 

0702 150,164 - 161,171 221,223 192,192 209,209 207,209 

0703 146,152 119,119 173,173 217,221 190,198 205,205 209,213 
0704 136,152 121,121 159,165 223,223 188,192 203,205 201,207 

0705 - 119,119 173,173 217,221 190,198 205,000 209,213 

0706 138,152 119,123 153,159 223,223 188,192 205,209 207,217 
0707 154,166 119,123 155,165 217,217 188,192 197,209 207,207 

0002 - 119,119 153,155 217,217 192,196 203,203 207,209 

0005 152,154 109,119 155,163 223,223 192,196 203,209 209,213 
0006 152,154 109,119 155,163 217,223 192,196 203,209 209,213 

0008 152,168 119,119 155,155 217,223 182,190 203,209 207,209 

01001 154,166 109,123 159,171 221,221 192,192 201,203 207,217 
01006 146,146 117,119 165,165 223,223 192,194 195,209 217,217 

01008 136,150 109,119 153,155 221,223 186,194 201,207 207,213 

0101 154,166 109,123 159,171 221,221 192,192 201,203 207,217 
0102 136,138 109,119 153,157 223,223 190,192 201,203 201,207 

0103 136,146 - 165,165 223,223 192,194 195,209 215,217 

0104 136,152 119,119 157,159 223,223 192,194 207,209 207,217 

0105 144,152 119,119 159,165 221,223 182,186 199,207 207,209 

0107 136,152 119,119 159,169 217,217 188,194 201,209 207,000 

0108 - 109,119 153,155 221,225 186,194 201,207 207,207 
9801 136,152 105,119 161,165 221,225 188,192 205,209 201,207 

9803 136,154 119,119 161,165 223,223 192,194 201,205 207,209 

9804 152,160 119,119 159,159 217,223 196,198 203,205 213,217 

9806 154,166 119,119 161,163 217,221 186,194 205,207 201,213 
9810 136,152 119,119 161,171 217,223 188,196 201,205 207,207 

9812 152,168 119,119 155,155 217,223 182,190 203,209 207,209 
9813 136,146 119,119 155,165 217,217 192,194 197,207 207,207 

9815 136,160 119,119 165,169 223,223 186,196 203,209 213,217 

9901 136,152 117,119 159,163 221,223 194,190 197,201 207,215 

9902 152,158 119,123 155,161 223,223 184,186 203,207 209,213 
9905 150,152 109,121 163,163 217,223 192,192 205,209 209,213 

9906 152,154 119,123 155,157 221,221 192,196 197,197 207,217 

9907 - 119,119 155,163 217,223 192,194 203,209 209,209 
9908 136, 136 119,121 159,159 223,223 186,186 197,201 211,213 

9909 136, 136 119,225 155,171 223,223 190,190 203,209 207,217 

9910 - 119,121 155,161 217,221 190,196 193,205 201,209 
9911 152, 152 119, 119 163,163 221,223 188,196 203,207 207,217 

9912 - 109,119 159,163 217,223 184,184 205,209 215,217 

9706 - 119,123 147,157 217,223 188,192 201,203 205,215 
9709 136,154 125,125 155,163 217,221 190,196 203,205 207,209 

9601 138,146 119,119 163,165 221,223 192,194 197,203 201,209 



43 

 

Appendix 5 Heterozygotes obs/exp 

 

Number of expected and observed homozygous and heterozygous individuals in white whales from Svalbard 

Microsatellite 

loci 

Svalbard Krossfjorden Wichebukta (+ Bellsund) 

Exp  Obs Exp Obs Exp Obs 

DlrFCB 3 8.139 7 5.649 4 5.649 4 

DlrFCB 5 28.472 30 15.808 16 15.808 16 

DlrFCB 17 7.553 11 5.071 8 5.071 8 

CS 415 19.044 24 12.428 16 12.428 16 

CS 417 9.553 7 5.828 6 5.828 6 

EV 37 8.982 7 5.914 2 5.914 2 

EV 94 12.169 8 7.228 5 7.228 5 
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Appendix 6 Q-distribution 

Estimates of the proportion of ancestry, Q, in K=2 cluster for 56 white whales from Svalbard. Each individual is represented by a single vertical line, with estimated 

membership in each cluster denoted by different colors. The model was based on 7 microsatellite loci and used the admixture model of ancestry. The proportion of ancestry 

within each individual belonging to population 1 is in blue, and to population 2 is in red. 


