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1. Summary

The role of birds in the dispersal of ticks, other ectoparasitic vectors, and vector-borne
pathogens has been the subject to extensive research. In Hungary, several studies have been
carried out over the past decades to explore these dynamics. This thesis aims to provide a
better understanding of the role birds play in the epidemiology of pathogens transmitted by
ticks and other blood-feeding parasites. To gain a comprehensive understanding of this
process, it is equally important to explore both the interactions between birds and blood-
feeding vectors, and the potential vector roles of these arthropods. This thesis is based on five
peer-reviewed articles published in scientific journals (listed in point ‘@’ of Chapter 8). To
provide a more comprehensive overview, the thesis also incorporates findings from an

unpublished study focusing on selected pathogens identified in avian louse flies.

A comprehensive review was conducted to assess the composition and size of the tick fauna
infesting European birds. Over 200 published studies were analysed for this purpose. Based
on our findings, 37 tick species have been identified so far on European birds, belonging to 16
different orders. Five widely distributed tick species—Ixodes arboricola, Ixodes frontalis,
Ixodes ricinus, Haemaphysalis concinna, and Hyalomma marginatum—were further analysed
for their host associations, revealing clear preferences for certain bird species based on

ground-feeding behaviour and habitat use.

Following this, independent research took place examining the temporal relationship between
birds and ticks. Ticks, collected from birds captured for ringing purposes at the Ocsa bird
observatory between March 2014 and November 2022 were analysed. A total of 5,833 ticks
from 10 species were collected from 2,395 infested birds. The dominant tick species were /.
ricinus and H. concinna. I. ricinus was more common on ground-feeding, resident, and short-
distance migratory birds in forest habitats, while H. concinna was found more frequently on
long-distance migrants in reed habitats. Seasonal patterns showed that /. ricinus nymphs
peaked in spring, larvae in autumn, while both larval and nymph stages of H. concinna peaked
in summer. This study represents the first long-term bird-tick investigation in Central Europe,
highlighting how bird ecology and tick life cycles jointly influence the spread of ticks. Notably,
the Savi's Warbler (Locustella luscinioides) was identified as a key host for H. concinna in the

region.

Parallel to the temporal distribution, the spatial distribution of ticks feeding on birds in Hungary
was also studied. Ticks were collected from 38 species of passerine birds at seven locations
in Hungary, resulting in 956 ixodid ticks. The most common species were [. ricinus, H. concinna

and /. frontalis. Interestingly, 12 Hyalomma ticks (11 engorged nymphs, and one non-engorged
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larva) were identified as H. rufipes based on three mitochondrial markers. This species was
only found in the western and southeastern regions of Hungary. This study represents the first
European observation of a reproducing H. rufipes population and offers a new ornithological

explanation for its century-long presence in the Transdanubian region of the Carpathian Basin.

In the Carpathian Basin, H. concinna, one of the most common bird parasites in Hungary,
occurs in unusually high numbers compared to other European countries. To gain a deeper
understanding of the prevalence of piroplasms in these ticks and their potential role as vectors,
we examined ticks collected from vegetation. Our study identified 11 distinct Babesia
genotypes and Theileria capreoli within the H. concinna population. The results revealed that
the peak monthly prevalence of Babesia and Theileria spp. in questing H. concinna ticks may
not align with the peak abundance of the ticks themselves. This discrepancy may be influenced
by factors such as changes in metabolism, behavior, and the survival rate of infected ticks.

Further research is needed to clarify these observations.

In addition to ticks, our research also examined avian louse flies (Hippoboscidae:
Ornithomyinae). We confirmed the presence of nine bird-specific hippoboscid species in
Hungary, including Ornithoctona laticornis, an African tick species, which we identified in
Europe for the first time. In several louse fly species, we discovered multiple Trypanosoma
genotypes, which had not been previously reported in avian louse flies. Furthermore, we
identified a strain of Anaplasma phagocytophilum in Ornithomya avicularia, a strain that,
according to current knowledge, likely only infects birds. Additionally, the emerging pathogen
Haematospirillum jordaniae was detected in three specimens of Ornithomya fringillina, marking

the first report of this pathogen in hippoboscid flies.



2. Literature review

The role of birds in the transportation of arthropods with vector potential is long- known
[1]. This aspect of bird life as parasite hosts is suspected to become more and more important
due to the changes of ecological conditions, which may be a consequence of the currently

ongoing climate change [2].

Hard ticks (Acari: Ixodidae) are common carriers of pathogens that can affect both humans
and animals, so it is not surprising that they are considered one of the world’s most important
arthropod vectors [3]. Because of this, research on their ecology and distribution is of utmost
importance [4]. This is especially true nowadays, as ecological systems are transforming
rapidly due to climate change [5]. In the temperate zone of Europe, pathogens transmitted by
hard ticks are responsible for the majority of the vector-borne diseases [6]. On this continent
approximately 55 ixodid species occur [7]. From among these, the number of tick species that
are regarded as indigenous will likely increase in several countries, in part due to climate

change and the emergence of new, thermophilic tick species from the south.

In this scenario, the first prerequisite for the establishment of new tick species in any
region is their (repeated) introduction, for which a very important natural route is via bird
migration. Migratory birds are long-known carriers of ticks, most importantly Hyalomma
species, from the south to temperate regions of Europe [8], even its northernmost parts [9].
However, birds usually carry immature ticks, larvae and nymphs of Hyalomma species [10],
therefore in case of these thermophilic ticks, another crucial prerequisite prior to establishment
is the ability of nymphs detaching from birds to moult to adults. This was already reported for
both Hyalomma marginatum and Hyalomma rufipes from several countries north of the
Mediterranean Basin, as exemplified by the UK [11], and the Netherlands [12] in western
Europe, Sweden in northern Europe [13] or Hungary in central Europe [14]. Consequently,
Hyalomma adults might also overwinter [15] In recent years these species have been reported
in Europe with increasing numbers north of the Mediterranean Basin, and were even able to

establish a resident population[2,14,16,17].

The emergence of Hyalomma marginatum was reported in a previously non-endemic
region of the Mediterranean Basin in southern France, but it was stated that even in such newly
invaded areas this tick species probably remains exclusively Mediterranean and cannot
expand outside this climatic range [18]. On the other hand, north of the Mediterranean region,
in the Carpathian Basin (geographically including both Hungary and the Transylvanian Basin:
[19]), adult ticks from the genus Hyalomma are long-known for their autochthonous occurrence

under continental climate. This was already reported in the 19th century [4], and later confirmed
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[20,21]. At the same time, in the absence of detailed morphological description, the species in
the Carpathian Basin remained uncertain, because some hints were more relevant to H. rufipes
(e.g., the name Hyalomma aegyptium: [21]), while others to H. marginatum (as implied in the
predominance of the species referred to from Hungary in the Mediterranean Basin: [20]). More
recently, H. rufipes adults were found on cattle on two occasions in Hungary [14], and one

adult on the same host species 10 years later by citizen science method [17].

Interestingly, these century-long reports on the presence of adult Hyalomma ticks in the
Carpathian Basin attest that the chance for their occurrence is more likely in certain endemic
areas of the country. However, this hypothesis was not yet tested from the point of view of bird
migration, despite the long-known import of Hyalomma nymphs by birds into this geographical

region [1].

The importance of synanthropic, resident bird species (e.g. the Blackbird (Turdus
merula)) is also crucial, regarding the local dissemination of ticks, as they can introduce ticks
to urban areas [22]. The monitoring of bird-tick relationships is a long-standing and intensively
researched field that has greatly contributed to what is known about ticks and the epidemiology

of the pathogens they transmit [23—-25].

Research on this topic has been conducted in Hungary for decades, particularly at Ocsa
Bird Ringing Station [2,26—30]. At this station more than 15 thousand birds are caught yearly.
The area has several different habitat types (e.g. forest, arable field, reedbed) [31] and is an
important stop-over site for birds migrating along the Adriatic Flyway through Central Europe.
Therefore, it is suitable for the examination of both migratory and resident birds of different
habitats.

Louse flies (Diptera: Hippoboscidae) are blood-sucking parasites of birds and
mammals, with approximately 213 known species worldwide [32]. The family Hippoboscidae
contains three subfamilies: Hippoboscinae, Lipopteninae and Ornithomyinae. Ornithophilic
louse flies generally belong to the Ornithomyinae subfamily [33], however members of the
Hippoboscinae subfamily (e.g. Hippobosca equina and Hippobosca longipennis) can also
parasitize birds [34]. These parasites disturb their hosts with their presence, and also play an
important role in the ecology of other parasites and may even contribute to their evolution by
phoresis [35]. They can carry a multitude of different pathogens with high veterinary-medical
significance, as exemplified by the West-Nile virus [36] and Babesia species [37], although
their vector role is not yet clear. Research on hippoboscids is flourishing nowadays, i.e., their
ecology, evolution, and potential role in the transmission of pathogens have recently become

heavily investigated topics [32,38—43].
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Although there are studies on louse flies originated from Central- [32] Northern- [43],
Southern-[39], Western- [44], and Eastern Europe [45] as well, but only a few of them present
long-term evaluations with continuous sample collection. Despite the fact, that research on
avian ectoparasites has been increasingly conducted in Hungary and in other Central
European countries, during the previous decade [2,26,28,32,41], studies on ornithophilic
hippoboscids also appear to be neglected compared to other arthropod vectors that are
generally considered epidemiologically more important (i.e., ticks and mosquitoes) [46,47].
Previous Hungarian studies on hippoboscids date back to the previous century, and to the
Millenium [48,49]. In light of the above, research on these insects bears regional, as well as

international importance.

11



3. Materials and methods

3.1 Databases used for systematic reviews, and the categorisation of birds

The primary corpus of publications used for writing chapter 4.1 was collated with
database search using the following keywords: “ticks” OR “Ixodidae” OR “Ixodes” OR
“Hyalomma” OR “Haemaphysalis” AND “birds” AND “Europe”, followed by a search with names
of bird-specialist tick species (Ixodes arboricola, Ixodes caledonicus, Ixodes eldaricus, Ixodes
festai, Ixodes frontalis, Ixodes lividus, Ixodes rothschildi, Ixodes unicavatus and Ixodes uriae).
The following databases were used: Web of Science, Zoological Record, and Google Scholar.
These records were imported into an Excel file, followed by screening the publications and
references cited within. After exclusion of duplicates, we extracted each individual bird host-
tick record from these references, noting the location (country), host and parasite species and
developmental stage of ticks. Ixodes redikorzevi is considered as a synonym of I. acuminatus.
Data were only included in the checklist if the tick collected from a bird was reported as

identified to the species level.

In chapters 4.1 and 5.1: Genus names are not abbreviated in the headings, owing to
the high number and mixed usage of host and tick Latin names, also taking into account that
scientists from a broad range of biology-related fields may use this checklist. Whenever a bird
species was mentioned by its binominal name in an article, this was used for identification,
even if the English name was also written in the text. English and Latin host species names
are followed by tick developmental stages if this information was available (L: larva, N: nymph,
M: male, F: female, A: adult [where there was no information about the sex of the adult tick)].
The abbreviation “NA” is used to indicate that no data were available about the sex and
developmental stage of ticks collected from birds. If a tick species was reported from bird(s) in
a country without mentioning avian host species, an exclamation mark (!) follows the country
name in the list. If tick species infesting a certain bird species are mentioned in a reference but
only some of the data inform about the tick developmental stage, only these were incorporated
into the text. It is also noteworthy that in some reports blood meal analysis allowed the
identification of previous tick hosts. In addition, data on ticks reported from bird nests are
included and marked in the text as “in nest”: these ticks probably also originate from or can
associate with birds. The geographical area covered by this review is in the Western Palearctic,
excluding North Africa, the Middle East, Belarus and Russia but including Ukraine. Cyprus
however, is also considered. Not just because it is partially European territory, but due to the
fact that the island has a high epidemiological significance concerning the aim of this
manuscript. Regarding geographical names, old references often refer to Czechoslovakia,
which no longer exists. In cases when it was unambiguous whether the samples came from
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the Czech Republic or Slovakia, the country is mentioned as such. To maintain the user
friendliness of this checklist the broader Palearctic distribution, general ecology, and vector

role of tick species are not mentioned.

Birds were categorized according to their feeding place, minimum and maximum body
mass, migration habits, and habitats according to ornithological data and previous reports
[28,50,51]. In order to categorize birds according to their feeding places, “Above ground”
category was created. Birds belonging to this group are feeding on (e.g.) reed trunks, bushes,
or branches that do not touch the ground directly but are not far from it either. For this
categorization, the expertise of our co-authors (Tibor Csérgé and David Kovats) were used, as
well as the available literature data [51]. Categorization of birds in the cases of chapters 4.1
and 5.1 has been conducted by Attila D. Sandor and was based on his expertise and relevant

literature data [52] (Supplementary Table 1, Supplementary Figure 1)

In some of the Figures and Tables presented in this study, HURING codes were used
instead of the birds’ full English and/or binomial names. These abbreviations are clarified in
the List of abbreviations paragraph and in Supplementary Table 2. English bird species names

are capitalized, following international recommendations (https://bou.org.uk/britishlist/bird-

names/).

3.2 Sample collection

3.2.1 Tick and louse fly collection from birds

Birds were caught and handled for the purpose of ringing. Birds were mist -netted by standard
ornithological mist-nets (mesh size 16 mm) and were examined for the presence of ticks,
between March and November. Ectoparasites were removed with the help of pointed tweezers
and were placed and stored in 96% ethanol. Bird ringing and tick collection were constant from
the beginning of March to the end of October each year. Only sporadic data were obtained
from the other months. Birds were handled, identified, and released by professional ringers
throughout our study. The numbers of negative birds were not always recorded due to the

difficulties of field conditions.

For chapters 4.3 and 5.3: The sample collection took place between March 2022 and
November 2022 and was conducted at multiple sites of Hungary, namely: (1) Témoérd Bird
Ringing Station (coordinates: 47°21'N, 16°39'E), (2) Ocsa Bird Ringing Station (47°19'N,
19°13'E), (3) Bodva Valley Bird Ringing Station (coordinates: 48°27'N, 20°42'E), (4)
Fenékpuszta Bird Ringing Station (46°44'N, 17°14'E), (5) lzsak, Lake Kolon Bird Ringing
Station (coordinates: 46°46'N, 19°19'E), (6) Davod, Lake Fdldvar Bird Ringing Station
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(coordinates: 46°0'N, 18°51'E), (7) Lake Fehér Ornithology Camp (coordinates: 46°20'N,
20°6'E).

For chapters 4.2 and 5.2: The sample collection period took place between March 2015 and
November 2022 and was conducted at Ocsa Bird Ringing Station (47°19'N, 19°13'E). The ticks

collected at this station in 2022 are evaluated in chapters 4.3 and 5.3 as well.

For chapters 4.5 and 5.5, louse flies were collected parallelly to the previously mentioned tick
collections. Some flies were collected from Hooded crows (Corvus cornix) by licensed hunters
as well. Based on personal communication, collecting louse flies is difficult and not always

successful. This may affect subsequent calculations.

In chapters 4.6 and 5.6, In addition to some of the louse flies examined in chapters 4.5 and
5.5, additional louse flies were collected at the previously mentioned collection sites, and at
other locations in Hungary, namely: Gardony-Dinnyés (47°10'N, 18°33'E), Sumony (45°58'N,
17°53'E), Patak (48°1'N, 19°8'E). At these sites, sample collections were continuous from
March 2023 until November 2024 as well. As the aim of this study was to find pathogens in
different bird louse species, other specimens from the collection of the Department of
Parasitology and Zoology, Veterinary Medicine, Budapest were also analysed. This included
louse flies collected occasionally at several other locations in Hungary during bird ringing, or
veterinary-related procedures. Some samples from Norway (three specimens of Ornithomya
chloropus) and from Malta (one Ornithophila metallica and six Ornithomya biloba) were also
evaluated. In this study, louse flies were only analysed, if phoresy was not detected on them,
to avoid potential bias. In the cases of three specimens of O. biloba from Malta, mites present

on their wings were accurately removed.

3.2.3 Tick collection from the vegetation

Haemaphysalis concinna specimens examined in chapters 4.4 and 5.4 were collected
between February 2019 and November 2020. The tick collection site was chosen based on
the results of a large-scale survey of urban biotopes in Budapest [53]. This biotope is part of a
large cemetery, where neglected parts had dense lower vegetation covering [grass, weeds and
nearly continuous ivy (Hedera sp.)] and sparse distribution of bushes and trees. This site was
visited at monthly intervals, at the end of each month. Tick collections were performed under
dry weather conditions. Ticks were collected from the vegetation by the dragging-flagging
method, i.e., a white towel, measuring 1x1 m, was drawn over the vegetation and checked
every 10 s. During this the same five, approx. 60 m long parallel transects were sampled
regularly (i.e., 300 m?). Ticks attached to and removed from the collecting device were

immediately put into and stored in 96% ethanol.
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3.3 Morphological identification of tick and louse fly species

Ticks and louse flies were identified with a stereomicroscope (SMZ-2 T, Nikon
Instruments, Japan, illuminated with model 5000-1, Intralux, Switzerland). To identify /Ixodes
ricinus, I. frontalis, I. lividus, |. arboricola, and Dermacentor reticulatus, Dermacentor
marginatus, and H. inermis to the species level and Hyalomma species to the genus level, we
used morphological keys provided by Estrada-Pefia et al. [7] Hyalomma ticks were identified
to the species level with molecular methods [2]. Differentiation of subadults of H. concinna and
H. punctata was based on the morphological keys by Filippova [54]. For the identification of /.

festai, we used the manuscripts of Contini et al. [55] and Hornok et al. [46].

Louse fly species were identified based on standard taxonomic keys: [32,44,56]

3.4 DNA extraction and molecular analyses

Ticks and louse flies were treated individually during molecular analyses.

Ticks and louse flies were disinfected on their surface with sequential washing for 15 s in
10% NaClO or detergent, tap water and distilled water. DNA was extracted with the QlAamp
DNA Mini Kit (QIAGEN, Hilden, Germany) according to the manufacturer's instruction,
including an overnight digestion in tissue lysis buffer and Proteinase-K at 56 °C. Extraction
controls (tissue lysis buffer) were also processed with the tick/hippoboscid samples to

monitor cross-contamination.

For molecular identification of ticks, louse flies and pathogens, the target genes and the

primers are enlisted in Table 1.
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Table 1: Oligonucleotide sequences and cycle parameters of PCRs used in this dissertation.
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In all PCRs non-template reaction mixture served as negative control. Extraction controls and
negative controls remained PCR negative in all tests. Purification and sequencing of the PCR
products were done by Biomi Ltd. (GAdollé, Hungary). Quality control and trimming of
sequences were performed with the BioEdit program, then alignment with GenBank

sequences by the nucleotide BLASTN program (https://blast.ncbi.nlm.nih.gov).

3.5 Phylogenetic analyses
Sequences from other studies, used here for phylogenetic analyses, were retrieved from the

GenBank database (https://www.ncbi.nlm.nih.gov/genbank/).

Analysis of piroplasms (chapters 4.4 and 5.4): The percentage of trees in which the
associated taxa clustered together in the bootstrap test (1000 replicates) are shown below the
branches [71]. All ambiguous positions were removed for each sequence pair (pairwise
deletion option). There were a total of 445 positions in the final dataset. Phylogenetic analyses
were conducted with the Neighbor-Joining method [72] and p-distance model [73] by using
MEGA 11 [74].

Analysis of louse flies (chapters 4.5 and 5.5): The evolutionary history was inferred by using
the Maximum Likelihood method and General Time Reversible (GTR) model [73] The
percentage of trees in which the associated taxa clustered together is shown below the
branches. The tree is drawn to scale, with branch lengths measured in the number of
substitutions per site. This analysis involved 46 nucleotide sequences. There were a total of

589 positions in the final dataset. Evolutionary analyses were conducted in MEGA11 [74].

Analysis of pathogens in chapters 4.6 and 5.6: The best fitting evolutionary models were
chosen with the help of the program IQTREE2 (version 2.4.0) [75].

Analysis of Trypanosoma species: The evolutionary history was inferred by using the Maximum
Likelihood method and Tamura 3-parameter model [76]. The tree with the highest log likelihood
(-2181.24) is shown. The percentage of trees in which the associated taxa clustered together
is shown below the branches. Initial tree(s) for the heuristic search were obtained automatically
by applying Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances estimated
using the Tamura 3 parameter model, and then selecting the topology with superior log
likelihood value. The rate variation model allowed for some sites to be evolutionarily invariable
([+N, 42.22% sites). The tree is drawn to scale, with branch lengths measured in the number
of substitutions per site. This analysis involved 36 nucleotide sequences. There were a total of

829 positions in the final dataset. Evolutionary analyses were conducted in MEGA11 [74].
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Analysis of Anaplasma species: The evolutionary history was inferred by using the Maximum
Likelihood method and Tamura-Nei model [77]. The tree with the highest log likelihood (-
1638.77) is shown. The percentage of trees in which the associated taxa clustered together is
shown below the branches. Initial tree(s) for the heuristic search were obtained automatically
by applying Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances estimated
using the Tamura-Nei model, and then selecting the topology with superior log likelihood value.
A discrete Gamma distribution was used to model evolutionary rate differences among sites (4
categories (+G, parameter = 0.4607)). The tree is drawn to scale, with branch lengths
measured in the number of substitutions per site. This analysis involved 36 nucleotide
sequences. Codon positions included were 1st+2nd+3rd+Noncoding. There were a total of 445

positions in the final dataset. Evolutionary analyses were conducted in MEGA11 [74].

3.6 Statistical analyses
Data curation and calculation of prevalences, mean and median tick intensity was done in
Microsoft Office Excel. Mean and median intensities were calculated for each parasite (and

developmental stages) according to Reiczigel et al.[78].
Fisher’s exact test was used:

e To conduct the statistical comparisons in chapters 4.1 and 5.1 (program used:

https://www.langsrud.com/fisher.htm).

¢ Inchapters 4.2 and 5.2 to compare the host attributes (habitat, migratory habit, feeding
place) of I. ricinus and I. frontalis (program used: R -program v. 4.3.0.) [79].

e For the comparisons in chapters 4.3 and 5.3 (program used:
https://www.langsrud.com/fisher.htm)

o In chapters 4.4 and 5.4 to compare the seasonal Theileria capreoli prevalences and
Babesia prevalences of each “predictor months” (May and July) to all “non-predictor
months” together (March, April, June, August, September, October, November). In
these chapters, larvae (which typically show aggregated presence during questing
activity, originating from the same egg clutch, and were not distributed by hosts before)
were excluded from statistical analyses (program used: R-program v. 4.3.1) [79].

¢ In chapters 4.5 and 5.5, for the comparison of host attributes (habitat, migratory habit,
feeding place), Fisher’s exact tests were used (program used: R-program v. 4.3.0) [79].

¢ In chapters 4.6 and 5.6, Fisher’s exact tests were used for the comparison of the
numbers of O. avicularia and O. turdi individuals that were co-feeding with ticks

(program used: R-program v. 4.3.1) [79].
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Chi-squared test was used for comparing the half-yearly activity of /. ricinus larvae and
nymphs, and the migration habits, habitats and the feeding places of the hosts of /. ricinus and

H. concinna (chapters 4.2 and 5.2).
Results were considered significant if p<0.05.

The average body mass of each bird species was calculated as the mean of the minimum and

the maximum body mass registered and listed Supplementary Table 2 (Average body mass=

Minimum body mass+Maximum body mass)
> .

The mean intensity of H. concinna and /. ricinus infestation was calculated for each group. The
results are shown in Figure 3. Intensity was only calculated if there were 10 or more infested
birds in the respective category, to minimize the distortion caused by outliers. Data from one

group (<=10g Average body mass for H. concinna) was therefore excluded (nbiras=2).

In Supplementary Figure 2, Relative, semimonthly numbers (RSN) were calculated as follows:

SMN

(SMN= Semimothly number of the tick species and stage; MON = number of the tick species

and stage from the respective year, between March 01- October 31)
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4. Results

4.1 Hard ticks (Acari: Ixodidae) associated with birds in Europe: review of
literature data

PROSTRIATA

Ixodes acuminatus

Overview:

Ixodes acuminatus is distributed in temperate and Mediterranean Europe [7]. Accordingly, this
tick species is occasionally found on birds in South-European countries. Based on literature
data it is mainly a parasite of passeriform birds (from this order 15 species have been shown

as hosts) but has also been found twice on galliform birds.
Passeriformes: 15; Galliformes: 2
Hosts:

- Bearded reedling — Panurus biarmicus (N: [80])

- Common blackbird — Turdus merula (F: [81], [82], [23]; NA: [83], [84])
- Common chaffinch — Fringilla coelebs (L: [81]; N: [81])
- Common pheasant — Phasianus colchicus (A: [85])

- Common redstart — Phoenicurus phoenicurus (L: [81])
- Eurasian blue tit- Cyanistes caeruleus (N: [81])

- Eurasian magpie — Pica pica (L: [81]; N: [81])

- European goldfinch — Carduelis carduelis (F: [81])

- European robin — Erithacus rubecula (N: [80])

- Fieldfare -Turdus pilaris (NA: [81])

- Garden warbler — Sylvia borin (N: [86])

- Great tit — Parus major (L: [81]; N: [80], [81])

- House sparrow — Passer domesticus (NA: [81])

- Red-legged partridge — Alectoris rufa (A: (19))

- Redwing — Turdus iliacus (N: [87])

- Song thrush — Turdus philomelos (F: [23])

- Winter wren — Troglodytes troglodytes (L: [87]; N: [87])

Distribution of reported cases: Greece [86], Italy [85] [88]!, Romania [80] [81] [89]!,

Cyprus [23], Portugal [82] [83] [87], France [84]
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Ixodes arboricola

Overview:

Ixodes arboricola is widespread throughout Europe. As its English name suggests, the Tree-
hole tick is primarily a parasite of hole-nesting birds [7]. Literature data usually support this
theory, as I. arboricola was mostly found on passeriform (35 species), strigiform (5 species),
piciform (1 species), and columbiform (1 species) birds. The fact that other, non-hole-nesting
predators (2 falconiform and 1 accipitriform species) have been described as hosts, does not
contradict the former statement, as these species can become infected with ticks by getting in

contact with their prey.

Passeriformes: 34; Strigiformes: 5; Falconiformes: 2; Columbiformes: 1; Piciformes: 1;

Accipitriformes: 1

Hosts:

- Barn owl — Tyto alba (L: [90]; NA: [91], [92])

- Barn swallow — Hirundo rustica (NA: [92])

- Boreal owl — Aegolius funereus (N: [93] in nest )

- Coal tit — Periparus ater(N: [94]; NA: [92], [95], [96])

- Collared flycatcher — Ficedula albicollis (N: [97], [98]; M: [97], [98]in nest; F: [98],
[98]7; NA: [99])

- Common blackbird — Turdus merula (L: [82]; N: [81], [100], [80]; NA: [96], [101])

- Common kestrel- Falco tinnunculus (F: [100])

- Common redstart — Phoenicurus phoenicurus (L: [81], [97]; N: [81]; NA: [99])

- Common starling — Sturnus vulgaris (L: [97], [100], [9], [102]; N: [97], [100], [9], [102];
M: [102]; F: [97], [100], [9], [102]; NA: [81], [92], [99], [96], [103]? in nest,)

- Common wood pigeon — Columba palumbus (L: [100])

- Eurasian blue tit- Cyanistes caeruleus (L: [81], [94], [104], [105], [106], [107]; N: [80],
[82], [94], [97], [105], [106], [107], [108], [109], [110]; M: [98]in nest; F: [97], [98],
[108], [105], [107]; NA: [83], [91], [95], [99], [103], [111])

- Eurasian bullfinch — Pyrrhula pyrrhula (NA: [96])

- Eurasian jay — Garrulus glandarius (A: [112])

- Eurasian nuthatch — Sitta europaea (L: [87], [111]; N: [87], [94], [110], [111], [112]; A:
[111]; M: [98]in nest; NA: [92], [95], [99], [113])

- Eurasian penduline tit — Remiz pendulinus (L: [114]in nest )
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- Eurasian pygmy owl — Glaucidium passerinum (L: [97])

- Eurasian reed warbler — Acrocephalus scirpaceus (NA: [96])

- Eurasian siskin — Carduelis spinus(N: [106])

- Eurasian tree sparrow — Passer montanus (NA: [92], [96], [103])

- Eurasian treecreeper — Certhia familiaris (L: [99], NA: [95])

- European greenfinch — Carduelis chloris (L: [107])

- European pied flycatcher — Ficedula hypoleuca (N: [97], [110]; NA: [96], [103])

- European robin — Erithacus rubecula (L: [80], [81]; N: [115], [81], [80], [94], [97]; NA:
[96])

- European serin — Serinus serinus (N: [87]; F: [87])

- Great spotted woodpecker — Dendrocopos major (NA: [112])

- Great tit — Parus major (L: [81], [94], [97], [100], [9], [105], [106], [107], [109], [116],
[117]; N: [801, [81], [82], [83], [87], [90], [94], [97], [98], [100], [9], [105], [106], [1071],
[108], [110], [116], [117]; M: [98]%in nest; F: [90], [98], [98]?, [105], [106], [108], [118],
[119]; NA: [83], [91], [95], [99], [103], [111])

- House sparrow — Passer domesticus (NA: [92], [96])

- Little owl — Athene noctua (N: [100]; F: [100]; NA: [96])

- Long-tailed tit — Aegithalos caudatus (L: [87])

- Marsh tit — Poecile palustris (L: [94], [107]; N: [107]; NA: [95], [96])

- Northern goshawk — Accipiter gentilis (L: [100])

- Peregrine falcon — Falco peregrinus (L: [120]; N: [120]; F: [120])

- Rook — Corvus frugilegus (L: [121])

- Sand martin — Riparia riparia (N: [90]in nest; F: [90]in nest; NA: [96])

- Short-toed treecreeper — Certhia brachydactyla (L: [82]; NA: [83])

- Song thrush — Turdus philomelos (L: [80]; N: [115], [80])

- Spotless starling — Sturnus unicolor (L: [83]; NA: [83])

- Spotted flycatcher — Muscicapa striata (N: [81]; F: [97],)

- Tawny owl -Strix aluco (L: [97]; NA: [92])

- Western jackdaw — Corvus monedula (L: [121]; N: [97]; F: [97]; NA: [96], [113])
Willow tit — Poecile montana (N: [106]; NA: [96])

Willow warbler — Phylloscopus trochilus (NA: [96])
- Winter wren — Troglodytes troglodytes (N: [106]; NA: [96])

- Yellowhammer — Emberiza citrinella (NA: [91])

Distribution of reported cases: Sweden [97] [9] [122]!, United Kingdom [90] [91] [96]
[111] [119], Czech Republic [94] [95] [98] [123]!, Slovakia [92] [98]? [99] [114], Netherlands
[108], Denmark [102], Norway [115], Belgium [105] [110] [113] [116], Romania [81] [80]
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[89]! [121], Ukraine [118], Portugal [82] [83] [87], Poland [92] [106] [117], Spain [107] [109],
Switzerland [100], Germany [103] [120], Hungary [112], Croatia [101], Belarus [103]*

Ixodes berlesei

Overview: According to literature data, I. berlesei was reported from birds in France.
Unfortunately, the source article [84] is not accurate about the host species, but we do know

that they belong to the Columbiformes order.
Columbiformes:1

Distribution of reported cases: France [84]!

Ixodes caledonicus

Overview: Ixodes caledonicus is an ornithophilic tick species [124]. It is primarily a parasite of
the northern European bird fauna. Despite the limited data available, the host range appears
to be broad: it has been reported from 6 passeriform, 3 falconiform, 1 caprimulgiform, and one

procellariiform bird species.

Passeriformes: 6; Falconiformes: 3; Caprimulgiformes: 1; Procellariiformes: 1;

Columbiformes: 1
Hosts:

- Common kestrel- Falco tinnunculus (NA: [96])
- Common redstart — Phoenicurus phoenicurus (N: [90])
- Common starling — Sturnus vulgaris (NA: [96])
- Common swift — Apus apus (NA: [92])
- Gyrfalcon — Falco rusticolus (L: [125]; N: [125]; A: [125]; NA: [96])
- Hooded crow — Corvus cornix (NA: [96])
- Northern fulmar — Fulmarus glacialis (F: [126]; NA: [96])
- Northern raven — Corvus corax (NA: [96])
Peregrine falcon — Falco peregrinus (N: [97])
- Red crossbill — Loxia curvirostra (NA: [96])
- Rock dove — Columba livia (NA: [126]?)

- Western jackdaw — Corvus monedula (NA: [96])

Distribution of reported cases: United Kingdom [96] [90], Faroe Islands [126], Sweden
[97], Poland [92], Norway [96]!, Germany [96]!, Iceland [125], NA [126]*
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Ixodes canisuga

Overview: Ixodes canisuga is primarily a parasite of mammals [7] and it is relatively rare on

birds. So far, it has been found on 5 passeriform and on 2 strigiform hosts.
Passeriformes: 5; Strigiformes: 2
Hosts:

- Common starling — Sturnus vulgaris (NA: [96])

- Eurasian blue tit- Cyanistes caeruleus (NA: [96])

- Eurasian eagle-owl — Bubo bubo (N: [127])

- Eurasian tree sparrow — Passer montanus (NA: [96])

- Great tit — Parus major (NA: [96])

- Little owl — Athene noctua (L: [90]; N: [90]; F: [90])

- Sand martin — Riparia riparia (M: [90]in nest; F: [90]in nest)

Distribution of reported cases: United Kingdom [90] [96], Germany [128]!, Portugal
[127]

Ixodes eldaricus

Overview: Ixodes eldaricus is a rare, poorly known tick species. The only available data about
this parasite feeding on European birds are from Poland and Cyprus, where this tick species

was reported from four passeriform bird species in total
Passeriformes: 4
Hosts:

- Common blackbird — Turdus merula (N: [23])

- Dunnock — Prunella modularis (F: [129])

- European robin — Erithacus rubecula (M: [129]; F: [129])
- Tree pipit — Anthus trivialis (N: [23])

Distribution of reported cases: Poland [129], Cyprus [23]

Ixodes festai

Overview: Ixodes festai is a poorly known species that was reported from 5 passeriform birds,

mostly in Central European countries.
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Passeriformes: 5
Hosts:

- Common blackbird — Turdus merula (N: [100]; F: [100], [117], [130]; NA: [55])
- Common chaffinch — Fringilla coelebs (F: [100])

- Dunnock — Prunella modularis (N: [100]; F: [46])

- European greenfinch — Carduelis chloris (F: [46])

- Song thrush — Turdus philomelos (M: [55]; F: [130], [55])

Distribution of reported cases: Italy [130] [55], Hungary [46], Switzerland [100], Poland
[117]

Ixodes frontalis

Overview: Ixodes frontalis has a pan-European distribution. However, it appears to be more
frequent in warmer regions. It is an ornithophilic tick species that rarely feeds on other,
exceptional hosts [124]. As such, it is commonly found on birds, mostly on Passeriformes, but

the host range appears to be broad.

Passeriformes: 56; Charadriiformes: 1; Accipitriformes: 4; Galliformes: 4;

Falconiformes: 1; Coraciiformes: 1; Gruiformes: 3; Columbiformes: 2; Strigiformes: 2
Hosts:

- Barn owl — Tyto alba (F: [91])

- Black redstart — Phoenicurus ochruros (L: [131]; NA: [101])

- Black-headed gull — Chroicocephalus ridibundus (F: [132])

- Bohemian waxwing — Bombycilla garrulus (NA: [101])

- Booted eagle — Hieraaetus pennatus (A: [127])

- Carrion crow — Corvus corone (NA: [133])

- Cetti's warbler — Cettia cetti (L: [87])

- Chicken — Gallus gallus domesticus (NA: [111])

- Coal tit — Periparus ater(NA: [96], [133])

- Common blackbird — Turdus merula (L: [82], [83], [86], [87], [100], [104], [112], [131],
[132], [134], [135], [136], [137], [138] [139]; N: [82], [83], [87], [104], [108], [112],
[127], [90], [131], [132], [134], [135], [136], [137], [138], [139], [140], [141], [23]; M:
[136], [140]; F: [87], [91], [109], [131], [132], [134], [135], [136], [139], [142]; A: [143];
NA: [113], [133])

- Common buzzard — Buteo buteo (N: [127]; A: [127])
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Common chaffinch — Fringilla coelebs (L: [87], [90], [131], [134]; N: [82], [87], [134];
F: [86], [144], [87], [131], [135], [144]; NA: [96], [133])

Common chiffchaff — Phylloscopus collybita (L: [23], [87], [131], [136]; N: [87], [145])
Common firecrest — Regulus ignicapilla (N: [82], [87])

Common kestrel — Falco tinnunculus (F: [139]; NA: [111] [133])

Common kingfisher — Alcedo atthis (F: [132])

Common linnet — Carduelis cannabina (NA: [96])

Common moorhen — Gallinula chloropus (F: [146])

Common nightingale — Luscinia megarhynchos (N: [136], [147]; F: [87])

Common pheasant — Phasianus colchicus (NA: [133])

Common redstart — Phoenicurus phoenicurus (N: [132], [145])

Common reed bunting — Emberiza schoeniclus (L: [131])

Common starling — Sturnus vulgaris (NA: [113], [133])

Common whitethroat — Sylvia communis(N: [91], [119], [136], [140], [141], [145]; F:
[91], [119])

Common wood pigeon — Columba palumbus (F: [91]; NA: [133])

Corn crake — Crex crex (NA: [133])

Dunnock — Prunella modularis (L: [131]; F: [91], [119], [131])

Eurasian blackcap — Sylvia atricapilla (L: [23], [87], [131], [134], [136]; N: [115], [87],
[127], [46], [136], [145]; F: [91], [119], [136]; A: [112]; NA: [113])

Eurasian blue tit — Cyanistes caeruleus (L: [82], [87], [91], [105], [119], [136]; N:
[105]; F: [87], [105], [135], [136], [142]; NA: [133])

Eurasian bullfinch — Pyrrhula pyrrhula (F: [91], [119])

Eurasian collared dove — Streptopelia decaocto (F: [91], [132], [146], [148])
Eurasian jay — Garrulus glandarius (L: [112]; F: [87]; A: [112]; NA: [96], [133])
Eurasian magpie — Pica pica (NA: [133])

Eurasian nuthatch — Sitta europaea (NA: [133])

Eurasian reed warbler — Acrocephalus scirpaceus (L: [87], [132]; N: [87], [135], [145];
F: [87])

Eurasian sparrowhawk — Accipiter nisus (NA: [133])

Eurasian stonechat — Saxicola torquatus (NA: [133])

Eurasian tree sparrow — Passer montanus (F: [91]; NA: [133])

Eurasian treecreeper — Certhia familiaris (NA: [96])

European goldfinch — Carduelis carduelis (F: [139])

European greenfinch — Carduelis chloris (L: [82], [87], [132]; F: [23], [87], [46], [132];
NA: [133])
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European pied flycatcher — Ficedula hypoleuca (NA: [96])

European robin — Erithacus rubecula (L: [82], [23], [83], [86], [87], [100], [104], [46],
[131], [132], [134], [136], [137], [138]; N: [82], [83], [87], [100], [104], [106], [46], [131],
[136], [137], [138], [149]; M: [87]; F: [23], [87], [91], [46], [138], [147])

Fieldfare -Turdus pilaris (F: [139]; NA: [133])

Goldcrest — Regulus regulus (N: [106]; NA: [96])

Great grey shrike — Lanius excubitor (NA: [133])

Great tit — Parus major (L: [82], [83], [87], [100], [105], [46], [131], [136]; N: [82], [83],
[87], [105]; F: [87], [91], [105], [46]; NA: [133])

Grey partridge — Perdix perdix (NA: [133])

Grey wagtail — Motacilla cinerea (N: [132])

Harris's hawk — Parabuteo unicinctus (F: [139])

House sparrow — Passer domesticus (L: [90]; N: [91]; F: [87], [91], [90], [132]; NA:
[133])

Lesser redpoll — Carduelis cabaret (F: [91], [135])

Long-eared owl — Asio otus (L: [132]; N: [150]; F: [150]; NA: [133])

Long-tailed tit — Aegithalos caudatus (N: [87], [136]; F: [91], [119], [136], [137])
Marsh tit — Poecile palustris (NA: [96])

Melodious warbler — Hippolais polyglotta (N: [87])

Mistle trush — Turdus viscivorus (NA: [113], [133])

Red-legged partridge — Alectoris rufa (M: [132]; A: [151]; NA: [133], [152])
Redwing — Turdus iliacus (L: [87], [135]; N: [87], [132], [135], [138]; A: [127]; NA:
[96], [133])

Ring ouzel — Turdus torquatus (F: [23]; NA: [96])

Rook — Corvus frugilegus (NA: [96])

Sardinian warbler — Sylvia melanocephala (L: [82]; N: [136]; F: [132])
Scarlet-headed blackbird — Amblyramphus holosericeus (F: [91])

Sedge warbler — Acrocephalus schoenobaenus (F: [87])

Short-toed treecreeper — Certhia brachydactyla (L: [82], [87]; N: [82], [87]; F: [131])
Song thrush — Turdus philomelos (L: [82], [23], [87], [106], [46], [131], [132], [135],
[136], [137], [145]; N: [82], [23], [87], [100], [104], [106], [46], [131], [135], [136], [137],
[138], [145]; F: [23], [87], [91], [109], [119], [135], [136], [142]; NA: [133])
Subalpine warbler — Sylvia cantillans (N: [149])

Tree pipit — Anthus trivialis (NA: [96])

Water rail — Rallus aquaticus (F: [132]; NA: [96])

Western yellow wagtail — Motacilla flava (L: [87]; N: [23])
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- Whinchat — Saxicola rubetra (N: [149])

- Willow tit — Poecile montana (NA: [96], [113])

- Willow warbler — Phylloscopus trochilus (L: [23], [90], [138] [145]; N: [145]; F: [145])

- Winter wren — Troglodytes troglodytes (L: [82], [83], [87], [131], [132], [138]; N: [82],
[83], [871, [97], [131]; F: [91], [119]; NA: [133])

Distribution of reported cases: United Kingdom [91] [96] [111] [119] [90] [140] [141] [142]
[145], France [132] [146] [148] [133], Spain [109] [131] [136] [137] [151] [152], Poland [104]
[106], Greece [86], Germany [139], Netherlands [108] [135], Norway [115], Belgium [105]
[113], Hungary [112] [46], Sweden [122]! [138], Portugal (Azores) [134], Italy [88]! [143]
[149], Switzerland [144] [147], Moldova [153]!, Portugal [82] [83] [87] [127] [150] , Croatia
[101], Cyprus [23]

Ixodes gibbosus

Overview: /xodes gibbosus is a Mediterranean tick species, rarely reported from birds [7].
Passeriformes: 1
Hosts:

- Common blackbird — Turdus merula (LIN: [154])

Distribution of reported cases: Greece [154]

Ixodes hexagonus

Overview: /xodes hexagonus is a common parasite of European foxes and hedgehogs. [7] In
the United Kingdom, this tick was reported from 5 passeriform, 1 galliform, 1 falconiform, 1
columbiform and, 1 strigiform birds. Whereas in Spain it was reported from 1 galliform bird.
This tick species was also found on a bird in Germany but no information is available on the

host species.
Passeriformes: 3; Galliformes: 2; Falconiformes: 1; Columbiformes: 1
Hosts:

- Chicken — Gallus domesticus (F: [91])
- Common kestrel- Falco tinnunculus (NA: [96])
- Common starling — Sturnus vulgaris (NA: [96])

- Common wood pigeon — Columba palumbus (F: [111])
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- Eurasian blue tit- Cyanistes caeruleus (NA: [96])
- Red-legged partridge — Alectoris rufa (NA: [155])
- Winter wren — Troglodytes troglodytes (NA: [96])

Distribution of reported cases: United Kingdom [91] [96] [111], Germany [128]!, Spain
[155]

Ixodes lividus

Overview: Ixodes lividus has a pan-European distribution, and it is the host-specific parasite
of the sand martin (Riparia riparia). In Poland, it has been found on a Barn swallow (Hirundo

rustica) as well.
Passeriformes: 2
Hosts:

- Barn swallow — Hirundo rustica (NA: [92])

- Sand martin — Riparia riparia (L: [97], [100], [119], [156]in nest, [157]in nest, [158],
[159], [160]in nest, [161]; N: [146], [97], [100], [118], [119], [156]in nest, [157]in nest,
[158], [159], [160]in nest, [161]; M: [97], [100], [156]in nest, [157]in nest, [160]in
nest, [161]in nest; F: [97], [100], [113], [119], [156]in nest, [157]in nest, [160]in
nest, [161]in nest, [162]; A: [159], [161]; NA: [91], [163], [164], [165], [166], [167])

Distribution of reported cases: United Kingdom [91] [119] [162] [163], France [146],
Portugal [164], Finland [161], Sweden [97] [168]!, Germany [128]! [159], Lithuania [156]
[157], Moldova [158], Ukraine [118], Czech Republic [160], Schwitzerland [100], Hungary
[165] [166], Poland [92] [167], Belgium [113]

Ixodes persulcatus

Overview: Ixodes persulcatus is widely distributed in the Northern European region (Russia,
Scandinavia, and the Baltic region) [7]. According to literature data however, it should be
considered as a rare parasitee of birds in Europe. It was reported only from 2 passeriform bird

species.
Passeriformes: 2
Hosts:

- Sedge warbler — Acrocephalus schoenobaenus (N: [169])
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Willow warbler — Phylloscopus trochilus (N: [97])

Distribution of reported cases: Estonia [169], Sweden [97]

Ixodes ricinus

Overview: /xodes ricinus has a pan-European distribution, including countries of Southern,

Western, Central, Eastern and Northern Europe. As outlined below, this tick species was

reported from 99 passeriform bird species, and from species of further 12 avian orders.

According to available data, the immature stages of this tick species appear to be the most

frequent hard ticks feeding on European birds.

Passeriformes: 99; Galliformes: 8; Accipitriformes: 6; Ciconiiformes: 1; Anseriformes:

3; Gruiformes: 3; Cuculiformes: 1; Charadriiformes: 7; Falconiformes: 1;

Columbiformes: 2; Strigiformes: 3; Piciformes: 4; Bucerotiformes: 1

Hosts:

Barn swallow — Hirundo rustica (N: [97])

Barred warbler — Sylvia nisoria (L: [170]; N: [9], [170], [171]; NA: [112])

Bearded reedling — Panurus biarmicus (N: [80])

Black grouse — Tetrao tetrix (L: [172]; N: [97], [172])

Black kite — Milvus migrans (NA: [112])

Black redstart — Phoenicurus ochruros (N: [81], [106], [138], [144])

Black stork — Ciconia nigra (N: [173])

Bluethroat — Luscinia svecica (L: [97], [100], [108], [174]; N: [97], [135], [138], [170],
[171], [175], [176], [177], [178])

Blyth's reed warbler — Acrocephalus dumetorum (N: [169])

Bohemian waxwing — Bombycilla garrulus (NA: [81]

Brambling — Fringilla montifringilla (L: [100], [138], [144], [179]; N: [100], [9], [144],
[179]; NA: [180])

Canada goose — Branta canadensis (L: [172]; N: [172])

Carrion crow — Corvus corone (N: [100]; NA: [96])

Cetti's warbler — Cettia cetti (L: [82]; N: [82]; NA: [101])

Chicken — Gallus gallus domesticus (M: [100])

Coal tit — Periparus ater (L: [100], [181], [182]; N: [182], [183]; NA: [92], [95], [123],
[180])

Collared flycatcher — Ficedula albicollis (N: [184]; NA: [99])
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Common blackbird — Turdus merula (L: [115], [80], [81], [82], [83], [87], [94], [97],
[100], [9], [104], [106], [108], [109], [117], [123], [46], [131], [135], [138], [139], [140],
[141], [143], [144], [158], [170], [171], [174], [177], [178], [179], [181], [182], [184],
[185], [186], [1871], [188], [189], [190], [191], [192], [28], [193], [194], [195], [196],
[197], [198], [199], [200], [201], [202], [203], [204]; N: [115], [80], [81], [82], [83], [87],
[90], [91], [94], [97], [100Q], [9], [104], [106], [108], [109], [117], [118], [123], [46], [131],
[135], [136], [137], [138], [139], [140], [141], [143], [144], [158], [169], [170], [171],
[173], [174], [176], [177], [178], [179], [181], [182], [184], [185], [186], [187], [189],
[190], [191], [192], [28], [193], [194], [195], [196], [197], [198], [199], [200], [201],
[202], [203], [204], [205], [29]; M: [97]; F: [80], [81], [82], [87], [118], [138], [141]; A:
[184]; NA: [95], [99], [101], [111], [113], [206], [207], [208])

Common buzzard — Buteo buteo (N: [100]; NA: [92], [99], [101], [111], [112])
Common chaffinch — Fringilla coelebs (L: [115], [81], [82], [83], [91], [100], [9], [104],
[106], [108], [131], [135], [138], [141], [144], [158], [170], [174], [177], [178], [179],
[181], [182], [185], [186], [189], [193], [197], [199], [200], [201], [202], [203], [204]; N:
[115], [81], [82], [100], [104], [106], [108], [118], [135], [136], [138], [143], [144], [158],
[170], [174), [177], [17777, [178], [179], [181], [182], [185], [186], [191], [193], [197],
[199], [200], [201], [202], [203], [204], [209]; F: [83], [87], [144]; NA: [99], [111], [112],
[113] [123], [180], [188], [194], [2071], [208], [210])

Common chiffchaff — Phylloscopus collybita (L: [100], [104], [106], [46], [136], [177],
[178], [193], [203], [29]; N: [80], [87], [94], [97], [104], [106], [46], [135], [138], [141],
[145], [169], [174], [185], [28], [193], [197], [202], [204], [205]; NA: [123], [206]; NA:
[126])

Common coot — Fulica atra (NA: [92])

Common crane — Grus grus (NA: [96])

Common cuckoo — Cuculus canorus (NA: [92])

Common firecrest — Regulus ignicapilla (N: [104]; NA: [188])

Common grasshopper warbler — Locustella naevia (L: [187]; N: [104], [169], [187];
NA: [96])

Common house martin — Delichon urbicum (F: [100]; NA: [96])

Common kestrel- Falco tinnunculus (L: [100]; N: [100]; NA: [81])

Common linnet — Carduelis cannabina (L: [141]; N: [108], [135], [170], [171], [174],
[177], [178]; NA: [112])

Common nightingale — Luscinia megarhynchos (L: [100], [108], [46], [143], [28], [204],
[211]; N: [94], [100], [46], [136], [143], [28], [204], [211], [212]; A: [204]; NA: [81], [92],
[99], [101])
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Common pheasant — Phasianus colchicus (L: [90], [97], [213]; N: [90], [97], [100],
[108], [213]; M: [100]; NA: [81], [99], [111], [112])

Common quail — Coturnix coturnix (N: [140])

Common redpoll — Carduelis flammea (L: [170]; N: [138]; NA: [96])

Common redstart — Phoenicurus phoenicurus (L: [115], [97], [9], [104], [106], [108],
[135], [141], [144], [170], [171], [184], [189], [194], [196], [197], [203]; N: [115], [97],
[9], [106], [108], [135], [138], [141], [144], [169], [170], [171], [175], [176], [177], [178],
[184], [189], [194], [196], [197], [205]; NA: [99], [207])

Common reed bunting — Emberiza schoeniclus (L: [80], [46], [170]; N: [94], [108],
[135], [138], [169])

Common rosefinch — Carpodacus erythrinus (L: [94]; N: [94], [169], [170], [174],
[177], [178]; NA: [92])

Common starling — Sturnus vulgaris (L: [81], [100], [9], [143], [170], [171], [174],
[177], [178], [186], [197], [199], [201], [203]; N: [81], [100], [9], [138], [143], [170],
[171], [177], [178], [186], [197], [199], [201], [203], [209]; A: [184]; NA: [96], [99],
[112], [113], [210])

Common whitethroat — Sylvia communis (L: [97], [9], [108], [90], [46], [135], [138],
[140], [141], [170], [171], [174], [177], [178], [184], [187], [28], [196], [202]; N: [94],
[97], [100], [9], [106], [108], [119], [46], [135], [138], [140], [141], [144], [145], [169],
[170], [171], [174], [175), [177], [177]3, [178], [187], [189], [28], [196]; F: [97]; NA: [99],
[207])

Corn bunting — Emberiza calandra (NA: [99])

Corn crake — Crex crex (L: [9]; N: [81], [9]; NA: [112])

Dunnock — Prunella modularis (L: [115], [94], [104], [106], [108], [46], [135], [138],
[141], [144], [1701, [171], [174], [177], [178], [182], [185], [187], [28], [193], [197],
[202], [29]; N: [115], [94], [97], [100], [9], [104], [106], [108], [46], [135], [138], [141],
[144], [147], [170], [171], [174], [176], [177], [178], [182], [184], [185], [187], [28],
[193], [196], [197], [202], [29]; NA: [123], [180], [208])

Eurasian blackcap — Sylvia atricapilla (L: [82], [83], [97], [100], [9], [104], [106], [109],
[46], [135], [136], [138], [143], [158], [170], [177], [178], [181], [182], [184], [185],
[186], [187], [191], [28], [193], [195], [196], [197], [200], [202]; N: [82], [94], [97], [100],
[104], [106], [109], [46], [135], [138], [140], [145], [158], [170], [174], [176], [177],
[177717, [178], [181], [183], [184], [187], [191], [28], [193], [195], [196], [197], [202], [29];
A: [183]; NA: [99], [123], [180], [188], [206])

Eurasian blue tit- Cyanistes caeruleus (L: [80], [94], [100], [105], [170], [171], [181],
[182], [185], [186], [193], [199], [201]; N: [94], [100], [104], [105], [108], [138], [169],

[170], [171], [182], [185], [191], [197]; NA: [95], [99], [180], [188], [206], [208])
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Eurasian bullfinch — Pyrrhula pyrrhula (L: [100], [104], [170], [182]; N: [100], [9], [104],
[170], [184], [195], [196], [202]; NA: [180], [206])

Eurasian collared dove — Streptopelia decaocto (NA: [99])

Eurasian curlew — Numenius arquata (L: [172], [214]; N: [172])

Eurasian eagle-owl — Bubo bubo (L: [215]; N: [215], [216])

Eurasian golden oriole — Oriolus oriolus (L: [99]; N: [99])

Eurasian hoopoe — Upupa epops (L: [158]; N: [158], [173])

Eurasian jay — Garrulus glandarius (L: [82], [100], [109], [158], [181], [182], [193],
[197]; N: [81], [82], [99], [100], [108], [109], [135], [158], [181], [183], [193], [197]; A:
[183]; NA: [92], [112], [180])

Eurasian magpie — Pica pica (L: [81]; N: [81], [100]; F: [81], [100]; NA: [92], [96], [99],
[101], [112])

Eurasian nuthatch — Sitta europaea (L:[82], [94], [100], [104], [181], [186], [193],
[201]; N: [100], [181], [186], [193], [197], [199]; F: [118]; NA: [99], [112], [113], [180],
[188])

Eurasian oystercatcher — Haematopus ostralegus (L: [97]; N: [97])

Eurasian reed warbler — Acrocephalus scirpaceus (L: [87], [94], [97], [104], [46],
[177]2, [28]; N: [87], [91], [94], [97], [100], [108], [119], [46], [135], [138], [143], [169],
[170], [174], [1777]3, [184], [28], [196], [29])

Eurasian siskin — Carduelis spinus(L: [90], [100], [104], [182]; N: [100], [104], [135],
[170], [182])

Eurasian sparrowhawk — Accipiter nisus (L: [90]; N: [90], [97], [138], [170], [175],
[204]; A: [204])

Eurasian stonechat — Saxicola torquatus (NA: [96])

Eurasian tree sparrow — Passer montanus (L: [100], [135], [185]; N: [100], [108],
[135], [196]; NA: [92], [99], [112])

Eurasian treecreeper — Certhia familiaris (L: [138], [182], [186], [187]; N: [144], [169]
[170], [187], [194])

Eurasian woodcock — Scolopax rusticola (N: [104]; NA: [99], [96])

Eurasian wryneck — Jynx torquilla (NA: [99])

European crested tit — Lophophanes cristatus (L: [106]; N: [106], [194])

European golden plover — Pluvialis apricaria (NA: [217])

European goldfinch — Carduelis carduelis (N: [174]; NA: [99], [123])

European green woodpecker — Picus viridis (N: [197])

European greenfinch — Carduelis chloris (L: [82] [83], [170], [171], [177], [178], [182];
N: [87], [99], [9], [104], [170], [171], [177], [178], [182], [185], [188], [29]; NA: [111],

[113], [123])
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European herring gull — Larus argentatus (N: [108])

European honey buzzard — Pernis apivorus (NA: [218])

European pied flycatcher — Ficedula hypoleuca (L: [80], [87], [100], [9], [106]; N:
[100], [9], [135], [184]; NA: [96], [113])

European robin — Erithacus rubecula (L: [115], [80], [81], [82], [23], [83], [94], [971],
[100], [9], [104], [106], [108], [109], [46], [131], [135], [136], [138], [140], [141], [143],
[144], [158], [170], [171], [174], [177], [177], [178], [181], [182], [184], [185], [186],
[187], [189], [191], [28], [193], [194], [195], [196], [197], [199], [200], [202], [203],
[205], [29], [219]; N: [115], [80], [81], [82], [23], [83], [87], [94], [97], [100], [9], [104],
[106], [108], [46], [131], [135], [136], [138], [143], [144], [147], [158], [169], [170],
[171], [174], [175), [176), [177], [177]3, [178], [181], [182], [183], [184], [185], [186],
[187], [189], [192], [28], [193], [194], [195], [196], [197], [199], [200], [202], [203],
[204], [205], [29], [212]; F: [80], [104]; A: [183]; NA: [99], [113], [123], [138], [180],
[188], [191], [206], [207], [208], [218])

European serin — Serinus serinus (L: [144]; N: [83], [100], [144]; NA: [99])

Fieldfare -Turdus pilaris (L: [81], [100], [140], [170], [177], [178]; N: [81], [97], [100],
[9], [139], [140], [1701, [177], [17777, [178]; NA: [92], [112], [113], [123], [180])
Garden warbler — Sylvia borin (L: [9], [179], [184]; N: [97], [100], [9], [135], [169],
[170], [174], [177], [178], [179], [181], [184], [195]; NA: [92], [99])

Goldcrest — Regulus regulus (L: [80], [97], [104], [106], [138]; N: [80], [97], [104],
[106], [138], [169], [170], [184], [205]; NA: [208])

Golden eagle — Aquila chrysaetos (F: [100])

Great reed warbler — Acrocephalus arundinaceus (N: [169], [174], [177]?, [204], [29])
Great spotted woodpecker — Dendrocopos major (L: [170], [171]; N: [170], [171]; NA:
[99])

Great tit — Parus major (L: [80], [81], [82], [83], [87], [94], [97], [100], [9], [104], [105]
[106], [108], [116], [117], [46], [135], [141], [143], [144], [170], [171], [181], [182],
[185], [187], [189], [191], [193], [194], [196], [197], [199], [200], [201], [203], [204]; N:
[80], [81], [82], [83], [87], [91], [94], [100], [9], [104], [106], [105], [108], [116], [117],
[118], [123], [46], [135], [138], [143], [144], [169], [170], [171], [1777?, [181], [182],
[185], [187], [189], [191], [193], [195], [197], [199], [200], [201], [202], [203], [204],
[205], [29], [209]; M: [118]; F: [118], [135]; A: [189]; NA: [95], [99], [180], [188], [206],
[207], [208], [210], [220])

Greenish warbler — Phylloscopus trochiloides (L: [184]; N: [9], [176])

Grey partridge — Perdix perdix (L: [97]; N: [97], [173]; NA: [81], [112])

Grey wagtail — Motacilla cinerea (L: [187]; N: [187], [123])
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Hawfinch — Coccothraustes coccothraustes (L: [99], [144], [186], [193], [199], [201],
[203]; N: [94], [99], [100], [46], [135], [144], [174], [177], [178], [186], [28], [193], [199],
[200], [201], [203], [204]; A: [204]; NA: [123])

Hazel grouse — Tetrastes bonasia (NA: [112])

Hooded crow — Corvus cornix (NA: [99], [112])

House sparrow — Passer domesticus (L: [135], [191], [214]; N: [100], [135], [138];
NA: [99], [112], [188])

Iberian chiffchaff — Phylloscopus ibericus (L: [82])

Icterine warbler — Hippolais icterina (L: [138], [170], [177], [178], [184]; N: [100], [9],
[135], [138], [177], [178], [196]; NA: [113])

Lesser redpoll — Carduelis cabaret (L: [174]; N: [135], [177], [178])

Lesser whitethroat — Sylvia curruca (L: [106], [138], [170], [171], [196]; N: [97], [9],
[106], [135], [138], [170], [171], [175], [176], [177], [178], [196], [204])

Long-eared owl — Asio otus (N: [100]; NA: [92], [96])

Long-tailed tit — Aegithalos caudatus (L: [143])

Mallard — Anas platyrhynchos (NA: [92])

Marsh tit — Poecile palustris (L: [181], [185], [193]; N: [94], [9], [104], [181], [191],
[193], [202]; NA: [95], [99])

Marsh warbler — Acrocephalus palustris (L: [94], [97], [100], [196]; N: [94], [97], [100],
[135], [138], [169], [170], [174], [177]?, [189], [195], [196], [204]; NA: [206], [207])
Meadow pipit — Anthus pratensis (L: [94], [97], [141], [90], [172]; N: [97], [108], [90],
[135], [140], [172], [177], [178]; M: [175]; NA: [113])

Melodious warbler — Hippolais polyglotta (L: [136]; N: [143])

Mew gull — Larus canus (L: [97]; N: [97], [214])

Middle spotted woodpecker — Dendrocoptes medius (NA: [92], [99])

Mistle trush — Turdus viscivorus (L: [135], [144], [188], [197]; N: [100], [144], [188],
[197]; NA: [96], [99], [112])

Northern goshawk — Accipiter gentilis (N: [173])

Northern lapwing — Vanellus vanellus (F: [108]; NA: [96])

Oriental turtle dove — Streptopelia orientalis (N: [118])

Pechora pipit — Anthus gustavi (NA: [96])

Pied wheatear — Oenanthe pleschanka (NA: [96])

Red crossbill — Loxia curvirostra (N: [9]; NA: [96])

Red kite — Milvus milvus (N: [100])

Red-backed shrike — Lanius collurio (L: [170]; N: [138], [169], [170], [177]?, [193]; NA:
[92], [99], [112])
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Redwing — Turdus iliacus (L: [97], [9], [106], [46], [135], [138], [144], [170], [171],
[174], [189], [200], [205]; N: [97], [100], [9], [104], [106], [46], [135], [138], [141], [144],
[169], [170], [171], [174], [176], [177], [178], [179], [189], [28], [200], [205], [29]; NA:
[81], [113], [180], [207])

Ring ouzel — Turdus torquatus (N: [100], [202]; NA: [96])

River warbler — Locustella fluviatilis (N: [193])

Rock bunting — Emberiza cia (N: [185])

Rook — Corvus frugilegus (L: [121]; N: [118]; M: [118]; F: [118]; NA: [92],)

Rustic bunting — Emberiza rustica (NA: [92])

Sand martin — Riparia riparia (L: [160]in nest; N: [160]in nest)

Sardinian warbler — Sylvia melanocephala (L: [82]; N: [87],)

Savi's warbler — Locustella luscinioides (L: [46]; N: [46], [29])

Sedge warbler — Acrocephalus schoenobaenus (L: [46], [28]; N: [94], [46], [135],
[169], [175], [177]?, [28]; NA: [96])

Short-toed treecreeper — Certhia brachydactyla (L: [82], [83], [100]; N: [82], [83])
Skylark — Alauda arvensis (L: [170]; N: [99], [135], [144]; NA: [96])

Song thrush — Turdus philomelos (L: [115], [80], [81], [82], [90], [97], [100], [9], [104],
[106], [109], [123], [46], [135], [138], [141], [143], [144], [158], [170], [171], [174],
[177], [179], [181], [182], [184], [185], [186], [187], [189], [191], [28], [194], [195],
[197], [199], [200], [201], [202], [203], [205]; N: [115], [80], [81], [23], [87], [90], [971],
[100], [9], [104], [106], [109], [123], [46], [135], [138], [140], [141], [143], [144], [158],
[169], [170], [171], [173], [174], [176], [177], [178], [179], [181], [182], [184], [185],
[186], [187], [189], [191], [28], [194], [195], [196], [197], [199], [200], [201], [202],
[203], [205], [29], [209]; NA: [99], [101], [180], [206], [207], [210])

Spotted flycatcher — Muscicapa striata (L: [175], [185], [196]; N: [97], [100], [175])
Spotted nutcracker — Nucifraga caryocatactes (N: [144]; NA: [92])

Tawny owl -Strix aluco (NA: [112])

Thrush nightingale — Luscinia luscinia (L: [23], [97], [9], [106], [46], [138], [170], [171],
[17777, [184], [189], [28], [196], [202]; N: [97], [9], [106], [46], [138], [170], [171], [177]?,
[184], [189], [28], [202], [204]; A: [204]; NA: [207])

Tree pipit — Anthus trivialis (L: [87], [97], [100], [9], [106], [108], [138], [144], [170],
[171], [175], [186], [28], [196], [200]; N: [97], [100], [9], [106], [108], [90], [138], [144],
[169], [170], [171], [175], [186], [28], [196], [200], [203]; NA: [99], [101], [113])
Turkey — Meleagris gallopavo — (NA: [81])

Western jackdaw — Corvus monedula (L: [121]; N: [121]; NA: [99])

Western yellow wagtail — Motacilla flava (L: [100], [9]; N: [97], [100], [175])

Wheatear — Oenanthe oenanthe (N: [97], [141], [144], [177], [178]; NA: [126])
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Whinchat — Saxicola rubetra (N: [177], [178], [202]; NA: [96])

White wagtail — Motacilla alba (L: [138]; N: [118], [90]; M: [118])

Willow ptarmigan — Lagopus lagopus (L: [172], [221], [222]; N: [172], [221], [222])
Willow tit — Poecile montana (L: [97], [104], [135], [185], [191]; N: [97], [100], [104],
[135], [1771, [185], [191], [194]; NA: [92], [123])

Willow warbler — Phylloscopus trochilus (L: [115], [87], [97], [100], [9], [106], [108],
[135], [138], [140], [144], [170], [171], [177], [178], [182], [184], [196], [202]; N: [115],
[94], [97], [100], [9], [106], [108], [135], [138], [140], [143], [144], [145], [169], [170],
[171], [175], [176], [177], [177]3, [178], [179], [90], [202]; NA: [99])

Winter wren — Troglodytes troglodytes (L: [82], [83], [87], [97], [100], [104], [106],
[109], [46], [131], [135], [138], [143], [144], [170], [171], [179], [181], [182], [187],
[193], [196], [197], [203], [205], [29]; N: [82], [83], [87], [97], [100], [9], [104], [46],
[131], [135], [138], [144], [169], [170], [171], [179], [181], [187], [188], [189], [193],
[194], [197], [202], [203], [204], [205]; F: [91]; NA: [99], [123], [138], [180], [206],
[207], [208])

Wood warbler — Phylloscopus sibilatrix (L: [9], [106], [170], [171]; N: [9], [106]; NA:
[99])

Woodlark — Lullula arborea (L: [177], [178]; N: [144], [177], [178])

Yellow-browed warbler — Phylloscopus inornatus (NA: [113])

Yellowhammer — Emberiza citrinella (L: [99], [158]; N: [99], [104], [158], [193]; NA:
[123], [81], [92],)

Distribution of reported cases: United Kingdom [91] [96] [111] [119] [90] [140] [141] [145]
[172] [182] [213] [217] [221] [222], Sweden [97] [9] [122]! [138] [167]! [170] [171] [175] [184],
Slovakia [99] [185] [191] [202], Poland [92] [104] [106] [117] [173] [186] [190] [199] [201],
Switzerland [100] [144] [147] [180] [181] [183] [220], Latvia [194] [205], Germany [128]!
[139] [189] [192] [195] [198] [206] [207], Czech Republic [94] [95] [123] [160]! [187] [193]
[211] [212], Belgium [105] [113] [116] [215], Italy [88]! [143] [188] [200] [218] [219],
Netherlands [108] [135] [214], Estonia [169], Norway [115] [174] [176] [177] [178], Hungary
[112] [46] [28] [29], Faroe Islands [126], Denmark [196], Romania [80] [81] [89]! [121],
France [197], Moldova [153]! [158], Russia (Kaliningrad) [179] [203] [210] [209], Ukraine
[118], Portugal [82] [83] [87], Spain [109] [131] [136], Lithuania [177]* [208], Croatia [101],
Bulgaria [204] [216], Cyprus [23]

Ixodes rothschildi
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Overview: /xodes rothschildi has so far been reported from birds only in the United Kingdom
and France. This tick species is a parasite of seabirds, collected from 4 charadriiform, 1

suliform, and 1 procellariform species.
Charadriiformes: 4; Suliformes: 1; Procellariiformes: 1
Hosts:

- Atlantic puffin — Fratercula arctica (L: [141], [223]; N:[141], [223]; F: [141]; NA: [84])
- Common murre — Uria aalge (NA: [96])
European herring gull — Larus argentatus (NA: [96])
- European shag — Phalacrocorax aristotelis (F: [140])
- Manx shearwater — Puffinus puffinus (NA: [96])
- Razorbill — Alca torda (N: [224]; F: [224]in burrows)

Distribution of reported cases: United Kingdom [96] [140] [141] [223] [224], France [84]

Ixodes unicavatus

Overview: /[xodes unicavatus is distributed in the coastal area of the UK, Sweden and France.
The hosts are birds that usually nest on rocky cliffs. Six of such bird species have been

described as hosts of this parasite.
Charadriiformes: 1; Suliformes: 3; Passeriformes: 2; Falconiformes: 1
Hosts:

- Atlantic puffin — Fratercula arctica (NA: [96])

- Common shag — Gulosus aristotelis (NA: [96])

- European rock pipit — Anthus petrosus (NA: [96])

- Great cormorant — Phalacrocorax carbo (L: [97]; N: [97]; F: [97]; NA: [96])
- Gyrfalcon — Falco rusticolus (NA: [96])

- Water pipit — Anthus spinoletta (L: [90])

Distribution of reported cases: United Kingdom [90] [96], Sweden [97], France [84]!

Ixodes uriae

Overview: /xodes uriae is a common parasite of North European seabirds, as it was reported
from 8 charadriiform, 1 anseriform, 3 suliform, and 1 procellariform bird species. According to

the data it was also recorded from 2 passeriform bird species.
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Charadriiformes: 8; Anseriformes: 1; Suliformes: 3; Procellariiformes: 1;

Passeriformes: 3
Hosts:

- Atlantic puffin — Fratercula arctica (N: [90], [141], [225]in nest; M: [225]in nest; F:
[90], [225]in nest; NA: [126] [226], [226]?, [226]°; [227], [227]3, [227]°, [228], [228]3,
[229])

- Black guillemot — Cepphus grylle (NA: [96])

- Black-legged kittiwake — Rissa tridactyla (L: [230]; N: [225]in nest, [230], [231], [232],
[233]; M: [225]in nest , [230]; F: [224], [225]in nest, [230], [232]; NA: [226], [227],
[227]3, [227]°, [228], [228]?, [233], [234], [234]?, [234]®, [235], [236])

- Common eider — Somateria mollissima (NA: [237])

- Common murre — Uria aalge (N: [97], [225]in nest, [238], [239], [240]; M: [225]in
nest, [238]; F: [97], [140], [224], [225]in nest, [238], [239], [240]; NA: [126], [226],
[226]°, [227], [227]7 [227]°, [228], [228]?)

- Common starling — Sturnus vulgaris (NA: [96])

- Eurasian curlew — Numenius arquata (NA: [96])

- European herring gull — Larus argentatus (N: [233]in nest; F: [233]in nest; NA: [96])

- European shag — Phalacrocorax aristotelis (N: [141])

- Northern fulmar — Fulmarus glacialis (NA: [96])

- Northern gannet — Morus bassanus (N: [141]; F: [141])

- Razorbill — Alca torda (N: [240]; F: [240]; NA: [96], [226]°, [2271?, [227]°,)

- Red crossbill — Loxia curvirostra (NA: [96])

- Red-faced cormorant — Urile urile (NA: [226]°)

- Thick-billed murre — Uria lomvia (N: [238], [238]?; M: [238], [238]?; F: [238]; NA:
[241], [242], [243])

- Wheatear — Oenanthe oenanthe (NA: [96])

Distribution of reported cases: United Kingdom [96] [141] [90] [224] [226] [227] [230]
[231] [232] [234] [235] [239], France [233], [234]?, Norway (Svalbard) [238] [241] [242],
Norway [225] [226]2[227]7 [228] [234]°[236] [240] [243], Norway (Jan Mayen) [238], Iceland
[226]° [227]° [228] [237], Faeroe Islands [126] [229], Sweden [97]

Ixodes ventalloi

Overview: Ixodes ventalloi, commonly known as the rabbit tick as it mostly feeds on the

European rabbit (Oryctolagus cuniculus), is a rare finding on birds [7]. This tick species has
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been recorded from 11 bird species. Four species belong to the order Strigiformes, which are

often in contact with small mammals.
Strigiformes: 4; Passeriformes: 3; Galliformes: 3, Gruiformes: 1
Hosts:

- Barn owl — Tyto alba (N: [127])

- Black redstart — Phoenicurus ochruros (N: [149], [244])

- Chukar partridge- Alectoris chukar (NA: [245])

- Common blackbird — Turdus merula (N: [149]; F: [87]; NA: [91])
- Common pheasant — Phasianus colchicus (A: [85])

- European robin — Erithacus rubecula (N: [244])

- Little owl — Athene noctua (F: [246])

- Long-eared owl — Asio otus (N: [141]; F: [141])

- Red-legged partridge — Alectoris rufa (A: [85]; NA: [155])

- Short-eared owl — Asio flammeus (N: [150]; M: [150]; F: [150])
- Water rail — Rallus aquaticus (A: [85])

Distribution of reported cases: Cyprus [245], Spain [155] [246], Portugal [87] [127] [150],
Italy [85] [149] [244], United Kingdom [91] [141]
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METASTRIATA

Amblyomma lepidum

Overview: While the immature stages of Amlyomma lepidum are relatively common bird
parasites in Africa [124], this tick species has been reported only once in European territory,

from a passeriform bird.
Passeriformes: 1
Hosts:
- Common blackbird — Turdus merula (N: [23])

Distribution of reported cases: Cyprus [23]

Amblyomma marmoreum

Overview: Amblyomma marmoreum is an African tick species, where it was reported from

several bird species. [124] In Europe, it has been found on a Tree pipit in Italy.
Passeriformes: 1
Hosts:

- Tree pipit — Anthus trivialis (N: [149])

Distribution of reported cases: Italy [149]

Amblyomma nuttalli

Overview: Amlyomma nuttali is distributed in the Afrotropical region, where they may infest
several bird species. [124] So far, we have only one report in Europe, where it was found on a

Thrush nightingale (Passeriformes).
Passeriformes: 1
Hosts:
- Thrush nightingale — Luscinia luscinia (N: [23])

Distribution of reported cases: Cyprus [23]
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Amblyomma variegatum

Overview: Amblyomma variegatum is an African tick species [124] and as such, it does not
have European distribution. However, it was reported from 2 passeriform birds in Italy, and

from one passeriform in Cyprus.
Passeriformes: 2
Hosts:

- Icterine warbler — Hyppolais icterina (N: [247])
- Tree pipit — Anthus trivialis (N: [23], [244])

Distribution of reported cases: Italy [244] [247], Cyprus [23]

Dermacentor reticulatus

Overview: Dermacentor reticulatus has a pan European distribution excepting Scandinavia
[7], however its occurrence on birds is extremely rare. The only reports are from the United

Kingdom and from Poland.
Passeriformes: 2
Hosts:

- European robin — Erithacus rubecula (L: [104])

- Meadow pipit — Anthus pratensis (N: [140])

Distribution of reported cases: Poland [104], United Kingdom [140]

Dermacentor marginatus

Overview: Dermacentor marginatus is a common parasite throughout Europe, but not in
Scandinavia [7]. Despite this fact, it is rare to find these ticks on birds. D. marginatus has been
reported from 1 passeriform and 1 galliform bird species, as well as from the nest of a

passeriform bird.
Passeriformes: 2; Galliformes: 1
Hosts:

- Bearded reedling — Panurus biarmicus (L: [248]in nest; N: [248]in nest)

- Turkey — Meleagris gallopavo — (A: [127])
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- Yellowhammer — Emberiza citrinella (NA: [81], [112])

Distribution of reported cases: Austria [248], Hungary [112], Portugal [127], Romania
[81]

Haemaphysalis concinna

Overview: Haemaphysalis concinna has a pan-European distribution. Interestingly, H.
concinna seems to be extremely common on birds in Hungary, compared to other European
countries. This parasite was reported from 36 different bird species so far. Thirty-three of these

belong to the order Passeriformes.
Passeriformes: 33; Accipitriformes: 1; Galliformes: 1; Charadriiformes: 1
Hosts:

- Barred warbler — Sylvia nisoria (NA: [26])

- Black kite — Milvus migrans (NA: [112])

- Common blackbird — Turdus merula (L: [46]; N: [118], [46], [193], [204]; NA: [99],
[26])

- Common chaffinch — Fringilla coelebs (NA: [99])

- Common grasshopper warbler — Locustella naevia (L: [46]; N: [46])

- Common nightingale — Luscinia megarhynchos (L: [46]; N: [46]; NA: [99], [26])

- Common pheasant — Phasianus colchicus (NA: [99])

- Common reed bunting — Emberiza schoeniclus (L: [46]; N: [46])

- Common starling — Sturnus vulgaris (NA: [99])

- Dunnock — Prunella modularis (L: [46], [28], [193]; N: [46]; NA: [26])

- Eurasian blackcap — Sylvia atricapilla (L: [83], [46], [28]; N: [46], [28]; NA: [26])

- Eurasian blue tit- Cyanistes caeruleus (NA: [99])

- Eurasian golden oriole — Oriolus oriolus (N: [99])

- Eurasian magpie — Pica pica (NA: [99])

- Eurasian nuthatch — Sitta europaea (NA: [99])

- Eurasian reed warbler — Acrocephalus scirpaceus (L: [46], [28]; N: [46], [28]; NA:
[26])

- Eurasian tree sparrow — Passer montanus (NA: [99])

- Eurasian woodcock — Scolopax rusticola (NA: [99])

- European greenfinch — Carduelis chloris (L: [83]; N: [46]; NA: [26])

- European robin — Erithacus rubecula (L: [46], [193]; N: [46], [29]; NA: [99], [26])

- Great reed warbler — Acrocephalus arundinaceus (NA: [26])
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Distribution of reported cases: Czech Republic [123]! [193], Slovakia [99], Hungary [112]

Great tit — Parus major (L: [46]; N: [46], [118]; NA: [99], [26])

Hawfinch — Coccothraustes coccothraustes (L: [46]; N: [46]; NA: [99], [26], [81])
House sparrow — Passer domesticus (NA: [99])

Lesser whitethroat — Sylvia curruca (NA: [26])

Marsh warbler — Acrocephalus palustris (L: [46]; N: [46]; NA: [26])
Red-backed shrike — Lanius collurio (NA: [99], [26])

River warbler — Locustella fluviatilis (N: [193]; NA: [26])

Rook — Corvus frugilegus (L: [121])

Savi's warbler — Locustella luscinioides (L: [46], [28]; N: [46]; NA: [26])
Sedge warbler — Acrocephalus schoenobaenus (L: [46]; N: [46]; NA: [26])
Song thrush — Turdus philomelos (L: [46]; N: [46]; NA: [99], [26])

Tree pipit — Anthus trivialis (NA: [99], [112]]

Willow warbler — Phylloscopus trochilus (L: [23])

Winter wren — Troglodytes troglodytes (L: [193])

Yellowhammer — Emberiza citrinella (L: [99], [46], [193]; N: [99], [46], [193]; NA: [26])

[46] [28] [29] [26], Romania [89]! [121], Ukraine [118], Bulgaria [204], Cyprus [23]

Haemaphyalis erinacei

Overview: Haemaphysalis erinacei, (as its name suggests) is mainly a parasite of hedgehogs
and small mammals [7]. Finding this tick on birds is a rare event. So far, it has been reported

from the South-Eastern European region, where H. erinacei was found on on 4 different bird

species. Interestingly, these 4 birds belonged to 4 different orders.

Caprimulgiformes: 1; Strigiformes: 1, Gruiformes: 1, Coraciiformes: 1

Hosts:

Distribution of reported cases: Bulgaria [216], Croatia [249]?, Bosnia and Herzegovina

[249]

Alpine swift — Apus melba (N: [249]?)
Common Crane — Grus grus (M: [249])
Eurasian eagle-owl — Bubo bubo (F: [216])

European Bee-eater — Merops apiaster (M: [249])
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Haemaphyalis parva

Overview: Haemaphysalis parva is a rare tick species on European birds. In Romania, it was

found on 2 passeriforms, and on 1 galliform bird.
Passeriformes: 2; Galliformes: 1
Hosts:

- Common snipe — Gallinago gallinago (NA: [81])
- Rook — Corvus frugilegus (L: [121]; N: [121])

- Western jackdaw — Corvus monedula (L: [121])

Distribution of reported cases: Romania [81] [121]

Haemaphysalis punctata

Overview: Haemaphysalis punctata has a pan-European distribution, and its immature stages

are fairly common parasites on birds, especially on Passeriformes.

Passeriformes: 40; Charadriiformes: 7; Falconiformes: 1; Strigiformes: 1; Galliformes:
2

Hosts:

- Black-headed gull — Chroicocephalus ridibundus (F: [97]; NA: [96])

- Cirl bunting — Emberiza cirlus (L: [87], [131], [136]; N: [87], [150])

- Common blackbird — Turdus merula (L: [82], [83], [87], [131], [136], [137]; N: [80],
[82], [87], [131], [134], [136], [150], [250]; NA: [96], [99], [111], [112])

- Common chaffinch — Fringilla coelebs (L: [87], [131], [136]; N: [134], [136], [250])

- Common kestrel- Falco tinnunculus (NA: [96])

- Common linnet — Carduelis cannabina (L: [138])

- Common nightingale — Luscinia megarhynchos (N: [136])

- Common redstart — Phoenicurus phoenicurus (L: [214]; F: [97], [175]; NA: [92])

- Common reed bunting — Emberiza schoeniclus (NA: [96])

- Common starling — Sturnus vulgaris (L: [138]; NA: [96])

- Common tern — Sterna hirundo (NA: [96])

- Common whitethroat — Sylvia communis (L: [138]; N: [97]; NA: [96])

- Dunnock — Prunella modularis (L: [131]; N: [104], [131]; NA: [96])

- Eurasian blackcap — Sylvia atricapilla (N: [134])

- Eurasian blue tit — Cyanistes caeruleus (L: [138])
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Eurasian curlew — Numenius arquata (N: [214])

Eurasian eagle-owl — Bubo bubo (F: [216])

Eurasian jay — Garrulus glandarius (L: [82]; NA: [83], [112])
Eurasian magpie — Pica pica (NA: [112])

Eurasian oystercatcher — Haematopus ostralegus (L: [97]; N: [97])
Eurasian reed warbler — Acrocephalus scirpaceus (N: [150])
Eurasian stonechat — Saxicola torquatus (NA: [96])

Eurasian woodcock — Scolopax rusticola (NA: [99])

European greenfinch — Carduelis chloris (L: [136])

European herring gull — Larus argentatus (NA: [96])

European robin — Erithacus rubecula (L: [87], [131], [219]; N:[131], [134]; F: [204];
NA: [96])

European serin — Serinus serinus (L: [136])

Great black-backed gull — Larus marinus (NA: [92])

Great tit — Parus major (L: [87], [131]; N: [250])

Hooded crow — Corvus cornix (NA: [112])

House sparrow — Passer domesticus (L: [136], [214]; N: [136], [214], [250]; NA: [96])
Meadow pipit — Anthus pratensis (L: [214]; NA: [96])

Melodious warbler — Hippolais polyglotta (NA: [96])

Mistle trush — Turdus viscivorus (NA: [96])

Red-billed chough — Pyrrhocorax pyrrhocorax (NA: [96])

Red-legged partridge — Alectoris rufa (NA: [152])

Ring ouzel — Turdus torquatus (NA: [112])

Rook — Corvus frugilegus (L: [121], [250]; N: [121], [250]; M: [121]; F: [121]; A: [250])
Skylark — Alauda arvensis (NA: [96])

Song thrush — Turdus philomelos (L: [158]; N: [158], [131]; NA: [96])
Spotless starling — Sturnus unicolor (L: [136]; N: [136])

Spotted flycatcher — Muscicapa striata (L: [23])

Tree pipit — Anthus trivialis (L: [87])

Turkey — Meleagris gallopavo — (N: [127]; A: [127]; NA: [81])
Western jackdaw — Corvus monedula (N: [121]; M: [121]; NA: [96])
Western yellow wagtail — Motacilla flava (NA: [101])

Wheatear — Oenanthe oenanthe (L: [138]; NA: [96])

Whinchat — Saxicola rubetra (L: [214])

White wagtail — Motacilla alba (L: [138]; N: [97], [175]; NA: [96])
Willow warbler — Phylloscopus trochilus (L: [23]; NA: [96])
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- Yellowhammer — Emberiza citrinella (NA: [96], [99])

Distribution of reported cases: Ukraine [250], Spain [131] [136] [152], Poland [92] [104],
United Kingdom [96] [111], Slovakia [99], Netherlands [214], Sweden [97] [138] [175],
Portugal (Azores) [134], Moldova [158], Portugal [82] [83] [87] [127] [150], Romania [81]
[80] [121], Italy [219], Hungary [112], Croatia [101], Bulgaria [204] [216], Cyprus [23]
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Haemaphyalis sulcata

Overview: Haemaphysalis sulcata is a relatively rare parasite on birds. According to literature

data, it has been recorded from 5 passeriform bird species so far.
Passeriformes: 5
Hosts:

- Common blackbird — Turdus merula (N: [204])

- Great reed warbler — Acrocephalus arundinaceus (N: [204])
- Savi's warbler — Locustella luscinioides (N: [204])

- Skylark — Alauda arvensis (N: [90])

- Thrush nightingale — Luscinia luscinia (N: [204])

Distribution of reported cases: United Kingdom [90], Bulgaria [204]
Hyalomma aegyptium
Hosts:

Overview: Although Hyalomma aegyptium is a common tick in the Mediterranean region, it is
primarily a parasite of tortoises and humans [7]. Therefore, finding these ticks on European
birds is an uncommon event. The only European report of this tick feeding on birds so far is

from Greece, where this parasite has been reported from 2 passeriform species.
Passeriformes: 2

- Common blackbird — Turdus merula (L: [86])

- Common nightingale — Luscinia megarhynchos (L: [86])
Distribution of reported cases: Greece [86]
Hyalomma lusitanicum

Overview: Hyalomma lusitanicum is a common parasite of mammals in Spain and Portugal
[7] [124]. Despite this fact, finding this tick species on bird is occasional. So far, it has been
recorded from 2 galliform, 1 passeriform, 1 strigiform, 1 struthioniform and 1 columbiform birds

from the Iberian Peninsula.

Passeriformes: 1; Galliformes: 2; Strigiformes: 1; Columbiformes: 1, Struthioniformes:
1

Hosts:

- Chicken — Gallus gallus domesticus (N: [251])
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Common blackbird — Turdus merula (L: [82]; N [82])
Common ostrich — Struthio camelus (A: [127])
Red-legged partridge — Alectoris rufa (N: [127]; NA: [152])
Eurasian eagle-owl — Bubo bubo (N: [127])

Common wood pigeon — Columba palumbus (A: [127])

Distribution of reported cases: Spain [152], Portugal [82] [127] [251]

Hyalomma marginatum (s.l.)

Overview: Hyalomma marginatum is a two-host tick species [124] that has a Palearctic

distribution. While it is more common in the Mediterranean region, this parasite is also reported

occasionally from Northern European countries. The most common bird hosts of H.

marginatum are from the order Passeriformes

Passeriformes: 52; Accipitriformes: 5; Galliformes: 1; Strigiformes: 5; Falconiformes: 2;

Coraciiformes: 1; Bucerotiformes: 1; Caprimulgiformes: 1, Columbiformes: 1

Barn owl — Tyto alba (L: [150]; N: [150])

Barn swallow — Hirundo rustica (N: [150])

Black kite — Milvus migrans (N: [150])

Black redstart — Phoenicurus ochruros (N: [23])

Bluethroat — Luscinia svecica (N: [252], [253]; NA: [253]°)

Booted eagle — Hieraaetus pennatus (N: [127])

Chicken — Gallus gallus domesticus (NA: [81])

Collared flycatcher — Ficedula albicollis (L: [97])

Common blackbird — Turdus merula (L: [82], [136]; N: [23], [136], [150], [254])
Common buzzard — Buteo buteo (N: [127])

Common chaffinch — Fringilla coelebs (L: [23], [136]; N: [23]; F: [138])

Common chiffchaff — Phylloscopus collybita (L: [23])

Common kestrel — Falco tinnunculus (L: [127]; N: [127]; NA: [253]9)

Common kingfisher — Alcedo atthis (N: [150], [127])

Common nightingale — Luscinia megarhynchos (L: [136], [10]?; N: [136], [204], [253]¢,
[107%)

Common redstart — Phoenicurus phoenicurus (N: [23], [145], [147], [247] [252],
[253]°; NA: [96], [253]®, [253]9)

Common whitethroat — Sylvia communis (N: [145], [204], [253]¢, [255]; NA: [96])
Corn bunting — Emberiza calandra (L: [23])
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Crested lark — Galerida cristata (L: [23]; N: [23])

Dunnock — Prunella modularis (N: [256])

Eastern olivaceous warbler — Iduna pallida (N: [86])

Eastern woodchat shrike — Lanius senator niloticus (N: [257])

Eurasian blackcap — Sylvia atricapilla (L: [97]; N: [23], [253]°)

Eurasian blue tit- Cyanistes caeruleus (N: [136], [150])

Eurasian eagle-owl — Bubo bubo (L: [216]; N: [127], [150], [216]; M: [216])
Eurasian hoopoe — Upupa epops (NA: [253]%)

Eurasian jay — Garrulus glandarius (N: [82])

Eurasian reed warbler — Acrocephalus scirpaceus (L: [10]; N: [127], [150]; M: [252];
F: [252], [10]?; NA: [103])

Eurasian scops owl — Otus scops (L: [23]; N: [23])

Eurasian stonechat — Saxicola torquatus (L: [23]; N: [23], [127], [150])
Eurasian tree sparrow — Passer montanus (N: [150])

European greenfinch — Carduelis chloris (L: [23]; N: [23], [136], [150])
European nightjar — Caprimulgus europaeus (N: [247])

European pied flycatcher — Ficedula hypoleuca (L: [136])

European robin — Erithacus rubecula (L: [138], [29]; N: [23], [147], [29], [253], [253]?,
[256])

European turtle dove — Streptopelia turtur (L: [23])

Finsch's wheatear — Oenanthe finschii (L: [23]; N: [23])

Great reed warbler — Acrocephalus arundinaceus (L: [23]; N: [10], [10]?)
Great tit — Parus major (L: [136]; N: [136], [150])

House sparrow — Passer domesticus (L: [136]; N: [136])

Iberian grey shrike — Lanius meridionalis (N: [150])

Lesser kestrel — Falco naumanni (N: [127])

Lesser whitethroat — Sylvia curruca (L: [23])

Little owl — Athene noctua (N: [150]; NA: [81])

Marsh warbler — Acrocephalus palustris (L: [253]?; N: [23], [204], [253]?, [253]¢; NA:
[10]%)

Mistle trush — Turdus viscivorus (N: [252], [254])

Northern goshawk — Accipiter gentilis (N: [127])

Ortolan bunting — Emberiza hortulana (N: [253]°)

Red kite — Milvus milvus (L: [150])

Rook — Corvus frugilegus (N: [254])

Sardinian warbler — Sylvia melanocephala (L: [23]; N: [23])
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- Savi's warbler — Locustella luscinioides (N: [10])

- Sedge warbler — Acrocephalus schoenobaenus (N: [97], [145], [10], [255], [257]; F:
[10]; NA: [96], [167])

- Song thrush — Turdus philomelos (L: [23]; N: [23], [258])

- Spanish Sparrow — Passer hispaniolensis (L: [23])

- Spotted flycatcher — Muscicapa striata (L: [23]; N: [81])

- Tawny owl -Strix aluco (N: [127])

- Thrush nightingale — Luscinia luscinia (L: [23])

- Tree pipit — Anthus trivialis (L: [23]; N: [23], [9], [253], [253]°)

- Water pipit — Anthus spinoletta (L: [23])

- Western jackdaw — Corvus monedula (N: [121])

- Western olivaceous warbler — Iduna opaca (N: [255])

- Western yellow wagtail — Motacilla flava (L: [23], [257]; N: [23], [247]; NA: [167])

- Wheatear — Oenanthe oenanthe (N: [145]; NA: [96])

- Whinchat — Saxicola rubetra (N: [23]; NA: [96])

- White wagtail — Motacilla alba (L: [23]; N: [23], [97], [252])

- Willow warbler — Phylloscopus trochilus (L: [23], [255]; N: [138])

- Woodchat shrike — Lanius senator (L: [259]; N: [259])

- Yellowhammer — Emberiza citrinella (NA: [81])

Distribution of reported cases: Switzerland [147] [252], Sweden [97] [9] [122]! [138],
Slovakia [253]2[10], Czech Republic [253] [10]?, Italy [247] [253]¢ [260]!, Greece [86] [257]
[259], United Kingdom [96] [145], Hungary [29], Romania [81] [121] [258], Portugal [82]
[127] [150], Spain [136] [255], France [84]! [256], Poland [167], Germany [103] [253]¢,
Finland [253]°, Slovenia [253]9, Ukraine [254], Bulgaria [204] [216], Cyprus [23]

51



Hyalomma rufipes

Overview: Hyalomma rufipes is a two-host tick species [7]. It is a widely distributed, common
bird parasite in the Mediterranean region. It isc occasionally reported on migrating birds from
Northern European countries as well. Similarly to H. marginatum (in the past, H rufipes was
considered as a subspecies of H. marginatum [124]) the most common bird hosts belong to

Passeriformes.

Passeriformes: 46; Cuculiformes: 1; Piciformes: 1; Columbiformes: 1, Flaconiformes:

1, Bucerotiformes: 1, Strigiformes: 1
Hosts:

- Barred warbler — Sylvia nisoria (N: [23])

- Barn swallow — Hirundo rustica (M: [261])

- Black redstart — Phoenicurus ochruros (N: [244]; NA: [149])

- Black-eared Wheatear — Oenanthe hispanica (L: [23]; N: [23]

- Blue rock thrush — Monticola solitarius (L: [23])

- Crested lark — Galerida cristata (L: [23]; N: [23])

- Cyprus warbler — Sylvia melanothorax (N: [23])

- Collared flycatcher — Ficedula albicollis (N: [23], [244], [247]; NA: [149])

- Common blackbird — Turdus merula (L: [23]; N: [23])

- Common chaffinch — Fringilla coelebs (N: [23])

- Common chiffchaff — Phylloscopus collybita (L: [23])

- Common cuckoo — Cuculus canorus (N: [23], [247])

- Common kestrel- Falco tinnunculus (L: [23]; N: [23])

- Common nightingale — Luscinia megarhynchos (L: [247]; N: [23], [247], [262])

- Common redstart — Phoenicurus phoenicurus (L: [23], [247]; N: [115], [23], [244],
[247]; NA: [149])

- Common whitethroat — Sylvia communis(L: [247]; N: [115], [23], [46], [244], [247];
NA: [149])

- Corn bunting — Emberiza calandra (L: [23])

- Cretzschmar’s bunting — Emberiza caesia (L: [23])

- Eastern olivaceous warbler — Iduna pallida (L: [23])

- Eastern subalpine warbler — Sylvia cantillans (L: [247])

- Eurasian blackcap — Sylvia atricapilla (L: [23]; N: [23], [256])

- Eurasian golden oriole — Oriolus oriolus (N: [244], [247])

- Eurasian hoopoe — Upupa epops (N: [23])

- Eurasian reed warbler — Acrocephalus scirpaceus (L: [247]; N: [115])
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- Eurasian scops owl — Otus scops (L: [23]; N: [23])

- Eurasian stonechat — Saxicola torquatus (L: [23]; N: [23])

- Eurasian wryneck — Jynx torquilla (L: [247])

- European goldfinch — Carduelis carduelis (N: [23])

- European greenfinch — Carduelis chloris (N: [23])

- European pied flycatcher — Ficedula hypoleuca (L: [247], N: [247])

- European robin — Erithacus rubecula (N: [23]; NA: [149])

- European turtle dove — Streptopelia turtur (L: [247])

- Garden warbler — Sylvia borin (L: [247]; N: [115])

- Great reed warbler — Acrocephalus arundinaceus (L: [247]; N: [247])

- Icterine warbler — Hyppolais icterina (L: [247]; N: [247])

- Isabelline wheatear — Oenanthe isabellina (N: [23])

- Lesser whitethroat — Sylvia curruca (L: [23]; N: [23])

- Pied wheatear — Oenanthe pleschanka (L: [23]; N: [23])

- Red-backed shrike — Lanius collurio (L: [23]; N: [23])

- Red-throated Pipit — Anthus cervinus (L: [23]; N: [23])

- Rock thrush — Monticola saxatilis (L: [23]; N: [23])

- Sedge warbler — Acrocephalus schoenobaenus (N: [247], [261]; M: [261]; F: [261])

- Song thrush — Turdus philomelos (L: [23]; N: [23]; NA: [149])

- Spotted flycatcher — Muscicapa striata (L: [247]; NA: [149])

- Thrush nightingale — Luscinia luscinia (N: [115])

- Tree pipit — Anthus trivialis (L: [23], [244]; N: [23], [247])

- Orphean Warbler — Sylvia hortensis (L: [23])

- Western yellow wagtail — Motacilla flava (L: [247], [253])f)

- Wheatear — Oenanthe oenanthe (L: [253]f, [23], N: [115], [23], [244], [247]; NA:
[149])

- Whinchat — Saxicola rubetra (L: [247]; N: [244], [247], [263]; NA: [149])

- Willow warbler — Phylloscopus trochilus (L: [247]; N: [23])

- Wood warbler — Phylloscopus sibilatrix (L: [247]; N: [247]; NA: [149])

Distribution of reported cases: Norway [115], Hungary [46], Italy [149] [244] [247] [263] ,
France (Corsica) [261], France [256] [262], Finland [253]f, Cyprus [23]

Hyalomma truncatum

Overview: There is very limited information about Hyalomma truncatum as a bird parasite.

According to the data, it has been found on a passeriform bird in Italy.

Passeriformes: 1
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Hosts:

Whinchat — Saxicola rubetra (L: [247])
Distribution of reported cases: Italy [247]
Rhipicephalus annulatus

Overview: Despite the fact that Rhipicephalus annulatus is distributed in Southern-Europe [7]
it is amazingly rare for this parasite to feed on birds. So far, only one such case was

documented in Portugal.
Galliformes: 1
Hosts:
- Turkey — Meleagris gallopavo — (N: [127]; A: [127])

Distribution of reported cases: Portugal [127]
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Rhipicephalus pusillus

Overview: Rhipicephalus pusillus is found in the Palaearctic region, mainly in Mediterranean
climatic areas where birds are considered to be exceptional hosts [7]. So far, this was recorded

only once.
Strigiformes: 1
Hosts:

- Eurasian eagle-owl — Bubo bubo (A: [127])
Distribution of reported cases: Portugal [127]
Rhipicephalus sanguineus

Overview: Rhipicephalus sanguineus s.l. is the most common tick species found on dogs in
urban areas around the world [7]. However, finding them on birds is rare. So far, it has been

recorded from a total of 6 bird species, belonging to 4 different orders.
Struthioniformes: 1; Strigiformes: 1; Passeriformes: 2; Accipitriformes: 2
Hosts:

- Common ostrich — Struthio camelus (A: [127]; NA: [96])

- Eurasian eagle-owl — Bubo bubo (A: [127])

- Great reed warbler — Acrocephalus arundinaceus (F: [81])

- House sparrow — Passer domesticus (F: [262] Rhipicephalus sanguineus sensu
stricto (based on 99.7% 12S rRNA gene sequence identity between AY559843 and
MHG630345).

- Northern goshawk — Accipiter gentilis (A: [127])

- Short-toed snake eagle — Circaetus gallicus (A: [127])

Distribution of reported cases: Romania [81], France [262], Portugal [127], United
Kingdom [96]
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Rhipicephalus turanicus

Overview: The taxonomic status of Rhipicephalus turanicus is still under discussion [7].
According to literature data, this tick species has been found on three bird species (all birds of
prey) in Portugal and in Bulgaria. However, the Portuguese findings [150] were referred to in a

later article by the same author [127] as R. sanguineus.
Accipitriformes: 2; Strigiformes: 1
Hosts:

- Common buzzard — Buteo buteo (F: [150]) (In a later article [127], the same author
referred to this this finding as R. sanguineus)

- Eurasian eagle-owl — Bubo bubo (M: [216]; F: [216])

- Steppe eagle — Aquila nipalensis (F: [150]) (In a later article [127], the same author
referred to this finding as R. sanguineus)

Distribution of reported cases: Portugal [150], Bulgaria [216]
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4.2 Long term evaluation of factors influencing the association of ixodid ticks
with birds in Central Europe, Hungary

4.2.1 Identification of tick species and their occurrence on infested birds

During the study period 2395 tick-infested birds were captured, belonging to 51 different
species, and a total of 5833 ticks were collected. The most frequent host species were the
European Robin (Erithacus rubecula) (Nintestea=521, Ncaptures=14809), followed by the Blackbird
(T. merula) (Ninestea=359, Ncapturea=1525). The mean number of ticks found on infested birds (i.e.,
intensity of infestation) was 2.44, while the median intensity was 1.

Based on morphological characteristics, eight tick species were identified, namely
Ixodes ricinus, Ixodes frontalis, Ixodes lividus, Ixodes festai, Ixodes arboricola, Haemaphysalis
concinna, Haemaphysalis punctata and Dermacentor reticulatus Table 2. Concerning
molecular identification of Hyalomma species, one nymph showed 100% identity to sequences
of Hyalomma rufipes reported in Africa and in Malta (cox1 gene: OQ540949 from Kenya; 12S
rRNA gene: OL352890 from Malta, 16S rRNA gene: MK737649 from Egypt). Two further
nymphs proved to be Hyalomma marginatum, one of them with 100% sequence identities to
ticks reported from the eastern-middle-western Mediterranean region (cox1 gene: LC508365
from Portugal; 12S rRNA gene: OL352894 from Malta; 16S rRNA gene: KT391060 from
Israel) and another with 99.8-100% sequence identities to specimens reported from the
western Mediterranean region (cox1 gene: LC508365 from Portugal; 16S rRNA gene:
LC508322 from Portugal).
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Table 2. Ticks collected in Ocsa between March 2015 and November 2022.

Tick species Larva | Nymph | Female | Male | Total
Ixodes ricinus 1229 | 2742 0 0 |[397
Ixodes frontalis 52 38 12 0 102
Ixodes lividus 0 1 12 0 13
Ixodes festai 0 0 6 2 8
Ixodes arboricola 0 1 0 0 1
Haemaphysalis concinna | 698 1008 0 0 1706
Haemaphysalis punctata | 28 0 0 0 28
Dermacentor reticulatus 0 0 1 0 1
Hyalomma marginatum 0 2 0 0 2
Hyalomma rufipes 0 1 0 0 1

Altogether, 1872 (78.16%) of the captured, tick-infested birds carried /. ricinus, while 592
(24.72%) of them carried H. concinna. Ixodes frontalis was present on 51 birds (2.13%). The
remaining seven tick species were carried by a combined total of 13 (0.54%) birds. One
hundred thirty-one birds carried two tick species, and on one Song Thrush ( Turdus philomelos)

three different tick species were present simultaneously (/. ricinus, I. frontalis and H. concinna).

The 2395 tick-carrying birds captured during this study are summarized in Table 3
according to the characteristics that were examined. In the table, we also indicated how many
bird species belonged to the given category. More detailed information can be found in

Supplementary Table 3.
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Table 3. Number of bird species according to their migration habit, habitat and feeding place.

Migration habit Habitat Feeding place

78 _ 463 (23
R Reed 621 (11 species) Above ground )

(5 species) species)

536 . 1877 (23
SDM Forest 1356 (30 species) | Ground )

(12 species) species)

4 ] Ground/Above ]
MDM Meadow 47 (7 species) 1 (4 species)

(1 species) ground

912 _ Only flying )
R/SDM Forest/Meadow | 367 (2 species) _ 4 (1 species)

(10 species) insects

32
R/MDM Sand walls 4 (1 species)

(2 species)

833
LDM

(21 species)

R: resident, SDM: short-distance migrants, MDM: middle-distance migrants, R/'SDM: resident

or short-distance migrants, R/MDM: residents or middle-distance migrants, LDM: long-distance

migrants.

"Sand walls” and "Only flying insects” are categories in which only the Sand Martin (Riparia

riparia) belongs. On this bird, only I. lividus has been found.

4.2.2 Number and temporal occurrence of tick species, their host associations
according to habitat and migration characteristics

All tick-host associations are visualized in Figure 1. Statistical analyses on ticks and

their hosts according to their habitat and migration characteristics were only calculated for the

most abundant tick species (/. ricinus and H. concinna), due to the fact that the limited numbers

of other tick species precluded robust statistical analyses.
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Figure 1. Tick-host associations visualized on a plotweb.
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Ixodes ricinus (Nww@=3971, Nianae=1229, Nnympns=2742): Ixodes ricinus subadults
occurred most frequently on resident and/or short-distance migrating birds with forest or forest
and meadow habitat (Table 4 and Table 5), This category includes the two species on which
the most ticks were found: Blackbirds (nicks=1073, nuies=326), and European Robins
(Nicks=924, nNuiras=490). (Table 6) Ixodes ricinus ticks were present on birds year-round, with
nymphs reaching their peak in the first half of the sampling periods (1st of March — 30th of
June), while larvae were the most abundant in the second half (1st of July — 31 of October).
This was consistent over the course of eight years. The difference between the numbers of
nymphs and larvae regarding their half-yearly activity was significant (p<0.0001)

(Supplementary Figure 2)

Table 4. Number of ticks accoring to the habitat of their hosts.

Tick species and stage Meadow | Forest | Meadow/forest | Reed
Ixodes ricinus L 22 981 105 121
Ixodes ricinus N 41 1482 | 981 238
Haemaphysalis concinna L | 3 107 45 543
Haemaphysalis concinna N | 6 128 84 790
Ixodes frontalis L 0 39 13 0
Ixodes frontalis N 0 32 4 2
Ixodes frontalis F 1 9 1 1
Ixodes festai F + M*! 0 3 5 0
Hyalomma marginatum N | 0 2 0 0
Hyalomma rufipes N 0 1 0 0

L: larva, N: nymph, F: female, M: male.
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*1: we treated males and females together, as the two males we found were in copulation

with females.

Table 5. Number of ticks according to the migration habit of their hosts.

Tick species and stage 5 o o | s RII:ID s
Ixodes ricinus L 16 278 1 586 3 345
Ixodes ricinus N 96 700 4 1450 70 422
Haemaphysalis concinna L 0 32 0 61 0 605
Haemaphysalis concinna N 1 95 0 109 2 801
Ixodes frontalis L 0 10 0 42 0 0
Ixodes frontalis N 2 7 0 26 1 2
Ixodes frontalis F 5 3 0 3 1 0
Ixodes festai F + M*' 0 3 0 5 0 0
Hyalomma marginatum N 0 1 0 1 0 0
Hyalomma rufipes N 0 0 0 0 0 1

L: larva, N: nymph, F: female, M: male.

R: resident, SDM: short-distance migrants, MDM: middle-distance migrants, R/SDM:
resident or short-distance migrants, R/MDM: residents ot middle-distance migrants, LDM:

long-distance migrants.

*1: we treated males and females together, as the two males we found were in copulation

with females.
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Table 6. The five most common hosts of H. concinna and . ricinus.

(A)
Bird Number of | Total Number of I. | Medians of total /.
species tick-infested | number of | ricinus ricinus larva/lnymph
birds during | ticks infestations
our study
TUR MER 359 1226 1073 1/2
ERI RUB 521 1000 924 1/1
TUR PHI 168 419 310 2/1
SYLATR 199 290 277 1/1
PRU MOD |90 279 262 1/2
(B)
Bird Number of | Total Number Medians of total H.
species tick-infested | number of | of H. concinna larva/nymph
birds during | ticks concinna infestations
our study
LOC LUS 243 952 933 2/2
ACR SCI 167 297 157 1/1
ACR SCH 54 148 135 2.51
TUR MER 359 1226 129 1/1
TUR PHI 168 419 102 1/1
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Ixodes frontalis (Niota=102, Niarvae=52, Nnymphs=38, Ntemale=12): The European Robin was
the most common host of this tick species (nics=52, Nwires=21). The second most frequently
identified host species was the Blackbird (nics=18, nuiras=4). Ixodes frontalis occurred most
frequently on resident and/or short-distance migrating birds with forest habitat (Table 4 and
Table 5). All stages of I. frontalis were the most abundant in the second half of March every

year, during the eight-year-long study period (Figure 2).
Figure 2. Total numbers of Ixodes frontalis ticks collected from birds.
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Ixodes lividus (Niotai=13, Nfemates=12, Nnymphs=1): All 13 1. lividus ticks were collected from

four Sand Martins (Riparia riparia).

Ixodes festai (Nwtai=8, Niemales=6, Nmaies=2): In total eight ticks of this species were
collected. Five ticks were removed from two Blackbirds and three ticks from two Dunnocks
(Prunella modularis). It is important to mention, that the 2 males collected were not feeding,

but were in copulation with females.

Ixodes arboricola (Nww=1, Nnymphs=1): Only one nymph was collected. It was removed

from a Great Tit (Parus major).

Haemaphysalis concinna (Nita=1706, Nianae=698, Nnympns=1008): The majority (933
ticks, 54.7%) of individuals of this tick species were found on Savi’'s Warbler (Locustella
luscinioides) (nwires=238), making this bird the most common host of H. concinna. This tick
species was also frequently collected from Eurasian Reed Warbler (Acrocephalus scirpaceus)
(Nticks=157, npirgs=82). The five most common hosts of H. concinna are listed in Table 6. Both
H. concinna larvae and nymphs were active in the summer. However, the peaks of their

abundance showed differences over the study period. In particular, the peak of infestation of
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birds with H. concinna larvae preceded that of its nymphs in 2015 and 2022, but the opposite
trend was observed in 2017 and 2018. In other years, the peak larval and nymphal infestations

occurred simultaneously (Supplementary Figure 2).

It was found that the host habitat (reed, forest, meadow, meadow/forest) of /. ricinus
and H. concinna was significantly different (p<0.0001) (Table 4). We also compared the
migratory habits (resident, short-distance migrants, middle-distance migrants, resident or short
distance migrants, resident or middle-distance migrants, long-distance migrants) of the hosts
of I. ricinus and H. concinna. The difference was strongly significant (p<0.0001) (Table 5).
According to our findings, H. concinna occurred most frequently on long-distance migrant and
reed-associated birds, while /. ricinus was the most abundant on short-distance migrants, with
forest habitat (Table 4 and Table 5).

Haemaphysalis punctata (Niw=28, Nianae=28): A single Common Quail (Coturnix

coturnix) was found with 28 feeding larvae.

Hyalomma marginatum (nita=2, Nnympns=2): One engorged nymph was collected from
European Robin, and another from Song Trush (T. philomelos). Both were collected in the first
half of April (in 2015, and 2016, respectively)

Hyalomma rufipes (nNwota=1, Nnympn=1): Only one engorged nymph was found, which
was feeding on a European Pied Flycatcher (Ficedula hypoleuca) in the second half of April
2015.

Dermacentor reticulatus (Nww=1, Neemaie=1): One female of this species was found on

a Blackbird (Turdus merula), though it had not started to feed.

4.2.3 Host associations of ticks according to bird weight and feeding level
characteristics

The mean intensity of infestation with /. ricinus nymphs was the highest among bird
species with typical body weight above 100 grams, whereas this was the lowest among bird
species measuring below 10 grams (Figure 3)The same was not true in the case of H. concinna
nymphs, because the mean intensity of tick-infestation was the highest on birds weighing

between 10.1 and 20 grams (Figure 3).
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Figure 3. Mean tick intensity on birds, according to their average bodymass, visualized on a

heatmap.
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When the number of [. ricinus, I. frontalis and H. concinna infesting ticks were compared
according to the feeding level of their hosts (only ground level or above ground categories were
tested), 1. ricinus tended to predominate on ground-feeding birds, whereas H. concinna
nymphs and larvae were more often found on birds looking for food items above the ground
level (p<0.0001). On the other hand, the difference was not significant between /. ricinus and

I. frontalis (p=0.2584) (Table 7).
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Table 7. Number of ticks according to the feeding places of their hosts.

Tick species and stage Ground | Above ground | Ground/above ground
Ixodes ricinus L 896 328 5
Ixodes ricinus N 1836 890 16
Haemaphysalis concinna L | 144 554 0
Haemaphysalis concinna N | 204 804 0
Ixodes frontalis L 42 10 0
Ixodes frontalis N 31 7 0
Ixodes frontalis F 5 7 0
Ixodes festai F + M*1 5 3 0
Hyalomma marginatum N | 2 0 0
Hyalomma rufipes N 0 1 0

L: larva, N: nymph, F: female, M: male.
*. we treated males and females together, as the two males we found were in

copulation with females.

67



4.3 Ornithological and molecular evidence of a reproducing Hyalomma
rufipes population under continental climate in Europe

4.3.2 Host-associations of tick species and the migratory habits of their avian hosts

Associations of ticks collected in this study with different bird species are summarized in
Supplementary Table 4. The Common Blackbird (Turdus merula) (nuiras=58, with 22.4% of total
I. ricinus ticks) and the European Robin (Erithacus rubecula) (Nwiras=105, with 32.4% of total /.
ricinus ticks) were the two main hosts of /. ricinus in both the spring and the autumn tick
collection periods. The preferred hosts of /. frontalis were also these two bird species (Npirgs=4,
with 22.2% of total I. frontalis ticks; and 5, with 38.9% of all /. frontalis ticks, respectively).
Haemaphysalis concinna most often infested the Sedge Warbler (Acrocephalus
schoenobaenus) (nwiras=49, with 17.1% of total H. concinna ticks) and Savi’'s Warbler
(Locustella luscinioides) (nwirds=65, With 55,1% of all H. concinna ticks). Hyalomma rufipes was
only collected on repeated occasions from Sedge Warblers (A. schoenobaenus) and Bearded
Reedling (Panurus biarmicus), and once from a Common Whitethroat (Curruca communis)
and from a European Pied Flycatcher (Ficedula hypoleuca). Ixodes lividus was only found
once, on its specific host, the Sand Martin (Riparia riparia). Importantly, with the exception of
the accidental finding of a single D. reticulatus female on a Common Blackbird, all other
females (n=16) belonged to the two ornithophilic tick species I. frontalis (n=9) and |I. lividus
(n=6).

During the spring, at the ringing station in north-central Hungary (Ocsa) where the
highest number of tick-infested birds were caught and which contributed the most balanced
ratio of birds with different migratory habits to the study, there was a highly significant (P <
0.0001) difference between the host associations of /. ricinus and H. concinna, since the former
predominated on resident and short-distance migrant bird species, but H. concinna on long-
distance migrants. In the autumn, taking into account all ringing stations, the difference
between these two tick species in the same comparison, and the association of /. frontalis with

resident and short-distance migrant bird species was also highly significant (P < 0.0001).

4.3.3. Spatiotemporal occurrence of tick species

Ixodes ricinus and H. concinna were found to infest birds in both the spring and autumn
collection periods (Figure 4) whereas the presence of H. rufipes was restricted to the first half

of the year (Figure 4, Table 8-Table 9), and I. frontalis predominated in the autumn period
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(Figure 4). Importantly, H. rufipes was collected from long-distance migrant birds in south and
northwest Hungary in May and April, respectively (Table 9). However, all other specimens of
this species were removed from birds in the middle of summer (late June) at one ringing station

in the southwestern part of the country (Fenékpuszta).

Figure 4. Map of Hungary showing ringing stations and the ratio of tick species collected in (A)
the first semiannual period (March to July) and (B) the second semiannual period (August to
November). In the former (A) the location of the first Hyalomma nymph reported from a bird in
Hungary in 1955 is marked with a red dot, and the place where adult Hyalomma rufipes ticks
were found on cattle is indicated with a red star.

m 1. Ixodes ricinus m 2. Hyalomma rufipes 3. Hoemaphysalis concinna 4. Ixodes frontalis
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During the spring period, I. ricinus was the predominant tick species in the north, whereas H.
concinna in central and south Hungary (Figure 4, Supplementary Table 5). However, in the
autumn, /. ricinus represented the highest number of ticks from birds in north as well as in
southwestern parts of the country, and H. concinna at two ringing stations, in central and
southeast Hungary (Figure 4). Hyalomma rufipes was only found in the Transdanubian region
and in one case along the southern reach of the Danube. On the other hand, /. frontalis could
only be collected in northern and central locations during both spring and autumn and was
absent from birds in southern parts of the country Figure 4).

Taken together, I. ricinus and H. concinna occurred on birds at all sampling sites, but
their ratio was different according to these sites and semiannual periods. At the same time, the

spatiotemporal distribution was limited in case of H. rufipes and I. frontalis.

4.3.4 Species and developmental stages of ticks infesting birds

During 2022, 539 individuals of 38 passeriform bird species were found to be tick-infested
(approximately 39’000 bird were caught during the study period), from which altogether 956
ixodid ticks were collected (505 from March to July, and 451 from August to November: Table
8). The majority of developmental stages were nymphs (n=588), but 352 larvae and 16 females
were also present. On most birds (n=381) only a single tick was found. The maximum number
of ticks removed from a single bird was 30, and the mean intensity of tick-infestation was 1.78

tick/tick-infested bird in the whole study period.

Table 8. Total number of ticks collected in the first and second semiannual periods of 2022 at
several locations of Hungary, according to their species and developmental state.

Tick species Male Female Nymph Larva Total

Spring migration and summer nesting period (March-July)

Ixodes ricinus 0 0 190 28 218
Haemaphysalis 0 0 179 85 264
concinna

Hyalomma 0 0 11 1 12
rufipes

Ixodes frontalis 0 2 1 1

Ixodes lividus

Dermacentor 0 1 0 0 1

reticulatus

Autumn migration period (August—-November)
Ixodes ricinus 0 0 167 213 380
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Haemaphysalis 0 0 37 20 57

concinna

Hyalomma 0 0 0 0 0
rufipes
Ixodes frontalis 0 7 3 4 14

Based on morphological characteristics, the ticks belonged to the following species:
Ixodes ricinus (n=598), Ixodes frontalis (n=18), Ixodes lividus (n=6), Haemaphysalis concinna
(n=321), and D. reticulatus (n=1). Morphologically, the twelve Hyalomma sp. ticks could only
be identified on the genus level and so molecular identification was necessary. All Hyalomma
nymphs were in a similar, advanced state of engorgement, but the single larva was flattened,
appeared unengorged.

Based on the 16S rRNA gene, Hyalomma nymphs belonged to three haplotypes (Table
9). One of these collected in south Hungary (OQ103402) had 100% (383/383 bp) sequence
identity to H. rufipes previously collected from a bird in north-central Hungary (Ocsa:
KU170517) and another in Egypt (MK737650). The second haplotype (collected in northwest
Hungary: 0Q103403) differed in two, and the third haplotype (all other specimens: OQ103404-
0Q103405) in one position of their 16S rRNA sequence, meaning 99.5% and 99.7% sequence
identities to the above two reference sequences, respectively (Table 9). One haplotype
(0Q108291) differed in one position, whereas all other H. rufipes specimens were 100%
(645/645 bp) identical in the sequenced part of their cox1 gene (OQ108292-OQ108294) to a
tick collected from a Eurasian Reed Warbler (Acrocephalus scirpaceus) in the Netherlands
(MT757612) and another reported from Malta (OL339477). Interestingly, these cox1
sequences were more different (in two bps) from H. rufipes collected from a bird in a previous
study in north-central Hungary (Ocsa: KU170491). In addition, all H. rufipes nymphs and the
larva had identical 12S rRNA sequences (OQ103398-0OQ103401), with 100% (341/341 bp)
sequence identity to ticks collected from birds in Malta (OL352890) and in Italy (MW175439).

Thus, the genus Hyalomma was exclusively represented by H. rufipes (n=12).
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Table 9. Data of Hyalomma ticks collected in 2022 from birds at various ringing stations in
Hungary.

Isolat | Bird Dat | Region of Hyalomm | GenBank accession numbers
e specie | e Hungary a sp. according to the three genetic
code |s (location) (number, | markers
stage) 16S rRNA | Cox1 12S rRNA
BA2 SYL May | South H. rufipes | OQ10340 | OQ10829 | OQ10339
COM 14 (Davod) (1xN) 2 1 8

GJ10 | FIC April | Northwest H. rufipes | OQ10340 | OQ10829 | OQ10339
HYP 23 (T6émord) (1xN) 3 2 9

BEO2 | ACR Jun | Southwest H. rufipes | OQ10340 | OQ10829 | OQ10340
SCH e 26 | (Fenékpuszta | (1xN) 4 3 0

)

BEO3 | ACR Jun | Southwest H. rufipes | OQ10340 | OQ10829 | OQ10340
SCH e 26 | (Fenékpuszta | (1xN) 4 3 0

)

BEO4 | ACR Jun | Southwest H. rufipes | OQ10340 | OQ10829 | OQ10340
SCH e 26 | (Fenékpuszta | (1xN) 4 3 0

)

BEO5 | PAN Jun | Southwest H. rufipes | OQ10340 | OQ10829 | OQ10340
BIA e 26 | (Fenékpuszta | (1xN) 5 4 1

)

BEO6 | PAN Jun | Southwest H. rufipes | OQ10340 | OQ10829 | OQ10340
BIA e 26 | (Fenékpuszta | (1xL, 5xN) | 5 4 1

)

Identical background color in cells of the same column of a genetic marker indicates identical

sequences.
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4.4 Uneven temporal distribution of Far-Eastern piroplasms (Piroplasmida:
Babesiidae, Theileriidae) in Haemaphysalis concinna in an urban biotope of
the Western Palearctic focus region of this tick species
In both years of the study period, H. concinna questing activity was observed from March to
November, but not during winter months. A total of 454 H. concinna individuals were collected,
including 154 larvae, 287 nymphs, and 13 adults (seven males and six females). Nymphs and

larvae reached their peak abundance in June, while the few adults predominated in May.

Eleven distinct Babesia genotypes and T. capreoli were identified in these ticks (Fig.
1). Regarding developmental stages, the Babesia prevalence was 9.7% (15/154) in larvae,
15.7%; (45/287) in nymphs, and 46%; (6/13) in adults. Babesia infection in H. concinna nymphs
and adults was significantly more common in May (P=0.0173) and in July (P=0.0067) when
compared to other months combined (Figure 5). Among Babesia genotypes, Babesia sp. Bp-
Hc2 and Babesia sp. Bp-Hc8 were not detected in any H. concinna larvae, similarly to T.
capreoli. On the contrary, Babesia sp. Bp-Hc5 and Babesia sp. Bp-Hc7 were only found in H.
concinna larvae (Figure 5). Another genotype, Babesia sp. Bp-Hc3 was detected both in larvae
and nymphs of H. concinna between April and August (Figure 5). Theileria capreoli was not
detected in larvae, only in nymphs (n=5) males (n=2) and a female of H. concinna. All PCR-
positive ticks occurred in the first five months of the sampling period (April to July). In addition,
significantly (P = 0.0038) more T. capreoli-infected nymphs and adults were identified during
the springtime (March-May) (6 infected, 71 uninfected) than in the summer and autumn

combined (June-November) (2 infected, 229 uninfected).

73



Figure 5. Piroplasm species/genotypes according to the developmental stage or sex of
Haemaphysalis concinna in which they were found in a certain month..

March | April May June July August September | October November
tal number | L: -/- L:3/- L: 16/- L:-/117 L:-/3 L:-/11 L:-f2 L:-/2 L:-/-
ip 2019/ | N: 3/- N:19/3 N:12/25 N: 23/46 N:23/35 N: 23/38 N:11/15 N:6/4 N: 1/-
20 | F:-/- F:1/- F:-/3 F:1/1 F:-/- F:-/- F:-/- F:-/- F:-f-
Year | Piroplasm M: -/- M: -/- M: -/5 M: -/- M:1/- M:-/1 M: -/- M: -/- M: -/-
peces T. capreoli E m
2020 | P MM
2019 |
2020 B. sp. Bp-HCZ w F W W m
2019 I
2020 B. sp. Bp-Hc3 Em
2019
2020 B. sp. Bp-Hc4 n
2019 L
2020 B. sp. Bp-Hc5
2019 B. sp. Bp-
2020 Hcl2 M
2019 1 N
2020 B. sp. Bp-Hcb
2019
2020 B. sp. Bp-Hc7 E
2019 B. sp. Bp-
2020 Hcll
2019
20 | & 57871 M R |
2019 B. sp. Bp-
2020 Hc10 F N
2019 M
2020 B. sp. Bp-Hc9

Abbreviations: T— Theileria, B - Babesia

Phylogenetically, Babesia genotypes identified in this study belong to the phylogenetic
group of ruminant-associated species of Babesiidae which also include zoonotic species
(Figure 6). These always clustered together with the corresponding, “Far Eastern” Babesia
genotypes, with low to moderate support. Importantly, two of these Babesia variants were only
represented by a single genotype and were never detected in larvae during this study (Figure

6).
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Figure 6. Phylogenetic tree of Babesiidae and Theileriidae based on the 18S rRNA gene, made
with the Neighbor-Joining method and p-distance model. In each row, after the species or
genus name, the host (if known) and the GenBank accession number are shown. Sequences
obtained in this study are in red and bold accession numbers. The analysis involved 38
nucleotide sequences. There were 445 positions in the final dataset. The scale-bar indicates
the number of substitutions per site.
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4.5 Contributions to our knowledge on avian louse flies (Hippoboscidae:
Ornithomyinae) with the first European record of the African species
Ornithoctona laticornis

4.5.1 Species and numbers of louse flies

During the eight-year-long sample collection period, 237 louse flies were collected from 175
birds (nies=219) of 32 species, and from the environment of the ringing facilities (nnes=18) at
multiple locations of Hungary. The mean intensity of infestation was 1.13, and the median
intensity of infestation was 1. According to the morphological identification, the louse flies found
belonged to six species: Ornithomya avicularia (n=168), Ornithomya biloba (n=23),
Ornithomya fringillina (n=17), Ornithomya chloropus (n=3), Ornithoica turdi (n=24) and
Ornithoctona laticornis (n=1). The parasite-host associations are visualized in Figure 7 and
listed in Table 10.

Table 10. Total number of ornithophilic louse fly species collected according to the host
species.

HURING  Total Louse fly species identified (n)
code for  number
bird of Ornithomya | Onrnithomya @ Ornithomya | Ornithomya | Ornithoica | Ornithoctona

. ) avicularia biloba fringillina chloropus turdi laticornis
species infested

birds

LOCLUS 32 36 - 1 - 2 -
TURMER | 25 24 - - - 3 -
ACRSCI |23 21 - 2 - - -
HIRRUS | 21 1 21 - - - -
TURPHI 1 10 - - - 3 -
ACRARU 9 9 - - - - -
SYLATR |8 4 - 3 - 1 -
LANCOL 5 - - - - 7 -
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HURING  Total Louse fly species identified (n)

code for | number

bird of Ornithomya | Onrnithomya | Ornithomya @ Ornithomya Ornithoica A Ornithoctona
e N avicularia | biloba fringillina | chloropus | turdi laticornis
birds

ACRMEL |5 4 _ 1 B ~ ~
ACRSCH |5 4 - 1 _ _ _
ANTTRI | 5 5 - 3 _ ~ ~

EMB SCH | 4 2 _ _ B 3 ~

PAR CAE | 4 1 _ _ _ ) 1
ASIOTU |4 5 _ _ _ ~ ~
ERIRUB |3 2 _ _ _ ) ~
CORNIX |3 3 _ _ _ ~ ~
STRALU |3 7 - _ _ ~ ~

DEN MAJ |3 5 _ _ _ ~ ~

PRU MOD | 3 - - 2 1 B B
EMBCIT |2 - _ _ _ ) ~

PAN BIA |2 1 — _ 1 B B

LUS MEG 2 2 _ _ _ B _

PAR MAJ |2 1 - 1 _ B B
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HURING  Total Louse fly species identified (n)

code for number

bird of Ornithomya | Onrnithomya | Ornithomya | Ornithomya | Ornithoica | Ornithoctona
avicularia biloba fringillina chloropus turdi laticornis

species infested

birds
RIPRIP | 1 - 1 - - - -
REG REG | 1 1 - - - - -
PIC VIR 1 2 - - - - -
SITEUR |1 1 - - - - -
ACRRIS |1 1 - - - - -
PAS MON | 1 1 - - - - -
PHY COL | 1 - - — - 1 -
DEN MIN |1 1 - - - - -
SYLCOM | 1 - - 1 - - -
Not 18 14 1 2 1 - -
applicable
Total 193 168 23 17 3 25 1
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Figure 7. Louse fly—host associations found during the study, visualized on a plotweb.
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The maximum number of different louse fly species infesting the same bird was two. This only
happened in the case of two birds: a Song Thrush (Turdus philomelos) and a Common Reed
Bunting (Emberiza schoeniclus). On these birds, the co-infestation of O. avicularia and O. turdi

was detected (one-one specimens).

Ornithoctona laticornis (n=1). Only one specimen of this species was found. It was removed

from a Eurasian Blue Tit (Cyanistes caeruleus). (Table 10, Figure 8, Figure 9).

Figure 8. Dorsal (A) and ventral (B) pictures of the louse fly Ornithoctona laticornis.
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Figure 9. Key morphological characters of the louse fly Ornithoctona laticornis. A Dorsal view
of the head (1 denotes the anterior ocellus situated slightly above the level of posterior eye
margins). B Ventral view of the head, mesosternal processes (1 denotes the antennae, which
were twice as long as broad; 2, the length of the mesosternal process). C Scutellum with four
prominent hairs (1 denotes the medial hairs, which were twice as long as the lateral ones), D
Dorsal view of the abdomen (1 denotes three median tergal plates; 2, two log hairs on both
plates of tergite six; 3, antero-lateral area of abdomen with long hair; 4, caudal area of
abdomen with long hair).

Ornithomya aviculara (n=168) was the most abundant louse fly during the study period, as
71% of the found louse flies belonged to this species. The most common host of this species
was Savi's Warbler (Locustella luscinioides) (nviras=29, Nnies=36) (Table 10). Ornithomya
avicularia specimens were collected from 26 different bird species of three orders

(Passeriformes, Strigiformes, Piciformes) (Figure 10, Figure 11).
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Figure 10. Taxonomy of the host species of the louse flies Ornithomya avicularia (A),
Ornithomya fringillina (B) and Ornithoica turdi (C) visualized on dendrograms.
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Figure 11. Key morphological characters of the louse fly Ornithomya avicularia. A Dorsal view
of the head. B Ventral view of the head, mesosternal processes (arrows). C Scutellum. D dorsal
view of the abdomen.
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Ornithomya biloba (n=23) were collected from Barn Swallow (Hirundo rustica) (Npiras=20,
nuies=21) and from Sand Martin (nbias=1, Nnies=1), and one from the environment (Table 10,
Figure 12).
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Figure 12. The scutellum of the louse flies A Ornithomya biloba and B Ornithomya fringillina.
C, D: Key morphological characters of Ornithoica turdi: C dorsal view of the thorax, scutellum,
D wings.

Ornithomya fringillina (n=17): Fifteen specimens were removed from nine different
passeriform bird species among which the most abundant were the Eurasian Blackcap (Sylvia
atricapilla) (Nviras=3, Nnies=3) and the Tree Pipit (Anthus ftrivialis) (Nbirds=3, Nnies=3). TWO

specimens were collected from the environment (Table 10, Figure 10, Figure 12).

Ornithomya chloropus (n=3). In total, three specimens of this species were collected: from a
Dunnock (Prunella modularis) (nwia=1, nay=1), from a Bearded Reedling (Panurus biarmicus)

(nbire=1, Nay=1) and one from the environment (Table 10, Figure 13).
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Figure 13. Key morphological characters of the louse fly Ornithomya chloropus. A Dorsal view
of the head. B Ventral view of the head showing sharp, triangular brown spots (arrows). C
Scutellum. D Dorsal view of the abdomen.

Ornithoica turdi (n=25) was the second most abundant species, however, they accounted for
only 10.5% of all louse flies. The most common host of this species was the Red-backed Shrike
(Lanius collurio) (nwiras=5, Nries=7). Ornithoica turdi have been found feeding on 10 different bird
species during the study period (Table 10, Figure 10, Figure 12).

4.5.2 Molecular identification and phylogenetic analyses
In general, based on the cox1 gene of representative specimens, the identity of all six species
was confirmed (O. avicularia: n=2, O. biloba: n=1, O. fringillina: n=1, O. chloropus: n=1, O.

turdi: n=1 and O. laticornis:n=1).

In particular, O. laticornis (PP111350) showed 99.83% identity to an Ornithoctona sp.
(EF531223) from the collection of the North Carolina State University (host and collection site

are unknown).

According to their cox1-sequences, the two O. avicularia specimens (PP111351 and
PP111352) belonged to different haplotypes, (98.28% identity). PP111351 showed 99.69%
identity to O. avicularia (OR064832) from Russia and 99.53% to O. avicularia (MZ261702)
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from Canada. PP111352 showed 99.69% identity to O. avicularia (OP035933) from Slovakia
[37], and the same percent of identity to multiple O. avicularia specimens from Canada
(MZ261701, MZ261708, MZ261714) (Figure 14).

Figure 14. Phylogenetic tree based on the cytochrome c oxidase subunit | (cox1) gene of
hippoboscid flies. The evolutionary history was inferred using the maximum likelihood method
and general time reversible (GTR) model.

Omithomya avicularia Czechia MF495992

Omithomya avicularia Russia OR0B4830
Omithomya avieularia Hungary PP111352
Omithomya avicularia Canada MZ261701
Omithomya avicularia Finland MW590975
Omithomya avicularia Finland MW590979
Omithomya avicularia Russia OR064829
Ornithomya avicularia Canada M2261702
Ormithomya aviculana Hungary PP111351

66 | Omithomya avicularia Russia OR064832
o Canada MZ261718
Omithomya chioropus Hungary PP111355
Omithomya chioropus Russia OR064838
s4 | Omithomya chioropus Finland MW590969

Ornithomya biloba Hungary PP111353
Ornithomya biloba Czechia MF496010
100 | Omithomya biloba Slovakia OP036771
Ormnithomya biloba Portugal OLS05728

Omithomya comosa Russia OR064833
Crataerina pallida Finland MW530973
Crataerina hirundinis Finland MW530870
Omithomya fringiline Hungary PP111356

100 ! Omithomya fringilline Finland MW590981

Ormnithomya bequaerii Canada MZ281715

97 L Omithomya bequaerti Canada MGE74421

erythrocephala Brazil JQ246707

- ﬁ‘—Lﬂmrﬂmﬂnna faticornis Hungary PP111350
100 - omit sp. EF531223

| lcosta americana Canada MZ261720 &

100 | Icosta americana Canada MZ261712 Ornithomyinae: Olfersini
Pseudolynchia canariensis USA OR348039 - b

—Melophagus ovinus Austia ON1ze180 %

Lipoptena Mexico MT976158

—,— Lipoptena cervi Finland KR362294
8

Lipoptena Rormania MK405669 _ " (s ;
Rormania MKA0S667 Lipopteninae and Hippoboscinae

100 Hippobosca equina Austria ON129178
& b variegata Kenya MW128366
P [ camnelina Kenya MW 128364

Omithoica unicolor Russia OR0G4840

I ‘;

+ Ormithoica turdi Austria MK234697 N . " .

i = Ornithomyinae: Ornithoica
i 100 | Omithoica turdi Hungary PP111354 Y

\ 78 | Ormithoica turdi Moldova OR064834 ;

Stoi calcitrans Malta OP579112

47.,‘—‘— Qastrus ovis Mexico OR440699
53 Lucilia sericata Malta OP579107

Ornithomya biloba (PP111353) was 99.84% identical to O. biloba specimens from the Czech
Republic (MF496010), Slovakia (OP036771) and from Portugal (OL505728) (Figure 14).

Ornithoica turdi (PP111354) showed 100% identity to O. turdi (OR064834) from Moldova, and
99.69% to O. turdi (MK234697) from Austria (Figure 14).

Ornithomya chloropus (PP111355) showed 99.84% identity to O. chloropus specimens from
Finland (MW590960, MW590969) and from Russia (OR054225) (Figure 14).

Ornithomya fringillina (PP111356) showed 100% identity to O. fringillina specimens from
Finland (MW590981, MW590974, MW590963) (Figure 14).

86



4.5.3 Statistical analyses
Due to the low numbers of O. chloropus and O. laticornis, no statistical probes were performed
involving these species. We have also excluded O. biloba, as its host specificity towards the

Hirundinidae family would have led to biased (or obvious) results.

According to our analyses, there were significant differences between the host habitats (reed,
forest, meadow, forest/meadow) of O. avicularia and O. turdi (p<0.0001). Ornithomya
avicularia was the most abundant on reed associated birds, while O. turdi was the most
commonly found on forest- and meadow-associated hosts. In the case of O. avicularia and O.
fringillina, the result of the same comparison was nonsignificant (p=0.2958). The difference

between O. fringillina and O. turdi was also non-significant (p=0.1985) (Table 11).

Table 11. Number of louse flies according to the habitat of their hosts.

Louse fly Reed-associated Meadow- Forest-associated  F/M
species birds (R) associated birds birds (F)

(M)
Ornithomya 78 5 35 36
avicularia
Ornithomya 5 1 6 3
fringillina
Ornithoica turdi | 5 9 8 3

Comparisons were made, based on the migration habits (resident, resident/short-distance
migrants, short-distance migrants and long-distance migrants) of the hosts of O. avicularia, O.
fringillina and O. turdi. The difference between the hosts of O. avicularia and O. fringillina was
significant (p=0.0036) as we found no O. fringillina on short-distance migrants. There wass
nosignificant difference in the case of the hosts of O. avicularia and O. turdi (p=0.4033). A
significant difference was also visible in the cases of the hosts of O. fringillina and O. turdi, as

the latter was frequently found on short-distance migrants. (p=0.0343) (Table 12).
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Table 12. Number of louse flies according to the migration habit of their hosts.

Louse fly | Resident birds Short-distance R/SDM Long-distance
species (R) migrant (SDM) migrant
Ornithomya 10 47 18 79

avicularia

Ornithomya 1 0 6 8

fringillina

Ornithoica turdi 2 9 5 9

The avian hosts were also categorized according to their feeding place (Ground, Above
ground, Ground/Above ground). There was a significant difference between the hosts of O.
avicularia and O. fringillina (p=0.0024) as O. fringillina have not been found feeding on birds
belonging to the "Ground” category during the study period. On the other hand, 36% of O.
avicularia parasitized birds belonging to the latter category. The difference was also significant
in the case of O. avicularia and O. turdi hosts (p=0.0068) as 64% of the O. turdi specimens
were found on birds belonging to the "Ground” category of feeding. The difference between O.

fringillina and O. turdi was also significant (p<0.0001) (Table 13).

Table 13. Number of louse flies according to the feeding place of their hosts.

Louse fly species Ground | Above ground Ground/Above ground
Ornithomya avicularia 48 93 12

Ornithomya fringillina 0 11 4

Ornithoica turdi 16 9 0

4.5.4 Temporal distribution of louse flies
The temporal distribution of louse fly species found on birds during the eight-year-long study
period is visualized in Figure 15. Note, that there was no sample collection in the winter during

the presented study. Ornithomya avicularia specimens were recovered from the second half of
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May, until the end of October, reaching their peak abundance in the first half of July. Ornithomya
biloba specimens were only collected from the first half of August until the first half of October
and were the most common in the first half of September, even though its most common hosts
(Hirundo rustica) were occasionally caught and checked for the presence of louse flies during
springtime. The occurrence of O. fringillina was the highest in the first half of September. It was
present from the second half of August until the first half of October. Ornithoica turdi showed
activity from the first half of July until the second half of October, with a peak abundance in the
second half of July. Only three specimens of O. chloropus were collected - one on 05/09/2022,
and one on 31/10/2020. Unfortunately, the precise date of collection was not recorded for the
third specimen (but is estimated to be October 2019. Ornithoctona laticornis was collected only
once, on 09/10/2016.

Figure 15. Temporal distribution of the louse fly species found on birds during the 8-year-long
study period.
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4.6 Investigation of avian louse flies as potential vectors of protozoan and
bacterial pathogens of veterinary importance

Altogether 253 different louse flies were examined during this study. These belonged to nine
species. O. avicularia (n=138), O. biloba (n=29), O. fringillina (n=28), O. chloropus, (n=12), O.
turdi (n=33), C. hirundinis (n=1), C. pallida (n=8), Icosta ardeae (n=3) and Ornithophila

metallica (n=1).

Coinfections with ticks were observed in the case of 11 flies of the examined, (five O. avicularia
from four hosts, and six O. turdi from six hosts) (Table 14). Coinfection with ticks was
significantly more common in the case of O. turdi (6 in coinfection/ 27 not in coinfection) than
in the case of O. avicularia (5/133) (P=0.0076, odds ratio: 0.17). We did not observe tick-

coinfection in the cases of the other louse fly species.

Table 14. Birds on which louse fly/tick coinfections were observed.

Host bird Louse fly species(number) Tick species/stage(humber)
TUR PHI O. avicularia (2) I. ricinus/nymph (2)
H. concinna/nymph (2)
SIT EUR O. avicularia (1) I. ricinus/nymph (1)
LUS MEG O. avicularia (1) I. ricinus/nymph (1)
LOC LUS O. avicularia (1) H. concinna/larva (2) / nymph (3)
TUR MER O. turdi (1) I. ricinus/nymph (1)
H. concinna/nymph (2)
TUR PHI O. turdi (1) I. ricinus/larva (1)
LOC LUS O. turdi (1) H. concinna/larva (15) / nymph (1)
LAN COL O. turdi (1) I. ricinus/nymph (1)
H. concinnallarva (4)
LUS MEG O. turdi (1) I. ricinus/larva (1)
NA O. turdi (1) I. ricinus/larva (1)

According to our analyses, pathogenic Bartonella, Rickettsia and Borrelia species, as well as

piroplasms were completely absent in the examined flies.

Anaplasma sp. was revealed in a single O. avicularia specimen, closely resembling Anaplasma
phagocytophilum, based on a 450 bp long partial sequence of the groEL gene. The carrier
louse fly was collected from a Blackbird (Turdus merula) in Ocsa, on 28.05.2022. This
sequence showed 100% identity (450/450 bp) to several A. phagocytophilum sequences from
Europe (Figure 16). Two of these identical sequences were retrieved from blackbirds: from a
skin sample (MW013534) and from a liver sample (PP179228). One sequence was retrieved
from an Ixodes ricinus larva that was feeding on a blackbird (JX082323). One similar sequence

was retrieved from an Ixodes ricinus nymph feeding on an unspecified bird in Italy (KF031393).
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Finally, a similar sequence was found in a tick, that the author identified as a hybrid of /. ricinus
and /. inopinatus (PP176527). According to our phylogenetic analyses, the latter sequences

form a distinct clade separate from those retrieved from mammals.

Figure 16. Phylogenetic tree based on the GroEl gene of Anaplasma species. The evolutionary
history was inferred using the maximum likelihood method and Tamura-Nei model. The
pictograms indicate some species the given clade has been described from so far.
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Based on the their 16S rRNA genes [264], sequences, resembling Haematospirillum jordaniae
were retrieved from three O. fringillina specimens. All of these flies were collected at Gardony-
Dinnyés. One from a Common Reed Warbler on 22.07.2023, and two from Bearded seedlings
(Panurus biarmicus) on 09.26.2023. These showed 100% (299/299 bp) identity to MF374623,
isolated from Common Reed Warbler (Acrocephalus scirpaceus) in Hungary [265], and to
several human (Homo sapiens) samples, e.g. OM075117 isolated from human blood in
Slovenia, OP315756 isolated from human blood in Argentina, or CP014525 isolated in the USA

from a human patient.

Based on their ssu genes [266], five different genotypes of avian Trypanosoma species were
revealed (Figure 17). According to our phylogenetic analyses, one of these sequences, that
was retrieved from an O. avicularia specimen) belongs to the Trypanosoma bennetti group
(group A) of avian trypanosomes, while the other four genotypes belong to the Trypanosoma
corvi/culicavium group (group B), specifically to the lineages I, IV, V, and to the recently
discovered lineaege B14. The louse flies from which we were able to retrieve Trypanosoma

sequences, their hosts and collection sites are enlisted in

92



Table 15. No sequences belonging to the Trypanosoma avium/thomasbancrofti group (group
C) were detected. A single sequence of Trypanosoma sp. was found in an O. turdi specimen,;
however, this sequence was considerably shorter (470 bp) than the rest of our sequences
(~820 bp). This showed 100% similarity to several sequences from the Trypanosoma theileri
group in the GenBank (e.g. OM256597, OM256606, OM256688). This O. turdi specimen was

collected from an Eurasian Jay (Garrulus glandarius) on 17.08.2022 in Csorna, Hungary.
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Figure 17. Phylogenetic tree based on the ssu gene of Trypanosoma species. The evolutionary
history was inferred using the maximum likelihood method and Tamura 3 (T3) model. (A)
Trypanosoma bennetti group; (B) Trypanosoma corvilculicavium group; (C) Trypanosoma
avium/thomasbancrofti group. Numbers indicate lineages, according to the work of Santolikova
et al. [304]. The pictograms indicate some important animals the given lieange/group has been
described from so far.
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Table 15. Trypanosomes found in louse flies.

group, lineage Thtll

Trypanosoma Louse fly | Avian | Collection site | Collection
species/groupl/lineage | species host date
Trypanosoma sp., 0. TUR Ocsa, Hungary | 28.05.2022
group A avicularia | MER
Trypanosoma sp., 0. PIC Ocsa, Hungary | 08.06.2017
group B, lineage |I. avicularia | VIR
Trypanosoma sp., 0. NA Ocsa, Hungary | 04.07.2017
group B, lineage |. avicularia
Trypanosoma sp., 0. TUR Ocsa, Hungary | 01.07.2018
group B, lineage |I. avicularia | PHI
Trypanosoma sp., 0. STR Ocsa, Hungary | 01.07.2018
group B, lineage |. avicularia | ALU
Trypanosoma sp., O. COR Barbacs, 11.07.2022
group B, lineage |I. avicularia | NIX Hungary
Trypanosoma sp., 0. PAR Veszprém, 28.06.2022
group B, lineage |. avicularia | MAJ Hungary
Trypanosoma sp., 0. ASI Fehérto, 25.07.2023
group B, lineage |I. avicularia | OTU Hungary
Trypanosoma sp., O. ACC Székesfehérvar, | 13.07.2022
group B, lineage |. avicularia | GEN Hungary
Trypanosoma corvi, 0. TUR Ocsa, Hungary | 06.07.2018
group B, lineage IV. avicularia | PHI
Trypanosoma corvi, 0. LOC Ocsa, Hungary | 10.07.2022
group B, lineage IV. avicularia | LUS
Trypanosoma corvi, 0. NA NA NA
group B, lineage IV. avicularia
Trypanosoma corvi, O. ACC Székesfehérvar, | 13.07.2022
group B, lineage IV. avicularia | GEN Hungary
Trypanosoma 0. ACR Dinnyés, 22.07.2023
culicavium, group B, fringillina | SCI Hungary
lineage V.

Trypanosoma sp., O. biloba | HIR Ocsa, Hungary | 26.09.2017
group B, lineage B14 RUS

Trypanosoma sp., O. biloba | HIR Ghadira, Malta 02.10.2019
group B, lineage B14 RUS

Trypanosoma sp., O. biloba | HIR Buskett, Malta 25.09.2020
group B, lineage B14 RUS

Trypanosoma sp., C. HIR Dinnyeés, 09.09.2023
group B, lineage B14 hirundinis | RUS Hungary

Trypanosoma sp. O. turdi GAR Csorna, 17.08.2022
Trypanosoma theileri GLA Hungary
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5. Discussion

5.1 Hard ticks (Acari: Ixodidae) associated with birds in Europe: review of
literature data

The review data on the ixodid tick infestation of birds were collected from nearly 200 papers
published since 1952. In this period, 37 hard tick species (17 from Prostriata and 20 from
Metastriata) were reported from 16 orders of avian hosts in Europe. These include endophilic
tick species that are ornithophilic (/. arboricola, I. caledonicus) or of those that prefer
mammalian hosts, such as rodents (/. acuminatus), carnivores, or insectivores (I. canisuga, |.
hexagonus). Some of the tick species have a clear host preference for sea birds and
predominate in Western-Northern Europe (/. rothschildi, I. unicavatus, I. uriae). A significant
number of ixodid species are rarely found in association with birds, as exemplified by D.
reticulatus, D. marginatus, H. erinacei, H. parva, H. sulcata, R. annulatus, R. turanicus, R.
sanguineus, and H. aegyptium. The latter is a tortoise-associated tick species, whereas R.
turanicus and R. sanguineus are mostly reported from birds of prey, most likely transferring
from rodent and other prey items to these birds. In addition, exotic (non-indigenous) tick
species transported by birds from Africa to Europe include H. truncatum, A. lepidum, A.
marmoreum, A. nuttalli and A. variegatum.

The primary aim of this checklist is to provide a comprehensive reference source
(baseline data) for future studies, particularly in the context of discovering new tick-host
associations after comparison with already published data. Nevertheless, these data also allow
a first-hand analysis of general trends regarding how and which developmental stage of ticks
tend to infest avian hosts in general. Therefore, five tick species that were frequently reported
from birds and show a broad geographical distribution on this continent were selected for
statistical comparison (/. arboricola, I. frontalis, I. ricinus, H. concinna and H. marginatum)
(Supplementary Figure 1, Supplementary Table 1).

Considering developmental stages, larvae and nymphs predominate on birds in the
case of [. ricinus, H. concinna, and H. marginatum (n=1667 vs 37 adults). This is not the case
for ornithophilic tick species (I. arboricola and I. frontalis) from which adult ticks were collected
significantly more frequently (n=301 vs 115 adults) (P < 0.0001). Interestingly, males of
generalist tick species occurred significantly more frequently on birds (n=7 vs 30 females) than
males of ornithophilic tick species (n=5 vs 110 females) (P = 0.009).

Based on data that did not specify the tick developmental stage, the tick species /.
arboricola was significantly (P<0.0001) more frequently collected from bird species that
typically feed above the ground (n=134) than from those feeding at the ground level (n=60).

This was not the case for . ricinus (679 vs 1064), /. frontalis (121 vs 216) and H. concinna (36
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vs 63) (Supplementary Table 1). This general tendency on a continental level is in contrast to
what was reported from the southern part of Central Europe where H. concinna is mostly
associated with bird species typically feeding above the ground level [46,192].The chances for
finding H. marginatum on bird species characterized by either ground-feeding or arboreal
feeding were more equilibrated (82 vs 84). This is in line with its active host seeking (hunting)
strategy [7].

In addition, considering data from references that included the number of tick
developmental stages collected from various bird species, comparison of tick infestations
according to five habitat categories of avian hosts (Supplementary Table 1) did not reveal
statistically significant associations (data not shown). However, by assigning bird species into
two groups (i.e., typically feeding from the ground vs rarely occurring at the soil level:
Supplementary Table 1), the following differences were found: Larvae, nymphs and females
of I. arboricola significantly more frequently occur on bird species feeding above the ground
(P<0.0001-0.045), than corresponding stages of I. frontalis, I. ricinus and H. concinna. Females
of I ricinus are more likely to infest ground-feeding than arboreal bird species (18 vs 4)
compared to nymphs of this species (507 vs 336) (P=0.046). Interestingly, females of H.
marginatum significantly more frequently associate with bird species feeding above the ground
level than with those collecting food on the soil surface (4 vs 1) compared to those of /. ricinus
(4 vs 18) (P=0.017) and I. frontalis (27 vs 61) (P=0.041).

The ecology of bird-infesting tick species [7] is also illustrated here according to avian
orders (Supplementary Figure 1), taking into account the ecology (habitat type) and activity
(circadian rhythm and feeding level) of most bird species that belong to a certain order [52]
(though this has limitations due to difficulties in assigning general traits at this taxonomic level).
In this context, I. arboricola was only reported from species of avian orders whose members
typically use forested habitats and (with the exception of Columbiformes) typically feed above
the ground (Supplementary Figure 1). This tick species was also reported from a high number
of nocturnal bird species (Strigiformes), although (as an endophilic tick, with preference for
tree holes) it is known to detach from diurnal passerine hosts during the night [116]. Except for
two bird species from two orders (Falconiformes, Coraciiformes), I. frontalis was always
reported from avian orders whose members typically (also) feed from the ground level, in both
open and forested habitats (Supplementary Figure 1). This is in line with previous data on /.
frontalis from Central Europe ""'. By contrast, /. ricinus was reported from 13 out of 16 avian
orders, including several examples with preference for forest or open habitats, and which
typically feed at the ground level or higher (Supplementary Figure 1). Similarly, the majority of
avian hosts that were reported to be infested with H. concinna represent orders that share both
open habitat- and forest-dwelling bird species, as well as ground level and arboreal feeders

(Supplementary Figure 1). Last but not least, H. marginatum was almost exclusively reported
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from bird species that belong to orders including a significant number of forest dweller bird
species and was also collected from a high number of bird species from orders with nocturnal
activity (both Caprimulgiformes and Strigiformes: Supplementary Figure 1). This is in
agreement with the reported evening activity and occurrence of this tick species in forested
habitats [267].
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5.2 Long term evaluation of factors influencing the association of ixodid ticks
with birds in Central Europe, Hungary

Although there are many similar previous reports from different countries

(e.9.[9,99,115,128,149,268]), this study presents one of the longest continuous bird tick

collections in Europe. Over an eight-year-long period, 5833 ticks of 10 species were collected

from 2395 birds of 51 species. The dataset itself provides a valuable contribution to the field

due to its size.

The two most abundant tick species collected were [. ricinus (Nww=3971) and H.
concinna (nwa=1706). Only subadult stages were found in case of both species. Ixodes ricinus
has long been known as the most common tick species that feeds on birds in the Palearctic
region[25] and is primarily a forests-dwelling tick species [7]. This fact was confirmed by data
presented here, as . ricinus occurred most frequently on birds with forest habitat. Interestingly,
this was not true for H. concinna. According to the literature data, H. concinna can be found in
a broad range of different habitats, mainly moist, wooded ecosystems, but in reedbeds as
well[7,269,270]. However, according to our data, this species mainly parasitized reed-
associated birds (1333 H. concinna ticks on birds with reed habitat). The difference between
the host habitats of [ ricinus and H. concinna was strongly significant (p<0.0001).
Furthermore, 933 H. concinna ticks were collected from only one bird species, Savi's Warbler.
According to Csoérgd et al.[51] number of ringed Savi’'s Warblers present in Hungary between
1951 and 2006 was 32 083 birds. Interestingly the same numbers of the second and third most
common hosts from Ocsa (Eurasian Reed Warbler and Sedge Warbler (Acrocephalus
schoenobaenus)) were over 220 000 for each species. Savi’'s Warbler had the highest level of
median infestation in the case of nymphs, and the second highest in the case of larvae. In our
opinion however, larvae are not the greatest indicators in this regard, as a low presence of

larvae can be overlooked easily due to the small size of the parasites.

Regarding the migration habit of the hosts of H. concinna, and I. ricinus, the results
were in line with our previous observation[2] on a strongly significant difference between the
hosts of the two tick species: H. concinna most commonly occurred on long-distance migrants,
whereas [. ricinus was most frequently collected from short-distance migrant or resident birds.
Haemaphysalis concinna is a thermophilic tick species. Its larvae and nymphs have a similar
period of peak activity (mainly the summer)[270] and its typical avian hosts are reed-associated

long-distance migrants[51].

Among the latter, Savi’'s Warbler was the most common host in Hungary. According to
our hypothesis, the feeding habit of this bird species may explain this phenomenon. Savi's

Warbler shares a very similar ecological niche with H. concinna, because it mainly feeds on
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small invertebrates near the water surface in reedbeds. This behavior is consistent during the
migration period[51], and lakeshore vegetation was reported to be a preferred habitat type of

H. concinna in Central Europe[270].

Taken together, H. concinna subadults apparently share a much more similar
ecological niche with Savi’'s Warbler, than with other reed-associated songbirds. It is important
to mention that this difference is only true among avian hosts and does not extend to mammals

and reptiles, which are also favored hosts of H. concinna [270], especially roe deer[271].

It was previously reported, that birds with larger body mass carry a higher number of /.
ricinus nymphs[197]. In this study, the mean intensities of infestations with /. ricinus and H.
concinna stages were categorized according to the average body mass of their avian hosts. In
the case of I. ricinus, the mean intensity of nymphs showed a trend of increase with the
average body mass of the hosts, unlike in the case of H. concinna nymphs. However, this
could not be supported by the results of statistical analyses, because of the following reasons.
First, the majority of H. concinna ticks were carried by Savi's Warblers, which is a small size
bird species. Second, I. ricinus occurred most frequently on ground feeding birds which in
general have a larger body mass (e.g., Blackbirds). On the other hand, data on the body mass
of bird individuals examined for tick-infestation in the present study were not available, and this
parameter is known to change significantly even within the same bird species between different

seasons.

The temporal distribution of /. ricinus and H. concinna developmental stages was also
analyzed. Ixodes ricinus nymphs always reached their peak infestation on birds during the first
half of the annual sampling periods throughout the study, whereas larvae reached their highest
abundance from July to October. This is likely a consequence of the prolonged development
of I. ricinus which takes several years in Central Europe[272] implying that nymphs and larvae
collected in the same year belonged to different generations. By contrast, the nymphal and
larval peak activities of H. concinna were always close to each other, i.e., within 0.5-1.5 month
over the summer period. This may reflect that a notable portion of these developmental stages
belonged to the same generation, particularly when the larval peak preceded the nymphal peak
(e.g., in 2015, 2022). This is in line with observations that under temperate climate this tick
species can complete one generation in one year if hosts are available[273] On the other hand,
H. concinna larvae were also found on birds as early as March and April (e.g., in 2016 and
2017), suggesting overwintering in the larval stage and a generation time longer than one
year[270Q].

100



During the eight-year-long study period, 102 /. frontalis ticks were collected (Nianae=52,
Nnymphs=38, Nremale=12). According to the known literature data, /. frontalis reaches its peak in
March and in November[274,275]. In this study, the vast majority of all developmental stages
were collected in the second half of March. The absence of a peak in November is likely
because the main sample collection period ended at the end of October/beginning of
November each year. From November tick collections, there only a scarce and random amount
of data. The fact that this tick is the most abundant at the beginning of spring and the end of
autumn explains why [. frontalis showed association with resident and/or short-distance
migrant birds according to our data (Table 5). /. frontalis was almost exclusively found on birds
with forest- or mixed meadow/forest habitats (98/102) (Table 4).

Altogether 8 specimens of /. festai, six females and two males were also collected
during the study period. All hosts were Blackbirds and Dunnocks. The same host species were
found to be infested in a previous study from another part of Central Europe, Switzerland [100],

but literature data are available from multiple other host species as well [25].

Three Hyalomma nymphs were found in total. According to our molecular analyses, two
were H. marginatum and one was H. rufipes. Each of these nymphs had 100% sequence
identity with at least one specimen reported from the mid-Mediterranean region (Malta),
situated along the Adriatic Flyway crossing Hungary toward the north. Thus, these data are
highly relevant to their probable geographical origin. Hyalomma species are important vectors
of sevedunral different pathogens, including the Chrimean-Congo haemorrhagic fever
virus[276]. All Hyalomma ticks were collected in April (2015, 2016). Findings of Hyalomma
subadults during the spring migration period are not uncommon in Central Europe[277] and in
Ocsa[29]. It is important to note, however, that the monitoring of Hyalomma-carrying birds is

of great epidemiological importance.

Thirteen . lividus were identified. This tick is the host-specific parasite of Sand Martin,
that feeds extremely rarely on other birds[25,92,276]. It is not surprising that we have found all
1. lividus ticks on Sand Martins. Ixodes lividus have been reported from Hungary long before
our study[165].

Twenty-eight Ha. punctata larvae were found feeding on a single Common quail.
Haemaphysalis punctata has been already known in Hungary, as an uncommon parasite on
birds [112].

Only one I. arboricola nymph was collected during this study. This low number is not
surprising, since I. arboricola is a nidicolous tick that feeds on nestlings during the summer,

and therefore adult birds are mostly infested during winter seasons, when roosting [95]. For
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this study, sample collection period started in March and ended at the beginning of November

each year so did not include the peak season for I. arboricola.

Lastly, one D. reticulatus female on a Blackbird was found in 2022. This tick was not
(yet) feeding, and its occurrence is believed to be accidental, though D. reticulatus subadults

have been found on Blackbirds (among other birds) before [278].

Based on this eight-year survey, the migration distance, the habitat type, and the
feeding habit of birds, as well as the seasonal activity of ticks are all important factors
determining the role of birds as tick disseminators. Haemaphysalis concinna was the most
abundant on long-distance migrant, reed-associated, above-ground feeder birds, in contrast
to I. ricinus, which predominated on resident or short-distance migrant, ground-feeder birds
with forest or meadow habitat. In the study region, Savi’'s Wabler (L. /uscinioides) is by far the

most common avian host of H. concinna larvae and nymphs.
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5.3 Ornithological and molecular evidence of a reproducing Hyalomma
rufipes population under continental climate in Europe

In Hungary, studies on tick-infestations of birds date back to more than half a century [1], and
have been extensively performed on annual or tri-annual bases focusing on the same ringing
station in the north-central part of the country (Ocsa: [29,30,46]). Similar reports on ticks from
avian hosts are available from numerous European countries, as exemplified by Sweden [279],
The Netherlands and Belgium [135], Germany [128], or Italy [280]. Relevant studies have also
been reviewed recently [25,281]. However, leaving aside opportunistic and sporadic collections
of ticks from birds, the present study is the first “horizontal tick survey” from birds in the
Carpathian Basin and probably also in a broader geographical context. This implies that ticks
were removed, and their species identified at several ringing stations simultaneously in the
course of one year, allowing not only the regional comparison of tick burdens carried by birds,

but also assessing the significance and need of similar studies on a larger, continental scale.

In this study, six species of ixodid ticks (three prostriate and three metastriate) were
collected from birds. The most significant finding related to tick species diversity was the H.
rufipes-infestation of three long-distance migrant and a resident bird species. Hyalomma
rufipes is the vector of Crimean—Congo haemorrhagic fever virus, Babesia occultans,
Rickettsia aeshlimannii, Ehrlichia spp., Coxiella burnetii, Rickettsia conorii and Anaplasma

marginale [276].

Importantly, H. rufipes was collected in south and northwestern Hungary during late spring in
2022, as in a previous study [46]. However, in this study all remaining 10 specimens were
removed from birds in the middle of summer (late June) at one ringing station in the
southwestern part of the country (Fenékpuszta), i.e., in the same county (Zala) where
Hyalomma-infestation of a bird was diagnosed for the first time in Hungary in 1955 [1]. In the
same region, Hyalomma sp. ticks were reported to occur [282] and H. rufipes adults were

identified on two occasions from cattle [14] (Figure 4.A).

It is utterly unlikely that all five individuals of the two avian host species of these 9 fully
engorged nymphs and one unengorged larva of H. rufipes (sampled on June 26) carried these
ticks into Hungary from abroad. Hyalomma rufipes has a two-host life cycle, and engorged
nymphs drop off from the host after 21-29 days of infestation [283]. One of the avian hosts
shown to harbor nymphs of H. rufipes in this study, the Sedge Warbler (A. schoenobaenus)
typically arrives in Hungary from the wintering grounds in Africa between April and early May

[51], and late June (when its Hyalomma-infestation was diagnosed) is in the middle of its
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nesting period, without migration. On the other hand, the other repetitive host of H. rufipes in
this study, the Bearded Reedling (P. biarmicus) is an a priori resident bird species, with rarely
documented limited movements, but according to ringing data [51] these "vagrancies" never

occur in its summer nesting period.

Regarding the results of molecular analyses, it is not surprising that all H. rufipes individuals
collected in 2022 from birds in Hungary (n=12) had identical 12S rRNA haplotypes, because
this genetic marker was shown to be identical in case of a much larger set of H. rufipes ticks
(n=48) collected from birds with probably different geographical origin [284]. However, in this
study the sequenced part of the cox1 gene was also identical between all H. rufipes (n=11)
collected in the Transdanubian part of Hungary, in particular in case of those 10 ticks which
were removed from birds at the same ringing station in southwest Hungary (Fenékpuszta).
Hyalomma rufipes was shown to differ remarkably in its cox1 haplotype in case of ticks carried
by birds with different geographical origin [284]. Moreover, the ratio and presence or absence
of certain Hyalomma cox1 haplotypes were demonstrated to be site- and population-specific,
usually with multiple haplotypes even within the same population [285]. Therefore, finding of
exclusively one cox1 haplotype among 10 H. rufipes ticks collected in one location
(Fenékpuszta) raises the possibility that these ticks represent the same population. Their
genetic similarity is probably a consequence of founder effect. Taken together, all three studied
mitochondrial, maternally inherited genetic markers were identical only between H. rufipes
individuals collected in the latter place, also supporting the common maternal aborigine of

these ticks.

In addition, the apparently unengorged state of the H. rufipes larva on one of these
birds also argues against the foreign origin of its tick-infestation. Note that in a previous study
only molting (i.e., advanced stage) H. marginatum larvae were found on birds in Hungary, and
all other stages were nymphs [29,46]. Importantly, hitherto molecularly verified H. rufipes larvae
were only reported from birds in south European countries (reviewed by Keve et al. [25]), and
typically only nymphs of this tick species arrive on birds in countries north of the Mediterranean

Basin if these originate from Africa (Figure 18; [25]).
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Figure 18. lllustration of the possible consequences of bird-borne transportation of Hyalomma
rufipes into countries north of the Mediterranean Basin, including Hungary. Green arrows
indicate moulting. (A) Nymphs transported by birds may die after drop-off, or (B) moult to adult
which cannot overwinter, or (C) if they overwinter as adults, females will not produce eggs in
the absence of previous mating, or (D) if nymphs carried by birds detach and moult to male
and another (carried independently) to female and these meet and mate on cattle, females will
be able to lay eggs after drop-off. First generation larvae and nymphs developing from these
eggs probably will have a similar state of engorgement but moulting to adults they will find host
and will mate at different time. Therefore, existence of a second generation may involve the
simultaneous presence of larvae and nymphs of different cohorts on local birds, as shown in
this study.

EVIDENCE OF LOCAL
2 POPULATION:

i i" local birds

-

1 larva, 9 nymphs: different cohorts (present study) +++

© Séndor Hornok

Probably not all ticks carried by migratory birds in the spring were imported by them
from southern countries, as they can become infested with ticks of the local fauna, particularly
when avian hosts arrive from their wintering grounds during the activity peak of local tick
populations. Similarly to previous bird tick studies in the Carpathian Basin [46] and most
countries north of the Mediterranean Basin (e.g., [279]), I. ricinus was the tick species most
commonly collected from birds in 2022 in Hungary. Haemaphysalis concinna was the second
most abundant tick species on birds, which, however, seems to be unique to the Carpathian
Basin and its region [25]. Both of these tick species (/. ricinus, H. concinna) indigenous to
Hungary tend to infest birds which arrive in their main activity periods [286], therefore . ricinus
(peak activity: April) is mainly found on residents and short-distance migrants (typically arriving
early spring), whereas H. concinna (peak activity: May) on long-distance migrants (usually

arriving late spring) [51].
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New tick-host associations revealed in this study include the presence of H. rufipes on
the Bearded Reedling (P. biarmicus), and infestation of Moustached Warbler (Acrocephalus
melanopogon) with H. concinna. Although D. reticulatus seldom occurs on birds [25], its
immature developmental stages were reported from avian hosts (including the Common
Blackbird, T. merula) [278]. The collection of its adult on a Blackbird during this study is

probably an accidental finding.

Considering the regional occurrence of tick species on birds in the Carpathian Basin,
H. concinna is a thermophilic tick species [287], and this is in accordance with its predominance
on birds in central-south Hungary during the spring, and central-southeastern Hungary in the
autumn (i.e., the warmest regions of the country: Supplementary Figure 3). On the other hand,
the reason for the absence of /. frontalis from birds in the southern part of Hungary maybe
twofold. First, the relevant sampling locations are near water surfaces where the predominant
bird species (e.g., Savi’'s Warbler, L. luscinioides) are not known to be hosts or (e.g., the Sedge
Warbler, A. schoenobaenus) are exceptional hosts of this tick species [25]. Second, in these
places bird mist-netting (i.e., tick collection) was terminated sooner than the late autumn peak

activity of I. frontalis in the relevant region [274].

In this study, H. rufipes was only found in the Transdanubian region and once along the
southern Danube, in line with the reported 130-year-long endemicity of Hyalomma species in
the country [4,20,21]. While Hyalomma-infestation was previously reported on non-water-
associated bird species (E. rubecula, C. communis) in the springtime in north-central Hungary
(Ocsa) [29,46], this is the first occasion when ticks of this genus were observed on reed-
dwelling birds in another region of Hungary, in a different season (during summer). This also
raises the question on what the differences between the relevant two habitats in terms of

landscape, vegetation and avian hosts are.

Fenékpuszta Bird Ringing Station is situated next to Lake Balaton. Here, the reedbed
habitat in the riparian zone narrows to about 150 meters at the site of the mist-nets, where 12
pieces of these stretch across the reedbed completely. Due to uninterrupted reeds, this is an
important stopover site for migrating passerines, particularly Acrocephalus-species. Based on
ringing data, mostly long-distance migrant Sedge Warblers (A. schoenobaenus) and Eurasian
Reed Warblers (A. scirpaceus) stop in this area, but Great Reed Warblers (A. arundinaceus)

and Savi’'s Warblers (L. luscinioides) are also significant in numbers.

Conversely, in Ocsa Bird Ringing Station the heterogeneous reedbed habitats of the capture
locations are interspersed with fast growing shrubs as elderberry (Sambucus nigra) and
blackberry (Rubus fruticosus), with softwood stands (Salix spp. and Populus spp.) forming

most of the vegetation. Thus, the Eurasian Blackcap (Sylvia atricapilla) and the European
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Robin (Erithacus rubecula) are two most common short-to-mid-distance migratory species
here [31]. Regarding the capture rates of the species groups of migrating passerines, there is
a significant difference between the homogeneous reedbed and other habitats (where the
reedbed is patchy and alternates with deciduous forests, berry bushes). While Acrocephalus
spp. account for the largest proportion of birds caught in Fenékpuszta, bush-dwelling warblers

present a higher portion in Ocsa.

Based on the above, the existence of at least one indigenous population of H. rufipes
is evidenced in the western part of Transdanubia, near Lake Balaton, because of the following
reasons: (1) most importantly, the recognized avian hosts of H. rufipes were extremely unlikely
to arrive from abroad shortly prior to their examination, especially not all five of them; (2) one
larva was not yet engorged; (3) the larva and the nymphs (in a similar state of engorgement)
were offspring of two females and must have belonged to different local generations (Figure
18); and (4) all H. rufipes found in the relevant location were identical in their haplotypes based

on three maternally inherited mitochondrial markers, probably reflecting founder effect.

In addition, adults of H. rufipes are known to occur in the western part of the Carpathian
Basin for 130 years, and in the same county (Zala) with its present collections adults of this
tick species were found to infest cattle repeatedly [14]. Small local populations of H. rufipes
were proposed to explain the occasional presence of H. rufipes in Russia [288,289] and its
populations in scattered areas are also known in north Africa [289,290]. However, to our
knowledge, this is the first report of a similar phenomenon and its evidence from Europe. One
of the most important limiting factor for the survival of this xerophilic tick species under any
climate is thought to be the maximum level of precipitation (annual rainfall) which is around
650 mm in southwestern Hungary (Supplementary Figure 3), i.e., similar to what is well-
tolerated by H. rufipes in its range within Africa [291,292]. Populations of these ticks probably
can survive winter conditions as adults in southwestern Hungary where winter temperatures
are among the mildest in the country (Supplementary Figure 3). Nevertheless, H. rufipes is
known to have populations in regions with up to 120 days of frost [289]. It is also noteworthy
here that the likely overwintering of H. rufipes was reported in the Czech Republic [15], north
of Hungary. Importantly, the discovered H. rufipes population might act as a "stepping-stone"
for this tick species during its northward transportation by birds which use the relevant habitat

near Lake Balaton in southwestern Hungary as a stopover site (see above).

On the other hand, no evidence was gained for any further Hyalomma populations
indigenous in other regions of Hungary, as also indicated by the overall absence of Hyalomma
ticks from birds in the autumn migration period. Thus, also taking into account the over-century-

long presence of adult Hyalomma ticks, up to now there was no evidence for their emergence
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in the Carpathian Basin, but here evidence is reported for the emergence of a local population

for the first time.

Similarly relevant to a broader, international context, the most important aim of the
present study was also fulfilled, i.e., it was successful to demonstrate discrepancies between
sampling sites, indicating that in the above context single-site surveys may be biased (not
informative) on the actual risk posed by birds in transporting ticks in a geographical region or
country. Therefore, to assess the emergence or increasing presence of a Hyalomma species,
ticks should be collected (larvae and nymphs from birds, and/or adults from reproductive hosts)
extensively and annually in different regions of suspected endemic areas, preferentially by

unbiased professionals who should stick to a standard methodology (sampling protocol).
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5.4 Uneven temporal distribution of Far-Eastern piroplasms (Piroplasmida:
Babesiidae, Theileriidae) in Haemaphysalis concinna in an urban biotope of
the Western Palearctic focus region of this tick species
This study aimed to evaluate the seasonal prevalence of H. concinna-associated piroplasms
in an urban habitat situated in a hotspot of the Palearctic range of this tick species (Rubel et
al., 2018). In total, one Theileria species, and eleven Babesia genotypes were detected, the
latter likely representing at least four different species based on their phylogenetic clustering

(Figure 6).

During this study, T. capreoli was not detected in questing (pre-feeding) H. concinna
larvae, but only in nymphs and adult ticks, probably in accordance with its transstadial
maintenance. The latter implies that in the absence of transovarial transmission the first
opportunity for a tick to obtain theileriae is from the host, during feeding as larvae, ensuring
the transstadial survival of these piroplasms when tick larvae molt to the nymph stage [293].
Theileria capreoli-infected H. concinna nymphs and adults predominated in April and May
(Figure 19), meaning a significant association with the springtime. Interestingly, the peak of
horizontal movements of roe deer, the most important mammalian hosts of H. concinna
(Hornok et al., 2012) also tends to be in May owing to territorial fights (Markolt et al., 2012),
thus coinciding with this seasonality. This phenomenon, the seasonally biased occurrence of
a tick-borne piroplasm is very similar to what was observed in another urban biotope of the
same city, where the presence of B. canis in its vector, D. reticulatus was almost exclusively

noted in the late winter-early spring period [294].
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Figure 19. The Babesia prevalence and the Theileria capreoli prevalence in H. concinna
nymphs and adults, and the total numbers of H. concinna nymphs and adults. The total
numbers of ticks were divided by 100 to adjust them to the graph.
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Within the family Babesiidae, all Babesia genotypes identified in this study belong to
the phylogenetic group associated with ruminant hosts (Figure 6). These genotypes are
commonly referred to as "Far Eastern Babesia genotypes" due to their initial discovery and
reporting in the Far East regions of Irkutsk (Siberia) and the Khabarovsk region of Russia [295].
The majority of these genotypes identified in H. concinna were previously reported from this
tick species in the Far East (denoted as “Hc” in Figure 6), with the exception of one genotype

from Ixodes persulcatus (“Ip” in Figure 6).

In this study, Babesia sp. Bp-Hc2 and Babesia sp. Bp-Hc8 were detected in nymphs
and adults of H. concinna. This, together with the absence of these babesiae from larvae likely
indicates that these piroplasms arrived in H. concinna larvae which fed on migratory birds and
are not endemic in the examined urban biotope. This is confirmed by data attesting to the
association of ticks harboring these two piroplasms with birds that have historical (evolutionary-
phylogenetic) or actual (migratory) connection with the Far East, as exemplified by Emberiza
citrinella and Luscinia spp. [26,296]. Sequence analysis of their 18S rRNA gene segments
(PQ040347 and PQ040353) revealed that these sequences are identical to those previously
reported from the Far East. [295].
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On the other hand, Babesia sp. Bp-Hc5 and Babesia sp. Bp-Hc7 were only found here
in questing H. concinna larvae, indicating transovarial transmission and the likely indigenous
status of these piroplasms. This is corroborated by the presence of these species in roe deer
(C. capreolus) sampled in Italy [297], and in H. concinna collected from local wild boars (Sus
scrofa) in Hungary [298]. This finding is especially significant considering the zoonotic nature
of the latter Babesia genotype [299]. The Babesia genotypes, of which only larvae or larvae
and nymphs of H. concinna were found to be PCR-positive (Babesia sp. Bp-Hc3), most likely
represent well-established, indigenous species, as is also reflected by the different genetic
variants with single nucleotid polymorphism (Figure 5), likely resulting from mutations during

reproduction.

Babesia infection in H. concinna nymphs and adults was significantly more common in
May and in July compared to the other months of the year. This early predominance of infected
ticks and consequent decline of their ratio towards the end of tick season was already reported
in the case of other tick-borne pathogens, as exemplified by Anaplasma phagocytophilum,
Borrelia burgdorferi sensu lato, Rickettsia helvetica and even B. canis (Kantsg et al., 2010;
Mysterud et al., 2013; Hornok et al., 2016). Considering potential mechanisms underlying
these observations, it was reported that (1) B. burgdorferi can prolong the survival of infected
Ixodes ricinus [300]; (2) Babesia bovis increases the activity, thus host finding of Rhipicephalus
microplus by interfering with tick metabolism [301]; and (3) Babesia microti may promote its
tick-borne transmission by enhancing the feeding success of Ixodes trianguliceps (Randolph,
1991). Further studies will be necessary to clarify this in the case of babesiae carried by H.

concinna.

In conclusion, results of this study show for the first time that in a questing population
of H. concinna the highest monthly prevalence of Babesia and Theileria spp. may be different
from each other and from the peak abundance of carrier ticks, and ticks harboring pathogens
predominate early in the annual tick activity period. Based on previous reports on the effect of
tick-borne pathogens on other tick species, the factors that may influence this phenomenon in
H. concinna may include changes in the metabolism, behavior (host finding and feeding

success), as well as survival rate of infected ticks.
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5.5 Contributions to our knowledge on avian louse flies (Hippoboscidae:
Ornithomyinae) with the first European record of the African species
Ornithoctona laticornis

Six bird-associated louse fly species were identified and analyzed. For several species
no molecular or host-related data have been available or evaluated from most Central
European or European countries. Therefore, our results compensate for hitherto missing
information on the ecology and phenology of relevant louse fly species in this geographical
region. In addition, host-related factors of louse-fly infestation, as well as the taxonomic

uniformity of this group were also addressed here.

According to our best knowledge, this is the first time, that O. /aticornis has been found
in Europe. It was suggested by Hutson in 1984 [44] that the European appearance of this louse
fly species could be expected, since it had been found on multiple Palearctic migrants in Africa.
However, it was only reported from Central and South Africa [302] and from Madagascar [56]
so far. Interestingly enough, our specimen was found feeding on a Blue Tit on 09/10/2016,
which is long after the spring migration period. Not much is known about the life cycle of O.
laticornis, but other hippoboscid adults can survive for around 4 months, and the duration of
the pupal stage varies from 19 to 23 days in the summer and 20-36 days in the winter [303],
also, bird specific louse flies tend to overwinter in pupal form in Europe, which may indicate
even longer pupal stages [48]. The pupae of hippoboscids (in general) usually can be found
in bird nests, on the hair of mammalian hosts, or on the ground [32]. According to this
information, we hypothesize that a bird carried an imago from Africa during the spring
migration, and the adult fly survived until October in Hungary. However, due to the relatively
large temporal distance (~5-7 months) between the spring migration of birds (March-May) and
the finding of the O. laticornis specimen , it is also conceivable, that an already fertilized female
O. laticornis had arrived on a migrating bird in the spring and had been able to lay a larva ready
to pupate that later hatched in Hungary. In the latter case, probably a second-generation imago
was found. The other hypothesis is suggested by Hutson in his work from 1984 [44]:
Ornithoctona laticornis can occasionally be found in Europe, but due to its close morphological
resemblance to O. avicularia (Figure 9, Figure 11) some specimens were misidentified before.
According to European keys, the morphological similarity with Ornithomya rupes maybe even
more deceiving [32]. Therefore, already existing population(s) of O. laticornis might be present
in Europe. Regrettably, we do not have enough information to draw accurate conclusions,
however, regardless of how this specimen came to Hungary, the fact that it was found on a
resident bird is proof that O. laticornis can survive Central European conditions, not just in the

Summer, but in the Autumn as well. This finding highlights the importance of comprehensive
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research on wild bird parasites, as due to the migratory nature of their hosts, these animals

can be indicators of the direct effects of climate change.

Other species, identified as (O. avicularia O. fringillina, O. biloba, O. chloropus and O.
turdi) have all been reported in Hungary before [49]. The euryxenous natures of O. avicularia,
O. turdiand O. fringillina have long been known, as has the host specificity of O. biloba towards
the Hirundinidae family (especially the Barn Swallow) [39,45,49,304-306].

Ornithomya avicularia was the most abundant louse fly in the presented study, the
second most abundant was O. turdi, followed by O. biloba, O. fringillina, and O. chloropus.
Another, similar and recent study from another Central European country, the Czech Repubilic,
had different relative abundancies [304], for instance, O. biloba and other stenoxenous species
were represented in much larger numbers. The main reason for this difference is, that in the
mentioned study, nestlings of Barn Swallows and Swifts (Apus apus) were also checked for
potential louse flies. Therefore, not only have they collected an enormous amount of O. biloba
specimens but have also found other stenoxenous louse flies in the nests of the latter birds,
namely Crataerina hirundinis and Crataerina pallida. In our study, no bird nests were examined
and Barn Swallows were only occasionally caught, which explains the relatively low number of
O. biloba, as due to the random nature of the sample collection, the relative presence of O.
biloba (and other hosts-specific species) is also highly affected by the relative number of

swallows among the examined hosts.

This study reports the first nucleotide sequence of O. laticornis (PP111350). Although
our sequence showed 99.83% identity to an Ornithoctona sp. (EF531223), its host and site of
origin are unknown (from the collection of the North Carolina State University). The closest
relatives (that is available in the GenBank database) of our O. /aticornis (PP111350) specimen
are the previously mentioned Ornithoctona sp. (EF531223) [307] and  Ornithoctona
erythrocephala from Brazil (JQ246707) [308], based on their cox1 genes (Figure 14).

The genus Ornithoica seems to show a more distant genetic relationship to genera
belonging to the subfamily Ornithomyinae (Ornithomya, Ornithoctona, Icosta, Pseudolynchia,
Crataerina) than certain representatives of the subfamilies Hippoboscinae (Hippobosca
equina, Hippobosca longipennis, Hippobosca variegata) and Lipopteninae (Lipoptena
mazamae, Lipoptena cervi, Lipoptena fortisetosa and Melophagus ovinus) according to their
cox1 genes (Figure 14). This is in line with a recent report from Russia [309]. As shown in a
previous study: [308] this statement is also true when the phylogenetic analysis is based on
the 18S ribosomal rDNAs as well. These results suggest, that the genus Ornithoica might

belong to a different subfamily, and the taxonomy of Ornithomyinae should be revised.
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According to our statistical analyses, the migration habit, the habitat type and the
feeding habit of birds affect their potential role as louse fly hosts in Hungary. Three euryxenous
louse fly species were examined in these regards. Significant differences were found between
the migration habits of the hosts of O. avicularia and O. fringillina. In a previous study from the
Czech Republic, significant difference was found between the migration habit of the two
species’ hosts as well, however in the cited study O. avicularia was far less common on long-
distance migrant birds than on short-distance migrants [304]. In a study from Finland, no
significant difference was found in this regard [43]. This might suggest, that host preference
patterns may differ under different climates, or the migratory habit alone cannot explain host
specificity patterns, but other factors (e.g. ornithological and geographic) may influence the
results as well. Nevertheless,both species were the most common on long-distance migrants,
and only differed by their ratios. The difference between the hosts of O. avicularia and O. turdi
in the same context was not significant, however, the difference between the hosts O. turdi and
O. fringillina was again significant. The latter significance may strengthen the results of the

previous two tests.

The habitat-association of hosts also seemed to be different in the case of O. avicularia
and O. turdi (p<0.0001), as O. avicularia was the most common on reed associated birds, and
O. turdi was the most abundant on forest- and meadow-associated birds. The difference was
less pronounced and non-significant between O. avicularia and O. fringillina, and between O.
fringillina and O. turdi as well. In contrast with this, both O. avicularia and O. fringillina preferred

birds with forest habitat, but were uncommon on birds from "wetlands” in Finland [43].

Birds were categorized according to their feeding place as well. Interestingly, each
comparison demonstrated significant differences (O. turdi vs O. avicularia, O avicularia vs O.
fringillina and O. fringillina vs O. turdi). These results show, that despite the fact that all of the
three statistically examined hippoboscid species have developed wings and are able to fly
[44,309], their host selection is influenced by the hosts feeding height. Specifically, O. turdi
predominated on birds feeding at ground level, whereas O. fringillina was absent on birds
exclusively feeding at ground level. Ornithomya avicularia was approximately twice as

abundant on birds feeding above ground compared to those feeding on the ground. (Table 13)

Most of the louse fly species (O. turdi, O. fringillina, O. chloropus) are the most active
at the end of the summer and in the autumn. Ornithomya biloba flies have been only collected
during the autumn migration of its hosts (Barn Swallow, and other species of Hirundinidae).
During the spring migration and the roosting season, none of the previously mentioned louse
fly species were found, despite the fact that in other countries O. biloba had been found on

early swallows [310]. The appearance of O. avicularia preceded all other louse flies, as this
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species was active from the second half of May, and remained active during the sample
collection period. This means that this species was the only one that was found to be active
on foraging birds during the main nesting season (Figure 15). It is important to note, that our
sample collection started in March and ended in November each year. Although this interval
includes the spring (March-May) and autumn migration (September-November) periods [311],
only randomly caught birds were examined for the presence of louse flies, and no bird nests
were checked during the study. Therefore, these results are only relevant to the activity of flies

on flying and/or foraging birds, except the wintering period.

This is the first report of O. laticornis in Europe, as well as the first molecular-
phylogenetic analysis of this species. In accordance with previous studies, the migration habit,
the habitat type and the feeding habits of birds affect their potential role as the hosts of O.
avicularia, O. fringillina, and O. turdi, but these patterns may differ in different geographical
regions. According to our analyses and the available literature data, members of the genus
Ornithoica show distant phylogenetic clustering to genera belonging to the subfamily
Ornithomyinae (where it was hitherto assigned), necessitating taxonomic revision of this group

in the near future.
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5.6 Investigation of avian louse flies as potential vectors of protozoan and
bacterial pathogens of veterinary importance

In this study, 253 specimens of 9 different louse fly species were analysed. Most of these flies
were originated from several areas across Hungary. Six O. biloba and a single O. metallica
were collected in Malta during a previous research [284], while three O. avicularia specimens
were originated from Norway. Some flies that were analysed in a different context in a previous

study were also used here [312].

While pathogen transmission during co-feeding is a known phenomenon in the case of ticks
[313], it is not known whether ticks can infect louse flies via the same route. Based on our
results however, tick and louse fly co-infection is relatively rare, we only observed it in the case
of two species, O. avicularia and O. turdi (Table 14), with the latter coinfecting birds with ticks
more commonly. Different species of louse flies feeding on the same bird is also uncommon in
Central Europe, where co-feeding of louse flies of different species (only O. avicularia and O.

turdi) was observed only on two out of 175 infested birds [312].

Based on our results we suspect that the role of avian louse flies in the transmission of
pathogenic Bartonella, Rickettsia, Anaplasma, Borrelia species, as well as piroplasms is either
non-existent or minimal in the evaluated region. This is partially in contrast to previous results
[314] where the authors examined eight O. biloba and 12 O. avicularia specimens, and found
three different Babesia species in the latter. Based on the fact, that this study was performed
in a neighbouring country of Hungary (Slovakia), and the fact that we were unable to find any
piroplasms despite analysing eleven times more O. avicularia, and the fact that the latter
species seldom feeds on mammalian host [315] suggest that these previous findings are either
results of contamination or an accidental consumption of infected bloodmeal. We find it
unlikely, that members of the subfamily Ornithomyinae would play a role in the transmission of

piroplasms.

We were able to retrieve a sequence closely resembling A. phagocytophilum from an O.
avicularia specimen collected from a Blackbird. Interestingly, this sequence formed a distinct
clade in the A. phagocytophilum group, with low support, confirming the results of Barakova et
al. ( 2014), Lesiczka et al. (2021) and Rouxel et al. (2024). The sequences belonging to this
clade, are related to Blackbirds (liver and skin samples: PP179228 and MW013534) [317,318],
or ticks feeding on blackbirds (JX082323) and on a non-defined avian host (KF031393) [316].
A single sequence was retrieved from a tick collected from the environment. Since we found
this sequence in only a single O. avicularia, it cannot be proven that louse flies serve as

biological vectors of this pathogen, but it is now heavily suspected that a clade of A.
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phagocytophilum exists that is related to blackbirds (and potentially other birds as well). A
recent study shed light upon the fact that Blackbirds yielded the highest number of A.
phagocytophilum infested ticks in the examined population in Sweden [319]. However, in the
same study, only 0.9% of the ticks collected from migratory birds were infected. In a study
conducted in France, 680 birds of 11 eleven species were analysed for the presence of A.
phagocytophilum, and only Blackbirds were found to be infested (three out of 91 birds) [318].
This sequence is identical to the A. phagocytophilum sequence of this study. In South-Korea
7/40 (17.5%) birds belonging to the Turdidae family were found to be infested with A.
phagocytophilum [320]. It has to be stated however, that in Europe, Blackbirds are very
frequent hosts of Ixodes ricinus, the main vectors of A. phagocytophilum in Europe [25,321].

In fact, in Hungary, Blackbirds are the most common hosts of /. ricinus [322]

Trypanosoma species on the other hand were common in our sample population, similarly to
as reported by Santolikova et al., 2022. We were able to detect six different genotypes based
on the SSU gene (
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Table 15). Five of these belonged to the avian Trypanosomes, namely to the Trypanosoma
bennetti group, and to the Trypanosoma corvilculicavium group. No sequences from the
Trypanosoma avium/thomasbankrofti group were revealed. (Figure Y) A single, sequence was
found in an Ornithoica turdi specimen, which showed the highest similarity (100%) to several
members of the Trypanosoma theileri group (Thil). Members of this lineage are reported to
infect bovines and deers, while the vectors can be several Dipteran species, likely mosquitoes
[323]. Since this sequence was considerably shorter than the rest of our Trypanosoma
sequences (470 vs 820 bp) we did not included it in our phylogenetic analysis. The recently
discovered Trypanosoma lineage B14 [42] was revealed from several O. biloba specimens

from Hungary and Malta, revealing a broad geographical distribution in Europe (
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Table 15). This result further strengthens the theory that this lineage of the genus Trypanosoma
may affect mainly the Barn swallow (H. rustica) in Europe, as we detected this protozoon from
another stenoxenous parasite of the latter bird species for the first time, namely C. hirundinis.
It must be mentioned that this lineage has been found in several predator birds in Thailand
prior to our study [42]. Similarly to Santolikova et al., [42], the most common Trypanosoma
genotypes isolated from avian louse flies belonged to the Trypanosoma corvilculicavium
group, lineages I. and IV. In contrast to the latter study however, no sequences from the
recently discovered B13 lineage were found among our samples. On the other hand, a single
sequence of Trypanosoma culicavium (lineage V) was found in an O. fringillina specimen for
the first time. The role of avian louse flies in the transmission of several Trypanosoma species
is heavily suspected. In the superfamily Hippoboscoidea (“Pupipara”), this would be not
unprecedented, as tsetse flies (Glossinidae) are biological vectors of Trypanosoma species
[324].

Haematospirillum jordaniae was detected in three Ornithomya fringillina specimens. All these
flies were collected at the same sample collection site, at Gardony-Dinnyés in 2023. Two flies
were feeding on Bearded reedlings, and one on a Common Reed Warbler. Interestingly,
Hornok et al. found this bacteria in the blood of the latter bird species in Central Hungary, in
2017 [325]. A short sequence that showed close resemblance to H. jordaniae was also
retrieved from an O. chloropus specimen that was collected from a Dunlin in Fertéujlak,
Hungary. While H. jordaniae was discovered in 2016 [326], it is now considered an emerging
pathogen of medical importance [327]. While not much is known about this bacterium, it seems
to affect mainly middle aged or senior men, and is related to fresh water [327,328]. For
example, in a recent case report, a Slovenian man was supposedly infected in Hungary, while
he had cut himself with a reed during fishing activity at a lake [328]. Therefore, it is not
surprising that all H. jordaniae sequences were detected in louse flies that were feeding on
reed-associated birds. Little is known about the pathogenic effect of this bacterium on birds,
and further studies are needed to assess the reservoir (or potentially vector) role of O. fringillina

(and potentially O. chloropus) in relation to this bacterium.

In conclusion, this study presents one of the most extensive pathogen-focused investigations
on avian louse flies conducted in Europe to date. A total of 253 individual flies representing
nine species were examined for the presence of Bartonella, Borrelia burgdorferi sensu lato,
members of the families Rickettsiaceae and Anaplasmataceae, as well as Piroplasmida and
Trypanosoma species. Based on our results, we suggest that avian louse flies (Hippoboscidae:
Ornithomyinae) play a limited role in the transmission of the examined bacterial pathogens and
piroplasms. However, the findings of this study further emphasize the potential role of avian
louse flies in the transmission of Trypanosoma species. To the best of our knowledge, this is
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the first report of the blackbird-associated A. phagocytophilum strain in an avian louse fly,
specifically in O. avicularia. In addition, this study reports, for the first time, the presence of the
newly described Trypanosoma lineage B14 in both Hungary and Malta, as well as in the louse
fly C. hirundinis. Furthermore, we document for the first time the presence of T. culicavium (in
O. fringillina), a Trypanosoma species from the “bennetti group” (in O. avicularia), and H.
jordaniae (in three specimens of O. fringillina) in hippoboscid flies. A Trypanosoma species
from the “theileri group” was also identified for the first time in an avian louse fly, O. turdi. These
findings contribute important new data to our understanding of the pathogen-host associations

and vector potential of avian louse flies.
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6. New scientific findings

1. The role of Savi’s warbler as the most prominent avian host of Haemaphysalis concinna in
Hungary was revealed for the first time.

2. First detection of a reproducing Hyalomma rufipes population in Europe.

3. First revelation of the uneven temporal distribution of piroplasms in an urban Haemaphysalis
concinna population.

4. First detection of the African louse fly Ornithoctona laticornis in Europe.

5. First time detection of Anaplasma phagocytophilum in a member of Ornithomyinae subfamily
(Ornithomya avicularia)

6. First time detection of Trypanosoma sp., lineage B14 in Hungary and Malta, as well as in
Crataerina hirundinis.

7. First time detection of Trypanosoma culicavium, Trypanosoma sp. (from the “theileri” group),
and Trypanosoma sp. (from the “bennetti” group) from members of the Ornithomyinae
subfamily.

8. First time detection of Haematospirillum jordaniae in hippoboscid flies.
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9. Supplementary Material

Supplementary materials are available as separate files.
List of supplementary materials:

Supplementary Table 1. List of bird host species and tick-occurrence cases extracted from
publications. Bird species in red are rare vagrants or captive populations, they do not occur
regularly in Europe.

Supplementary Figure 1. Reported occurrence of tick species according to avian orders. The
number of bird species within an avian order, from which the relevant tick species was
reported is encircled next to the name of avian order, along the line which connects it to the
relevant tick species. Grouping of tick species according to habit preference, and of avian
orders according to habitat type, nocturnal activity (inverse characters) and typical feeding
level is simplified according to predominant traits of species in Europe.

Supplementary Table 2. List of HURING codes, as well as information on the migration habit,
habitat type, feeding place and weight of the birds (if relevant for statistics).

Supplementary Figure 2. Temporal distribution of Ixodes ricinus and Haemaphysalis
concinna in each year between 2014 and 2022

Supplementary Table 3. Bird species according to their migration habits, with the total
number of ticks found on them

Supplementary Tabe 4. Avian host species that were found tick-infested in this study, shown
according to collection site and spring or autumn migration intervals (the former including
nesting period). The number of tick-infested birds sampled at the same location is shown in
parentheses after the abbreviation of bird species name. Color code: red - long distance
migrant, purple - resident or short/mid-distance migrant, blue - resident.

Supplementary Table 5. Avian host species that were found tick-infested in this study, shown
according to collection site and spring or autumn migration intervals (the former including
nesting period).

Supplementary Figure 3. The average annual precipitation (https://www.met.hu/) and
temperature (https://www.mozaweb.com/search?search = kdzéphomerseklet) in January in
Hungary, based on data from the Hungarian Meteorological Service (OMSZ). The site of the
discovered Hyalomma rufipes population is marked with a star.
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