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Bark beetles (Coleoptera: Scolytidae) are eco-
logical factors triggering tree and forest decline 
(Berryman 1986; Christiansen, Bakke 1988; 
Schelhaas et al. 2003). They are vectors (phoronts) 
of numerous mite species transmitting tree patho-
gens, mycangial symbionts and fungal antagonists of 
bark beetles (Moser et al. 2005). Uropodine mites 
(Acarina, Mesostigmata: Uropodina) are typical 
representatives of phoretic mites on bark beetles. 
Their knowledge in forest ecosystems is primarily 
connected with the bark beetle species of economic 
importance such as Dendroctonus frontalis Zimmer-
mann (Moser, Roton 1971; Moser 1976) and Sco-
lytus multistriatus Marsham (Hajek et al. 1985) in 
North America, Ips typographus Linnaeus (Moser, 
Bogenschütz 1984; Moser et al. 1989a,b; Kacz-

marek, Michalski 1994), Scolytus multistriatus 
and S. pygmaeus (Fabricius) (Moser et al. 2005) in 
Europe, Ips typographus japonicus Niijima in Japan 
(Moser et al. 1997).

H. cunicularius (Coleoptera: Scolytidae) has a 
wide distribution in coniferous forests in Europe 
and Asia (Siberia and Caucasus) (Pfeffer 1989; 
Johansson et al. 1994). It is frequent and abundant 
in lowland and mountain areas, everywhere where 
its principal host plants Norway spruce (Picea abies 
[L.] Karst.) and Scots pine (Pinus sylvestris [L.]) oc-
cur. In clear-cut and windthrow areas or in forest 
plantations, locally, it is reported to be a forest pest. 
Damage results from maturation feeding of adult 
beetles on the bark of young coniferous trees (Pfe-
ffer et al. 1954; Pfeffer 1955, 1995; Schwenke 
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1974; Eidmann et al. 1991; Wermelinger et al. 
2002). Hylastes species act as vectors of fungal tree 
pathogens worldwide (Witcosky et al. 1986; Lewis, 
Alexander 1986; Ferreira, Ferreira 1987). The 
adults of H. cunicularius transmit ophiostomatoid 
fungi (Mathiesen-Käärik 1953; Kirisits 2007) 
and transfer phoretic uropodine mites (Hirschman 
1971; Kofler,  Schmölzer 2000).

The literature is scant concerning the transfer 
of uropodids by H. cunicularius in spruce forests. 
To clarify the role of H. cunicularius as a vector 
of phoretic uropodine mites during dispersal in a 
mountain spruce forest, the following questions have 
been addressed: 
(1) what is the proportion of beetles vectoring uro-

podine mites in the beetle population?, 
(2) what is the species composition and diversity of 

uropodine mite assemblage on the beetle?, 
(3) which type of frequency distribution charac-

terizes distribution of uropodine mites on the 
beetle?,  

(4) how are predominant uropodid species located 
on the beetle? 

The questions are of considerable biological interest 
for understanding the role of  H. cunicularius in trans-
ferring phoretic uropodids by the beetle vector.

MAtEriAl And MEthodS

Study area and sample plots

The study was carried out in the Tatra Mountains, 
West Carpathians, Central Europe, in three separate 
sample plots established in the valleys Tomanova 
dolina (1,280–1,360 m a.s.l.), Velická dolina (1,460 
to 1,520 m a.s.l.) and Bielovodská dolina (1,360 to 
1,560 m a.s.l.) in 2004. The plots represent the for-
est area of approximately 170 km2. They are Norway 
spruce-dominated (share of spruce 95%) forest re-
serves with frequent occurrence of dying and dead 
trees, the latter in the form of decaying trunks and 
logs on the ground or snags. Dwarf pine (Pinus 
mugo Turra), European larch (Larix decidua Miller), 
Arolla pine (Pinus cembra [L.]), rowan (Sorbus 
aucuparia [L.]) and different willow species (Salix 
spp.) occur locally, sharing the rest 5%. The ground 
layer is typically formed by raspberry (Rubus idaeus 
[L.]), bilberry (Vaccinium myrtillus [L.]) and other 
mountain plants. Forest structure (canopy 50–80%) 
is modified by the wind, avalanches and bark beetles, 
of which Ips typographus (L.) is the most important 
with regard to spruce forest decline. Only a slight 
alteration of forest structure by man (tree felling, 
timber removal) can be noticed locally.

Sampling bark beetles and deutonymphs of uro-
podine mites

Window flight trapping was used as the sampling 
method. A total of 6 flight interception traps were 
set for bark beetles and other invertebrates in each 
sample plot. Traps were fixed to spruce trees which 
were 0.4–0.5 m thick at dbh, characterized by com-
plete needle loss in the crown and presence of fresh 
wounds on lower parts of trunks, at heights of 1.3–1.6 
m, measured from the ground to the lower margin 
of trap panes. In each sample plot they were posi-
tioned at a distance of 100–150 m, on two vertical 
transects which were approximately 200 m distant 
from each other. Traps consisted of two transpar-
ent acrylic panes (0.4 × 0.6 m each) crossed at right 
angles, a circular dark green funnel (diameter 0.4 m) 
placed below the panes, and a collector containing 
water, coarse salt (NaCl) and a few drops of deter-
gent. Salt preserved invertebrates, detergent reduced 
the surface tension of the solution in trap collectors. 
Traps were emptied at the end of each month, over 
the period 15th May–30th September 2004.

In the laboratory, the individuals of H. cunicularius 
were separated from other organic material sampled 
in traps and placed in vials containing 70% ethanol. 
Then, they were examined for deutonymphs of 
uropodine mites. The deutonymphs were extracted 
from the beetles manually, using pincers. They were 
mounted into microscopic slides, each specimen 
separately using Liquido de Swan, and kept prepared 
for determination and further study.

Individuals of H. cunicularius were identified ac-
cording to Pfeffer (1989, 1995), deutonymphs of 
uropodine mites according to Mašán (2001).

data analysis

Proportion of H. cunicularius adults vectoring 
uropodine mites

Two groups were distinguished in the population 
of H. cunicularius with regard to the transfer of 
uropodine mites: (1) individuals vectoring mites and 
(2) individuals not vectoring mites. Testing for dif-
ferences in the number of individuals between group 
1 and group 2 was performed using the Wilcoxon 
test for two groups arranged as paired observations. 
It was resorted to the nonparametric test as the 
data did not meet the assumptions of parametric 
methods of data analysis after transformation. Next, 
the proportion of mite vectors in the population of 
H. cunicularius was calculated as a percentage of 
the beetles sampled. Spearman’s coefficient of rank 
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correlation (R) was used to test for the significance 
of the association between the number of vectored 
mites and the number of dispersing individuals 
of H. cunicularius. The nonparametric test was 
employed for this relationship as the data did not 
conform to a bivariate normal distribution (Sokal, 
Rohlf 2000). Statistical analyses were performed in 
the STATISTICA 7.0 program (StatSoft 2005).

Species composition and diversity of uropodine 
mite assemblage

The assemblage structure of uropodine mites on 
H. cunicularius was characterized by abundance 
and dominance of abundance of mite species re-
corded in particular sample plots over the period 
15th May–30th August 2004 (no beetles were caught 
in September). Diversity of uropodine mite assem-
blages on the beetle vector was characterized by 
Simpson’s diversity index (Simpson 1949) (Table 1). 
Rarefaction analysis was done to clarify the relation-
ship between the number of mite species and the 
number of mite individuals collected in the study 
area (Fig. 1). Computation of diversity index and 
rarefaction were performed in the PAST program 
(Hammer et al. 2009).

Frequency distribution of uropodine mites 

To characterize the frequency distribution of uro-
podine mites on H. cunicularius a bar diagram was 
constructed. In the diagram, numbers of uropodine 
mites on individuals of the beetle were arranged as 
distinct classes (observations) on the abscissa (x-axis),  
corresponding frequencies (cases) were shown on 
the ordinate (y-axis) (Fig. 2).

location of attachment of the uropodid Trichou-
ropoda pecinai

The predominant uropodid, T. pecinai, was select-
ed to study its placement on the body of H. cunicu-
larius. For this purpose, a total of 100 individuals of 

H. cunicularius were drawn at random from the bee-
tle population vectoring T. pecinai over the period 
15th May–30th June 2004 (main flight period of the 
beetle in the study area). Frequency of occurrence 
and dominance of abundance of T. pecinai were cal-
culated separately for legs, abdomen, elytra, thorax, 
head and pronotum of the beetle; frequency as the 
number of attachments (observed cases) over all at-
tachments (cases) possible (N = 100), dominance as 
the number of mite individuals on a particular body 
part over the total number of mites found attached 
to the beetle (N = 220 mites, Fig. 3).

rESultS

During dispersal, the individuals of H. cunicularius 
vectoring deutonymphs of uropodine mites (vec-
tors, phoronts) were always (in each trap) signifi-
cantly less numerous than those not vectoring them  
(N1 = N2 = 18, T = 9.0, Z = 3.332, P < 0.001, Wilcoxon 
test). The proportion of mite vectors in the beetle 
population varied markedly in the study area. It was 

Fig. 1. The rarefaction curve of pooled numbers of deu-
tonymphs of uropodine mites vectored by the adults of Hy-
lastes cunicularius in a mountain spruce forest. 95% confidence 
interval indicated. Tatra Mountains, West Carpathians
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Table 1. Adults of Hylastes cunicularius vectoring deutonymphs of four uropodine mite species in three separate sample 
plots in a mountain spruce forest in Tatra Mountains, West Carpathians. N – number of individuals, D(%) - dominance 
of abundance of mite species 

Sample plot Western Central Eastern 

Species N D (%) N D (%) N D (%)

Hylastes cunicularius 390 40 99

Trichouropoda pecinai 664 94.3 94 92.2 207 96.7

Trichouropoda obscura 35 5.0 8 7.8 5 2.3

Uroobovella ipidis 1 0.5

Uroobovella vinicolora 5 0.7 1 0.5
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5.8% in the valley Velická dolina (N = 695), 17.6% (N 
= 2,204) in Tomanova dolina and 24.6% (N = 403) in 
Bielovodská dolina.

Of the 3,302 individuals of H. cunicularius sampled 
in the study area, 529 (16%) were vectoring a total 
of 1,020 individuals and four species of uropodine 
mites (Table 1; Fig. 2). In each sample plot, the mite 
assemblage was strongly dominated by a single spe-
cies, T. pecinai (dominance of the mite over 90%, 
Table 1). The mite species composition in the study 
area was as follows: T. pecinai (965 individuals 
and 94.6%), T. obscura (48 individuals and 4.7%),  
U. vinicolora (6 individuals and 0.6%) and U. ipidis 
(one individual and 0.1%, N = 1,020). Diversity of 
mite assemblage was low in each sample plot. Simp-
son’s index of diversity of mite assemblage ranged 
from 0.064 in the valley Bielovodská dolina to 0,108 
in Tomanova dolina and 0.145 in Velická dolina, giv-
ing the value of 0.103 for the study area as a whole. 
The rarefaction curve of the pooled numbers of 
uropodine mites on H. cunicularius constructed for 
the study area showed only a slight increase in spe-

cies richness with the increasing number of sampled 
uropodids (Fig. 1). 

Typically, the frequency distribution of uropodine 
mites on H. cunicularius was L-shaped (Fig. 2). Most 
uropodids in the study area (28.7%) were transferred 
as a single individual. The beetles vectoring one, two, 
three and four mite individuals contributed together 
to the entire mite transfer by 86.3%; cases where five 
mites and more were found attached to the phoront 
were rare and their contribution to the entire mite 
transfer was much lower – the rest 13.7% (N = 1,020). 
A single specimen of the beetle was found to trans-
fer a maximum of 13 uropodids. The total number 
of vectored uropodids in the study area was almost 
doubled compared to the number of beetle vectors 
(Fig. 2). Based on the sample evidence, the number 
of vectored mites and the number of individuals 
of the beetle in traps were positively correlated  
(N1 = N2 = 18, t (16) = 5.644, Spearman R = 0.816,  
P < 0.001, Spearman’s rank correlation).

The predominant uropodid, T. pecinai, was found 
attached to the legs, abdomen, elytra, thorax, head 

Fig. 3. Location of the at-
tachment of 220 individuals 
of Trichouropoda pecinai on 
100 individuals of Hylastes 
cunicularius drawn at random 
from the beetle population 
vectoring mites. Frequency 
of occurrence and dominance 
of abundance of the mite. 
Tatra Mountains, West Car-
pathians
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and pronotum of H. cunicularius. It was most fre-
quent and most abundant on the legs of the beetle 
(F = 48%, D = 40%) (Fig. 3).

diSCuSSion 

The results give information on the adults of H. cu- 
nicularius dispersing outside their breeding sites 
(roots, moist logs of spruce touching the ground, 
etc.). It is known that fresh cuts on host material en-
hance the attraction of H. cunicularius (Eidmann et 
al. 1991). The beetles were noticed to be attracted to 
wounds (caused by avalanches, tree and rock fall) on 
lower parts of trunks of spruce trees holding traps, 
however, we did not record their development in 
those trees. In the study area, dispersing individuals 
of the beetle occur in high numbers in both forest 
interiors and open habitats such as windthrow ar-
eas, etc. Most beetles (97%, N = 529), and also most 
mites (98%, N = 1,020), were sampled over the period  
15th May–30th June.

The phoretic uropodine mite species in the study 
can be found in insect galleries under the bark or 
in wood of dying or dead trees (Mašán 2001). As 
deutonymphs are attached tightly to the body of 
bark beetles with the anal pedicel, they take the 
advantage of phoresy to disperse. Kielczewski 
et al. (1983) listed a total of 181 mite species, and 
21 species of uropodine mites among them, as the 
associates of 45 different bark beetle species in Po-
land. Pfeffer (1955), Hirschmann (1971), Kofler 
and Schmölzer (2000) recorded four uropodine 
mite species as the associates of H. cunicularius 
or Hylastes spp. in Europe: T. obscura, T. dialveo-
lata Hirschmann & Zirngiebl-Nicol, U. ipidis and 
U. dryocoetis Vitzthum. Thus, two species of uro-
podids in the study, T. pecinai and U. vinicolora, are 
documented as new associates of H. cunicularius.

 The predominant mite species in the study, 
T. pecinai, benefited from the phoresy on the 
beetle more than did the other three mite species 
(Table 1). T. pecinai, described in 1986, occurs at 
altitudes between 1,100 and 1,400 m a.s.l., and 
may also be found as low as 700 m or up to 2,000 
m a.s.l. (Mašán 2001). Despite its occurrence 
in litter and soil, Mašán (2001) considered it as 
corticolous rather than inhabiting the soil detritus. 
As H. cunicularius develops in moist substrates 
having contact with soil (see above), the associa-
tion of T. pecinai with it is not surprising. At the 
present moment, we know nothing about trophic 
requirements of T. pecinai, however, laboratory 
experiments revealed the feeding of T. obscura on 
tiny nematoda (Kršiak 2009). 

The potential species matrix (bark beetle species x 
uropodine mite species) in spruce forests in Central 
Europe is quite robust. In the West Carpathians, 
H. cunicularius is within the guild of approximately 
30 native bark beetle species developing in Norway 
spruce (Pfeffer 1989, 1995), and there are at least 
seven species of phoretic uropodine mites known to 
be vectored by them, namely:  T. pecinai, T. obscura, 
T. polytricha (Vitzthum), T. sibirica Wisniewski and 
Michalski, T. tuberosa Hirschmann and Zirngiebel-
Nicol, U. ipidis and U. vinicolora (Kršiak 2009).

The uropodine mite assemblage on H. cunicularius 
was not rich in species (Table 1). Its low diversity 
may be explained by a highly excessive number of 
T. pecinai compared to that of other mite species in 
the study (Table 1). Considering the slight steepness 
of the species accumulation curve in the study area 
(Fig. 1), no great increase in species richness (S) with 
an increasing number of mite individuals (N) can be 
expected. On the other hand, a few new uropodine 
mite associates of H. cunicularius may still be docu-
mented in the study area.

Based on the results, undoubtedly, frequent 
transfers of a few mites (one up to four mite indi-
viduals) by their beetle vectors contribute to the 
entire mite transfer and passive dispersal much 
more than a few transfers of larger quantities of 
mites (five mites and more in the study) (Fig. 2). 
This clarifies the role (function) of H. cunicularius 
in the transfer of phoretic uropodids in a mountain 
spruce forest.

Affinity to the legs of H. cunicularius is typical 
of T. pecinai (Kršiak 2007). We found the mite on 
tibiae but never on tarsi and femora which seem to be 
too exposed to attach. Also, the mite was scarce on 
the head and prothorax of the beetle (Fig. 3) where 
mechanical removal is highly likely. The particular 
body parts of H. cunicularius do not provide phoretic 
uropodids an equal chance to attach tightly and hold 
successfully (body parts differ in size, shape and 
texture; some body parts are more exposed than the 
other ones, etc.). The asymmetry in Fig. 2 indicates 
that selection against uropodids on H. cunicularius 
may exist, however, a special ecological and behav-
ioural study is required to reveal this in detail. The 
placement of mite species on bark beetle species 
reflects strategy of their attachment and dispersal 
in nature. The preferred location of attachment is 
known to differ with mite species (Moser et al. 
2005).

Dispersing individuals of H. cunicularius were 
relatively loosely associated with uropodine mites 
and their transfer potential for uropodids was not 
fully exploited. On the other hand, the proportion 
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of uropodine mite vectors in the beetle population 
was as high as 25% locally, and the total number 
of uropodids transferred in the study area was al-
most doubled compared to the number of vectors 
(Table 1; Fig. 2). Considering this, together with 
abundant occurrence of H. cunicularius in the study 
area and ability of the beetle to disperse over large 
distances (Nilssen 1984; Johansson et al. 1994), 
the important role of H. cunicularius in transfer-
ring uropodine mites cannot be overlooked. As the 
number of vectored mites positively correlates with 
that of dispersing individuals of H. cunicularius, 
more transferred mites are expected at sites where 
the beetle population is high than at sites where the 
beetle is infrequent and not abundant.

H. cunicularius belongs to the group of bark 
beetles intimately associated with blue-stain fungi, 
meaning that a large percentage of individuals (up to 
100%) carries ophiostomatoid fungi (Kirisits 2007). 
This increases the chance that ophiostomatoid fungi 
will also be transmitted by phoretic uropodine mite 
associates of H. cunicularius. A special study on this 
phenomenon is recommended.

ConCluSion

The importance of the passive transfer of uropo-
dine mites assisted by H. cunicularius cannot be 
overlooked in mountain spruce forests in the Tatra 
Mountains and, possibly in other mountain areas in 
Europe too. In the study area, the bark beetle acts as 
a vector of at least four species of uropodine mites, 
of which T. pecinai is the most frequent and abun-
dant. The results of the study can be used by forest 
entomologists and forest pathologists studying the 
transmission of ophiostomatoid fungi by uropo-
dine mite associates of H. cunicularius in spruce 
forests which is highly likely. It is recommended to 
focus on sites and areas where a large population 
of H. cunicularius is documented and where high 
numbers of vectored mites are expected. Attention 
should mainly be paid to beetles vectoring a few 
mites as these are most frequent and contribute 
most to the entire mite transfer. The results from the 
forest reserves in the Tatra Mountains set standards 
to which results from other sites and areas can be 
compared.
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