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Abstract. We compared mitochondrial DNA se-
quences of Three-toed Woodpeckers (Picoides tridac-
tylus) within and between Eurasia and North America.
Samples from the two continents are each reciprocally
monophyletic, and differ by approximately 4% se-
quence divergence, suggesting that a separate species
exists on each continent. We recommend formal tax-
onomic action. Within continents, no phylogeographic
structuring was found, suggesting that both species
have recently expanded their ranges following the end
of the last ice age.
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Filogeografia Holartica y Limites de la Especie
Picoides tridactylus

Resumen. Comparamos secuencias de ADN mito-
condrial en Picoides tridactylus, dentro y entre Eurasia
y América del Norte. Las muestras de cada uno de los
dos continentes son reciprocamente monofiléticas y di-
fieren aproximadamente en un 4% de divergencia se-
cuencial, sugiriendo que existe una especie distinta en
cada continente. Recomendamos accién taxonémica
formal. No encontramos estructura filogeografica den-
tro de los continentes, sugiriendo que ambas especies
han expandido recientemente sus rangos luego del final
de la dltima era glacial.

Zink et al. (1995) reported that small samples of
Three-toed Woodpeckers (Picoides tridactylus) from
Eurasia and North America differed substantially in
mitochondrial DNA (mtDNA) restriction site patterns.
In particular, samples of P. t. tridactylus and P. t. al-
bidior from Russia differed from samples of P. t. fas-
ciatus and P. t. dorsalis (North America) by an esti-
mated 5.5% sequence divergence, a level consistent
with that observed between other woodpecker species
(DeFillipis and Moore 2000). The observed sequence
divergence parallels the morphological and call-note
differences between taxa from the two continents
(Winkler et al. 1995). In this paper, we compare
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mtDNA sequence divergence within and between Eur-
asia and North America to augment the restriction site
study.

METHODS

We collected small numbers of individuals from nine
sites in Eurasia (Fig. 1) and three sites in North Amer-
ica. GenBank entries (AF424985-425071) provide in-
formation on museums and catalogue numbers where
voucher specimens are housed. General localities (and
sample sizes) for P. t. tridactylus were Oulu (1), Vo-
logda (1), Irkutsk (1), Khabarovsk (1), Sakhalin Island
(2); for P. t. crissoleucus were Noyabr’sk (5), Kras-
noyarsk (1), Magadan (8); for P. t. albidior Kamchatka
(1); for P. t. fasciatus Alaska (2), Washington (3); and
for P. t. bacatus Quebec (3). We extracted DNA fol-
lowing standard methods, and used the polymerase
chain reaction to amplify parts of three mitochondrial
genes, ND2 (383 base pairs), ND3 (418 bp), and cy-
tochrome b (433 bp). Primers and laboratory methods
are described in Zink et al. (2000). We used Paup*
(Swofford 1999) to estimate the phylogenetic relation-
ships among haplotypes, summarizing equally parsi-
monious trees as a strict consensus. Base positions
were weighted equally. We also estimated a phyloge-
netic tree using maximum likelihood; likelihood-ratio
tests were used to choose the most appropriate model
(see Posada and Crandall 1998). Trees were rooted
with a single sequence from the Black-backed Wood-
pecker (P. arcticus). We also used Paup* to compute
HKY distances. We used Arlequin (Schneider et al.
2000) to calculate F,, nucleotide diversity (), and
mismatch distributions (which reveal the history of
population growth; Harpending 1994). DnaSP (Rozas
and Rozas 1999) was used (1) to compute the average
number of nucleotide differences (k), haplotype diver-
sity, Fu and Li’s (1993) F-test for selective neutrality,
and Nm (general immigration rate) and, (2) to verify
values computed with Arlequin.

RESULTS

We obtained 1234 bp of sequence from each of 29
individuals. Similar patterns among gene regions sug-
gest that no nuclear copies were amplified. For the two
largest samples, m was 0.0014 (Magadan) and 0.0003
(Noyabr’sk). For the 21 Eurasian samples combined,
there were nine haplotypes, m was 0.0011 (x 0.0008
[SD]), k was 1.32, haplotype diversity was 0.63 and
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FIGURE 1. Approximate location of sample sites for
Three-toed Woodpeckers in Eurasia.

Fu and Li’s (1993) F was —3.2 (P < 0.02). One hap-
lotype (‘1 Irkutsk™) was widespread, occurring in the
samples from Irkutsk, Vologda, Magadan, Kamchatka,
Sakhalin, Khabarovsk, and Noyabr’sk. For the eight
individuals from North America, there were eight hap-
lotypes, m was 0.002 (* 0.0014 [SD]), k was 2.43,
haplotype diversity was 0.96, and Fu and Li’s F was
—1.66 (P > 0.05). The mismatch distributions (Fig. 2)
for the combined Eurasian samples and North Ameri-
can samples were unimodal, suggesting population
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FIGURE 2. Mismatch distribution for haplotypes
found in Three-toed Woodpecker population samples
from North America (top) and Eurasia (bottom). Ex-
pected distributions are those expected for exponen-
tially growing populations (Rogers 1995), and do not
differ from observed distributions.

growth. One hundred thirty-five base positions were
variable and 48 were parsimony informative. Parsi-
mony analysis yielded 12 equally parsimonious trees
(length 194, consistency index 0.97, rescaled consis-
tency index 0.95). The consensus tree (not shown) as
well as the maximum-likelihood tree (Fig. 3), shows
two polytomies, one including haplotypes from Eura-
sia, and the other including haplotypes from North
America. Thus, no geographic structuring was evident
within either continent. Uncorrected and HKY85 se-
quence divergence between the two groups of haplo-
types averaged 3.8%; the HKY distance to the out-
group was 0.14. F, was 0.97 (P < 0.001), with 94%
between continents, 0.01% among populations within
regions, and 3% within populations.

DISCUSSION

Haplotypes from each continent are reciprocally mono-
phyletic (Fig. 3), and the two continental clusters of
haplotypes differ by 3.8%, similar to that estimated by
Zink et al. (1995) from restriction site analysis. Be-
cause the two taxa are allopatric, we prefer not to spec-
ulate on whether they are biological species (Klicka et
al. 2001). The two continental populations should thus
be treated as separate phylogenetic species. Linnaeus
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FIGURE 3. Maximum-likelihood tree for unique
haplotypes of Three-toed Woodpeckers from Eurasia
and North America, rooted using a single sequence
from Black-backed Woodpecker (Picoides arcticus).



described Picoides tridactylus from Europe in 1758,
whereas the first three-toed woodpecker from North
America was described as Picoides dorsalis by Baird
in 1858 (see AOU 1957). Thus, the American Three-
toed Woodpecker should be reclassified as Picoides
dorsalis and the Eurasian species should remain P. tri-
dactylus.

The differences between continental populations of
Three-toed Woodpeckers parallel those detected using
mtDNA restriction sites in Old and New World sam-
ples of several other taxa (Zink et al. 1995), including
Marbled Murrelet (Brachyramphus marmoratus; now
considered specifically distinct from Long-billed Mur-
relet {B. perdix], AOU 1998), Whimbrel (Numenius
phaeopus), Mew Gull (Larus canus), Black-billed
Magpie (Pica hudsonia, now considered specifically
distinct from Eurasian Magpie [P. pica]; AOU 2000),
American Pipit (Anthus rubescens; now considered
specifically distinct from Water Pipit [A. spinoletta];
AOU 1998), and Gray-crowned Rosy-Finch (Leucos-
ticte tephrocotis, now considered specifically distinct
from Rosy Finch [L. arctoal; AOU 1998). These taxon
pairs differ by at least 2% sequence divergence, sug-
gesting a relatively ancient separation (Zink and Klic-
ka 1999), and not one consistent with the most recent
closure of the Bering land bridge.

Despite the large differences between continental
populations, we observed little variability and no
phylogeographic structure within Eurasia. This result
parallels that found for phylogeographic surveys of the
Great Spotted Woodpecker (Dendrocopos major; Zink
et al., in press), Ravens (Corvus corax; Omland et al.
2000), and crows (Corvus spp., Kryukov and Suzuki
2000) across Eurasia. The lack of structure over a large
section of Eurasia, the widespread occurrence of hap-
fotype 1, the apparent population expansion inferred
from the mismatch distribution, and the negative value
of Fu and Li’s (1993) F suggest that the species has
recently undergone range expansion on a scale suffi-
cient to preclude differentiation. Unlike North Ameri-
ca, only northwestern Eurasia was glaciated during the
last glacial cycle (Hewitt 2000), and likely unforested.
However, much of the current range of P. tridactylus
was permafrost 15 000 years ago (Hewitt 2000), which
probably excluded forest suitable for this species.
Thus, range expansion is consistent with reforestation
following the last ice age. However, even populations
as geographically proximate as Kamchatka and Alaska
are genetically different, showing that range expansion
did not result in intercontinental gene flow. In North
America, the lack of phylogeographic structure paral-
lels that documented for many, but not all, bird species
(Zink 1997), including the Downy Woodpecker (Pi-
coides pubescens; Ball and Avise 1992). The lack of
geographic differentiation across large continental re-
gions suggests that although woodpeckers are largely
sedentary, they possess the potential for rapid popu-
lation and range expansion given suitable conditions.

In North America, nucleotide diversity was approx-
imately twice that in Eurasia. If this holds for larger
samples, it might suggest that Eurasia was colonized
from North America. However, because the two con-
tinental populations appear to have been separated for
a long period, current nucleotide diversity might not
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represent that which existed at the time of colonization
(e.g., Eurasia might have experienced a more recent
bottleneck). Stronger inference about a consistent di-
rection of colonization will be possible when nucleo-
tide diversities are available for many sister taxa on
both continents.
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