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Phoretic or not? Phylogeography of the pseudoscorpion Chernes hahnii (Pseudoscorpiones: Chernetidae)
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Abstract. An organism’s ability to respond to ecological changes at its currently inhabited location, and to colonize a new
one, is particularly important for organisms inhabiting ephemeral habitats. Phoresy, which involves attaching of a nonvagile individual to a selected carrier of a different species, is used by a wide variety of taxa, but surprisingly little is known
about the genetic structure of phoretic species. A better understanding of their genetic structure would help elucidate the
efﬁcacy of this manner of dispersal. In this study, we analyse the phylogeographic patterns of the pseudoscorpion Chernes
hahnii (C.L. Koch, 1839) across a 1830 km range, encompassing most of the species’ distribution range in Europe. The lack
of geographic structure and low divergences within the two main clades suggest that C. hahnii disperses by phoresy.
Individuals shared haplotypes at localities 350 km apart and very little divergence was detected between localities over 1450
km away from each other, indicating that phoresy is a very efﬁcient manner of dispersal in this species. We also detected
highly divergent populations within C. hahnii; however, more material and additional data would be necessary in order to
evaluate the potential existence of cryptic diversity within this species.
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An organism’s dispersal capability plays a key role in
colonizing new habitats and is one of the main factors behind
the distribution patterns of individual taxa (Bernatchez &
Wilson 1998; Michalak et al. 2010; Gittenberger 2012;
Wahlberg & Johanson 2014). The ability to leave a currently
inhabited site and ﬁnd a new one after unfavourable ecological
changes or habitat degradation is particularly important for
organisms living in temporary habitats such as decomposing
wood, animal carrion, faeces, ephemeral streams, vernal pools,
or host organisms as in the case for parasites. Many organisms
with low dispersal capability evolved different strategies of
colonizing new habitats by means of passive transportation
(Hulsmans et al. 2007; Macchioni 2007; Vanschoenwinkel et
al. 2008). Phoresy (Beier 1948) is a type of passive
transportation that involves attachment of a non-vagile
individual to a selected carrier from a different species.
Phoresy is used by a wide variety of animal groups; e.g.,
nematodes (Okumura & Yoshiga 2014; Pimentel et al. 2014),
crustaceans (Brochet et al. 2010; Sabagh et al. 2011),
bryozoans (Brochet et al. 2010), mollusks (Gittenberger
2012), insects (Bartlow et al. 2016; Hastriter et al. 2017) and
arachnids. Among arachnids it is particularly common in
mites (Barton et al. 2014; Hastriter & Bush 2014; Keum et al.
2016; Pfammatter et al. 2016) and pseudoscorpions (Muchmore 1971; Poinar et al. 1998), but there are also records for
spiders (Camargo et al. 2015) and ticks (Saloña-Bordas et al.
2015). Surprisingly, there is very little information about the
genetic structure of phoretic organisms (Wilcox et al. 1997;
Zeh et al. 2003; Pfeiler et al. 2009; Harvey et al. 2015);
however, this information would help evaluate the efﬁcacy of
this manner of dispersal.
Phoresy is known from at least 10 pseudoscorpion families
(Poinar et al. 1998), where the most common hosts are
Coleoptera and Diptera (Poinar et al. 1998). There are also
records of phoretic dispersal of pseudoscorpions on vertebrate
carriers such as birds (Harvey et al. 2015) and bats (Finlayson
et al. 2015), which may play an important role in colonization
of cave systems (Moulds et al. 2007). The carrier host

speciﬁcity varies depending on the species. Most species use
multiple carriers, for example a variety of different beetle or ﬂy
species, or a combination of both (Poinar et al. 1998), but
some species appear to be ecologically linked to a speciﬁc
carrier host (Zeh & Zeh 1992a, b). Pseudoscorpions usually
attach themselves to their carrier’s appendages (e.g., legs, wing
bases, antennae) (Poinar et al. 1998) or crawl underneath the
elytra in the case of beetles (Zeh & Zeh 1992b). Phylogeographic patterns have been studied in several phoretic
pseudoscorpion species (Wilcox et al. 1997; Ranius & Douwes
2002; Zeh et al. 2003; Pfeiler et al. 2009). In some species, the
populations showed signiﬁcant structuring (Wilcox et al. 1997;
Zeh et al. 2003; Pfeiler et al. 2009), while other species
displayed very little genetic variation across populations
(Ranius & Douwes 2002; Harvey et al. 2015). However, it is
difﬁcult to make assumptions about the efﬁcacy of phoretic
dispersal from these results. Deep structuring in some species
was likely caused by the presence of cryptic diversity (Wilcox
et al. 1997; Zeh et al. 2003), a relatively small area was
sampled (Ranius & Douwes 2002), the species naturally occurs
in a speciﬁc type of habitat that likely limits the species’
distribution (Pfeiler et al. 2009), or the study involved only a
couple of populations (Harvey et al. 2015).
Chernes hahnii (C.L. Koch, 1839) (Fig. 1) belongs to the
family Chernetidae, one of the most diverse pseudoscorpion
families with a cosmopolitan distribution (Harvey 2013). Its
representatives can be found in a large variety of terrestrial
habitats, and many species are specialized to patchy ephemeral
habitats such as tree hollows or decaying plant material
(Weygoldt 1969). Chernes hahnii is a medium sized pseudoscorpion (2.2 – 2.7 mm) with a wide distribution, ranging from
Central Europe, northern parts of southern Europe to
Caucasus and Central Asia, with sporadic records from
eastern China (Fig. 1) (Harvey 2013). There are few records
in the literature suggesting an even wider distribution;
however, these may correspond to the congeneric species C.
cimicoides (Fabricius, 1793) that is morphologically very
similar to C. hahnii and misidentiﬁcations were likely until
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Figure 1.—Map showing sampling locations of C. hahnii. Upper left corner insert shows the distribution of species according to the
Pseudoscorpions of the World catalogue (Harvey 2013), only references after species redescription by Beier (1960) are considered. Both maps were
created with the help of online version of SimpleMappr (Shorthouse 2010). Upper right corner insert shows adult male of C. hahnii (bar ¼ 1mm).

diagnostic characters were redeﬁned in both species (Beier
1960). Chernes hahnii is mostly found under the bark of
various deciduous trees, in tree hollows, in bird nests and nest
boxes (Koch 1873; Beier 1948; Christophoryová et al. 2017).
There is little information available about phoresy in C. hahnii
and the earliest record (Schiner 1872) is possibly a misidentiﬁcation (Beier 1948). However, the combination of the wide
distribution range of the species and its presence under tree
bark, in tree hollows and nests; i.e., the habitat typical for
phoretic species, suggests that C. hahnii uses phoresy as a
manner of dispersal. Alternatively, C. hahnii could also
represent a species-complex harbouring multiple cryptic
lineages that are geographically isolated, but unrecognizable
on the basis of morphological characters. In this study, we
analyse the phylogeographic patterns of C. hahnii from
Central and Eastern Europe using mitochondrial data in
order to establish whether the species uses phoretic dispersal,
and to test its efﬁciency.
METHODS
Taxonomic sampling, PCR ampliﬁcation, sequencing and
sequence alignment.—The 33 individuals of Chernes hahnii
used in this study were hand collected from under tree bark at
17 different locations across Europe, covering most of the
species’ known distribution range in this region (Fig. 1).
Chernes nigrimanus Ellingsen, 1897 and Dinocheirus panzeri
(C.L. Koch, 1837) (Chernetidae) were used as outgroups in the
phylogenetic analyses. The outgroups were selected based on
the results of an ongoing project focusing on diversity of
European chernetids. In this project, we did not detect any

ancestrally shared haplotypes/alleles between C. hahnii and
any other Chernes taxa (Opatova et al. unpublished). Detailed
locality information and Genbank accession numbers are
provided in Table 1. The vouchers were deposited in the
collections of the Department of Zoology, Faculty of Science,
Charles University in Prague, Czech Republic.
Whole genomic DNA was extracted from the samples using
the DNeasy Tissue Kit (Qiagen), according to the manufacturer’s guidelines. A partial fragment of the mitochondrial
gene Cytochrome oxidase I (cox1) (the animal barcode) was
ampliﬁed for all individuals with the primer pair C1-J-1490/
C1-N-2198 (Folmer et al. 1994). Partial fragments of two
nuclear genes—28S rDNA (28S) and Histone H3 (H3)—were
ampliﬁed for a small number of C. hahnii individuals (4 and 2
respectively) from different localities in order to assess the
amount of variability of the gene fragments and their potential
informativeness for the phylogenetic analyses. The fragments
were ampliﬁed with the following primer combinations:
28SpsF1/28SpsR1 (Murienne et al. 2008) for 28S, and H3a
F/H3a R (Colgan et al. 1998) for H3. PCR conditions
followed the protocol described in Opatova & Arnedo (2014),
the PCR products were then puriﬁed using MinElute PCR
Puriﬁcation Kit (Qiagen) and sequenced in both directions by
Macrogen Inc. (Seoul, South Korea). The chromatograms
were assembled and edited in Geneious v. 5.3.6 (Drummond et
al. 2010). The alignment of all three fragments (cox1, 28S, H3)
was trivial since no length polymorphism due to indel
mutations was observed.
Phylogenetic analysis.—The best partitioning scheme and
evolutionary models for each codon position of the cox1
dataset were selected using the greedy algorithm in the
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Table 1.—Locality data and GenBank accession numbers for the specimens sequenced in this study.
Species

Locality Name (Number)

Country

Lat/Long

Sample code

cox1

Dinocheirus panzeri
Chernes nigrimanus
Chernes hahnii
Chernes hahnii
Chernes hahnii
Chernes hahnii
Chernes hahnii
Chernes hahnii
Chernes hahnii
Chernes hahnii
Chernes hahnii
Chernes hahnii
Chernes hahnii
Chernes hahnii
Chernes hahnii
Chernes hahnii
Chernes hahnii
Chernes hahnii
Chernes hahnii
Chernes hahnii
Chernes hahnii
Chernes hahnii
Chernes hahnii
Chernes hahnii
Chernes hahnii
Chernes hahnii
Chernes hahnii
Chernes hahnii
Chernes hahnii
Chernes hahnii
Chernes hahnii
Chernes hahnii
Chernes hahnii
Chernes hahnii
Chernes hahnii

Hlohovec
Cervene Blato
Litovelske Pomoravi I (9)
Litovelske Pomoravi II (9)
Litovelske Pomoravi III (9)
Magadino (3)
Magadino (3)
Magadino (3)
Lilyanovo (17)
Sofia (16)
Prague I (4)
Prague I (4)
Prague I (4)
Prague II (4)
Prague II (4)
Brno (8)
Ceske Budejovice (5)
Ceske Budejovice (5)
Konopiste (6)
Bad Hersfeld (2)
Modry kamen – Riecky (12)
Filakovske Kovace (13)
Kosice (14)
Kosice (14)
Kosice (14)
Vienna (11)
Vienna (11)
Konopiste (6)
Beile Herculane (15)
Ghent (1)
Ghent (1)
Lednice na Morave (10)
Lednice na Morave (10)
Bad Hersfeld (2)
Straz nad Nezarkou (7)

Czech Republic
Czech Republic
Czech Republic
Czech Republic
Czech Republic
Switzerland
Switzerland
Switzerland
Bulgaria
Bulgaria
Czech Republic
Czech Republic
Czech Republic
Czech Republic
Czech Republic
Czech Republic
Czech Republic
Czech Republic
Czech Republic
Germany
Slovakia
Slovakia
Slovakia
Slovakia
Slovakia
Austria
Austria
Czech Republic
Romania
Belgium
Belgium
Czech Republic
Czech Republic
Germany
Czech Republic

48.7738N 16.7822E
48.8560N 14.8016E
49.7781N 16.9712E
49.7102N 17.0468E
49.7196N 17.0298E
46.1549N 08.8629E
46.1549N 08.8629E
46.1549N 08.8629E
41.6135N 23.3133E
42.6960N 23.3280E
50.0689N 14.4290E
50.0689N 14.4290E
50.0689N 14.4290E
50.0734N 14.4247E
50.0734N 14.4247E
49.2515N 16.5750E
48.974N 14.47817E
48.974N 14.47817E
49.7803N 14.6619E
50.8684N 09.7011E
48.2774N 19.3150E
48.2816N 19.7962E
48.7224N 21.2641E
48.7224N 21.2641E
48.7224N 21.2641E
48.2047N 16.3626E
48.2047N 16.3626E
49.7803N 14.6619E
44.8819N 22.4143E
51.0389N 03.7240E
51.0389N 03.7240E
48.8044N 16.8077E
48.8044N 16.8077E
50.8684N 09.7011E
49.0692N 14.9094E

DINP1
CHERN1
8581
8584
8585
AlpenF1
AlpenF2
AlpenF3
BG2
BG22
Ch53
Ch54
Ch55
Ch58
Ch59
Ch60
Ch64
Ch65
CHERH1
CHERH3
GSK336
GSK337
GSK338
GSK339
GSK358
M1
M2
M3
M117
M124
M125
M174
M175
M178
M184

MF538664
MF538665
MF538666
MF538667
MF538668
MF538669
MF538670
MF538671
MF538672
MF538673
MF538674
MF538675
MF538676
MF538677
MF538678
MF538679
MF538680
MF538681
MF538682
MF538683
MF538684
MF538685
MF538686
MF538687
MF538688
MF538689
MF538690
MF538691
MF538692
MF538693
MF538694
MF538695
MF538696
MF538697
MF538698

program PartionFinder v. 1.0.1 (Lanfear et al. 2012). The
Bayesian inference (BI) analyses were conducted in MrBayes
v. 3.2.6 (Ronquist & Huelsenbeck 2003) and run remotely at
the CIPRES Science gateway v 3.3 (Miller et al. 2010). An
independent evolutionary model (see Results) was deﬁned for
each codon position. Two independent runs of 5x107
generations with 8 MCMC (Markov Chain Monte Carlo)
chains each, starting from random trees and resampling each
1000 generations, were run simultaneously. The ﬁrst 20% of
the generations were discarded as a burn-in for the analyses.
Convergence and chain mixing was assessed by standard
deviation of split frequencies (,0.01) and ESS values
summarized in TRACER v. 1.5 (Rambaut & Drummond
2009). Maximum Likelihood (ML) analyses were conducted in
RaxML v.7.4.2 (Stamatakis 2006). An independent GTRþG
substitution model was assigned to each codon position. The
best maximum likelihood tree was selected from 1000 searches,
while support of the nodes was assessed with 1000 replicates of
bootstrap resampling. All trees were visualized and manipulated with the program FigTree v. 1.3.1 (Rambaut 2009).
Estimation of divergence times.—Divergence times were
estimated for the full C. hahnii cox1 dataset using the program
BEAST v. 1.8.4. (Drummond et al. 2012). Because of the lack
of relevant biogeographic events and no fossil record for the

genus Chernes, we used the general arthropod mitochondrial
substitution rate of 2.3% (Brower 1994). A lognormal prior
was assigned to the ucld.mean parameter of the lognormal
relaxed clock for cox1 with an initial and mean value of
0.0115, each. A Coalescent – constant size model was set as a
tree prior. A corresponding evolutionary model selected by
PartionFinder was assigned to the cox1 dataset, which was
treated as a single partition.
Genetic divergence and haplotype network.—Genetic distances were calculated for the cox1 dataset in MEGA 7
(Kumar et al. 2016) via both the uncorrected p-distance and
the Tamura – Nei distance model (Tamura & Nei 1993;
Tamura & Kumar 2002). Standard genetic diversity indices,
including the nucleotide (p) and haplotype diversity (Hd)
indices, were calculated in DnaSP 5.10.1 (Librado & Rozas
2009). The genetic distances and diversity indices were
calculated for the entire C. hahnii dataset, the two main clades
recovered in the Bayesian analyses and between them. Genetic
distances using the Tamura – Nei distance model were also
calculated among all sampled localities. The haplotype
network was constructed with the program PopART (available online at http://popart.otago.ac.nz/) using the TCS
method (Clement et al. 2000). Geographic distances among
sampled locations were obtained in Geographic Matrix
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Figure 2.—Upper right corner shows topology obtained in the Bayesian analyses. Dots on nodes denote support as follows: right semi-circles
are Bayesian posterior probabilities (PP) and left semi-circles are maximum likelihood bootstraps, black¼ PP. 0.95, ML bootstrap support .
70%, grey¼ same topology but with lower support values than thresholds above, white¼ topology not recovered in ML, nodes without dots¼
topology not recovered in ML and BI support lower than threshold. Left corner shows the haplotype network obtained by the TCS method.
Four and more mutational steps between haplotypes or reticulation are depicted as numbers. Doted grey line corresponds to the clades recovered
in BI analyses. Star marks the division in ML analyses. Haplotypes are colour-corded according to the sampling locations in Fig. 1 in both cases.

Distance Generator v 1.2.3. (Ersts, available online at http://
biodiversityinformatics.amnh.org/open_source/gdmg).
RESULTS
A total of 35 specimens (33 C. hahnii samples, 2 outgroups)
was used in this study (Table 1), sampled from the localities
shown in Fig. 1. The sequence length for each gene fragment
was as follows: cox1: 608bp 28S: 1126bp and H3: 371bp.
Thirty-one unique haplotypes (including outgroups) identiﬁed
within the cox1 dataset were used in ML and BI analyses. No
variability was detected in the 28S and H3 datasets, therefore
these gene fragments were not ampliﬁed for the entire C.
hahnii sample and were not included in the analyses.
Independent nucleotide substitution models selected by
PartitionFinder for each codon position within the cox1
dataset in BI were deﬁned as follows: HKYþG was assigned to
both 1st and 3rd positions and F81þI to 2nd position. HKYþG
model was assigned to cox1 in divergence time estimation
analyses in BEAST.
In both maximum likelihood (-lnL¼2121.852) and Bayesian
analyses (Fig. 2), a large portion of the tree lacked support.
Overall BI yielded support for a higher number of nodes. The
topology was similar between the two methods in supported
nodes, but differed in unsupported ones. Both methods
recovered the monophyly of C. hahnii and supported its
division into two main clades (clade A and clade B). The
placement of the individual Ch65 differed between the
analyses. In the BI, the individual belonged to clade A (as

shown in Fig. 2), while in the ML it was placed as sister to all
individuals in clade B. Successive branching of the individuals
Ch64, GSK337, Ch59 at the base of clade B was recovered by
both methods. Bayesian analyses further supported a division
between a lineage comprising ﬁve individuals from Belgium
and Switzerland (AlpenF1-F3, M124, M125) and all the
remaining C. hahnii individuals with unresolved relationships.
Haplotypes were shared by individuals from different localities
in two instances (see details below), while individuals from
both A and B clades co-occurred at three localities: individuals
M1, M2 at loc. 11 in Austria, and loc. 6 (individuals
CHERH1, M3) and loc. 9 (individuals 8584, 8585) in the
Czech Republic.
Divergence time estimation analyses conducted in BEAST
also yielded a poorly supported tree (Fig. 3). The overall
topology was similar to the topology obtained in BI and the
topology of the supported clades was similar to both BI and
ML results. The basal split between the two C. hahnii clades
was dated approximately to 0.09 Million years ago (Ma) (95%
highest posterior density (HPD): 0.5644 – 0.0017). Clade A
started diversifying at 0.035 Ma (0.23 – 0.0006), although this
node was not supported, two supported nodes from clade A
dated back to 0.018 Ma (0.122 – 0.0003) and 0.008 Ma (0.05 –
0.001). Clade B started diversifying at 0.044 Ma (0.257 –
0.0009) (unsupported node), the only supported deeper node
from clade B dated to 0.027 Ma (0.171 – 0.0004).
We observed a lack of geographic structure in the haplotype
network (Fig. 2). Nine individuals from Central Europe
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Figure 3.—Chronograms obtained in BEAST analyses. Dots on nodes denote Bayesian posterior probabilities above 0.95. Numbers in square
brackets indicate the 95% HPD conﬁdence intervals of the divergence time. The x-axis is time in million years (My).

presented very similar haplotypes. The centrally connected
haplotype involving individuals Ch58 and 8581 from localities
4 and 9 in Czech Republic (185 km apart), respectively,
connected with up to three mutational steps to another shared
haplotype by individuals Ch60 and GSK338 from Czech
Republic (loc. 8) and eastern Slovakia (loc. 14, 348 km apart),
respectively. Furthermore, other individuals from Germany,
Czech Republic and Slovakia were also connected with up to
three different mutational steps. Haplotypes 7–9 steps away
from the central haplotype belonged to samples that were
either geographically distant (e.g., individuals from Bulgaria
and Romania) or proximate (e.g., individuals from Austria
and Slovakia). Individuals from Belgium and Switzerland
were connected to the central haplotype by 24 – 31 mutational
steps, while the distantly related samples that were placed into
the same clade as the central haplotype (clade B) in the
phylogenetic inference were up to 28 steps away. The samples
from Czech Republic and Austria placed into clade A were 26
– 68 (BI) and 48 – 68 (ML) steps away from the central
haplotype. The values of the diversity indices and haplotype
distances within the C. hahnii dataset are reported in Table 2;
distances calculated among the localities are reported in Table
3.
DISCUSSION
Pseudoscorpions can be found practically in all types of
terrestrial habitats, but they are particularly abundant in leaf
litter, tree hollows and under tree bark (Weygoldt 1969). Their
dispersal capability by walking is very low and species that do
not use phoresy for their dispersal, typically those inhabiting
leaf litter, tend to have limited distributions and show
tendencies to short-range endemism (Gardini 2013; Gardini

2014; Harrison et al. 2014; Cosgrove et al. 2016), where
chromosomal differentiation within one population may
constitute a reproductive barrier even on a relatively small
geographic scale (Kotrbová et al. 2016). On the other hand,
pseudoscorpions inhabiting temporary habitats, or those
found under tree bark, compensate for their low vagility by
dispersal via phoresy (Poinar et al. 1998). These species tend to
have wider distributions (Harvey 2013) and previously
conducted studies that employed molecular markers found
in some cases relatively subtle population structuring (Ranius
& Douwes 2002; Harvey et al. 2015) or haplotype sharing
among localities (Zeh et al. 2003). Deep phylogeographic
breaks were detected in some phoretic species (Wilcox et al.
1997; Zeh et al. 2003); however, the divergences were mostly
attributed to the previously unrecognized cryptic diversity
within these taxa (Wilcox et al. 1997; Zeh et al. 2003).
In this study, we sequenced C. hahnii individuals across an
approximately 1830 km range, encompassing most of the
European species’ distribution in order to establish whether
this species uses phoresy and how efﬁcient is this manner of
dispersal in arthropods. We uncovered surprisingly high
haplotype diversity, but no clear geographic patterns were
detected within the sampled area. Unfortunately, low supports
of most of the internal nodes hamper the interpretation of the
results of the phylogenetic analyses; however, ﬁne-grain
relationships among individuals can still be assessed from
the haplotype network.
We detected shared haplotypes between Central European
localities that were up to 350 km apart, and when calculating
the distances among all combination pairs of sampled
localities, we found less than 2% divergence in 35 pairs, which
constitutes 28% of the whole. Populations that were furthest
away from each other (1465 km) were from Bad Hersfeld (loc.
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Table 2.—Uncorrected p-distances, Tamura – Nei genetic distances and diversity indices within C. hahnii dataset and the main clades
recovered in Bayesian Analyses. Nind: number of individuals p: nucleotide diversity, H: number of haplotypes, Hd: Haplotype diversity, S.E:
Standard error, S.D: Standard deviation
C. hahnii

Nind

Overall cox1 dataset
Clade A
Clade B
Clade A vs. B

33
5
28
—

p-distance [S.E]
0.039
0.035
0.025
0.042

Tamura – Nei [S.E]

[0.004]
[0.005]
[0.003]
[0.006]

0.038
0.036
0.026
0.047

2) in Germany and Lilyanovo (loc. 17) in Bulgaria. Similar
divergences that were considered ‘‘low’’ (2.6%), were found
over the span of 1200 km between Cordylochernes scorpioides
(Linnaeus, 1758) populations from Trinidad and French
Guiana (Wilcox et al. 1997), shared haplotypes and low
divergences were detected in another C. scorpioides lineage
from Panama that was sampled across a 418 km span (Zeh et
al. 2003). Even less divergence (1.1%) has been found between
two populations of newly described pseudoscorpion species
Sociochelifer metoecus (Harvey, 2015) (Cheliferidae) which has
been collected in plumage and nests of the sociable weaver
bird Philetairus socius (Latham, 1790) over a 440 km span in
southern Africa (Harvey et al. 2015). Little geographic
structuring was also detected in 2 allozyme loci in pseudoscorpion species Allochernes wideri (L.C. Koch, 1843) (Chernetidae) and Larca lata (Hansen, 1884) (Larcidae) sampled
across 900 km in southern Sweden (Ranius & Douwes 2002).
The patterns observed in the mitochondrial data of C. hahnii
do not show the deep structuring typical for non-vagile
pseudoscorpions (Harrison et al. 2014; Cosgrove et al. 2016),
or the general lack of the haplotype diversity within
populations documented from other sedentary arachnids
(Opatova & Arnedo 2014). On the other hand, our results
show similarities with the patterns reported from known
phoretic species, such as low divergences among geographically distant localities (Wilcox et al. 1997; Ranius & Douwes
2002; Harvey et al. 2015). The combination of the above-

[0.005]
[0.006]
[0.004]
[0.007]

p [S.D]

h

Hd [S.D]

0.036 [0.005]
0.035 [0.008]
0.023 [0.004]
—

29
5
23
—

0.991 [0.011]
1.0 [0.126]
0.987 [0.014]
—

mentioned features substantiates our hypothesis, that C.
hahnii is not sedentary and likely disperses via phoresy.
The observed patterns (i.e., wide distribution, lack of
geographic structure and haplotype sharing) could also be
produced by accidental human-mediated introduction. Cases
of introduction of other arachnids casually transported with
trees are known from the Mediterranean (Pantini & Isaia
2008) and trading of infested timber, or its usage for
packaging, can result in alien species’ introduction over long
distances (Meng et al. 2015). However, the ecological
preferences of C. hahnii make the species an unlikely candidate
for human-mediated dispersal. Chernes hahnii is known to
prefer large deciduous trees in parks or open landscape (Beier
1960; Št’áhlavský 2001, 2011; Št’áhlavský & Chytil 2013) that
are not of primary interest of commercial logging. The
different structure and the absence of bark layering in young
trees, essential for pseudoscorpions inhabiting the tree bark,
also makes the species unlikely to be present on young trees
(Št’áhlavský & Hörweg, pers. obs.) that are primarily used for
park or urban landscaping. The wood of large deciduous trees
was certainly logged in the past, but the means of transporting
lumber were not as efﬁcient as in modern day. The travelling
time is one of the key aspects determining the success of a
potential introduction. As logs become dryer over time, the
survival of organisms associated with them decreases (Kobelt
& Nentwig 2008). Successful introduction would also have to
be followed by ﬁnding a new suitable microhabitat either by
walking or hitchhiking on locally available carriers, which

Table 3.—Pairwise Tamura – Nei genetic distances based on cox1 mtDNA (above diagonal) and standard errors (below diagonal) among the
sampled localities.
Loc. 1 Loc. 2 Loc. 3 Loc. 4 Loc. 5 Loc. 6 Loc. 7 Loc. 8 Loc. 9 Loc. 10 Loc. 11 Loc. 12 Loc. 13 Loc. 14 Loc. 15 Loc. 17 Loc. 16
Loc.
Loc.
Loc.
Loc.
Loc.
Loc.
Loc.
Loc.
Loc.
Loc.
Loc.
Loc.
Loc.
Loc.
Loc.
Loc.
Loc.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
17
16

0.01
0.002
0.009
0.01
0.011
0.013
0.009
0.009
0.009
0.01
0.009
0.012
0.009
0.009
0.009
0.009

0.051 0.006
0.049
0.009
0.003 0.008
0.007 0.01
0.009 0.011
0.014 0.013
0.003 0.009
0.006 0.009
0.003 0.009
0.009 0.01
0.005 0.009
0.009 0.012
0.004 0.009
0.005 0.009
0.005 0.009
0.006 0.009

0.044 0.057 0.079 0.078
0.01 0.037 0.061 0.089
0.042 0.055 0.078 0.076
0.031 0.057 0.085
0.006
0.053 0.061
0.008 0.007
0.06
0.014 0.011 0.009
0.002 0.006 0.008 0.014
0.005 0.006 0.008 0.011
0.002 0.007 0.009 0.014
0.008 0.007 0.008 0.008
0.004 0.007 0.009 0.014
0.008 0.007 0.009 0.013
0.002 0.006 0.008 0.014
0.005 0.008 0.009 0.015
0.004 0.007 0.009 0.015
0.005 0.008 0.011 0.016

0.045
0.008
0.043
0.005
0.029
0.056
0.089
0.005
0.002
0.008
0.004
0.008
0.002
0.005
0.004
0.005

0.06
0.037
0.059
0.033
0.04
0.057
0.072
0.032
0.005
0.008
0.005
0.007
0.005
0.006
0.006
0.007

0.043
0.011
0.042
0.007
0.035
0.061
0.085
0.006
0.034
0.009
0.003
0.008
0.003
0.004
0.004
0.005

0.073
0.06
0.072
0.056
0.054
0.059
0.054
0.055
0.057
0.059
0.008
0.008
0.008
0.009
0.009
0.01

0.047
0.015
0.047
0.011
0.035
0.061
0.089
0.01
0.032
0.009
0.057
0.009
0.004
0.004
0.004
0.005

0.071
0.043
0.068
0.035
0.029
0.06
0.075
0.033
0.046
0.038
0.059
0.041
0.008
0.009
0.008
0.01

0.049
0.014
0.046
0.01
0.031
0.058
0.086
0.007
0.035
0.011
0.057
0.016
0.034
0.005
0.004
0.006

0.047
0.019
0.047
0.015
0.042
0.067
0.098
0.013
0.038
0.014
0.06
0.01
0.044
0.019
0.003
0.006

0.045
0.015
0.043
0.011
0.039
0.063
0.093
0.01
0.036
0.013
0.058
0.01
0.041
0.016
0.007
0.006

0.047
0.021
0.045
0.016
0.039
0.069
0.096
0.015
0.041
0.018
0.064
0.015
0.047
0.021
0.019
0.019
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further limits the potential survival of the individuals. Human
mediated introduction thus seems unlikely to play an
important role in shaping the current distribution of C. hahnii.
There are differences in geographic patterns or distribution
sizes among phoretic species (Wilcox et al. 1997; Zeh et al.
2003; Pfeiler et al. 2009) that could be related to the dispersal
ability of the carrier species or its ecological preferences
(Pfeiler & Markow 2011). In this case, the widest ranges and
most homogeneous populations would be expected in species
phoretic on birds. Chernes hahnii is known to inhabit bird
boxes and nests (Turienzo et al. 2010; Christophoryová et al.
2011, 2017) and using birds as carriers could offer a better
explanation for the species’ reported presence in eastern China
and Sakhalin Island (Schawaller 1995a, b), rather than
hitchhiking on ﬂies or beetles. However, there is no record
about the species’ presence in bird plumage so far. The results
of this study suggest that the phoretic dispersal in C. hahnii is
similarly or slightly more effective than in other species that
hitchhike on beetles or ﬂies (Wilcox et al. 1997; Ranius &
Douwes 2002; Zeh et al. 2003; Pfeiler et al. 2009). In this
respect, a thorough analysis of phylogeographic patterns of
bird-phoretic species like S. metoecus would allow us to
evaluate if the efﬁcacy of phoretic dispersal could be as
variable as for example in the aerial dispersal (i.e., ballooning)
of spiders (Pedersen & Loeschcke 2001; Krehenwinkel &
Tautz 2013; Opatova et al. 2016).
The phylogenetic analyses supported the division of C.
hahnii into two main clades (clade A and B) with a sympatric
distribution separated by a mean genetic distance (d) between
4.2% (uncorrected p-distance) and 4.7% (Tamura – Nei
distance). The pseudoscorpions are a taxonomically challenging group and some widely distributed species may actually
constitute cryptic species complexes that could be characterized by deep molecular divergences but otherwise display
morphological stasis (Wilcox et al. 1997). Intraspeciﬁc
divergences reported in the literature for putative cryptic
species in two chernetid pseudoscorpions range from 2.6% in
Dinocheirus arizonensis (Banks, 1901), where the main clades
are referred to as ‘‘independent lineages’’ (Pfeiler et al. 2009)
up to 13.4% in C. scorpioides species complex (Wilcox et al.
1997; Zeh et al. 2003). The sympatric occurrence and deeper
divergence between clades A and B may be indicative of the
presence of unrecognized diversity within C. hahnii, despite the
fact that no morphological differences were observed between
the two clades. The distances between some pairs of localities
belonging to the different clades were particularly high. The
highest divergences were found between Straz nad Nezarkou
(loc. 7) in Czech Republic and localities in Bulgaria and
Romania: Soﬁa (loc. 16, 9.6%, 962 km from Straz nad
Nezarkou), Lilyanovo (loc. 17, 9.3%, 1057 km from Straz nad
Nezarkou) and Biele Herculane (loc. 15, 9.8%, 735 km from
Straz nad Nezarkou). Experimental crosses among populations of C. scorpioides revealed a postzygotic reproductive
barrier among populations that showed sequence divergence
of 11% (Zeh & Zeh 1994; Wilcox et al. 1997), which is much
higher than the overall divergence value between clade A and
B, but relatively close to the values of divergence among the
above-mentioned populations. It is possible that individuals
from these particular localities may potentially experience
some degree of reproductive isolation as part of the speciation
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processes (Wilcox et al. 1997), while the reproduction between
individuals from other localities could be unaffected. However, delimiting species solely based on cox1 genetic divergence
would most likely lead to taxa over splitting (Kekkonen &
Hebert 2014). Additional material as well as ecological and
behaviour data (or potentially crossbreeding experiments)
would be necessary to conﬁrm the presence of cryptic
diversity.
Despite the poorly supported tree recovered in the
divergence time analyses, the basal split of C. hahnii (dated
to approximately 90,000 years ago (ya)), and the two oldest
supported nodes in both clades (Clade A, 18,000 ya and Clade
B, 27,000 ya) date to the most recent Quaternary glaciation.
This glaciation began approximately 110,000 ya, reached its
maximum in Europe around 22,000–25,000 ya and ended
11,500 ya, marking the beginning of the Holocene, which was
characterized by sporadic local glacial advancements (IvyOchs et al. 2009; Federici et al. 2017; Zens et al. 2017). The
cold and dry climate during glaciation would cause thermophilic taxa to retreat to refugia with more suitable climatic
conditions, typically located in the Mediterranean region and
Caucasus (Hewitt 1996). Furthermore, the long-term isolation
and smaller sizes of populations would facilitate ﬁxation of
genetic differences by genetic drift (Hewitt 1996, 2000, 2004;
Bálint et al. 2008; Scheel & Hausdorf 2012). In the case of C.
hahnii, it is possible that the species survived glaciation in
multiple refugia and subsequently colonized the currently
inhabited area. Similar cases are known from both vertebrate
(Bernatchez & Wilson 1998; Taberlet et al. 1998) and
invertebrate taxa (Habel et al. 2005). There is also an
increasing amount of evidence that some taxa (including
invertebrates) were able to survive glaciations in small local
refugia outside of the Mediterranean region (Pauls et al. 2006;
Provan & Bennett 2008; Tzedakis et al. 2013; CopilasCiocianu et al. 2017). Dispersal via phoresy from multiple
refugia across Europe and partial interbreeding among the
formerly isolated population could potentially explain the lack
of geographic structure we observe in the C. hahnii cox1 data
and the lack of variability in nuclear markers (data not shown,
but see Results). A similar scenario has been put forward to
explain the phylogeographic patterns observed in the pseudoscorpion D. arizonensis. In this case, the glacial cycles could
have isolated the population on the Baja California Peninsula
from the mainland one and the current overlap of their
lineages could be a result of a secondary contact after area
expansion via phoresy (Pfeiler et al. 2009).
CONCLUSIONS
The lack of geographic structuring and low divergences
across a large portion of the C. hahnii distribution suggests
that C. hahnii is a phoretic species and that phoresy in
pseudoscorpions can be a very efﬁcient manner of dispersal on
larger geographic scales. Despite the poorly supported results
of divergence time analyses, most of the deeper splits of C.
hahnii dated back to the last glaciation. We hypothesize that
the species survived the glaciation in multiple refugia and
subsequently colonized the currently inhabited region, which
could explain the existence of some highly divergent populations. However, more material and additional data concerning
the biology of these populations is necessary in order to
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evaluate the potential existence of cryptic diversity within C.
hahnii.
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