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strict host-specificity of Demodex has been chal-
lenged by the discovery that mites with the same
morphology can be found on multiple host species
(e.g. Desch et al. 1984; Desch, 1987). In particular,
the morphospecies Demodex kutzeri has been iso-
lated from several host species within the family
Cervidae, including hosts belonging to different
subfamilies (Bukva, 1987; Desch et al. 2010). If
mites from such divergent hosts are indeed
members of the same species, this would suggest
that D. kutzeri has an effective mechanism for host-
switching, even allowing movement across host-
species boundaries. This and other examples of
mites that appear to inhabit multiple host species,
however, could be explained if these mites are actu-
ally cryptic species. This would not be unusual –
there aremany examples of morphologically indistin-
guishable organisms that have turned out to
represent distinct species (Bickford et al. 2007).
In the present study, we sequenced portions of the

mitochondrial genome frommites found on two host
species within different subfamilies of the Cervidae –
Rocky Mountain elk (Cervus elaphus nelsoni) and
mule deer (Odocoileus hemionus hemionus) – that
last shared a common ancestor more than 7 million
years ago (Pitraa et al. 2004; Gilbert et al. 2006).
We used these data to test the hypothesis that
Demodex are strictly host-specific, which would be
expected to result in these mites cospeciating with
their hosts. We tested this model at two levels:
First, we estimated the divergence time between
mites found on elk vs humans; cospeciation would
predict that the divergence time between parasites
should mirror closely that between host lineages.
Second, we estimated the level of sequence diver-
gence between mites found on elk vs mule deer; if
these mite lineages separated when their host
lineages split, then this should be recorded as sub-
stantial divergence in their mitochondrial genomes.

MATERIALS AND METHODS

Mite samples and DNA extraction

Samples ofmites isolated from elk andmule deer were
provided in70%ethanol (EtOH)byCliffordE.Desch.
Both elk andmule deer hostswere fromColorado, and
were hunter-harvested by game management units
(Desch et al. 2010). In both cases, the mites were
sampled from demodectic nodules, and represented
pure populations of what was identifiedmorphologic-
ally as D. kutzeri, based on specimens mounted in
Hoyer’s medium and viewed with phase contrast
optics (C.E. Desch, 2008 personal communication).
Ten mites from each host species were pipetted

individually into 0·5 mL microcentrifuge tubes,
each in 5 µL of 70% EtOH. To each tube was added
95 µL of nanopure water, then the tubes were
heated to 90 °C for 15 min with their caps open in

order to evaporate as much of the EtOH as possible.
Finally, each mite was ground against the side of the
tube with a P10 pipette tip under a dissecting micro-
scope. Finally, total genomic DNA was isolated from
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insuring that we were not generating repeated
amplifications of a contaminating template.
The new mitochondrial gene sequences reported

in this paper are available in the GenBank reposi-
tory, accession numbers KY063074–KY063081.

Phylogenetic analysis

Complete DNA sequences from an elk mite for the
four genes of interest were used for phylogenetic
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parameterswere confirmedusingTracer (version 1.5).
Finally, TreeAnnotator (version 1.7.4), FigTree
(version 1.4.0), and Adobe Illustrator (CS5) were
used for generation of the final phylogeny figure.

Sequence variation

Sequences of the four mitochondrial genes were
compared among eight elk mites, and separately
among nine mule deer mites. Levels of sequence
divergence between the mites from these two
different cervid host species were also estimated for
these genes. For comparison, the level of sequence
divergence for the host species themselves was esti-
mated based onmitochondrial sequences downloaded
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that at least one life stage (e.g. eggs) of
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