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Abstract. Hypervariable domain of mtDNA control region was analyzed in nine 
species of Picidae from Europe. In the majority of species, substantial polymorphism in the 
investigated sequence was found. Phylogenetic analysis remained in concordance with other 
studies of woodpeckers, applying mitochondrial as well as nuclear genes. However, using 
the hypervariable domain of control region to resolve the phylogeny of woodpeckers family 
showed that the Three-toed woodpecker (genus Picoides) has been grouped within a single 
monophyletic clade with members of genus Dendrocopos.

 
Key words: woodpeckers, Picidae, control region, mitochondrial DNA, phylogeny.

Introduction
 
Mitochondrial DNA has been frequently used in studies of woodpeckers Picidae 

in order to resolve phylogeny of the family, particularly evolutionary relationship 
between Old and New World species (Weibel et Moore 2002a, b; Webb et Moore 
2005; Winkler et al. 2005). The genes analysed were mainly mitochondrial: COI, cyt 
b and 12S rRNA, thus sequences presenting only a little variation on a species level. 
These studies did not clearly define evolutionary relation between woodpeckers from 
genus Dendrocopos and The three-toed Woodpecker (Picoides tridactylus). Moreover, 
according to our knowledge, none of the studies performed until now analysed the 
complete set of European species. Therefore, for example, systematic position of the 
Middle-spotted Woodpecker Dendrocopos medius is still unclear. 
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The aim of the study was to apply a new molecular marker — a sequence of 
hypervariable domain of mtDNA and extended sample set of European species to 
reconstruct phylogeny of Picidae. 

Material and Methods

Feathers, tissues and blood samples were collected from 108 individuals, repre-
senting 9 Picidae species from Europe (Table 1). Extraction of DNA, amplification 
of hypervariable domain of mitochondrial control region and sequencing of PCR 
product was performed according to methodology described elsewhere (Rutkowski 
et al. Submitted). 

For each species where more than one sample was collected and more than one 
haplotype was detected we estimated the number of haplotypes, nucleotide diversity 
π (Nei 1987) and haplotype diversity h (Nei 1987) using DNAsp (v. 3.51, Rozas et al. 
2003). For the total data set, we also estimated the mean number of differences among 
haplotypes (k). 

For obtained sequences of all analysed species, as well as for homological frag-
ments of control region of three other woodpeckers: Dryocopus pileatus, Sphyrapicus 
varius and Colaptes auratus (accesion numbers accordingly: NC008546; AF082045; 
AF082044) deposited in GenBank, we constructed a phylogenetic tree using the Nei-
gbour-joining (NJ) method, as implemented in Mega software (Kumar et al. 2004). 
Bootstrap values for each node were estimated with 1000 replications. As an out-group, 
sequence of mtDNA control region of Pteroglossus azara (Ramphastidae, Piciformes) 
(GenBank accesion number: NC008549) was used. 

Species n H h π bp p.i.s
Dendrocopos major 94 17 0.757 0.00390 379 9
D. medius 11 7 0.873 0.00794 379 2
D. minor 4 4 1.0 0.01350 380 2
D. syriacus 1 1 – – 378 –
D. leucotos 2 1 – – 379 –
Picoides tridactylus 4 1 – – 378 –
Picus viridis 3 3 1.0 0.01980 381 0
P. canus 1 1 – – 378 –
Dryocopus martius 6 6 1.0 0.00872 377 1

Table 1. Number of samples (n), number of haplotypes (H), haplotype diversity (h), nucleotide diversity 
(π), number of identified base pairs (bp) number of parsimony informative sites (p.i.s.) in studied 
woodpecker’s species.
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Results and Discussion

The analysis of PCR products in an automatic sequencer showed that species ampli-
fied fragments in the investigated species had 380 base pairs. Among them, from 305 to 
321 base pairs were unambiguously identified, depending on species. Thus, comparisons 
between species were performed on a shareable fragment of 305 base pairs. Set we 
found 119 polimorphic sites and 29 haplotypes in the total data; nucleotide diversity 
among haplotypes π = 0.09603; and mean number of nucleotide differences among k 
= 28.809. Results for each species are presented in Table 1. The neigbour-joining tree 
based on obtained sequences is presented in Fig. 1. Because haplotypes for each spe-
cies were grouped together in a phylogenetic tree, we presented only results for single 
haplotype within the species. 

Nearly all investigated species of which more than one sample was analysed 
presented a high level of haplotype diversity. We have not confirmed variability of the 
marker only in the case of Picoides tridactylus and Dendrocopos leucotos. However, 
samples of each of these two species were collected at one location, which could be 
considered as isolated population. Moreover, both of the species are thought to be de-
clining in numbers and even endangered, at least in Poland (Tomiałojć et Stawarczyk 
2003). Thus, low genetic variability could be a possible explanation for these results. 

The topology of the phylogenetic tree remains in concordance with results from 
other authors, analysing mitochondrial (Weibel et Moore 2002a; Webb et Moore 2005) 
as well as nuclear genes (Weibel et Moore 2002b). The majority of discrepancies seems 

Fig 1. Phylogenetic tree based on sequence of hypervariable domain of mtDNA control region in studied wood-
peckers, constructed with Neighbour-joining method. Bootstrap percentages are indicated above nodes 
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to be connected with interpretation of topology within the Dendrocopos-Picoides clade. 
Weibel et Moore (2002a) separated Picoides tridactylus from the Dendrocopos clade, 
while Winkler et al. (2005) grouped P. tridactylus together with other Dendrocopos 
species.

Interpretation of evolutionary relationship between genus Dendrocopos i Picoides 
has been frequently changed. Peters (1948) described two genera: Dendrocopos with 
31 species and Picoides with P. tridactylus and P. arcticus. Then, both genera were 
combined in one genus Picoides (Short 1982; Winkler et al. 1995). However, recently 
„spotted” woodpeckers (Dendrocopos) were again separated from genus Picoides (Del 
Hoyo et al. 2003). Our study suggests that the Picoides tridactylus is closely related to 
other Dendrocopos species, which supports the results of Winkler et al. (2005). 
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