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Abstract

Associations of fleas that live in nests and burrows of small mammals are relatively well explored. In this study we try to expand the knowledge about
flea communities of two small mammals, namely Micromys minutus (Pallas, 1771) and Muscardinus avellanarius (Linnaeus, 1758) in Slovakia. Part of the
research into the nesting biology and ecology of both rodent species in north-eastern Slovakia was also research into parasites in their nests. In nests of
M. minutus three flea species (Megabothris turbidus (Rothschild, 1909), Ctenophthalmus assimilis (Taschenberg, 1880), C. solutus Jordan & Rothschild,
1920), while in hazel dormouse nest five species were found — M. turbidus, C. assimilis, C. solutus, Ceratophyllus (Monopsyllus) sciutorum (Schrank, 1803)

and Doratopsylla dasycnema (Rothschild, 1897).
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Introduction

Parasitic and non-parasitic groups of invertebrates inhabit
nests that provide suitable habitat for their survival and
reproduction. Important factors that affect the species
and trophic composition of arthropods in nests are the
character of the surrounding habitat, the structure of the
nest, food remains in nests, and also the nest position,
it means if the nests are located above or below the soil
surface (e.g., Cyprich & Krumpal 1996, 2007; Cyprich
et al. 1992; Tryjanowski et al. 2001; Biichner et al. 2003;
Masan & Stanko 2005; Bajerlein et al. 2006; Bloszyk et
al. 2006, 2011; Gwiazdowicz et al. 2006; Sustek & Stanko
2012; Krawczyk et al. 2015; Rohacek et al. 2022).

The flea fauna (Siphonaptera) of rodents in Slovakia
is relatively well described. Information about fleas on
Micromys minutus (Pallas, 1771) can be found in several
works (Rosicky 1957; Dudich 1984, 1986; Cyprich et al.
1987; Stanko 1987a). A total of seven species of fleas have
been confirmed from this host in Slovakia. Similarly, data
on the flea fauna on Muscardinus avellanarius (Linnaeus,
1758) can be found in several publications too (Rosicky
1957; Dudich 1983, 1987, 1988, 1991; Dudich & Matousek
1985; Stanko 1987b; Stanko & Fri¢ova 2001), four flea
species have been recorded on this rodent species from
our territory. On the other hand, there are few published
works on the flea fauna in the nests of both species of
rodents from the territory of Slovakia (Cyprich & Kiefer
1981; Cyprich et al. 1992), and at the same time it should
be noted that numerous nests were examined in these
publications. This is reflected in the relatively high number
of flea species found in the nests of both rodent species.
The main aim of our study was to describe the flea’s
fauna living in the Eurasian harvest mouse and the hazel
dormouse nests in north-eastern Slovakia. Data on the

fleas of these hosts, as well as their nests, are missing from
the study territory.

Material and methods

The field margins and woodland edges were
systematically searched by hand for nests of M. minutus
and M. avellanarius. All evaluated nests were obtained
between July and November of 2011. The study sites were
in predominantly arable landscapes in the vicinity of
Duplin village (49°14°08“N, 21°3811“E, 260 m a.s.l.) and
Stropkov city (49°11°36“N, 21°3935“E, 216 m a.s.l.) all in
north-eastern Slovakia (Ondavskd vrchovina highlands).
Nests of M. minutus were identified and distinguished
from similar grassland nests of M. avellanarius according
to studies by Canady (2012, 2013, 2015) and Csanddy
(2022). A total of six nests of M. minutus and 12 nests of
M. avellanarius were evaluated.

Each nest was placed in a plastic bag, the top of which
was sealed to prevent arthropod escape. Under laboratory
conditions, each nest was placed in modified Berlese-
Tullgren funnels for 72 hours. Arthropods were collected
in 70% ethyl alcohol in a catch bottle that was attached
to the bottom of the funnel. The extracted arthropods
were then sorted according to taxonomic affiliation
(see Rohacek et al. 2022) and fleas (Siphonaptera) were
identified according to the key of Rosicky (1957).

These materials in alcohol are deposited in the collection
of the Institute of Parasitology, Slovak Academy of
Sciences in Kosice, Slovakia.

Results and Discussion
Micromys minutus (Pallas, 1771) - Eurasian Harvest
Mouse
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In previous studies (e.g., Bence et al. 2003; Canady 2013;
Csanady 2022) were showed that harvest mice spend
most of their life above the soil surface, in tall, dense
vegetation, where they build their woven ball-shaped
nests anchored above the ground. Nests are used for
breeding and resting, and most nests are damaged within
one month. The mice abandon old nests and build new
ones during their reproductive period (Canddy 2013).
The spherical nests, 4.5 — 14 cm in diameter, are usually
located at a height of 8 — 115cm above the ground and
attached to vegetation.

Flea communities recorded from Eurasian harvest
mouse nests in Slovakia

Together, six M. minutus nests were examined, and 29
fleas of three species we confirmed in four positive nests:
Megabothris turbidus (Rothschild, 1909), Ctenophthalmus
assimilis (Taschenberg, 1880), C. solutus (Jordan &
Rothschild, 1920).

While two flea species (C. assimilis, C. solutus) were
recorded with only one specimen each, the third
registered species — M. turbidus was more numerous and
we found it in four nests in both localities (Table 1).

Megabothris turbidus (Rothschild, 1909)

Fleas occur in equal proportions in the fur and in the
nests of hosts (Skuratowicz 1967; Balaz & Sevéik 2021;
Baldz & Kossa 2022). It is a typical representative of the
small mammals such as Apodemus agrarius (Pallas, 1771),
A. flavicollis (Melchior, 1834), A. sylvaticus (Linnaeus,
1758), Clethrionomys glareolus (Schreber, 1780), Microtus
agrestis (Linnaeus, 1761), M. arvalis (Pallas, 1778), M.
subterraneus (de Selys-Longchamps, 1836), Sorex araneus
Linnaeus, 1758 and, S. minutus Linnaeus, 1766. In forest
habitats of lower altitudes, it is their second most abundant
flea species (the first is Ctenophthalmus agyrtes (Heller,
1896). It prefers mainly floodplain forests and does not
avoid secondary tree formations. It also penetrates from
forests into adjacent open areas of fields and meadows.
It also occurs in mountain environments up to the alpine
zone. It is most abundant in the warm part of the year,
peaking in summer and autumn. In winter, it mainly
stays in nests. According to Baldz & Sevcik (2021), the
host spectrum is very broad, attacking mainly members
of the genera Microtus and Clethrionomys, quite often
also Apodemus (Brinck-Lindroth & Smit 2007). It has
also been recorded on other species of small mammals,
squirrels, dormice, some carnivores (Mustela) and also
birds. C. glareolus is considered to be the most common
host (Rosicky 1957; Skuratowicz 1967; Dudich 1995;
Baldz & Seveik 2021).

Table 1. The fleas found in the nest of the Eurasian harvest mouse (Micromys minutus) in Slovakia.

Species Nest no. N/Sex Site Date
Megabothris turbidus H9 2M,2F Stropkov 25.VIII.2011
H9* IM,2F Duplin 16.1X.2011
H4b IM,2F Duplin 16.1X.2011
Hé6 1M Duplin 16.1X.2011
Hle 2F Duplin 17.1X.2011
H20 5M,9F Duplin 18.X1.2011
Ctenophthalmus assimilis H9* IM Duplin 16.1X.2011
Ctenophthalmus solutus H4® 1M Duplin 16.1X.2011

»b _ species and individuals recorded in the same nest.
M - male.
F - female.

Ctenophthalmus assimilis (Taschenberg, 1880)

It is a predominantly nest-dwelling species (Beaucournu
& Launay 1990), but often occurs on hosts, originally
restricted to the forest-steppe of Eurasia (Rosicky 1957).
Several authors (Balaz & Sev¢ik 2021; Baldz & Kossa
2022) state that it prefers open habitats, especially fields,
meadows, clearings, where it is the dominant species of
small mammal flea. Although its main host is the field
rodent species — Microtus arvalis, it sometimes invades
into forest habitats together with its host. Conversely, it
is absent in high mountains where its main host is also

absent. Flea is present on hosts during all seasons. On the
other hand, apart from its main host, C. assimilis has been
recorded on various species of other small mammals -
other voles, mice, and shrews such as (Apodemus agrarius,
A. flavicollis, A. sylvaticus, Clethrionomys glareolus,
Microtus agrestis, M. subterraneus, Sorex araneus, and
S. minutus) and also on species of Spermophilus citellus
(Linnaeus, 1766) or Cricetus cricetus (Linnaeus, 1758), and
on the mole (Talpa europaea Linnaeus, 1758) it tends to be
the most abundant flea species (Rosicky 1957; Skuratowicz
1967; Dudich 1995; Brinck-Lindroth & Smit 2007).
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Ctenophthalmus solutus Jordan & Rothschild, 1920
According to review papers by Balaz & Sev¢ik (2021) and
Balaz & Kossa (2022), the species is found primarily in
the fur of the host. The ecological optimum of the species
is in forest habitats of the upland stage; on the northern
edge of the Pannonian Plain it ascends to the fir-beech
vegetation stage (Dudich 1986). It is especially abundant
in thermophilous oak woods, over-wooded groves and in
their close vicinity. It is less common in open areas and
spruce forests, completely avoiding floodplain forests.
Rosicky (1957) and Skuratowicz (1967) state that it can
be recorded during all seasons, but reaches its maximum
especially in spring. The main hosts are members of the
genus Apodemus, especially A. flavicollis, A. sylvaticus and
A. agrarius. A common secondary host is Mus musculus,
and it also parasitizes microtid rodents and insectivores
more sporadically (Clethrionomys glareolus, Microtus
agrestis, M. arvalis, M. subterraneus, Sorex araneus, S.
minutus; Rosicky 1957).

Cyprich & Kiefer (1981), who so far examined the most
voluminous material of nests of M. minutus (100 nests
in total) from the territory near Bratislava, during the
population expansion of the Eurasian harvest mouse in 1966,

recorded fleas in 75% of nests. The average number of fleas in
their research was approximately 10 fleas per examined nest.
They registered 5 flea species in the nests, while the species
M. turbidus significantly dominated (97.5%). In addition to
the three species that we also confirmed in our research, the
authors mention 2 more species — Ctenophthalmus agyrtes
(Heller, 1896) (10 specimens) and Nosopsyllus fasciatus
(Bosc, 1800) (1 specimen).

Muscardinus avellanarius (Linnaeus, 1758) - Hazel
Dormouse

In previous studies (cf. Canady 2012, 2015; Csanddy 2022)
were showed that the hazel dormouse occupies woodland
habitats, shrub stands, clearings and other ecotone habitats
mostly in deciduous or mixed deciduous-coniferous
forests with a well-developed understorey. Arboreal nests
are important for predator avoidance, protection from
weather conditions and security for offspring.

Spherical nests, mostly 5 - 15cm in diameter (depending
on the nest type), were usually located 20 — 140 cm above
the ground attached to vegetation (Canady 2015; Csanady
2022).

Table 2. The fleas (Siphonaptera) found in nest of the hazel dormouse, Muscardinus avellanarius in Slovakia.

Species Nest no. N/Sex Site Date
Megabothris turbidus Heé* 1M, 4F Duplin 21.VIL.2011
H4® 6M,7F Duplin 24.VII1.2011
H12 1F Duplin 26.VII1.2011
Hie6® 1M,3F Duplin 26.VIIL.2011
H17 3F Duplin 26.VII1.2011
H7 1F Duplin 16.1X.2011
H14 2F Duplin 17.1X.2011
H13 6M,8F Duplin 18.X1.2011
Heé 8M,8F Duplin 18.X1.2011
H15 3M,5F Duplin 18.X1.2011
H25¢ 15M 14 F Duplin 19.X1.2011
Ctenophthalmus assimilis H16* 2F Duplin 26.VII1.2011
Ctenophthalmus solutus H4® 1M Duplin 16.1X.2011
Ceratophyllus sciurorum Heé* 1M Duplin 21.VIL.2011
H1e6¢ 1F Duplin 26.VII1.2011
H25¢ 1M, 1F Duplin 19.X1.2011
Doratopsylla dasycnema H3 1F Duplin 21.VIL.2011
abed

species and individuals recorded in the same nest.
M - male.
F - female.

Flea communities recorded from Hazel Dormouse nests
Twelve nests of M. avellanarius were examined from the
Duplin locality, from which we recorded 96 fleas belonging to
five species: M. turbidus, C. assimilis, C. solutus, Ceratophyllus
sciurorum and Doratopsylla dasycnema (Table 2).

M. turbidus flea in the hazel dormouse nests dominated.

We recorded 96 fleas, it means 40 males and 56 females
in 11 nests. Two C. assimilis females were recorded in one
nest, together with two other species - M. turbidus and C.
sciurorum. Similarly, one C. solutus male was confirmed
with several individuals of M. turbidus (Table 2).

Data on the ecology of the three-flea species — M. turbidus,
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C. assimilis and C. solutus were presented above (see M.
minutus).

Ceratophyllus (Monopsyllus) sciurorum (Schrank, 1803)
It is a nest-dwelling flea species (Skuratowicz 1967)
associated with arboreal mammals and cavity-nesting
bird species (Rosicky 1957; Skuratowicz 1967; Dudich
1986; Balaz & Sevcik 2021; Baldz & Kodsa 2022).
According to the mentioned authors, its main host is
Sciurus vulgaris Linnaeus, 1758. Together with its host,
it occurs in forest habitats from lowlands to the montane
zone. Typically, this species can also be captured in the
wild (e.g., on a flag), where it actively seeks out its host. It
occurs throughout the year, but is more abundant in the
warmer months. In autumn and winter, its abundance
decreases. In addition to the squirrel, it is a common
parasite of dormice (e.g., Muscardinus avellanarius, Glis
glis) and sporadically attacks small mammals (Apodemus
agrarius, A. flavicollis, Clethrionomys glareolus, Microtus
subterraneus). It has also been recorded on the species
Erinaceus europaeus Linnaeus, 1758, on some carnivores,
such as Martes martes Linnaeus, 1758, Vulpes vulpes
Linnaeus, 1758, also Canis lupus forma familiaris
Linnaeus, 1758 (see Balaz & Sev¢ik 2021) and on human
(Rosicky 1957; Skuratowicz 1967; Bartkowska 1973;
Brinck-Lindroth & Smit 2007).

Four fleas (two males, and two females) were recorded in
three nests, together with two species of M. turbidus and C.
assimilis obtained from Duplin village (Table 2).

Doratopsylla dasycnema (Rothschild, 1897)

It belongs to the species parasitizing in the fur of the
host (Brinck-Lindroth & Smit 2007; Baldz & Sewv¢ik
2021; Balaz & Kossa 2022). It is a common parasite of
shrews (Soricidae) such as Sorex, Neomys and Crocidura
(Dudich & Ambros 1985). It is a widespread and dominant
species that is associated with forest formations (Dudich
1991), avoiding areas of large river floodplains that
are periodically flooded (Dudich 1995). The species is
especially abundant in the upland, foothill and mountain
grades. The most common host is Sorex araneus and,
together with it, can reach up to the alpine stage. In
lowland areas, its occurrence is more sporadic. It reaches
its highest abundance in the warm months. In addition
to the insectivores mentioned above, it has also been
recorded on a wide range of other small mammal species
(Apodemus agrarius, A. flavicollis, A. sylvaticus, Micromys
minutus, Mus musculus, Clethrionomys glareolus, Microtus
agrestis, M. arvalis, M. subterraneus, M. tatricus, Crocidura
leucodon, C. suaveolens, Neomys anomalus, N. fodiens,
Sorex alpinus, S. araneus, S. minutus, Talpa europaea)
(Rosicky 1957; Skuratowicz 1967; Balaz & Sev¢ik 2021;
Baldz & Kos$a 2022). However, Brinck-Lindroth & Smit
(2007) consider its occurrence on voles and murid rodents
to be coincidental. One female was recorded in a nest
(Table 2).

A representative and so far, the largest number of M.
avellanarius nests in Slovakia were investigated by
Cyprich et al. (1992). They examined 163 nests in the
many localities of Slovakia, of which 141 were located
in birdhouses. The authors registered a total of 2099
fleas belonging to 16 species in the nests, C. sciurorum
absolutely dominated (51%), i.e., a species associated with
arboreal mammals (dormouse, squirrels). Another seven
species represented fleas associated with parasitation
on birds and made up a total of 38.6% of fleas in nests.
The remaining eight species of fleas were created by flea
communities, which are mostly associated with small
mammals, and made up 10.4% of the flea material in M.
avellanarius nests. Within this mammal’s flea species,
the authors mention the species M. turbidus, C. solutus
and C. assimilis. The flea D. dasycnema was missing in
their collections.

The number of investigated nests of both rodent species is
not large, therefore the range of detected flea taxa in the
given region is not complete. At the same time, we can state
that although both species of rodents are taxonomically
quite distant, they still have very ecologically similar trophic
and topical requirements due to some characteristics of
nidobiology and ecology. This was reflected in similar
coenoses of fleas in both species, which points to strong
contacts and common parasitofauna with other species
of small mammals (genera Ctenophthalmus, Megabothris,
Doratopsylla). Ceratophyllus sciurorum is an important
flea species for the hazel dormouse (both in nests and on
hosts), which is typical for the parasitofauna of dormouse
and squirrels and some species of birds nesting on trees
(Rosicky 1957; Stanko 1987b; Dudich 1988, Cyprich et al.
1992).

Conclusion

During 2011, there were examined nests of Micromys
minutus and Muscardinus avellanarius in the surroundings
of Duplin village and Stropkov city (north-eastern
Slovakia). In twelve hazel mouse nests, five flea’s species
were recorded. In six Eurasian harvest mouse nests, three
flea species were recorded. In nests of both rodent species,
Megabothris turbidus dominates in flea communities. The
occurrence of Doratopsylla dasycnema flea in hazel mouse
nest, according to the author’s knowledge, is new data
from this territory of Slovakia.
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