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Abstract 
 

The genetic diversity of a species is an important aspect in evolution because it may 

increase the chances of some individuals to respond to changes in the environment, which 

in turn may mean survival of a species or a population. A source of genetic variation is 

random mutations in the genome. Natural selection will keep favourable mutations in the 

population while deleterious mutations will be selected against. Genetic drift removes 

genetic variation by chance and is particularly strong in small populations. Migration 

between populations distributes alleles and reduces differences, while no migration result 

in higher differences between populations. Accumulation of differences between 

populations will in the end lead to the formation of a new subspecies or species.  

 

In the fall and winter of 2004 a great numbers of bullfinches (Pyrrhula pyrrhula) were 

observed moving throughout Europe. These bullfinches were reported bigger and brighter 

than the resident bullfinches commonly found in Europe and many of them emitted a 

different call. Here I have studied the genetic differences between resident and migrating 

birds based on sequences of six nuclear introns and two portions of the mitochondrial 

DNA, control region and cytochrome b.  Control region and introns are non-coding parts 

of DNA. These parts are not affected by selection but of random genetic drift and will 

better reflect the history of the population than coding nuclear DNA and thus often used 

in population studies. 

 

No significant differences were found between the resident and migrating bullfinches and 

genetic variation was low. The total number of intron haplotypes found ranged from one 

to 16. For mitochondrial DNA control region, nucleotide diversity (π) and haplotype 

diversity (Hd) were 0,00018 and 0,0670, respectively. For mitochondrial DNA 

cytochrome b nucleotide diversity (π) and haplotype diversity (Hd) equalled 0,00021 and 

0,1227, respectively. Low genetic diversity has been reported for other temperate bird 

species and may be due to the effects of the last ice age, 10000 years ago, when species 

were surviving in refuges south of the ice sheets in Europe and North America. In small 

populations genetic variation might be lost due to genetic drift. Although colonisation of 

new habitats after the ice sheet retreated resulted in an increase of the numbers of 

bullfinches, genetic variation kept at low levels. In addition, no correlation of genetic 

differentiation with morphological differences was found between small resident 

bullfinches and migrating trumpeter bullfinches.  
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Introduction 

 

Population Genetics 

 

Genetic studies of populations help us to understand how ecological, historical and 

demographical factors affect their genetic diversity (Winker et al. 2000). Genetic 

diversity is an important aspect in evolution, as it may increase the chances of some 

individuals to respond to changes in the environment, which could mean survival of a 

species or a population (Amos and Harwood 1998,Hughes and Hughes 2007). 

 

One source of genetic variation is random mutations in the genome. If an individual 

bearing new mutations reproduces, new variation is passed on to the next generation. 

Mutations are described as either induced or spontaneous. Induced mutations are the 

result of the influence of any artificial factor, while spontaneous mutations happen in 

nature and are assumed to be random changes in the nucleotide sequences of genes (Page 

and Holmes 1998). Natural selection will keep mutations that give the carrier higher 

fitness in the populations while deleterious mutations will be selected against (Hughes 

and Hughes 2007). Neutral non-coding parts of the DNA, which are not exposed to 

natural selection, have higher mutation rates than non-neutral coding DNA because 

mutations in non-coding DNA are seldom as deleterious for the individual as mutations in 

the coding parts (Page and Holmes 1998). In the absence of gene flow, populations 

isolated from each other will accumulate different mutations at a different rate and, with 

time, they will increasingly differ from each other. This could ultimately lead to the 

formation of a new subspecies or species.   

 

In the fall and winter of 2004 a great number of bullfinches (Pyrrhula pyrrhula) were 

observed moving throughout Europe from Finland to France and the British Islands, a fact 

that was referred to in the literature as “The ‘Northern Bullfinch’ invasion”, named after 

what was thought to be the birds’ origin (Pennington and Meek 2006). Many 

ornithologists and bird-watchers reported “Northern” bullfinches as bigger and brighter 

than the resident bullfinches commonly found in Europe; additionally, many of them 

emitted a different, special call, which became known as the “trumpet call” (Pennington 

and Meek 2006). This project aims at studying the genetic differences between 

populations of this widespread bird species and also examining if the genetic variation 
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found based on mitochondrial and nuclear DNA correlates with the subspecies division 

based on morphological differences.  

 

Markers 

 

Mitochondrial DNA (mtDNA), especially the control region and the cytochrome b gene, 

has been extensively used in birds to examine subspecies distribution, population genetic 

structure, phylogenetic relationships and history of colonization and diffusion (Randi et 

al. 2001, Uimaniemi et al 2003). Mitochondrial DNA is evolving fast, the substitution 

rate is higher than in nuclear genes and it includes both non-coding regions and coding 

regions for proteins used in oxidative phosphorylations, rRNA and tRNA.  The non-

coding section is called control region (CR) and includes sequences controlling for the 

molecule’s transcription and replication.  Control region is, in the majority of species, the 

most variable part of the mitochondrial DNA, but the evolutionary rate of the variation in 

this region differs to some extent between organisms. If the rate is low the explanation 

could be that the region is less neutral and more functionally important. The control 

region in the mtDNA of birds has been found to be variable in many studies, while a few 

have shown a low variation comparable to coding genes (Crochet and Desmarais 2000). 

In this study I have sequenced the control region and also another part of the mtDNA, the 

cytochrome b gene. By sequencing a coding gene in the mtDNA it is possible to detect 

potential oddities in the control region and conflicting patterns between coding and non-

coding parts of the mtDNA (Crochet and Desmarais 2000).   

 

Another neutral marker that has been found useful in population genetic studies is introns, 

which are found in nuclear DNA (Prychiitko and Moore 2000). Introns are sequences of 

DNA that become discarded from the coding region, or exons, during protein synthesis in 

a process called splicing. Because introns are non-coding, they are evolving faster than 

the exons, and introns are hence often used to look at genetic differences between 

populations and species (Page and Holmes 1998). The number of introns and their place 

in the genome are often preserved between species but the nucleotide sequences are very 

variable and indels sometimes appear making the length of the intron differ (Prychiitko 

and Moore 2000) 

 

 

 



6 

Figure 1. Pyrrhula pyrrhula. 
Swedish male (above)   
and female (below). 

Subspecies 

 

If individuals of a species are separated into populations either by distance, environmental 

obstacles or diverse behaviour, the gene flow between the populations could stop and 

differences accumulated independently over time might in the end lead to two different 

species. When populations of the same species start to diverge, subspecies formation may 

take place (Phillimore et al. 2007).  

 

Mayr (1969) defined a subspecies as a geographically distinct group of local populations 

that differ from other such groups (Cronin 2006). While a species have a composite latin 

name formed by the genus and a specific name, a subspecies name is trinomial. 

Phenotypical traits defining subspecies can evolve as a response to colonisation of new 

areas followed by adaptations to new habitats. Species occupying a large geographical 

range covering several different habitats, such as different types of forest, often have high 

number of subspecies, as the great tit (Parus major) (Kvist et al. 2007; Zink 2007). The 

number is also correlated with mountain regions where the differences in altitude generate 

various habitats in a limited area (Kvist et al. 2006; Phillimore et al. 2007).   

 

Subspecies as a taxonomic rank has been debated (Zink 2004; Phillimore and Owens 

2006; Phillimore et al 2007) and genetic studies have questioned the phenotypic data that 

have been used to separate species into subspecies (Phillimore et al. 2007). Identifying 

evolutionary distinct units could be important in conservation biology to preserve all 

variation within a species as well as specific adaptations to different habitats.  

 

Bullfinches  

 

Bullfinches are members of the passerine birds 

belonging to the finch family Fringillidae. The 

European bullfinch Pyrrhula pyrrhula lives in pine 

and mixed forests and feeds preferably on seeds and 

buds. It has a round, fat body form. Adults have a 

black head and the males have a characteristics red 

belly while females are greyish-beige (Svensson et al. 

1999) (Figure 1).  
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The geographic range of Pyrrhula pyrrhula extends from the British Islands all the way to 

the Caucasus Mountains, southwest Asia and Japan and the species is divided into several 

subspecies based on morphological differences in size and colour (Pennington and Meek 

2006). Similar to other species, the taxonomic division below the species level varies 

according to different authors (Zink et al. 2005). Voous (1949) identified seven Pyrrhula 

pyrrhula subspecies based on differences in size, colour and geographic distribution. 

Other authors have named up to ten different subspecies, many of them in Europe, such as 

P. p. iberia in northern Spain, P. p. pileata in Britain and Ireland and P. p. europea in 

western continental Europe (Pennington and Meek 2006, Clements 2007).  According to 

Voous (1949) the population in North-eastern Europe and western Siberia belong to P. p. 

pyrrhula with a breeding range overlapping with the eastern Siberian subspecies P. p. 

cineracea. This separation seems to be questionable because Voous (1949) refers to 

sources that observed these two subspecies breeding in the same places and reports about 

birds of intermediate morphology between the two subspecies. Other authors place P. p. 

cineracea around the Baikal Lake in Russia close to the Mongolian border (Pennington 

and Meek 2006).  Birds from Kamchatka, most far to the east of the distribution range, 

are called P. p. cassinii, while birds in eastern China and Japan belongs to P. p. 

griseiventris. The subspecies P. p. griseiventris seems to have diverted morphologically 

the most from the other subspecies because of the grey underparts on both males and 

females and Voous (1949) talks about this subspecies as a species in its own right. 

 

In Europe, most bullfinch populations are resident, moving only short distances during 

wintertime (Hogstad 2006), but almost every winter migrating bullfinches arrive to 

western Europe (Fox 2006). These bullfinches are often called “northern” bullfinches and 

are often assumed to be the subspecies P. p. pyrrhula. Their numbers during winter 

fluctuate greatly from one year to the next (Newton et al. 2006). Voous (1949) described 

the irregular autumn migration of bullfinches that sometimes involves whole populations 

and has invasion character; in particular, he referred to the high number of bullfinches 

arriving to Europe in the years 1927-1928, which may be comparable to the year 2004 

when great numbers of bullfinches were moving throughout Europe - “The ‘Northern 

Bullfinch’ invasion” (Pennington and Meek 2006). 

 

The origin of the “northern bullfinches” of 2004 is not clear but it is noteworthy that they 

were accompanied by an irruption of pine grosbeaks (Pinicola enucleator) and bohemian 
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waxwings (Bombycilla garrulus), both pine forest living birds in Siberia (Pennington and 

Meek 2006).  Newton et al. (2006) used a stable isotope of hydrogen (deuterium) to test 

the hypothesis that the bullfinches arrived from Siberia. They measured the isotope value 

in resident smaller birds from Scotland and Denmark and in museum birds collected in 

the Pechora region of northern Russia and the Amur region of eastern Asia. These values 

where compared with values from birds classified as Northern bullfinches. The isotope 

value was highest in resident birds from Scotland and Denmark and the lowest values 

were found in Russian birds. The birds that were caught during the non-breeding season 

in Scotland and Denmark and were classified as Northern bullfinches all had intermediate 

levels of the isotope values between the most easterly and most westerly birds, suggesting 

that they arrive from an area in between western Europe and Eastern Russia, such as 

Fennoscandia and northern Russia. The Northern birds isotope values also seem to vary 

more than in the Scottish and Danish birds which could suggest that the migrating birds 

came from different areas and formed large flocks that were moving together during 

migration (Newton et al. 2006). The authors suggested that the irruption of 2004 started 

further east than previous ones based on exceptional numbers of birds that were seen not 

only in Sweden and Denmark but also further east in many places of Finland and on the 

Baltic coast of Poland (Newton et al. 2006).  

 

The special call emitted by the migrating bullfinches has been found to be similar to a 

sound recording of a bullfinch near Syktyvkar in the Komi Republic of northern Russia, 

west of the Ural Mountains and around 1400 km east of Helsinki (Newton et al. 2006). 

 

The aim of this project was to investigate if birds giving the “trumpet call” are genetically 

distinct from resident birds in Denmark and also if the division of Pyrrhula pyrrhula into 

different subspecies is concordant with genetic differences.  
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Methods 

 

Samples 

 

Feathers were collected from bullfinches caught in Nimtofte, Denmark, during the fall 

and winter of 2004 (Fig. 4, page 19). Birds sampled included small resident ones, larger 

migrating birds and larger migrating birds that emitted the special trumpeting call on 

release. The latter birds will be referred to as “trumpeters” from here on. In total, 34 

individuals were used in this study, of which 16 were trumpeters (eight males and eight 

females), 12 were the small resident birds (seven males and five females) and six were 

large birds (one male and five females) that did not emit any call on release. 

 

DNA used in this study was extracted from feathers. The use of feathers instead of blood 

samples as a source for nuclear DNA requires less interfering with the individual bird 

(Harvey et al. 2006). In addition, feathers are easy to store and transport as dry samples, 

while blood has to be stored in ethanol or an adequate buffer or needs to be vacuum dried. 

While blood samples require a longer handling time, with more stress for the bird and 

more danger for the handler, such as blood exposure, it is more time consuming to obtain 

DNA from feathers. This is because feathers contain fewer amounts of DNA than blood 

or tissue and the DNA is extracted from cells that died during the growing phase of the 

feather (like pulp cells from the feather shaft). Hence the DNA may also be slightly 

degraded. Therefore, the yield is lower than from blood or tissue, but nevertheless an 

adequate amount for molecular work. In addition, no differences in PCR failures have 

been found between blood samples and feathers (Harvey et al. 2006).  

 

In order to complement the data obtained from Denmark, control region (CR) and 

cytochrome b (Cyt b) sequences of bullfinches caught in other areas were downloaded 

from GenBank. The control region sequences were found in one bird from the British 

Isles (Lee et al. 2001) and cytochrome b sequences were found in birds from Spain (n=1), 

Russia (n=1) and China (n=3) (Arnaiz-Villena et al. 2001, Ma et al. 2005). Accession 

numbers were AJ243930 for CR sequences (Lee et al. 2001) and AF3442881, AF342885, 

AF342886, DQ236215, DQ236216, DQ192020 for Cyt b sequences (Arnaiz-Villena et al. 



10 

2001, Ma et al 2005). One sequence from a bird from China, DQ236216, was too short 

and not included in the analyses.  

 

Molecular Methods 

 

Extractions were conducted in a dedicated laboratory for DNA extraction. The tip of the 

calamus (quill) was cut with a scalpel and DNA was extracted using the DNEasy Tissue 

Kit (Qiagen). The samples were lysed in 180µl of buffer ATL, 20µl proteinase K (20mg 

ml-1) and 20µl of DTT (1M). This mixture was incubated at 56C° during 4-6h and then 

left at 40C° over night. When the tissue was completely digested, 200µl of Buffer AL and 

200µl of ethanol (95,5%) were added and the samples were vortexed immediately to 

avoid precipitation. The mixture was then placed in a silica column and centrifuged at 

8000 r.p.m. for 1 minute and the flow-through discarded. The DNA, now bound to the 

silica gel membrane in the column, was first washed with 500µl of Buffer AW1 and 

centrifuged for 1 minute at 8000 r.p.m. and then washed again with 500µl of Buffer AW2 

and centrifuged for 3 minutes at 13000 r.p.m. The flow-troughs from both washings were 

discarded. This step aims at getting rid of contaminants and PCR inhibitors. Finally, the 

DNA was eluted through the column with 100µl of Buffer AE by centrifugation.  

 

The primers used in this study were found in the literature. A total of eleven introns were 

amplified, one corresponding to the phosphoenolpyruvate carboxykinase gene (PEPCK) 

(Munoz- Fuentes et al. 2007) and ten additional ones in loci the names of which 

correspond to their believed position on the chicken chromosomes (Backström et al. 

2007) (Table 1). Primers were placed in the exons, flanking an intron, and are designed to 

work in several avian species. The exons are more preserved across taxa than introns and 

the probability of binding during amplification is therefore higher. The introns, on the 

other hand, would show more substitutions (Backström et al. 2007). Primers for CR and 

Cyt b are from Sorenson (2003).  
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Table 1.  Primers used in this study to examine the genetic diversity in Pyrrhula pyrrhula. Locus name, chromosome 

location in the chicken genome for the case of ten introns in which these data were provided (Backstrom et al. 2007), 

primer names and primer sequences are given. 

Locus name Primer name Chromosome Primer sequence  (5´-3´)
Refrences

27356 1,8aF 1 GCT TGT GGG ACA ATT GGG Backström et al. 2007

1,8aR TAT TTG GCC CTC TCT TCA GG

21491 2,6F 2 AGT CGT AGC TAT GGA ACA CC Backström et al. 2007

2,6R GTA GGA ATT GTC TTC ATC AGC

13093 3.1cF 3 GCT TTT TCA TCT CCT CTT GC Backström et al. 2007

3.1cR TAG TCT AAA ATC TTC TGC TG

18503 4,5F 4 ATC ATT CGA GGA CAG TAT GG Backström et al. 2007

4,5R GCT ATT TAA TGC AGA GTT TC

15349 6,4F 6 GCT ATT GTA CAC ATG GGA GG Backström et al. 2007

6,4R GCA ATT CCT CCA CAG TAC AC

18142 7,3bF 7 GTG TGG AGG CAG TTG ATC C Backström et al. 2007

7,3bR ACA CTC TGA ATG GGA TCC AC

02079 10,1F 10 GAC TGG TTC AAC TTC CAC GG Backström et al. 2007

10,1R GTG TGA GTC ATC TGG ATT GTC

01304 11,1bF 11 CTG GCA AGC ATG ATC TTC CG Backström et al. 2007

11,1bR GTG GTA CTT CTT GAG ATA CC

04446 26,2F 26 AAG GAG GGA GTG ATG GTG GC Backström et al. 2007

26,2R GTA CTG GAT GCC CTC GTT GG

16214 4.3F Z GCA TAC ATC AGA CCA TCT CC Backström et al. 2007

4.3R TCA ACC ATA TCA GCC ACA GC

Phosphoenolpyruvate PEPCK9F.2 CTT ACA TTT TCT GTT CTG CTA GAG C Munoz- Fuentes et al. 2007

 carboxykinase PEPCK9.R GTG CCA TGC TAA GCC AGT GGG

Control region PasserC1F1 mtDNA TCT ATA CTT TCA GGG TAT GT Sorenson 2003

FinchC1R1 GGT ATG GTC CTG AAG TTA CAAC

Cytochrome b L14996 mtDNA AAY ATY TCW GYH TGA TGA AAY TTY GG Sorenson 2003

H15646 GGN GTR AAG TTT TCT GGG TCN CC

 

 

Polymerase chain reactions (PCRs) were prepared in 20µl volumes containing 2µl DNA, 

2µl buffer 10mM, 2µl MgCl2 2.0 mM, 0.3µl dNTP:s 0.05mM, 1µl of each primer  and 

0,16µl AmpliTaq gold. All loci were amplified using the following cycling conditions: 

95°C for 5 minutes then 45 cycles of 95°C for 30 seconds, 55°C for 30 seconds and 72ºC 

for 1 minute followed by a final extension at 72°C for 7 minutes. 

 

PEPCK was amplified in 11 individuals (five trumpeters, two small and four large). The 

ten introns from Backström et al. (2007) were initially amplified in four individuals (two 

small and two trumpeters). Five loci were excluded from subsequent analysis due to no 

bands (unsuccessful amplification), weak bands (suboptimal amplification) or double 

bands (unspecific amplification) as detected after the PCR product was run in a 2% 
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agarose gel, stained with ethidium bromide and visualised under UV light. Introns that 

worked well were subsequently used to amplify more individuals. Introns selected were 

locus 1393 (ten trumpeters, 13 small birds and six large birds), locus 01304 (12 

trumpeters, 13 small and six large), locus 02079  (seven trumpeters and six small), locus 

21491 (five trumpeters and five small), locus 15349 (six trumpeters and five small). 

 

Control region sequences were obtained for 28 individuals (12 small, 10 trumpeters and 

six large) and Cytochrome b sequences were obtained for 31 individuals (14 small birds, 

11 trumpeters and six large birds). 

 

PCR products were run in 2% agarose gels, stained with ethidium bromide and observed 

under UV light. If the amplification was successful, the sample was cleaned from PCR 

remains with a mixture of ExoI and SAP. Sequencing reactions were performed using 

both forward and reverse primers. Electropherograms were checked and double peaks 

(heterozygotes) verified by eye using the program Sequencher 4.6. IUPAC codes were 

used to score heterozygotes. SeAl v2.0a11 was used to align sequences. 

 

Data analysis 

 

Introns 

Intron haplotypes and their frequency were determined using PHASE2.1.1 (Stephens et al 

2001, Stephens and Donelly 2003).  

 

MtDNA 

The haplotype diversity (Hd) and nucleotide diversity (π) was calculated using the 

program DnaSP 4.0 (Rozas et al. 2003). The program TCS 1.21 (Clement et al. 2000) was 

used to obtain a haplotype network.  
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Nimtofte, 
Denmark 

Santander, 
Spain 

Novosibirsk, 
Russia 

Harbin, 
China 

Beijing, 
China 

Oxfordshire, 
UK 

Figure 2 Sample locations for bullfinches (Pyrrhula pyrrhula) used in this study. Most of the birds are from Denmark 

(n=34) and a few found in the literature from other localities (n=7).  CR sequences corresponded to bullfinches from 

Denmark and United Kingdom, and cyt b sequences to birds from Denmark, Spain, Russia and China (see text for 

details). 
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Results 

 

Introns 

 

In the case of PEPCK, no variable sites were found and no heterozygotes. In the case of 

the remaining five loci, both homozygote and heterozygote individuals were found but all 

variable sites in the trumpeters were also variable in the small birds. The number of 

different haplotypes estimated by PHASE for these five loci ranged between a minimum 

of three in trumpeters for locus 21491 and three in small birds for locus 15349 and a 

maximum of 11 in trumpeters for locus 02079. Large birds were only sequenced for two 

loci and had three haplotypes for locus 01304 and six haplotypes for locus 13093. 

Trumpeters had more different haplotypes than small birds in the case of three loci 

(15349, 02079 and 01304) and small individuals had more different haplotypes than 

trumpeters in the case of one locus (21491). For locus 13093 both trumpeters and small 

had eight different haplotypes. In the case of loci 21491 and 02079 only one haplotype 

was shared between trumpeters and small birds, and two, four and five haplotypes where 

shared in the case of loci 15349, 13093 and 01304, respectively. 

 

Locus 01304 (trumpeters, small and large)  

 

Trumpeters had ten different haplotypes, small birds six and large individuals three (Table 

2). The same haplotype was most common in trumpeters, small and large birds with a 

frequency of 0.33, 0.35 and 0.67, respectively. Five out of ten haplotypes found in 

trumpeters were not found in small birds and one out of six haplotypes found in small 

birds was not present in trumpeters. The three haplotypes found in large birds were 

present in trumpeters.  

 

Locus 13093 (trumpeters, small and large)  

 

Both trumpeters and small birds had a total of eight different haplotypes (Table 2), while 

large individuals had a total of six different haplotypes. The most common haplotype in 

trumpeters and small birds with a frequency of 0.45 and 0.23, respectively, was absent in 
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large birds. Four out of eight haplotypes found in trumpeters were not found in small 

birds.  

 

Locus 15349 (trumpeters and small) 

 

Five different haplotypes were found in trumpeters and three different haplotypes were 

found in small individuals (Table 2). The most common haplotype was not the same in 

trumpeters and small birds. Three haplotypes were found in trumpeters but not in small 

and one haplotype found in small birds was not found in trumpeters.  

 

Locus 21491 (trumpeters and small)  

 

A total of three different haplotypes were found among trumpeters and six among small 

birds (Table 2). The same haplotype was most common in both types of birds, with a 

frequency of 0.8 in trumpeters and 0.3 in small birds. Two out of the three haplotypes 

found in trumpeters were not found in small birds and five out of the six haplotypes found 

in small birds were not found in trumpeters.  

 

Locus 02079 (trumpeters and small)  

 

Trumpeters had 11 different haplotypes and small birds a total of four (Table 2). The most 

common haplotype was not the same in trumpeters and small birds. Ten out of the 11 

haplotypes found among trumpeters were not found in small birds and three out of the 

four haplotypes found among  small individuals were not found among trumpet birds and 

four out of eight haplotypes found in small birds were not found in trumpeters. Four out 

of six haplotypes found in large birds were absent in either small individuals or 

trumpeters.  
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Table 2. The number of different haplotypes and haplotype frequencies found in different types of bullfinches. S, small 

and resident bullfinches; T, trumpeters and migrating bullfinches emitting the special call; L, large and migrating 

bullfinches, which did not emit the special call; n, number of individuals sequenced;and. nHap., number of  different 

haplotypes.  

 

  T  S  L 
Freq. 

T 
Freq. 

S 
Freq. 

L  
Locus 01304             

n 12 13 3 - - - 
nHap. 24 26 6 - - - 
ATCTAG 8 9 4 0.333 0.346 0.667 
GGCTGA 5 6 0 0.208 0.231 0 
GTCCGG 3 1 0 0.125 0.038 0 
ATTTAG 2 0 1 0.083 0 0.167 
GGCTGG 1 5 1 0.042 0.192 0.167 
ATCTGG 1 1 0 0.042 0.038 0 
GGCCGG 1 0 0 0.042 0 0 
GGCCGA 1 0 0 0.042 0 0 
GGCTAG 1 0 0 0.042 0 0 
ATCCGG 1 0 0 0.042 0 0 
AGCTAG 0 4 0 0 0.154 0 

Locus 13093             
n 10 13 3 - - - 

nHap. 20 26 6 - - - 
TCCGCCC 9 6 0 0.450 0.230 - 
TCCGCAT 5 4 1 0.250 0.154 - 
GCCGCAT 3 6 1 0.150 0.231 0 
TCCGTCT 1 3 0 0.050 0.115 0.167 
TCTGTCT 1 0 0 0.050 0 0.167 
TCTGCCC 1 0 0 0.050 0 0 
TCCGCAC 1 0 0 0.050 0 0 
GCTGCCC 1 0 0 0.050 0 0 
TCTGCAT 0 4 0 0 0.154 0 
TCTGTAC 0 1 0 0 0.038 0 
TCCATAC 0 1 0 0 0.038 0 
GCCGCCC 0 1 0 0 0.038 0 
TTCGTCC 0 0 1 0 0 0 
GCTGCAT 0 0 1 0 0 0 
GCCGTAC 0 0 1 0 0 0.167 
TCCGCCT 0 0 1 0 0 0.167 

Locus 15349             
n 6 5 - - - - 

nHap. 12 10 - - - - 
ATTTAG 4 0 - 0.333 0 - 
GTTTGC 3 6 - 0,250 0.600 - 
GCTTGC 2 1 - 0.167 0.100 - 
GCTCGG 2 0 - 0.167 0 - 
GCCTGC 1 0 - 0.083 0 - 
ACTTAG 0 3 - 0 0.300 - 
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Locus 21491             

n 5 5 - - - - 
nHap. 10 10 - - - - 
AAGCA 8 3 - 0.800 0.300 - 
AGGCG 1 0 - 0.100 0 - 
TAGCA 1 0 - 0.100 0 - 
AAGCG 0 2 - 0 0.200 - 
AATCG 0 1 - 0 0.100 - 
AGGCA 0 1 - 0 0.100 - 
TAGGA 0 2 - 0 0.200 - 
TATCG 0 1 - 0 0.100 - 

Locus 02079             
n 7 6 - - - - 

nHap. 14 12 - - - - 
ATTGACCCT 3 1 - 0.214 0.083 - 
GGCGAACCT 2 0 - 0.143 0 - 
GTCGAACTT 1 0 - 0.071 0 - 
GTCGTACCT 1 0 - 0.071 0 - 
GGCGACCCT 1 0 - 0.071 0 - 
GGCGACTTA 1 0 - 0.071 0 - 
GTTTAACTT 1 0 - 0.071 0 - 
ATTGACTCT 1 0 - 0.071 0 - 
ATCGAACTT 1 0 - 0.071 0 - 
ATCGAACTA 1 0 - 0.071 0 - 
ATCGACTCT 1 7 - 0.071 0 - 
ATCGACCCT 0 2 - 0 0.583 - 
GTCGTACTT 0 2 - 0 0.167 - 
ATCGAACCT 0 0 - 0 0.167 - 

 

Control region  

 

Two different haplotypes were found among 28 individuals sequenced. Whereas one 

haplotype was found in 27 individuals, the other one was found in a large individual. 

These two haplotypes differed in one transition. The sequence of an individual sampled in 

Oxfordshire, UK, matched that of the most common haplotype found in the Danish 

bullfinches. The haplotype diversity was 0.0670 and nucleotide diversity was 0.00018. 

  

Cytochrome b 

 

Three different haplotypes were found among 31 bullficnhes caught in Denmark defined 

by two variable sites (Fig. 3). One haplotype was found in 29 indivdiduals and the 

remaining two in two large birds. The haplotype diversity was 0.1227 and nucleotide 

diversity was 0.00021.  
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Additionally, six different haplotypes were found in six individuals from Spain (n=1), 

Russia (n= 1) and China (n=3) found in GenBank and representing three subspecies, 

Pyrrhula p. iberia, P. p. cineracea and P. p. griseiventris, respectively (Fig. 3 and Table 

7). Among all these 36 individuals, ten number of polymorphic sites were found. 

Haplotype diversity was 0.356 and nucleotide diversity was 0.00392 . 
 

Table 3. Variable positions found in the cytochrome b region for Pyrrhula pyrrhula from different areas and belonging 

to different subspecies. Haplotypes 1- 3 were found in bullfinches from Denmark.   

In the haplotype network (Fig 3) the birds from China grouped together with eight, nine 

and ten substitutions away from the most common haploytype found among the 

bullfinches sampled in Denmark, while the bullfinch sampled in Russia was 13 

substitutions away. The haplotype with the least divergences from the Danish bullfinches 

was that of the bird collected in Spain, separated from the most common haplotype in 

Denmark by three substitutions. 
 

Figure 3. Haplotype network based on sequences of cytochrome b found in bullfinches. Each circle represents one 

individual and each square one haplotype. The letters in the circles stands for different types of bullfinches caught in 

Denmark: S, small and resident birds; T, migrating birds emitting the trumpet call; and L, large and migrating birds that 

did not emit any call. Small empty circles represent haplotypes not found.   

 

 

 

          1 1 1 2 3 3 3 4 4 4 4 4 4 4 5 5 5 5 5 5 

  3 7 8 8 0 2 3 7 5 7 8 1 2 5 5 6 6 8 0 0 1 6 6 8 

  4 3 3 6 6 7 0 7 5 6 2 4 6 4 8 0 1 8 6 9 2 6 9 3 

Haplotype 1 T C G G C T T A C G A C G T G C C C A C A A G C 

Haplotype 2 . . . . . . . . . . . . . . . T . . . . . . . . 

Haplotype 3 . . . A . . . . . . . . . . . . . . . . . . . . 

P.p.iberia . . C . . . . . . . . . . . . . . . . . . T A . 

P.p.cineracea . T C A T C C . . . G . . C . . T G G T C . . T 

P.p.griseiventris C T . A . . . G T A . . . . . . . . G T . . . T 

China 1 C T . A . . . G T A . . . . . . . G . . . . . . 

China 2 C T . A . . . G T A . A G . T . . . . . . . . _ 
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Discussion 

 

Genetic diversity 

 

Among the resident small bullfinches sequenced (n = 15) one haplotype was found in 

both mtDNA markers, control region and cytochrome b. Among nuclear markers, one to 

eight haplotypes were found in six nuclear loci using PHASE. 

 

Among the migrating birds that emitted the special call, or trumpeters (see Methods), 

sequenced (n = 16) one haplotype was found in control region and cytochrome b that was 

the same as that found in resident small bullfinches. Among nuclear markers, one to 

eleven haplotypes were found. 

 

Among six migrating birds sequenced that did not emit any special call, in this study 

referred to as large bullfinches, two haplotypes were found in control region and three in 

cytochrome b. Only three nuclear loci were sequenced and the number of haplotypes 

found varied between one and six.  No additional samples were available that belonged to 

this type of bullfinches (large, but no call registered). 

 

These results indicate low genetic variability. One explanation 

to the low genetic diversity among the resident bullfinches is 

the recent establishment of the Danish population of 

bullfinches if they all came from a single location. Bullfinches 

started to breed on Bornholm Island in 1916 and on Zealand 

in 1934 (Voous 1949), probably spreading from southern 

Sweden or northern Germany (fig 4). All the resident bird 

samples in this study are from one locality in Denmark and a 

founder effect could explain the low genetic variation 

observed. Alternatively, because all the small resident 

bullfinches were caught in the same locality, the low genetic variation found could be due 

to sequencing closely related individuals. However, this cannot explain the lack of genetic 

differentiation between resident and migrating trumpeter bullfinches. 

 

Another explanation for the low genetic variation found among resident and migrating 

bullfinches could be the last ice age during the Pleistocene, 10000 years ago (Kvist et al 

Nimtofte 

Fig. 4 Map of Denmark, Sjælland=Zealand. 
Nimtofte were the bullfinches in this study 
were caught is marked. 
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2004). During this time an ice sheet covered western Eurasia while the area in north 

eastern Eurasia was ice-free and had steppe- or tundra-like vegetation, making it 

impossible for many species to survive in the northern parts of Eurasia (Kvist et al 2004; 

Pavlova et al 2005). Consequently, many species retreated to areas in the south with more 

gentle climate; in Europe the Mediterranean areas become such refuges. Many 

populations were isolated in these southern refuges and decreased in number. Around 16 

000 years ago a warmer period began and populations that had been isolated in the south 

started to expand northwards (Kvist et al. 2004). If the bullfinches remained in one refuge 

and population size had been small, genetic drift during an extended period of time could 

explain the loss of genetic diversity, so that today we see the effects of a demographic and 

genetic bottleneck followed probably by a rapid expansion of the bullfinches as more 

areas became suitable for them as the climate became warmer. This explanation has been 

suggested for other temperate bird species (Hughes and Hughes 2007).  Several studies 

have been able to show that genetic diversity within species increases in the tropics. The 

explanation to this is that tropical birds have been living in a more stable environment for 

greater periods of time than temperate birds and, consequently, have had a considerable 

larger long-term effective population size (NE) (Hughes and Hughes 2007).  

Voous (1949) argued that during the Pleistocene the subspecies Pyrrhula p. pyrrhula 

might have survived in the refuges of local forests in central southern Siberia, while the 

subspecies P. p. cineracea may have found a refuge in the mountainous region to the east 

of Lake Baikal in Russia (Voous 1949). During the Pleistocene, eastern Eurasia tundra 

was isolated from North-western Asia by a polar desert (Pavlova et al 2005) and P. p. 

griseiventris probably become isolated in northeast China and Japan (Voous 1949). After 

the ice age the eastern and western Siberian subspecies P. p. pyrrhula and P. p. cinerace 

may have spread across Russia and then infiltrated each other’s range (Voous 1949). The 

reoccupation of central and northern Europe according to Voous (1949) happened from 

two refuges as bullfinches from Siberia moved in a western direction and into Europe via 

the Baltic and Scandinavia, and bullfinches surviving in Mediterranean region refuges 

started to reoccupy parts of Europe earlier covered by ice (Voous 1949). As no major 

genetic differences were observed between resident and migrating trumpeter bullfinches, 

the refuge for these two types of bullfinches must have been the same. Therefore, current 

resident and migrating trumpeter bullfinches may have spread from a refuge in southern 

Siberia. The Iberian (Spanish) bird, for which I could include a cytochrome b sequence 

(obtained from GenBank; see Methods), had a haplotype that differed in three nucleotides 

from that of resident and migrating trumpeter bullfinches from Denmark. In order to 
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confirm whether the birds in the Iberian Peninsula came from a different refuge more 

genetic data of Iberian and central European bullfinches will be needed. 

 

Population structure  

 

No major differences were found between the resident and migrating bullfinches studied. 

Among the nuclear introns there was some haplotype frequency differences between 

resident and migrating birds for some introns but not for others. For both portions of 

control region and cytochrome b sequenced all resident small bullfinches and all 

migrating trumpeter bullfinches had the same haplotype. 

 

Diversity estimates for both control region and cytochrome b calculated for the 

bullfinches were compared with those of other passerine birds (Table 8). Haplotype 

diversity is defined as the frequency of haplotypes in a sample population (Nei 1987; 

Tajima 1983) and nucleotide diversity as the mean number of nucleotide differences per 

site between two sequences randomly chosen from a sample population (Nei 1987). 

Therefore, the higher the value of the estimate, the higher the differences between 

individuals in the sample population. In the case of control region and cytochrome b, the 

bullfinches in this study had the lowest haplotype and nucleotide diversity (Table 8). 

Following the bullfinches, the greenfinch (Carduelis chloris) (Merilä et al. 1997) had the 

lowest haplotype and nucleotide diversity in control region among the passerines studied.  

In the greenfinch study, 194 individuals were sampled in 11 different areas (from Oulu in 

Finland to Sevilla in southern Spain). The number of haplotypes was 18, with one major 

haplotype found in all populations. Among 20 greenfinches caught in Uppsala, Sweden, 

five had different haplotypes, whereas 15 individuals carried the major haplotype. In the 

Uppsala population, haplotype diversity (Hd) was 0.461 and nucleotide diversity (π) was 

0.00108. In Oulu in northern Finland 14 greenfinches had in total three haplotypes, and 

12 individuals shared the same haplotype that was most common in Uppsala. The Oulu 

population had a haplotype diversity of 0.275 and nucleotide diversity of 0.00064  

(Merilää et al 1997).  

 

In a study of 68 great tits (Parus major) sampled across eight populations (from 

Kilpisjärvi in northern Finland to Barcelona in Spain) 42 haplotypes were found for 

control region. One major haplotype was found in all populations. In Tübingen, Germany 
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eight individuals had haplotype diversity (Hd) of 0.750 and had a nucleotide diversity (π) 

of 0.00142 (Kvist et al 2003). 

 

The Siberian tit (Parus cinctus) had in a study of 59 sampled individuals, in five places in 

Fennoscandia, 23 control region haplotypes. The most common haplotype was found in 

all populations from southern Norway to the Kola Peninsula. In Rovaniemi, northern 

Finland, 11 individuals were sampled and the haplotype diversity (Hd) was 0.833 and 

nucleotide diversity (π) was 0.00174 (Uimaniemi et al 2003).  

 

In the case of cytochrome b, a subspecies of bluethroat (Luscinia svecica namnetum) had 

the lowest haplotype diversity and nucleotide diversity after the bullfinches. Among 10 

bluethroats caught in four areas from France to Portugal a total of eight different 

haplotypes were found. Haplotype diversity (Hd) was 0.667 and nucleotide diversity (π) 

was 0.00095 (Questiau et al. 1998).  
 

Table 4. MtDNA diversity in passerine populations. N, number of individuals ; Hd, haplotype diversity; π, nucleotide 

diversity. 

*Nimtofte (Denmark), Oxfordshire (Great Britain),. 

** Nimtofte (Denmark) Iberia (Spain), Novosibirsk (Russia), Beijing (China), Harbin (China) .  
 

The bullfinches showed the lowest haplotype and nucleotide diversity when compared to 

passerine birds sampled in a single area. One explanation could be that all the resident 

birds were caught in the same area and might be relatives and kinship will result in 

haplotype bias. However this could not be the case for the migrating birds and not for the 

bird caught in British Island with the identical haplotype, therefore the low genetic 

diversity could not be explained by haplotype bias. The number of individuals is also 

quite few and this could affect the result, with more individuals the intron haplotypes only 

Species Localities N Marker hd ! Rerences
Pyrrhula pyrrhula 1 29 CR 0.067 0.00018 This study

Carduelis chloris 1 20 CR 0.461 0.00108 Merilä et al. 1997

Carduelis chloris 1 14 CR 0.275 0.00064 Merilä et al. 1997

Parus major major 1 8 CR 0.750 0.00174 Kvist et al. 1999

Parus cinctus 1 11 CR 0.833 0.00174 Uimaniemi et al. 2003

Pyrrhula pyrrhula 2* 30 CR 0.067 0.00018 This study

Carduelis chloris 11 194 CR 0.612 0.00134 Merilä et al. 1997

Parus major major 11 125 CR 0.855 0.00325 Kvist et al. 2003

Parus cinctus 5 59 CR 0.832 0,00205 Uimaniemi et al. 2003

Parus major minor 4 44 CR 0.908 0.00368 Kvist et al. 2003

Parus caeruleus 7 43 CR 0.843 0.00296 Kvist et al. 1999

Luscinia svecica namnetum 4 10 CR 0.867 0.00290 Questiau et al. 1998

Luscinia svecica svecica 3 10 CR 0.911 0.00250 Questiau et al. 1998

Pyrrhula pyrrhula 1 31 Cyt b 0.127 0.00021 This study

Pyrrhula pyrrhula 5** 37 Cyt b 0.342 0.00395 This study

Parus caeruleus 6 63 Cyt b 0,954 0.02160 Dietzen et al. 2008

Luscinia svecica namnetum 4 10 Cyt b 0.667 0.00095 Questiau et al. 1998

Luscinia svecica svecica 3 10 Cyt b 0.867 0.00282 Questiau et al. 1998
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found among small or only found among trumpeters might be discovered in the other type 

too. Therefore, this study should be continued with more individuals sampled in different 

areas.  

 

One interesting fact in this study is that the large bullfinches had one control region 

haplotype and two cytoochrome b haplotypes that differed from the one found in both 

small and trumpeter bullfinches. Additionally, the most common haplotype in locus 

13093 found in small and trumpeter birds was not found in the large birds. This seems to 

indicate that the large birds that did not emit any call may have an origin different from 

that of small and trumpeter birds, perhaps coming from areas further east than the others. 

Since only samples from six large birds were available, mores samples are needed in 

order to confirm these results. Newton et al. (2006) suggested that the migrating 

bullfinches were assembling in larger and larger flocks during migration (see 

Introduction), and that the birds arriving in Europe may have several different origins. 

The migrating bullfinches showed signs of irruptive migration over Europe during the 

year of 2004, when these samples were collected. Irruptive movements are a mass 

migration with animals moving longer distances and at higher speed than in ordinary 

years and  is often attributed to variation in food supplies, especially for species that 

depend upon one food source (Hochachka et al. 1999). A year with high breeding success 

could also cause a more intense movement of birds during the next season of migration 

(Nowakowski and Vähätalo 2003). Irruptive migrants that reach farther than the species’ 

native range usually have problems finding food in unfamiliar areas and because of this 

they might not show any signs of staying in an area during the winter (Hochachka et al. 

1999).  

 

Reason for sequencing mitochondrial DNA and nuclear markers 

 

In this study both mitochondrial DNA (mtDNA) and nuclar DNA were sequenced. The 

reason for sequencing both mtDNA and nuclear DNA is that the level of variation showed 

by mtDNA does not always correlate with the same level in nuclear DNA and vice versa. 

In other words, mtDNA and nuclear DNA evolve at different rates. In the bullfinches 

caught in Denmark both the nuclear DNA and the mtDNA showed comparable low levels 

of genetic diversity, but this has not been the case in other passerines studies. For 

example, Bensch et al. (2006) found a lack of correlation in a study of two related 

passerine species, the willow warbler (Phylloscopus trochilus) and the chiffchaff 
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(Phylloscopus collybita). In the willow warbler the diversity at the cytochrome b locus 

was lower than at the nuclear locus, but in the chiffchaff the opposite was found. Reasons 

for low level of diversity could be a selective sweep, which means that an advantageous 

mutation will be fixed in the genome and so are places around it. A high level of diversity 

in the nuclear DNA could be explained with a large long-term effective population size 

(NE) or because of hybridisation between differentiated populations or populations that 

have been isolated, including another species of warbler still existing or extinct (Bensch 

et al 2006), which would result in an influx of new genes or alleles in the population.  

 

Reason for sequencing two mitochondrial markers 

 

Two mitochondrial DNA (mtDNA) markers were used in this study to confirm that equal 

variation was found in two places of the mtDNA and that no Numts were sequenced. 

Numts are mtDNA sequences that become inserted in nuclear DNA. This has been 

reported in many taxa and is suggested to be a common event (Sorenson and Quinn 

1998).  The transpositition of mtDNA in animals, or chloroplats DNA in plants, may play 

an important role in the evolution of eukaryotic genomes (Leister 2005). Sequences 

transferred from organelle genomes to non-coding nuclear DNA arises in almost all taxes 

(Leister 2005). Studies have shown that all parts of the organelle genome can be 

transferred to the nucleus mediated by disorder in the membrane during organelle fusion 

or division, because of cell stress, when organelles are discarded when gametes are 

formed or because organelles and the nucleus have physical contact (Leister 2005). 

 

Because nuclear DNA and mtDNA evolve at different rates, once sequences have been 

incorporated into the nuclear DNA they might be more preserved. When using primers 

designed from other species during the polymerase chain reaction (PCR), it is possible 

that the primers match the nuclear insertion better than the mtDNA since the latter may 

have been evolving at a higher rate. Because transposition of small sequences of mtDNA 

is more common, amplification of a short mtDNA sequence (less than 4kb) makes the risk 

of amplifying nuclear DNA higher (Sorenson and Quinn 1998).    
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Phenotypic variation in the absence of genetic differentiation 

 

Although resident and migrating bullfinches showed some degree of phenotypic 

differences, the sequences obtained for control region, cytochrome b and introns showed 

none or very little variation between resident and migrating birds. 

 

It is common in bird species that populations that are separated in their distribution show 

phenotypic variation (Pons et al. 2004), as is the case between resident and migrating 

bullfinches. This could be explained both as a result of adaptation to different habitats by 

natural selection and as a result of isolation and genetic drift that by chance create genetic 

and morphological differences. Pons et al. (2004) showed that a subspecies of yellow-

legged gull (Larus michahellis) living in the same area as the herring gull (Larus 

argentatus) (Atlantic coast of Iberia, Morocco and the Mediterranean coast) shared with it 

many phenotypic traits, while another yellow-legged gull subspecies living in another 

area (Macaronesian Islands) did not, suggesting subspecies adaptation to different areas. 

The genetic differences where on the other hand quite low between the subspecies, 

suggesting gene flow or rather recent divergence (Pons et al. 2004). 

 

Another explanation for morphological differences between populations is phenotypic 

plasticity, defined as the capability of a genotype to change the expression of a phenotype 

according to environmental conditions; this occurs when changes in the environment 

make different phenotypes optimal during different time periods (Nussey et al. 2007). 

One example is passerine birds that shift their breeding time depending whether it is a 

warm or cold spring.  

 

Another bird study showing a weak connection between phenotypic and genetic variation 

was that of the Galapagos dove (Santiago-Alacorn et al. 2006), in which morphological 

diversity existed between doves on different islands but genetic variation in mtDNA was 

very low. The use of mtDNA or a neutral marker instead of genes affecting 

morphological traits that might be under selective pressure may explain this result 

(Santiago-Alacorn et al. 2006). As doves are rather good flyers, the lack of genetic 

structure may be explained because of a high gene flow between populations, but 

Santiago-Alacorn et al. (2006) suggest a recent spread from a common ancestor resulting 

in alleles shared between populations. The process of genetic drift (alleles that by chance 

disappear from a population due to its small effective population size) is most likely not 
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the answer to the phenotypic variation between doves from different islands because that 

would mean no contact between populations. The doves in the archipelago of Galapagos 

might not be isolated populations but all populations could be under selection pressure by 

their different habitat that produces morphological differences that the migration and gene 

flow can’t neutralize (Santiago-Alacorn et al. 2006). 

 

Subspecies 

 

Pyrrhula pyrrhula is divided into several subspecies based on morphological differences. 

However, the taxonomic rank of subspecies has been questioned and separation of 

subspecies by phenotypic data has not always been supported by genetic data (Zink 2004; 

Phillimore and Owens 2006; Phillimore et al 2007). One attempt in finding subspecies 

divisions with genetic markers (such as mitochondrial DNA) has been identification of 

reciprocal monophyly. Reciprocal monophyly means that a certain number of individuals 

have inherited a character (for example, mtDNA haplotypes) from a common ancestor 

and this character is lacking in any other individual. These individuals are evolving 

unconnected to others and could be identified as a subspecies or an evolutionary distinct 

unit (Zink 2004). Many earlier termed bird subspecies have been selected against using 

this method. A limitation of genetic markers that do not affect special traits is that they 

reflect historical variation and thus might be missing ongoing separation between 

populations (Zink 2007). Even when no genetic differences are found in neutral markers 

between populations, specific adaptations to different habitats may be present (Zink 

2007). 

 

In this study the trumpeters and resident bullfinches did not show any sign of reciprocal 

monophyly. Based on my data it is not possible to divide the different types into 

subspecies, even though earlier authors have divide the trumpeter and resident into 

subspecies P. p. pyrrhula and P. p. europea based on morphology (Pennington and Meek 

2006). If the large birds that did not emit any special call belongs to populations further 

east the subspecies most probably is P.p pyrrhula because the other subspecies further to 

the east is P.p. cineracea (Voous 1949, Pennington and Meek 2006, Clements 2007) 

which in this study, although with only one individual, differ genetically the most from 

the other individuals in the study. 

 

 



27 

Trumpeting bullfinches? 

 

In the winter of 2004, many birdwatchers noticed that the calls of migrating bullfinches 

sounded different from the calls of the resident bullfinches. These birds might have come 

from further east than usual, as suggested by Newton et al. (2006). In many bird species a 

local dialect is common (Wright et al 2005) and the birds arriving to Europe from other 

places may have their own dialect. Few studies have been able to genetically separate 

birds with different dialects, or been able to prove that it is the dialect and not the 

geographic distance that separate the populations (Ellers and Slabbekoorn 2003, Wright et 

al 2005). 

 

Young bullfinches learn the calls and song from their parents. In an experiment conducted 

by Guttinger et al. (2002), a bullfinch raised by a canary learnt 13 syllabuses from its 

foster parents and it is even possible to teach a young bullfinch a human tune of 45 notes. 

If some of the migrating bullfinches would decide to stay in Europe with the resident 

population during the following breeding season,  the trumpet call could be transferred to 

the next generation and so “trumpeter” birds heard in Europe after 2004 could be 

offsprings of the immigrants or immigrants themselves that never left.  

 

Conclusion 

 

Despite the fact that some phenotypic differences exist between resident and migrating 

bullfinches in Denmark the sequences obtained for control region, cytochrome b and 

introns showed none or very little variation between resident and migrating birds. One 

explanation for this result is that, since neutral markers were used, genetic differentiation 

may have been overlooked by not sequencing genes under selective pressure that affect 

adaptations to different habitats. Studies on other bird species (Pons et al. 2004) have 

shown that morphological differences are common between populations and that 

adaptations to different habitats occur without being reflected in genetic neutral markers. 

There are also phenotypical differences between populations that could be plastic 

responses to differences in the environment, like migrations from areas where food 

becomes scarce during winter. The lack of genetic differentiation between migrating and 

resident birds could also be due to a recent common origin. During the last ice age, the 

Pleistocene 10 000 years ago, many species might have been isolated in small groups with 

no gene flow between them and lost genetic variation due to genetic drift. When the ice 



28 

age ended the birds spread north again, forming a larger population. Numbers can recover 

or increase quickly, but genetic variation needs more time to recover. In this study the 

trumpeters and resident bullfinches did not show any sign of reciprocal monophyly. 

Based on my data it is not possible to divide the different types into subspecies. 

 

Many of the migrating bullfinches emitted a call that differed from the call of resident 

bullfinches in Europe. The call is probably part of the migrating birds dialect. Different 

dialects in different areas are common in many bird species but rarely correlate to genetic 

differences between populations.  
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