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Abstract: The hippoboscids play important roles in ecosystem functioning and can serve as indicators of biodiversity and
ecosystem health. These bloodsucking ectoparasites are important from a public health perspective, as they can serve as vectors
of various endoparasitic pathogens in animals and humans, although our understanding is still limited in this case. The current
study provides information on the host species and distribution, which can contribute to the understanding of the ecology and
epidemiology of these important arthropods with a potential impact on both animal and human health. We present an ecological
parasite-host interaction network of louse flies and deer keds (Diptera: Hippoboscidae) collected from various sites in Slovakia
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from this time. A total of 123 new samples of eight hippoboscid fly species were captured on 17 species, including 15 birds and
two mammals. New host-parasite interactions were recorded for the first time. Ornithomya biloba (Dufour, 1827) with the
Acrocephalus arundinaceus (Linnaeus, 1758) and Lipoptena fortisetosa (Maa, 1965) with the Phylloscopus collybita (Vieillot,
1817) are new although it is unlikely that these birds are the host for these ectoparasites. Ornithoica turdi (Latreille, 1811) with
the Lanius collurio Linnaeus, 1758, Ornithomya avicularia (Linnaeus, 1758) with the Motacilla alba Linnacus, 1758 and
Curruca communis (Latham, 1787), and Ornithomya fringillina (Curtis, 1836) with the C. communis and Erithacus rubecula
(Linnaeus, 1758) represent new parasite-host relations for Slovakia. O. avicularia was observed to attack humans, and L.
fortisetosa was found on different bird hosts, creating a possible bridge for the transfer of avian and mammalian pathogens.

Keywords: birds, ectoparasites, hippoboscid, interaction network, mammals

Introduction

The family Hippoboscidae are obligate ectoparasites
of birds (known as “louse flies”) and mammals
(known as “deer keds”) with an interesting and com-
plex biology and ecology (Theodor & Oldroyd, 1964;
Maa, 1969; Bezerra-Santos & Otranto, 2020; Obona
et al., 2022, 2023; Rekecki & Rajkovic, 2023). The
hippoboscids are divided into the subfamilies
Lipopteninae (tribe Lipoptenini, parasitising exclu-
sively mammals), Ornithomyinae (tribes Olfersiini
and Ornithomyini composed of species that mostly
parasitise birds) and Hippoboscinae (tribe Hippo-
boscini with all species in Europe affecting mam-
mals) (Dick, 2018; Reeves & Lloyd, 2019). They play
important roles in ecosystem functioning and can also
serve as indicators of biodiversity and ecosystem
health, which makes them an important group to
study in the context of conservation (Hudson et al.,
20006; Frainer et al., 2018).

These bloodsucking insects are also important
from a public health perspective, as they can serve as
vectors of various endoparasitic pathogens in animals
and humans including malaria, sleeping sickness,
Haemoproteus infections, and possibly filarial
onchocerciasis (Baker, 1967; Sychra et al., 2020;
Werszko et al., 2020; Attia & Salem, 2022).
Moreover, the impact of climate change on the
distribution and abundance of Hippoboscidae species,
as well as their potential to act as pathogens vectors, is
a growing concern (McCabe et al., 2020; Andreani et
al., 2021; Benedict & Barboza, 2022; Maslanko et al.,
2022; Dibo et al., 2022). The economic impact of
Hippoboscidae infestations on livestock production
and welfare is also an important issue (Maslanko et
al., 2022). Finally, Hippoboscidae contribute to the
transmission of vector-borne pathogens, especially
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those affecting wildlife populations (Dehio et al.,
2004; Hornok et al., 2011; Sato et al., 2021).

For most louse flies species related to wild birds
(subfamily  Ornithomyinae), there is limited
information on their competence as vectors of
pathogens (Bezerra-Santos & Otranto, 2020). Species
of the genus Ornithomya were identified as a
competent vectors of avian trypanosomes (Baker,
1956; Santolikova et al., 2022). Species of genus
Lipoptena pose a threat to the health of their hosts as
potential vectors of numerous pathogens such as
Megatrypanum trypanosomes, Trypanosoma spp.,
Bartonella  schoenbuchensis,  Bartonella  spp.,
Anaplasma phagocytophilum, Borrelia burgdorferi,
Theileria spp., Moraxella spp., Mycobacterium spp.
and Rickettsia spp. (Bose & Petersen, 1991; Dehio et
al., 2004; Halos et al., 2004; Vichova et al., 2011; de
Bruin et al., 2015; Buss et al., 2016; Szewczyk et al.,
2017; Werszko et al., 2020, 2022; Dibo et al., 2022;
Andreani et al., 2023; Tiawsirisup et al., 2023).

Although our understanding of the role of
hippoboscids as vectors of human pathogens is still
limited, certain zoonotic agents (e.g., Bartonella spp.,
Rickettsia spp., Borrelia sp., Anaplasma sp. and
Theileria sp.) have been detected in some species of
keds (Buss et al., 2016; Kosoy et al., 2016; Liu et al.,
2016; Boularias et al., 2020; Zhao et al., 2020; Attia &
Salem, 2022; Bjelkova & Horak, 2022; Dibo et al.,
2022; Nartshuk et al., 2022a, b; Maslanko et al., 2022;
Tiawsirisup et al., 2023). These findings have drawn
the attention of the scientific community towards the
need for further investigations regarding the vector
role and host interactions of these ectoparasites in
public health (Bezerra-Santos & Otranto, 2020).

People entering natural habitats of hippoboscids
can be exposed to their attacks and subsequent health
consequences, such as erythema and inflammation of
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the bitten skin, allergic rhinoconjunctivitis, or even
anaphylactic reaction (Laukkanen et al., 2005;
Quercia et al., 2005; Vidal et al., 2007; Decastello &
Farkas, 2010; Matito et al., 2010; Maslanko et al.,
2020). Notwithstanding it seems that the reproductive
potential of some hippoboscids species (e.g., H.
equina) parasitising occasional hosts has not been
fully explored to date (Maslanko et al., 2022). It has
been found that humans are attacked as hosts for
species of the genus Lipoptena spp. accidentally, as
the insects cannot reproduce on this host (Kortet et al.,
2010; Hodzi¢ et al., 2012). For this reason, this is
even considered an ecological trap in some cases
(Robertson & Hutto, 2006; Kaunisto et al., 2009),
because when the fly L. cervi settles on the host (or
other vertebrate mistakenly considered to be the host),
it loses its wings.

Ecological systems, characterised by organisms
interacting with each other, can be -effectively
represented through ecological interaction networks,
specifically in the context of host-parasite
relationships (Delmas et al., 2019; Poisot et al., 2021).
While extensive research has been conducted on
mutualistic and predatory interactions, less attention
has been given to parasitic networks (Poisot et al.,
2021). The interaction networks of the family
Hippoboscidae have not been studied yet, but those of
other families from superfamily Hippoboscoidea
have been published, such as Streblidae (Pena et al.,
2023; Poon et al, 2023) and Nycteribiidae
(Mlynarova et al., 2023; Poon et al., 2023).

Ecological network research seeks to comprehend
how nature’s complexity persists and impacts
ecosystem functioning. This is crucial for predicting
and mitigating the effects of environmental
disturbances, such as habitat loss, climate change, and
invasions of exotic species. Additionally, knowing the
distribution of symbiont communities holds benefits
for both wildlife and human systems, providing
valuable insight into host health and symbiont
transmission dynamics, especially during the current
zoonotic spillover crisis (Nufiez et al., 2020).
Therefore, the study of the distribution and diversity
of hippoboscids in a particular region can offer
important information about the health status of local
bird and mammal populations, as well as potential
risks to public health.

In this study, we aim to provide an overview of
the Hippoboscidae from Slovakia — all data published
so far (see Published records section in the Faunistics)
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and new data from the period 2021-2022. Additional
data from neighbouring countries such as the Czech
Republic and Poland were also included (see
Appendix 1). The current study provides information
on the host species and distribution of hippoboscids in
the region of Slovakia, which can contribute to the
understanding of the ecology and epidemiology of
these important arthropods with potential impact on
both animal and human health.

Material and methods

The collection of hippoboscids from bird hosts can be
challenging due to their mobility and ability to
escape, making bird ringing stations and bird nests
ideal places for their research (Sychra et al., 2008;
Obona et al., 2019a; Gaponov & Tewelde, 2020).
Despite the difficulties in collecting hippoboscids,
several studies have reported the presence of these
arthropods in various bird and mammal species in
Europe, with 21 species known to occur in Slovakia
alone (Petersen, 2004; Le Guillou & Chapelin-
Viscardi, 2022; Obona et al., 2019b, 2022).

The louse flies collected for the purpose of this
study were caught by authors at various study sites
(Appendix 1). The louse flies were collected by
ornithologists (MF, SG, PK, JR) primarily in
ornithological station Drienovec and Sabinov from
avian hosts. The deer keds were collected by PB, BB,
RC, ACs, KD, PM, DT, and JO directly from humans
(see Faunistics).

Collected hippoboscids were placed in Eppendorf
tubes, fixed in 96% ethanol, and subsequently
identified using determination keys by Povolny &
Rosicky (1955), Theodor and Oldroyd (1964), and
Obona et al. (2022). The material is deposited in
ethanol collection in the Laboratory and Museum of
Evolutionary Ecology, Department of Ecology,
University of PreSov (LMEE PO).

To create the species interaction network,
qualitative data on collected hippoboscid flies and
associated birds and mammals, supplemented with all
available literature data from Slovakia (see
Faunistics), were analysed using Gephi network
exploration and manipulation software, (https://gephi.
org/ [4). In addition to simple information about
presence and absence, we also used quantitative data,
expressing the number of publications mentioning
individual parasite-host relationships published so far
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for Slovakia. Developed modules can import,
visualise, spatialise, filter, manipulate and export all
types of networks. The visualisation module uses a
special 3D rendering engine to render graphs in real
time (Bastian et al., 2009). The typical dataset used in
Gephi comprises nodes (entities or objects) and edges
(connections or relationships) connecting these
nodes. In Gephi, the network is visually represented
as a graph, wherein nodes are depicted as discrete
points or shapes, and edges are illustrated as lines that
link the nodes. To convey the strength or weight of the
relationship between nodes, it is possible to customise
the edges by adjusting their thickness and colour.
Thicker or darker edges can signify stronger
connections, while thinner or lighter edges can
indicate weaker connections.

Results

A total of 8 species (123 specimens) of the family
Hippoboscidae were recorded on 17 host species (15
Aves and 2 Mammalia, see Table 1, Faunistics).

In this study, a total of 87 host-parasite interac-
tions were recorded between the eight hippoboscid fly

Table 1. The overview of recorded host species.

Aves Accipiter nisus (Linnaeus, 1758)

Acrocephalus arundinaceus (Linnaeus, 1758)

Apus apus (Linnaeus, 1758)

Curruca communis (Latham, 1787)

Cyanistes caeruleus (Linnaeus, 1758)

Erithacus rubecula (Linnaeus, 1758)

Hirundo rustica Linnaeus, 1758

Lanius collurio Linnaeus, 1758

Motacilla alba Linnaeus, 1758

Parus major Linnaeus, 1758

Passer montanus (Linnaeus, 1758)

Phylloscopus collybita (Vieillot, 1817)

Prunella modularis (Linnaeus, 1758)

Riparia riparia (Linnaeus, 1758)

Sturnus vulgaris Linnaeus, 1758

Mammals Canis lupus f. familiaris Linnaeus, 1758

Homo sapiens Linnaeus, 1758
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species and 56 avian and eight mammalian host
species. These interactions encompass both compre-
hensive published data from Slovakia and new un-
published data (see Faunistics). (Note: An admitted
weakness of this research is that data from mammals
are incomparable with data from bird species. Thus,
the results of mammals in the sample are significantly
overestimated, while those related to bird species are
significantly underestimated when compared to each
other).

Out of the eight fly species, O. avicularia showed
the highest number of associations with different host
species (n = 41), followed by O. fringillina, which
was associated with 16 host species. Both species are
unspecific, polyxenous avian parasites, which is
consistent with the claims of other authors (Nartshuk
et al., 2019; Bartos et al., 2020; Gaponov & Tewelde,
2020). O. turdi is also polyxenous avian parasite
(Gaponov & Tewelde, 2020) but its known range is
mainly restricted to the northern regions of Slovakia
(Obona et al., 2019b) resulting in a comparatively
lower number of recorded hosts. L. fortisetosa, L.
cervi and H. equina were identified as oligoxenous
species, but they mainly parasitised mammals. On the
other hand, O. biloba and C. pallida were found to be
stenoxenous (see Fig. 1).

Faunistics

The examined species have been sorted based on the
study sites, and then arranged chronologically
according to the date of collection. For captured birds
that have been ringed, the bird ring number is
provided in parentheses after the species name to
facilitate identification of individual birds. This
arrangement enables a clear overview of the diversity
and abundance of species across different study sites
and time periods.

Family Hippoboscidae

Subfamily Ornithomyinae

Crataerina pallida (Latreille, 1812)

Published records: Povolny & Rosicky (1955),
Kristofik & Stefan (1980), Chalupsky (1986), Straka
(1981), Cepelak (1985), Kristofik (1998).
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Fig. 1. Species interaction network of hippoboscid flies and associated hosts*.

* Orange dots represent hippoboscid parasites, blue dots represent avian hosts and red dots represent mammalian hosts. The green lines depict
newly discovered host-parasite relationships for Slovakia, which were documented as part of this study and have not been published
previously. The thickness of the lines represents the relative frequency of the interactions.

Fig. 2. The red-backed shrike Lanius collurio Linnaeus,
1758 (J. Repasky).

Material examined: Kosice: 3 ind., host A. apus,
2.6.2022.

Comments: A common stenoxenous ectoparasite
of A. apus and Delichon urbicum (Linnaeus, 1758).

Historia naturalis bulgarica 46 (2024)

Ornithoica turdi (Latreille, 1811)

Published records: Povolny & Rosicky (1955),
Chalupsky & Povolny (1983), Chalupsky (1986).

Material examined: Drienovec: 1 ind., host L.
collurio (N24615),23.8.2022.

Comments: Not native species of Central Europe,
distributed in the Afrotropical region and southern
Palaearctic. The red-backed shrike L. collurio (Fig. 2)
is here recorded as new hosts of O. turdi in Slovakia.

Ornithomya avicularia (Linnaeus, 1758)

Published records: Povolny & Rosicky (1955),
Cepelak (1974, 1982), Kristofik & Stefan (1980),
Chalupsky & Povolny (1983), Chalupsky (1986),
Cepeldk & Cepelak (1991), Rohadek (1995),
Kristofik (1998), Straka & Majzlan (2010), Obona et
al. (2019a, b, 2021, 2022).
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Fig. 3. The common whitethroat (Curruca communis
(Latham, 1787) (S. Gres).

Material examined: Boldigan: 1 ind., host human,
2.8.2022; Cerveny Klastor: 1 ind, host M. alba
(S623731), 6.7.2022; Drienovec: 1 ind, host P
modularis (bird ring number: S640827), 10.10.2022;
1 ind., host P. modularis (S640982), 11.10.2022;
Horné Sece: 1 ind., host human, 30.5.2022; Sabinov
bird ringing station: 2 ind., host H. rustica (U95683,
U87734), 28.7.2022; 1 ind., host A. nisus, 28.7.2022;
Sabinov (garden): 1 ind., host human, 2.6.2022;
Uzovsky Salgov: 1 ind., host H. rustica (U81920),
3.7.2022; 1 ind., host H. rustica (U82451), 7.7.2022;
1 ind., host. C. communis (S618419), 7.7.2022; 2 ind.,
host P montanus (S618420), 10.7.2022; 1 ind., host
H. rustica (U95140), 10.7.2022; 1 ind., host S.
vulgaris (L39194), 13.7.2022; 1 ind., host H. sapiens,
19.7.2022; 1 ind., host H. rustica (U82463),
24.7.2022; Zlaté Kopyto, valley Kopytovska dolina: 1
ind., host unknown, 3.8.2022.

Comments: A common polyxenous louse fly
species in Slovakia. The white wagtail M. alba and
common whitethroat C. communis (Fig. 3) are here
recorded as new hosts of O. avicularia in Slovakia.

Ornithomya biloba (Dufour, 1827)

Published records: Brancsik (1910), Kristofik &
Stefan (1980), Chalupsky & Povolny (1983),
Chalupsky (1986), Kristofik (1998), Obona et al.
(2019a, b, 2021, 2022).

Material examined: Drienovec: 1 ind., host H.
rustica (U83391), 23.8.2022; 1 ind., host H. rustica
(U83360),21.8.2022; 1 ind., host H. rustica (U83371),
21.8.2022;2ind., host H. rustica (U83382),23.8.2022;
Hromos, Poprad River: 1 ind., host R. riparia
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Fig. 4. The great reed warbler (Acrocephalus arundinaceus
(Linnaeus, 1758)) (S. Gres).

(U87058), 7.7.2022; Uzovsky Salgov: 1 ind., host R.
riparia, 7.7.2022; 1 ind., host A. arundinaceus
(N28106), 7.7.2022; 1 ind., host H. rustica (U95165),
15.7.2022; 3 ind., host H. rustica (U95332, U95332),
18.7.2022; 2 ind., host H. rustica (U95349, U98026),
19.7.2022; 2 ind., host H. rustica (U95401, U95401),
19.7.2022; 1 ind., host H. rustica, 9.8.2022; 1 ind., host
H. rustica, 10.8.2022; 1 ind., host H. rustica,
13.8.2022; 1 ind., host H. rustica (U95967),17.8.2022;
1 ind., host H. rustica (U83363), 21.8.2022; 2 ind., on
H. rustica (U102147, U102060), 24.8.2022; 1 ind.,
host H. rustica (U82345), 24.8.2022; 1 ind., host H.
rustica (U102143),24.8.2022.

Comments: A common stenoxenous louse fly
species in Central Europe, specialised mainly on D.
urbicum, H. rustica, and R. riparia. The great reed
warbler 4. arundinaceus (Fig. 4) is here recorded as
new host of O. biloba are also new, probably not
published yet, but this bird species is unlikely to be
the primary host for this ectoparasite.

Ornithomya fringillina (Curtis, 1836)

Published records: Kristofik & Stefan (1980),
Chalupsky & Povolny (1983), Chalupsky (1986),
Kristofik (1998), Straka (2005b), Straka & Majzlan
(2008, 2014), Obona et al. (2019a, 2021, 2022).

Material examined: Cerveny Klastor: 2 ind., on C.
communis (S623741, S623740), 6.7.2022; Drienovec:
1 ind., host E. rubecula (S640571), 9.10.2022;
Sabinov bird ringing station: 1 ind., host P. montanus
(S602249), 28.7.2022; Tichy Potok: 1 ind., host P,
caeruleus, 11.11.2021. Uzovsky Salgov: 1 ind., host
A. arundinaceus, 7.7.2022.
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Fig. 5. The European robin (Erithacus rubecula (Linnaeus,
1758)) (S. Gres).

Comments: A polyxenous louse fly species in
Slovakia mainly of Passeriformes. The common
whitethroat C. communis and European robin E.
rubecula (Fig. 5) are here recorded as new hosts of O.
fringillina in Slovakia.

Subfamily Hippoboscinae
Hippobosca equina (Linnaeus, 1758)

Published records: Thalhammer (1899), Brancsik
(1910), Povolny & Rosicky (1955), Kristofik &
Stefan (1980), Chalupsky & Povolny (1983), Cepelak
(1986, 1992, 1993, 1994a), Chalupsky (1986),
Cepelak & Cepelak (1991), Kristofik (1998), Straka
(2005a, 2016), Straka & Majzlan (2010, 2016),
Obona et al. (2019b, 2022).

Material examined: LakSarska Nova Ves, nr.
Zelienka Nature Reserve, and Cerveny rybnik Nature
Reserve: 1 ind., host human, 25.8.2022; Plavecky
Mikulas, nr. Malacky: 1 ind., host human, 12.6.2022;
Vani$ovec Nature Reserve, nr. Sastin: 1 ind., host
human, 3.6.2022; 3 ind., host human, 23.6.2022.

Comments: Relatively large, not common deer
ked species in Slovakia.

Subfamily Lipopteninae

Lipoptena cervi (Linnaeus, 1758)

Published records: Brancsik (1910), Povolny and
Rosicky (1955), Dyk & Schanzel (1964), Kristofik &

Stefan (1980), Chalupsky & Povolny (1983), Cepelak
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(1986, 1987, 1988, 1992, 1994b), Chalupsky (1986),
Hubaélek et al. (1988), Cepeldk & Cepelak (1991),
Kristofik (1998), Straka (2001, 2010, 2011), Rohacek
(2009), Straka & Majzlan (2014), Obona et al.
(2019b, 2022).

Material examined: Beckov: 1 ind., host human,
7.10.2022; Bolesov: 1 ind., host human, 28.9.2022;
Drienovec: 1 ind., host human, 3.11.2021; 1 ind., host
human, 5.11.2021; 1 ind., host human, 10.10.2022;
Chocské vrchy hills, path under Sokol: 1 ind., host
human, 18.10.2022; Levocské vrchy mountains: 1
ind., host human, 15.10.2021; PreSov: 2 ind., host
human, 7.2022; Rajtopiky, Branisko: 1 ind., host
human, 12.10.2022; Rudnik: 1 ind., host human,
23.10.2022; Sabinov — garden: 1 ind., host human,
9.2021; 1 ind., host human, 9.2021; Spi§ Basin,
Drevenik, yellow marked hiking trail, multiple
locations: 1 ind., host human, 10.10.2022; Stiavnica
mountains, Rudno nad Hronom railway station: 1
ind., host human, 29.10.2022; Vys$na Olsava: 1 ind.,
host human, 7.10.2022; Sranecké piesky: 1 ind., host
human, 31.8.2022.

Additional data: Czech Republic: Pti¢ovy, nr.
Chlumecnik hill: 1 ind., host human, 29.10.2022.

Comments: A frequent deer ked species in
Slovakia.

Lipoptena fortisetosa (Maa, 1965) (Fig. 7 C)

Published records: Kocisova et al. (2007), Obona et
al. (2019b, 2022).

Material examined: Bachuren: 1 ind., host human,
2.8.2022; Bikos: 1 ind., host dog, 8.2022; Drienovec:
1 ind., host human, 23.8.2022; 2 ind., host human,
25.8.2022; 1 ind., host human, 27.8.2022; Chocské
vrchy hills: 1 ind., host human, 19.7.2022; Laksarska
Nova Ves, nr. Zelienka Nature Reserve and Cerveny
rybnik Nature Reserve: 2 ind., host human,
25.8.2022; Laksarska Nova Ves, Zelienka Nature
Reserve: 1 ind., host human, 10.6.2022; PreSov: 1
ind., host human, 11.6.2022; 2 ind., host human,
7.2022; Rajtopiky, Branisko: 1 ind., host human,
12.10.2022; Rudnik: 1 ind., host human, 28.5.2022;
Ruska Nova Ves: 1 ind., host human, 8.2022; Sabinov
bird ringing station: 2 ind., host P collybita,
10.6.2022; 1 ind., host P. major, 11.6.2022; 1 ind.,
host P. collybita, 16.6.2022; 2 ind., host human,
29.6.2022; 1 ind., host human, 8.7.2022; 3 ind., host
human, 28.7.2022; Sabinov: 1 ind., host human,
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Fig. 6. The common chiffchaff (Phylloscopus collybita
(Vieillot, 1817)) (S. Gres).

9.2021; Sedlo Zakruty saddle — above the valley
Kopytovska dolina: 1 ind., host human, 4.8.2022;
Studienka, nr. Malacky: 1 ind., host human,
31.8.2022; the Myjava hills, Holi¢ov vrch hill: 1 ind.,
host human, 5.7.2022; the Slovak Karst, PleSivec,
green marked hiking trail from the cave Gambasecka
jaskyna to PleSivec: 1 ind., host human, 9.9.2022; the
Salkova, Zvolen Basin: 1 ind., host human,
15.7.2022; VaniSovec Nature Reserve, nr. Sastin: 1
ind., host human, 3.6.2022; 1 ind., host human,
23.6.2022.

Additional data: Czech Republic: Kyselka: 1 ind.,
host human, 12.7.2022; Spanov, nr. Domazlice forest:
5 ind., host human, 17.7.2022; the same, 4 ind., host
human 2.7.2022. Poland: Beskid Zywiecki: 1 ind.,
host human, 14 —17.7.2022.

Comments: A common and frequent not native
deer ked in Slovakia. The common chiffchaff P
collybita (Fig. 6), probably not published yet, is a new
hosts of L. fortisetosa in Slovakia, but as mentioned in
Obona et al. (2021) birds are unlikely to be the
primary host for this ectoparasite.

Discussion

Ecological networks serve as intricate representations
of ecological interactions, providing a unique
opportunity to study and predict the transmission of
pathogens among different hosts and parasites
(Runghen et al., 2021; Su et al., 2022). In this article,
we focus on the potential role of Hippoboscidae
species as vectors of various pathogens with the
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possible use of ecological networks. In this context,
we present several hypothetical scenarios where
different species of hippoboscids could act as bridges
for pathogen transmission between hosts.

Ornithomyia avicularia, exhibiting the highest
number of interactions in our network (Fig. 1),
represents a possible bridge for pathogen
transmission between diverse avian hosts and
mammals (Santolikova et al., 2022; Cisovska
Bazsalovicsova et al., 2023). This fact could make it a
possible link for the transfer of avian and mammalian
pathogens. Ornithomyia fringillina represents a
possible transmission of pathogens between our
study’s second most diverse range of avian hosts (see
also Cisovské Bazsalovicsova et al., 2023). Likewise,
O. turdi, a non-native species known to migrate with
its hosts (Pfadt & Roberts, 1978), could facilitate the
transmission of African (tropical and subtropical) and
European avian pathogens. O. biloba and Crataerina
pallida with a small number of interactions in the
network, may contribute to transmission of pathogens
among a smaller number of avian hosts.

We recorded two species of the genus Lipoptena:
L. fortisetosa with eight interactions and L. cervi with
six interactions. L. fortisetosa, a non-native species,
can potentially serve as a possible bridge for the
transmission of pathogens between a more restricted
range of mammals, as well as between a more
restricted range of avian hosts and mammals. Its
trophic ecology is not fully understood, but it is a
relatively aggressive species that attacks a wide range
of hosts, including cattle and horses (Metelitsa &
Veselkin, 1989; Dehio et al., 2004). L. cervi, together
with H. equina represents a possible route of
transmission for pathogens between a narrower range
of mammalian hosts.

In addition to the previously mentioned
interactions, we have also documented several new
parasite-host relationships. The interaction between
O. turdi and L. collurio is newly recorded only for
Slovakia, since this relationship has already been
detected in Hungary (Papp & Kaufman, 1989). O.
avicularia with M. alba (Walter et al., 1990; Nartshuk
etal., 2020) and with C. communis (Santolikova et al.,
2022), O. fringillina with C. communis (Boyko et al.,
1973; Doszhanov, 2003; Matyukhin et al., 2016;
Labitzke & Jentzsch, 2019) and with E. rubecula
(Boyko et al., 1973; Doszhanov, 2003; Matyukhin et
al., 2016) has also been recorded. Furthermore, O.
biloba with A. arundinaceus and L. fortisetosa with P,
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Fig. 7. A: Lipoptena cervi (Linnaeus, 1758); B: Hippobosca equina (Linnaeus, 1758); C: Lipoptena fortisetosa (Maa, 1965) D:

Crataerina pallida (Latreille, 1812) (G. Kunz).

collybita represent new, not yet published interactions
not only for Slovakia but on a global scale. In view of
the fact that O. biloba is specialised mainly on D.
urbicum, H. rustica and R. riparia (Kristofik, 1998),
A. arundinaceus is unlikely to be the primary host for
this louse fly. A. arundinaceus was collected on the
same day at the same locality (Uzovsky Salgov,
7.7.2022) as R. riparia, so it is possible that this
record is just a coincidence and caused by the
authorshandling of these birds during ringing.

The interaction of L. fortisetosa with P. collybita
is unexpected, as birds are not the primary hosts for
this ectoparasite, which is known to infest cervids
(Kowal et al., 2016; Obona et al., 2021). On the other
hand, L. fortisetosa was found on two P. collybita
examined on different days (10.6. and 16.6.2022).
This is thus an accidental but apparently natural
occurrence. In addition, there are other records of L.
fortisetosa on Parus major and Cyanistes caeruleus
in Fig. 1. (see also Obona et al. (2019b, 2022)).
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In several cases of this study, flies were found on
unexpected hosts. Like flies usually parasitising on
birds were found on mammals and vice versa (e.g.: L.
fortisetosa (Fig. 7 C) on the P. collybita). In other
cases, flies were found on a host from the usual
animal class, but on species they normally do not
parasitise (e.g.: O. biloba on the A. arundinaceus).

Four species of hippoboscid flies — Lipoptena
fortisetosa, L. cervi, Hippobosca equina and
Ornithomyia avicularia — were collected on humans,
underlining the potential of penetrating human skin as
confirmed by several authors before (Maa, 1969;
Borowiec, 1984; Quercia et al., 2005; Vidal et al.,
2007; Matito et al., 2010; Decastello & Farkas, 2010;
Buczek et al., 2020; Maslanko et al., 2020).

Given the potential impact of these parasites on
human health, it is crucial to understand the networks
that connect different species and how pathogens may
spread through them (Proesmans et al.,, 2021;
Runghen et al., 2021; Su et al., 2022). Therefore,
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further research is needed to identify the specific host-
parasite relationships and determine the potential
risks to human and animal health.
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Appendix 1

Study sites
Slovakia
Bachuren 49°03'50.1"N 20°55'15.0"E
Beckov 48°46'35.7"N 17°54'32.3"E
Biko$ 49°01'26.1"N 21°13'13.6"E
Boldigan 49°03'10.2"N 20°53'50.2"E
Bolesov 48°58'45.4"N 18°09'07.3"E

Cerveny Klastor

49°23'15.3"N 20°23'49.2"E

Drevenik, yellow marked hiking trail, Spi§ Basin

48°59'16.5"N 20°46'31.8"E

Drienovec

48°36'54.5"N 20°54'54.7"E

Holic¢ov vrch hill, Myjava hills

48°44'05.0"N 17°32'57.1"E

Horné Sece

48°51'30.4"N 17°11'14.1"E

Hromos, Poprad river

49°15'50.8"N 20°48"29.2"E

Chocské vrchy hills

49°07'07.7"N 19°22'01.7"E

Kosice

48°43'14.5"N 21°1520.9"E

Lakgarska Nové Ves, nr. Zelienka Nature Reserve and Cerveny
rybnik Nature Reserve

48°35'56.3"N 17°09'34.7"E

Levoéské vrchy mountains

49°03'20.1"N 20°39'50.9"E

Plavecky Mikulas, nr. Malacky

48°32'31.0"N 17°13'06.5"E

Presov

48°59'58.0"N 21°13'04.0"E

Rajtopiky, Branisko

48°59'43.3"N 20°51'59.0"E

Rudnik

48°43'09.9"N 21°00'34.8"E

Rudno nad Hronom railway station, the Stiavnica mountains

48°26'05.6"N 18°40'54.7"E

Ruska Nova Ves

48°58'13.1"N 21°19'23.8"E

Sabinov — garden

49°06'18.7"N 21°05'49.0"E

Sabinov Bird Ringing Station

49°06'02.5"N 21°04'27.4"E

Sedlo Zakruty saddle — above the valley Kopytovska dolina

49°03'36.0"N 20°54'12.0"E

Sokol (path under), Choc¢ské vrchy hills

49°08'22.4"N 19°18'06.4"E

Studienka, nr. Malacky

48°32'48.3"N 17°12'41.5"E

Salkova, the Zvolen Basin

48°43'55.4"N 19°14'12.6"E

Sranecké piesky

48°32'48.3"N 17°12'41.5"E

The Slovak Karst, Plesivec, green marked hiking trail from the
cave Gambasecka jaskyna to PleSivec

49°03"24.2"N 20°55'00.3"E

Tichy Potok

49°08"22.8"N 20°48'30.5"E

Uzovsky Salgov

49°05'34.8"N 21°04'00.8"E

VaniSovec Nature Reserve, nr Sastin

48°36'30.9"N 17°08"26.8"E

Vysna Olsava

49°09'30.9"N 21°35"26.0"E

Zelienka Nature Reserve, nr Laksarska Nova Ves

48°36'03.4"N 17°09"27.0"E

Zlaté Kopyto, valley Kopytovska dolina

49°03"27.3"N 20°54'56.1"E
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Poland

Beskid Zywiecki 49°41'31.0"N 19°22'45.1"E
Czech Republic

Kyselka 50°15'31.6"N 12°59'40.8"E
Spatiov, nr. Domazlice les forest 49°25'25.8"N 12°58'06.5"E
Pri¢ovy, nr. Chlumec¢nik hill 49°40"23.6"N 14°2229.9"E
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