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SCIENTIFIC PROBLEM AND RELEVANCE

Culicoides Latreille, 1809 are among the smallest bloodsucking flies
(Diptera, Ceratopogonidae), nevertheless, they are of great interest in the
fields of medical and veterinary entomology because they can cause negative
impact on human and animal health due to nuisance (Carpenter et al., 2013)
and are known vectors of pathogens all around the world — only in Europe
they are known to transmit African Horse Sickness Virus (Mellor and
Hamblin, 2004), Bluetongue Virus (Sreenivasulu et al., 2004), Oropouche
Virus (Sakkas et al., 2018), and Schmallenberg virus (Rasmussen et al., 2012);
additionally, the saliva introduced during feeding may induce pronounced
allergic reactions in vertebrate hosts, including humans (Carpenter et al.,
2013). Recently these insects were revealed to be capable vectors of avian
blood parasites, such as Haemoproteus Kruse, 1890 (Apicomplexa,
Haemosporida) (Atkinson, 1991; Bukauskaité et al., 2015; Valkitinas, 2005;
Ziegyté et al., 2014, 2016, 2022), Trypanosoma Gruby, 1843 (Euglenozoa,
Trypanosomatida) (Bennett, 1961; Bernotiené et al., 2020, Linley, 1985;
Svobodova et al., 2017), and several filarian nematodes (Carpenter et al.,
2013; Linley, 1985; Simonsen et al., 2011). Additionally, infection with
Culicoides-transmitted pathogens can adversely affect the general fitness,
reproductive success, and even survival of their hosts (Marzal et al., 2005;
Zylberberg et al., 2015; Pigeault et al., 2018). Moreover, these pathogens are
also dangerous to blood-sucking insects and can even cause vector mortality
(Bukauskaité et al., 2016; Frolov et al., 2021; Valkiiinas and Iezhova, 2004)
(Papers L, III-V).

Family Ceratopogonidae is diverse, divergent, and ranging globally: out
of 6206 extant ceratopogonid species, genus Culicoides comprises of 1347
species distributed worldwide (habitats spanning the tropics, subtropics,
tundra, and temperate regions, with the sole exceptions of New Zealand and
Antarctica) (Borkent and Dominiak, 2020). For a long time period, the
Culicoides fauna of Lithuania was considered to comprise 27 species
(Pakalniskis et al., 2006) and only in 2023 Bernotiené et al. supplemented the
checklist of Lithuanian Culicoides with two more species (Bernotien¢ et al.,
2023). Despite their importance, Culicoides biting midges remain among the
least studied groups of dipteran vectors, due to significant challenges posed
by their biological characteristics (such as small body size and fragility) and
ecological traits (including highly diverse habitat preferences among most
species and the limited knowledge of their breeding sites, resulting in scarce
information regarding their larval and pupal stages) (Carpenter et al., 2013;
Harrup et al., 2015; Mullens et al., 2015). Even though Culicoides adult



females can be identified by wing pigmentation and head morphology
(antennae, palpi), and males by genital structures, the larvae are extremely
difficult to differentiate using morphology alone (Yanase et al., 2013).
Moreover, morphological identification is complicated in complexes of
closely related species, for example the identification of Culicoides obsoletus
(Meigen, 1818) and Culicoides scoticus Downes et Kettle, 1952 within the C.
obsoletus group, where females exhibit highly similar morphological
characteristics and are therefore extremely difficult to differentiate, with
reliable identification achievable only through examination of specific male
genital structures or by applying polymerase chain reaction (PCR)-based
molecular methods (Pages and Sarto I Monteys, 2005). Experimental research
with wild-caught biting midges is limited, as rearing them in the laboratory
requires unique effort (Carpenter et al., 2015; Glukhova, 1967; Mullens et al.,
2015; Paslaru et al., 2018; Van Den Eynde et al., 2021). Several molecular
biology protocols have been designed for biting midge species identification
based on the sequences of the fragment of mitochondrial cytochrome c
oxidase subunit I gene (COI) (Ander et al., 2013; Déhn et al., 2024), however,
such method of investigation is expensive and requires specific knowledge in
molecular biology and skills (Papers I-VI).

The role of biting midges in pathogen transmission is naturally linked to
their feeding biology and host preferences: to obtain the necessary blood meal
for egg maturation and subsequent oviposition, females of these insects feed
on a wide range of vertebrate hosts, including cold-blooded animals
(amphibians and reptiles), birds, and mammals including humans (Mullen and
Durden, 2019); this way pathogens may be transmitted through various hosts
(Paper 1, II-1V, data in press).

Several species of avian blood trypanosomes were proven to develop in
Culicoides biting midges (Bernotiené et al., 2020; Svobodova et al., 2017):
Trypanosoma bennetti which was originally described by Kirkpatrick et al. in
1986 from American kestrel Falco sparverius Linnaeus, 1758 and
Trypanosoma everetti Molyneux, 1973 originally found in black-rumped
waxbill Estrilda t. troglodytes (Lichtenstein, 1823). Interestingly, these two
trypanosome species genetically are very similar — their genetic difference in
partial 18S rDNA sequences, which are most commonly used in molecular
studies of these parasites, is only 0.4—1.3% — meaning that these could belong
to the one species (Bernotiené et al., 2020). Moreover, recent studies show
that it is possible to find other trypanosome species in wild-caught biting
midges, such as avian Trypanosoma avium Danilewsky 1885 (Kazak et al.,
2023) and mammalian trypanosomes belonging to Trypanosoma theileri
group (Kazak et al., 2025a, 2025b). Detection of trypanosomes in Culicoides
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insects is most commonly based on PCR-based methods; however, such
analyses only confirm that the insect has previously fed on an infected host
and do not provide information on the presence of infective parasite stage
(Bernotiené and Valkiiinas, 2016), which in Trypanosoma case is metacyclic
trypomastigote presence in insect gut (Paper I, I11, IV).

The taxonomy of monoxenous trypanosomatids has evolved recently,
with several new genera and subfamilies established in recent years, alongside
the description of many new species, extending and deepening knowledge on
their distribution, diversity, and pathogenicity (Frolov et al., 2021; Kostygov
etal., 2021; Votypka et al., 2020). Generally, trypanosomatids are divided into
two non-taxonomic groups: while monoxenous species develop in a single
host (mainly invertebrate), dixenous species alternate between two hosts — a
vertebrate and invertebrate, which serves as a vector (Frolov et al., 2021;
Kostygov et al., 2021). Monoxenous trypanosomatids are known to infect
insects from several orders, including Diptera, Hemiptera, Hymenoptera,
Siphonaptera, and Blattodea. They are transmitted through various routes such
as predation, cannibalism, necrophagy, coprophagy, and contact with
contaminated substrates or saliva. Although typically regarded as harmless
commensals restricted to insect hosts, recent studies indicate that these
parasites can reduce host fitness and may even cause mortality under certain
conditions (Frolov et al., 2021). Moreover, recent research found monoxenous
parasites in human skin lesions, which usually occur during infections caused
by Leishmania spp.; it remains unclear how these protozoa reach human skin
lesions, but the role of blood-sucking insects is not excluded, and more
research is needed on this issue (Boucinha et al., 2022). Culicoides were found
to be the main hosts for several monoxenous trypanosomatid species:
Herpetomonas ztiplika Podlipaev et al., 2004, which was described from
Culicoides kibunensis Tokunaga, 1937 biting midge (Podlipaev et al., 2004),
Herpetomonas trimorpha Zidkova et al., 2010 from Culicoides truncorum
Edwards, 1939 biting midge (Zidkova et al., 2010), and Sergeia podlipaevi
Svobodova et al., 2007, from Culicoides festivipennis Kieffer, 1914 biting
midge (Svobodova et al., 2007), moreover, biting midges are hosts for
Crithidia Léger, 1902 and Obscuromonas Lukes et al., 2021 monoxenous
trypanosomatids (Kazak et al., 2023, 2025a, 2025b). Despite this, prevalence
of monoxenous parasites in Culicoides remains scarce and there is no evidence
on the effect these organisms have on biting midge fitness (Papers I, III and
V).

Athough several studies have already examined the feeding behavior of
Culicoides (Ayllon et al., 2014; Collins et al., 2018; Elbers and Gonzales,
2023; Zimmer et al., 2014a), most are usually concentrated on cattle and
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sheep, as these insects play a major role in pathogen transmission inside
domesticated animal farms (Martinez-de La Puente et al., 2015); the
transmission of blood parasites in wild animals and risks which these
processes bring remain less researched. A number of studies have
demonstrated the frequent detection of DNA of avian parasites belonging to
Haemoproteus and Trypanosoma genera in Culicoides biting midges, which
can only be acquired through blood feeding on infected avian hosts.
Consequently, the presence of these parasites in insect vectors serves as
indirect evidence of their feeding preference on birds (Chagas et al., 2022,
2024; Kazak et al., 2024). Culicoides feeding preference identification plays
a vital role in conducting epidemiological studies as it determines the
importance of each particular species involvement in pathogen transmission,
which, at the moment, is very scarce (Martinez-de La Puente et al., 2015)
(Paper II).

Due to the global climate crisis, the importance of vector research is
becoming more evident than ever. Changing climate expands the ranges of
suitable environments for insect thriving, which at the same time successfully
influences the global spread of vector-borne parasites (Semenza and Suk,
2018). It is known that biting midges are poor fliers, and they mostly stay 3 to
5 kilometers around their breeding sites (Werner et al., 2020), however,
assisted by wind currents, they are capable of covering distances of several
thousand kilometers and thus contribute to the transmission of pathogens to
new areas (Elbers et al., 2015). In temperate zones presence of Culicoides
biting midges was recorded throughout the whole warm season depending on
a species (Mullen and Durden, 2019). Although knowledge on Culicoides
seasonal appearance and flight activity is quite sufficient (Bernotiené et al.,
2021; Kettle, 1957; Sanders et al., 2011; Tugwell et al., 2021), seasonality of
Culicoides-transmitted blood parasite research is very scarce, especially on
monoxenous trypanosomatids and avian Trypanosoma parasites (Paper IV).
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OBJECTIVE AND MAIN TASKS OF THE STUDY

The objective of this research was to get new knowledge on the diversity
and seasonal activity of biting midges (Ceratopogonidae, Culicoides) in
Lithuania and their role in the trypanosomatid (Kinetoplastea,
Trypanosomatida) transmission.

The following tasks were set to achieve the objective:

1. Analyze the role of Culicoides insects as vectors of trypanosomatids
described in scientific literature and summarize data on their research
methods and prospects;

2. To elucidate Culicoides diversity and the peculiarities of seasonal
activity of biting midges belonging to certain Culicoides species in
Lithuania and their relationships with meteorological conditions;

3. To determine the prevalence of trypanosomatids in wild-caught biting
midges;

4. To elucidate the seasonality of the prevalence of trypanosomatids in
Culicoides biting midges;

5. To clarify the feeding preferences of Culicoides biting midges.
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STATEMENTS TO BE DEFENDED

The peak of Culicoides species abundance in Lithuania is expected to
be in June and decrease as the season progresses;

Among the three primary meteorological factors (air temperature (°C),
precipitation (mm) and wind speed (m/s)) influencing the seasonal
activity of Culicoides, air temperature appears to be the most
significant, whereas wind speed has the least impact; the effect of each
factor is species-specific;

The prevalence of trypanosomatid infections in parous Culicoides
biting midges collected at low height (approximately 2 meters above
the surface) does not exceed 7%;

The prevalence of trypanosomatid infections in parous Culicoides
biting midges collected at the tree canopy level near raptor bird nests
exceeds 10%;

The prevalence of Trypanosoma species parasitizing birds in
Culicoides biting midges is higher than that of Trypanosoma species
parasitizing mammals. Among avian trypanosomes, parasites of the 7.
bennetti group are the most common, most frequently found in C.
kibunensis. Trypanosoma avium is most often detected in C. segnis,
and less frequently in other Culicoides species;

Monoxenous trypanosomatids are frequently detected in Culicoides
biting midges;

The peak of trypanosomatid prevalence in Culicoides differs from the
peak of seasonal Culicoides abundance;

Culicoides kibunensis, C. festivipennis and C. pictipennis exhibit
opportunistic feeding preferences and biting midges from C. obsoletus
group, C. pallidicornis, and C. punctatus exhibit mammalophilic
feeding preferences. The Trypanosoma found in Culicoides biting
midges support these insect preferences for avian or mammalian hosts.
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NOVELTY OF THE STUDY

First time monoxeous trypanosomatid Obscuromonas sp. was detected in
Culicoides biting midge (C. kibunensis);

Five new Culicoides species were recorded in Lithuania for the first time:
Culicoides duddingstoni Kettle & Lawson, 1955; Culicoides minutissimus
(Zetterstedt, 1855); Culicoides Ilupicaris Downes & Kettle, 1952;
Culicoides clastrieri Callot, Kremer & Deduit, 1962; and Culicoides
dewulfi Goetghebuer, 1936;

The trypanosomatids of Trypanosoma bennetti group were detected for
the first time in biting midge C. duddingstoni;

It was confirmed that the species of C. obsoletus group, C. pallidicornis,
and C. punctatus exhibit mammalophilic feeding behaviour, while C.
festivipennis, C. kibunensis, and C. pictipennis are opportunistic, with the
first two species showing preference for birds. Even though scientific
literature includes C. segnis as mammalophilic species, it was found to
exhibit mainly ornithophilic feeding behaviour;

This is the first time when mammals infecting Trypanosoma theileri group
trypanosomatids were detected in wild-caught biting midges belonging to
Culicoides kibunensis, C. impunctatus, C. pictipennis, and C. scoticus
species;

Trypanosoma culicavium was detected in Culicoides festivipennis biting
midge. This is the first time mosquito-infecting trypanosomatid species
was found in wild-caught Culicoides biting midges;

Although the highest Culicoides abundance was recorded in June in
Lithuania, the highest trypanosomatid prevalence in biting midges was
recorded in August.
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1. LITERATURE OVERVIEW
1.1 Diversity and abundance of Culicoides biting midges

Worldwide Culicoides (Diptera, Ceratopogonidae) biting midges are
known for their role in transmission of various pathogens — arboviruses,
bacteria, protozoa, and helminths to humans and animals cosmopolitically,
with the exception of New Zealand and Antarctica (Carpenter et al., 2013;
Elbers et al., 2015). Although globally the genus Culicoides consists of 1347
species (Borkent and Dominiak, 2020), greater part of Culicoides fauna
remains poorly studied. In Lithuania, 29 species of Culicoides were previously
recorded (Bernotien¢ et al., 2023; Pakalniskis et al., 2006). Culicoides flying
activity in Lithuania is obscure as well: in 2006 Bernotiené published first
report on the seasonality of these insects covering three-year data (2000 to
2003), during which 21 Culicoides species were recorded with the peak in first
part of August (Bernotiené, 2006). Second report was published 15 years later
— during the study on seasonal Culicoides surveillance in Lithuania during
three-year study (2016-2019): 22 species of Culicoides were reported with the
peak abundance and diversity in June (Bernotien¢ et al., 2021). The adults of
Culicoides can be observed throughout the whole warm season in Lithuania
(depending on the species) — from early spring till the end of autumn (Mullen
and Durden, 2019). And while insect seasonal abundance is sufficiently
investigated (Bernotiené et al., 2021; Kettle, 1957; Sanders et al., 2011;
Tugwell et al., 2021), much less attention is being paid on how seasonal
variation impact parasites within insect vectors, especially avian blood
parasites, such as trypanosomatids.

1.2 The role of Culicoides in pathogen transmission

In 1925 Ghosh (Ghosh, 1925) made first observations on Culicoides
infection with a protozoan pathogen, which became the beginning of further
research on Culicoides unicellular and multicellular inhabitants. Twenty-six
years after, Bennett (Bennett, 1961) made a discovery regarding the
development of trypanosomes within the digestive tract of Culicoides, which
indicated the possible transmission of these parasites by biting midges
(Braverman and Galun, 1973). Despite this, Culicoides remains one of the
least studied insect group among all Diptera vectors and their role as avian
blood parasite vectors remains understudied (Veiga et al., 2018).

Research on avian blood parasites transmitted by wild-caught Culicoides
is even more limited, as the small size of these insects presents considerable

15



challenges for their dissection, requiring advanced technical expertise
(Atkinson, 1991; Valkitinas, 2005; Ziegyté et al., 2014). However, recent
studies show that the importance of Culicoides in the study of avian blood
parasites remains high: for example, prevalence of trypanosomatids in wild-
caught Culicoides can range from 0.3% (Svobodova et al., 2017) to 11.1%
(Kazak et al., 2023) and can reach 90—-100% in experimentally infected insects
in laboratory conditions (Svobodova et al., 2017) while prevalence of
haemosporidian parasites in wild-caught Culicoides may fluctuate between
2% (Bobeva et al., 2013) and 13% (Ferraguti et al., 2013), while in biting
midges collected in Lithuania it varies from 5.2% to 7.9% (Chagas et al., 2024;
Ziegyté et al., 2021, 2022, 2023).

1.3 The importance of research on trypanosomatids

Family Trypanosomatidae (Euglenozoa, Kinetoplastea) combine two non-
taxonomic groups of protozoans: monoxenous organisms, which develop in
one invertebrate host, and dixenous parasites, which need the change of the
hosts for their development (both invertebrates and vertebrates) (Gardner and
Gardner, 2024). Only recently has it been discovered that trypanosomatids can
negatively impact a heavily infected invertebrate host’s fitness and behaviour
(Frolov et al., 2021) even leading to increased mortality rates of juvenile
vertebrate hosts (Cigler et al., 2024). And although Trypanosoma parasites are
among the best studied in the entire family, most research focuses on human
and economically important domestic animal parasites (Horn, 2022; Kasozi et
al.,2021; Papagni et al., 2023) and far less attention is paid to wild vertebrates,
especially birds and insect species feeding on avian hosts. Furthermore, there
is basically no information on how seasonal changes affect trypanosomatids
transmitted by Culicoides insects.

The ongoing climate crisis and increased global mobility have significantly
heightened the transmission of pathogens to humans and animals. One notable
consequence of climate change is the expansion of insect habitat ranges, which
in turn facilitates the concurrent spread of vector-borne pathogens into new
regions (Semenza and Suk, 2018). Their poor flying capacity is the main
reason why their appetitive behavior is greatly reliant on environmental
conditions — air temperature, light intensity, wind speed (>3 ms) and
environmental humidity (Carpenter et al., 2008; Sanders et al., 2011). In the
absence of continuous surveillance of vector species in regions where disease
transmission is endemic, understanding the distribution and seasonal
dynamics of potential vectors becomes essential for public health authorities,
as this information aids in identifying high-risk areas and critical transmission
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periods during outbreaks (Cuéllar et al., 2018; Hartemink et al., 2015; Hay et
al., 2006; Kalluri et al., 2007). Regular monitoring is also essential for
predicting periods of heightened or reduced pathogen transmission risks
throughout the year (Barcelo et al., 2023; Searle et al., 2014). For example, in
northwestern Europe evidence indicates that temperature greatly impact the
Culicoides pathogen transmission and survival (Tugwell et al., 2021).
Although the specific environmental parameters influencing the development
of avian Trypanosoma species within insect hosts remain largely unknown,
studies on Trypanosoma cruzi suggest that lower temperatures negatively
affect parasite metacyclogenesis in Triatominae vectors (Kollien and Schaub,
2000). Additionally, research has shown that at 28°C, both the mean
epimastigote population and bloodmeal consumption varied significantly
between invertebrate hosts capable and incapable of supporting parasite
differentiation (Asin and Catala, 1995). Studies on avian haematozoan
parasites in insects showed that colder, high-altitude areas reduce parasite
development and presence in vectors, while warmer temperatures may
increase parasite infections in vertebrate hosts (Zamora-Vilchis et al., 2012).
These examples highlight the complexity of relationships between parasites
and their hosts and demonstrate how the change of climate may influence
these dynamics. Unfortunately, the impacts on trypanosomatids, which
coexist in Culicoides biting midges, are still scarce and additional
investigation is needed.

In addition to meteorological parameters, vector-borne disease
transmission is determined by both the availability of infected hosts and the
activity of capable vectors. High density of vertebrates is present in zoological
gardens: although often condemned for animals kept in captivity, zoos are
significantly important for conservational purposes, as they support
vulnerable and endangered animals, who could not survive in the wild
(Mandutd and Petrovici, 2023). Such environment provides excellent
conditions for blood-sucking insects: there are a lot of organically rich
substrates which are perfect for breeding, moreover, high number of different
animals become a blood meal for insects with all kinds of preferences, creating
pathways for the spread of vector-borne pathogens (Adler et al., 2011). The
knowledge on vector-parasite-host interactions within zoos is critical for
potential vector determination, both vector and pathogen surveillance and
possible vector-borne disease outbreak predictions (Adler et al., 2011;
Guimardes et al., 2021).

For parasite research in both vertebrate and invertebrate hosts two main
methods are being used: microscopical parasite investigation directly from
digestive tract of an insect as well as blood and organ tissues of vertebrate
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hosts, and PCR-based methods with parasite DNA amplification and
sequencing techniques (Chagas et al., 2020; Jarvi et al., 2002; Rodrigues et
al., 2019; Stenberg and Bowerman, 2008; Valkitinas et al., 2008). Although
microscopic examination is time-consuming and requires experience and
precision, it is very helpful in cases of low parasitemia and mixed parasite
infections (Bernotiené et al., 2016; Valkitinas et al., 2008), while PCR-based
investigation is high-priced and not suitable for samples with co-infections,
although it provides DNA sequence information, which is very useful for
populational genetics, phylogenetic and epidemiological studies (Bernotiené
et al., 2016; Gardner and Gardner, 2024; Kettle, 1957). This indicates that
future studies should integrate molecular techniques with microscopic
analyses, fostering comprehensive and multidisciplinary approaches to the
investigation of vector-borne diseases (Chagas et al., 2025).

Research on identifying vectors of vertebrate pathogens in the wild is
gaining more attention in medical, veterinary, parasitology, and epidemiology
fields. However, despite the growing interest, there is still little known about
Culicoides vector ecology, especially regarding avian blood parasites.
Moreover, the dietary preferences of these insects lack scientific research, as
identification of target species for blood-feeding in the wild communities is
crucial for understanding pathogen transmission pathways. Additionally, the
blood parasite detection, such as haemosporidian parasites or Trypanosoma
spp. can significantly add to feeding preference research, as such data can
reveal blood-feeding pattern of certain insect species on account of parasite
host specificity, especially for parasites of genus Haemoproteus (Makanga et
al., 2017). Moreover, this data can help identify vector species that
occasionally transmit zoonotic pathogens to new hosts (Martinez-de La
Puente et al., 2015; Talavera et al., 2018).
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2. MATERIAL AND METHODS

This study employs an integrative research approach, combining both
traditional microscopy and molecular methods. Descriptions of material
collection and methodology of further research in detail are given in the
published papers (Papers I-VI). Below, brief descriptions of main study
protocols used are provided.

2.1 Study sites

All material was collected during years 2020-2024 in several sites in
Lithuania: in the temperate forest regions of eastern Lithuania, during June—
July 0£2020-2021 (Utena county, Lithuania) (Paper I); during years of 2021—
2023 in Roduka and Puvociai villages (Alytus county, Lithuania),
henceforward Puvociai, in Ventés Ragas ornithological station, henceforward
Ventés Ragas (Klaipéda county, Lithuania); in Verkiai Regional Park (Vilnius
county, Lithuania), henceforward Verkiai, at the Vilnius University Botanical
Garden, henceforward, the Botanical Garden, (Vilnius county, Lithuania), and
at Brinkiskeés village (Vilnius county, Lithuania), henceforward Brinkiskeés
(Papers 11, IV, VI); in 2023 at the Lithuanian Zoological Garden (Kaunas
county, Lithuania), henceforward zoo (Paper II, VI, data in press); from 2020
till 2022 in the environs of Juodkranté (Curonian Spit on the Baltic Sea,
Klaipéda county, Lithuania) (Paper III, VI); in 2024 in Augustaiciai, Ventos
Regional Park, and Burbiskés (Mazeikiai district, Lithuania) (Paper VI); in
2024 in Belmontas (Vilnius county, Lithuania) (Paper VI); in 2024 in
Kunkiai, Klaipéda district (Paper VI). The microscopical and molecular
investigation were performed at the Laboratory of Entomology and P. B.
Sivickis Laboratory of Parasitology, State Scientific Research Institute Nature
Research Centre, Vilnius, Lithuania (https://www.gamtostyrimai.lt) (Papers
I-1V, VI).

2.2 Insect collection

All material was collected using UV-light BG-Pro light traps (Biogents,
Germany), which were operated 5—7h before sunset and 5—7h after sunrise.
Insects were collected into the 100 ml container with a tap water supplemented
with a drop of detergent (liquid soap).
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2.3 Insect identification

Collected Culicoides specimens were examined using a stereoscopic
microscope, females with a presence of visible, burgundy-colored pigment in
the subcutaneous cells of the abdomen (indication that at least one gonotrophic
cycle had occurred) were selected for further analysis (Dyce, 1969) (Papers
L, III-1V). All investigated Culicoides biting midges were identified based on
key morphological traits, including wing coloration patterns and head
structures (palps and antennae), using an interactive identification key for
Culicoides females from the Western Palearctic region (Mathieu et al., 2012)
and MOTIC SMZ-171 (Motic, Hong Kong, China) stereomicroscope. For this
purpose, permanent head and wing preparations were made for further
examination by carefully removing the insects’ heads and wings with flame-
sterilized needles for Euparal-mounted preparations. The prepared slides were
allowed to air-dry at room temperature for approximately one month prior to
further processing. The morphological biting midge preparations are stored at
the State Scientific Research Institute Nature Research Centre and are
available on request (Papers I, III-1V, VI).

2.3 Microscopical parasite investigation

Insect gut preparations were done for confirmation of parasite presence
and for morphometrical parasite investigation (Paper IV). After preparation
of insect head and wing slides, insect abdomen was immersed in a drop of
0.9% NaCl physiological solution. With the use of flame-disinfected needles,
the midgut was extracted and gently macerated on a microscope slide to create
a thin film. Objective slides with midgut films were air-dried for several hours,
fixed with absolute methanol, and stained with 4% Giemsa solution, as
described previously (Valkitinas et al., 2008). The remnants (legs, thorax, and
abdomen remnants) were stored in 96% ethanol for further PCR-based
analysis.

An Eclipse C1-L light microscope (Nikon, Tokyo, Japan) equipped with
Infinity 1 digital camera (Teledyne Lumenera, Ontario, Canada) and imaging
software Infinity Analyze (Teledyne Lumenera) was used for permanent
midgut slide examination, illustration preparation, and for morphometrical
trypanosomatid analysis (Bennett et al., 1994; Valkitnas et al., 2011; Woo and
Bartlett, 1982) (Paper 1IV).
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2.4 PCR-based screening and sequencing

Total DNA from wild-caught Culicoides biting midges was extracted
using ammonium-acetate DNA precipitation protocol (Sambrook and Russell,
2001). After the extraction, DNA concentration was measured using
Nanophotometer P330 (Implen, Germany). Samples which exceeded optimal
DNA template concentration (20—50 ng/pL) for PCR were diluted using a
IXTE buffer (Papers I-1V, VI).

Extracted DNA of biting midges was used for three purposes: for
Culicoides biting midge species confirmation (Papers L, IIL, IV, VI, data in
press), for Culicoides feeding preference investigation (Paper II), and for
trypanosomatid prevalence investigation (Papers I, 111, IV, data in press).

Culicoides species confirmation (in cases when species of biting midges
could not be reliably identified using morphological features) was done using
PCR method with primers LCO1490 and HCO2198, which amplify a ~700 bp
fragment of cytochrome c oxidase subunit 1 (COI) of insect mitochondrial
DNA (Folmer et al., 1994). One positive control (Culicoides biting midge
DNA previously positive using the same PCR protocol) and one negative
control (nuclease-free water) were used in each run.

Blood meal source was identified using PCR protocol which amplifies
~310 bp fragment of cytochrome b (Cytb) gene of vertebrates; for this purpose,
primers L.14841 and H15149 (Kocher et al., 1989) were used with the
following modifications to temperature profiles: annealing temperature was
reduced to 45°C and amplification cycle was repeated 40 times. One negative
and one positive (DNA extracted from domestic canary Serinus canaria
Linnaeus, 1758 (Passeriformes, Fringillidae) blood sample) controls were
included in each run.

For the purpose of detecting trypanosomatids, a nested PCR protocol was
used for a ~749 bp length DNA fragment encoding SSU 18S rDNA
amplification; two outer primers, Tryp763 and Trypl016, and two inner
primers, Tryp99 and Tryp957 were used in this case (Sehgal et al., 2015;
Valkitinas et al., 2011). One negative control (nuclease-free water) and one
positive control (DNA sample with Trypanosoma sp. infection confirmed by
microscopic examination and molecular methods) were used in each run.

Samples that tested PCR-positive were sequenced using corresponding
primers from both 5° and 3° ends with a Big Dye Terminator V3.1 Cycle
Sequencing kit and an ABI PRISMTM 3100 capillary sequencing robot
(Applied Biosystems, Foster City, CA, USA). All obtained chromatograms
were checked using Bioedit version 5.0.9. (Hall, 1999) and Geneious Prime
software® (versions 2023.0.4, 2023.2.1, 2024.0.7, 2025.0.3) (Dotmatics,

21



Auckland, New Zealand, https://www.geneious.com). Genetic distances
between sequences were calculated using MEGAI11 version 11.0.13
(Molecular Evolutionary Genetics Analysis) software (Tamura et al., 2021)
and Geneious Prime software®. Sequences were identified using ‘Basic Local
Alignment Search Tool’ (NCBI BLAST,
https://blast.ncbi.nlm.nih.gov/Blast.cgi). Newly-found haplotypes were
deponated to the GenBank (Benson et al., 2012) (Paper I-IV, VI). Specimens
are preserved at State Scientific Research Institute Nature Research Centre
(Vilnius, Lithuania) (Paper I-1V, VI).

2.6 Phylogenetic analysis

Phylogenetic baesyan tree was constructed by wusing Geneious
Prime®2023.0.4, with MrBayes plugin version 3.2.6. (Ronquist and
Huelsenbeck, 2003). jModeltest-2.1.10 software (Darriba et al., 2012;
Guindon and Gascuel, 2003) was used for the best fit model (GTR+I+G)
selection. The parameters for the analysis were the following: 6 million
generations, with a sampling frequency of every 100th generation; 25% of the
initial trees were discarded as a ‘burn in’ period before the construction of the
final consensus tree (Paper I).

PopArt-1.7 (http://popart.otago.ac.nz (Leigh and Bryant, 2015)) software
was used to construct a phylogenetic median-joining (MJ) network (Bandelt
et al.,, 1999) for clarification of intra-species relationships within the 7.
bennetti species group (Paper III).

2.7 Statistical analysis

A bipartite network was constructed using R 4.3.2 (R Core Team, 2017)
and the bipartite package 2.19 (Dormann et al., 2008) in order to visualize and
better understand the interactions between Culicoides biting midge species
and their blood meal sources. PAST 4.15 (Hammer et al., 2001) software was
used for estimation of rarefaction curves with their 95% confidence level in
order to assess the coverage in the sampling of Culicoides and the source of
blood meal species richness (Paper II).

Environmental parameters (average of a weekly wind speed (m/s),
precipitation (mm), air temperature (°C) were obtained from the Lithuanian
Hydrometeorological Service (www.meteo.lt); the automatic weather stations
(AWS) closest to the trapping locations were selected for this purpose. The
estimation between the environmental parameters and several most abundant
Culicoides species was evaluated by redundancy analysis (RDA) application
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with the use of Brodgar software (Highland Statistics Ltd.). Gradient lengths
of the first axis for the species matrix were conducted by Detrended
Correspondence Analysis (DCA) prior to RDA. The resulting length of an axis
was <3, which indicated the eligibility of the use of RDA over Canonical
Correspondence Analysis (CCA). The data on Culicoides species abundance
was transformed with Hellinger transformation with the use of R (version
4.4.1.), package “vegan” (Oksanen et al., 2001). Cases where total abundance
were equal to 0 (i.e. no Culicoides biting midges) were not included to the
analysis in order to avoid ordination biasing with empty data, additionally,
RDA analysis was done using uniform data collection (material collected in
Brinkiskés, Botanical Garden, and Verkiai, excluding Puvociai). Only
individuals of the species which were detected in >5 trappings were used for
the analysis. The statistical significance for the RDA model and its
components was calculated with permutation test (999 permutations) using
the same R package “vegan”, assessed for the overall model, individual axes
and one of each variable (wind, precipitation, and air temperature). For
multicollinearity assessment, mentioned variables were calculated using
Variance Inflation Factors (VIFs) (Paper IV).

The prevalence of the parasites (%) was calculated as the proportion of
infected biting midges relative to the total number of individuals examined.
Fisher’s exact test was employed to compare the prevalence of Trypanosoma
parasites across different Culicoides species and between study years.
Simpson’s diversity index (D) was calculated for each study site using
Microsoft Excel to evaluate the species diversity of Culicoides biting midges
(Paper IV).

To visualize and compare the variation in morphological traits among
biting midges and Trypanosoma species, boxplots were created in R using the
“ggplot2” package. Consistent axis scaling was applied to facilitate visual
comparison of trait distributions across species (Paper IV).

Statistical differences in trait measurements between groups were
evaluated using one-way ANOVA. Separate analyses were conducted to
assess variation among biting midge species and between Trypanosoma
species. Results with p-values < 0.05 were considered statistically significant,
and post hoc comparisons were performed using Tukey’s HSD test when
appropriate (Paper 1V).
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3. RESULTS AND DISCUSSION

The results provided in this section were described and discussed in the
papers I-VI and comprise for the basis of this dissertation. Overall, 5019
Culicoides biting midges representing 24 species were examined for different

purposes (Table 1).

Table 1. Culicoides biting midges investigated during the research for the

current thesis.

Culicoides species No. of Percentage | Reference to the
examined | of paper
individuals | examined

individuals
(7o)

C. (Silvaticulicoides) Paper 111
fascipennis (Stager, 1839) 1 <0.1

C. (Oecacta) albicans <0.1 Paper IV
Winnertz, 1852 1

C. (Wirthomyia) minutissimus <0.1 Paper VI
(Zetterstedt, 1855) 1

C. (Culicoides)  fagineus <0.1 Paper 11
Edwards, 1939 2

C. (Wirthomyia) reconditus Papers L, I, IV
Campbell et Pelham-Clinton,
1960 3 0.1

C. (Culicoides) grisescens Paper IV
Edwards, 1939 4 0.1

C. (Avaritia) dewulfi Paper VI
Goetghebuer, 1936 9 0.2

C. (Culicoides) newsteadi Papers I, ITI-1V,
Austen, 1921 14 0.3 VI, data in press

C. (Culicoides) lupicaris Papers 111, VI
Downes and Kettle, 1952 14 03

C. (Beltranmyia) Papers II, data in
circumscriptus Kieffer, 1914 16 0.3 press

C. (Silvaticulicoides) achrayi Papers I, IV
Kettle et Lawson, 1955 19 04

C.  (Avaritia)  chiopterus Papers II-111
(Meigen, 1830) 19 0.4

C. (Culicoides) pulicaris Papers II-1V,
(Linnaeus, 1758) 22 0.4 data in press
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C. (Silvaticulicoides) Papers -1V,
pallidicornis/Culicoides data in press
(Silvaticulicoides) subfascipennis 32 0.6

Culicoides sp. 46 0.9 Papers II-1V

C. (Wirthomyia)  segnis Papers I-111,
Campbell et Pelham-Clinton, data in press
1960 95 1.9

C. (Sensiculicoides) Papers III and
duddingstoni Kettle and Lawson, VI
1955 122 24

C. (Sensiculicoides) clastrieri Papers III, VI,
Callot, Kremer and Deduit, 1962 165 33 data in press

C. (Culicoides) impunctatus Papers I-1V
Goetghebuer, 1920 277 5.5

C. (Culicoides) punctatus Papers -1V,
(Meigen, 1804) 361 7.2 data in press

Papers I-1V,

C. obsoletus group 422 8.4 data in press

C. (Oecacta) kibunensis Papers -1V,
Tokunaga, 1937 1032 20.6 data in press

C. (Oecacta) pictipennis Papers -1V,
(Staeger, 1839) 1156 23.0 data in press

C. (Oecacta) festivipennis Papers -1V,
Kieffer, 1914 1186 23.6 data in press

Papers I-1V, VI,
Overall 5019 data in press

The summary of main results according to the tasks of this dissertation is
provided below.

3.1 Summary of methods and prospects for studying Culicoides as
vectors of trypanosomatids

A comprehensive review of current knowledge was prepared on the
various methodologies used to investigate the relationships between
Culicoides biting midges and avian blood parasites in Europe. The review
discusses the challenges associated with studying trypanosomatids, outlines
the applied research methods, and emphasizes the importance and need for
integrated and multidisciplinary approaches to study Culicoides collected
under field conditions (Paper V).
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Such approaches — combining molecular xenomonitoring, microscopy,
morphometrics, and experimental infections — are crucial to assess vector
competence and to understand how host infection intensity affects vector
survival, reproduction, and biting behavior.

These interdisciplinary studies provide a robust scientific basis for
predicting and mitigating the risks of emerging pathogen transmission in
natural ecosystems.

3.2 Culicoides diversity and the peculiarities of seasonal activity of
biting midges belonging to certain Culicoides species in Lithuania
and their relationships with meteorological conditions

In total 1,631 parous Culicoides females representing 14 different species
were collected and investigated (Paper 1V). Three species were the most
dominant ones — C. kibunensis, C. pictipennis, and C. festivipennis. At the
beginning of the season (early May), the earliest collected specimens were
predominantly biting midges from the C. obsoletus group and C. pictipennis,
whereas C. kibunensis and C. obsoletus group specimens were collected at the
end of the season, representing the last individuals captured.

June was found to be the month with the highest Culicoides abundance —
30.8% of all investigated biting midges were collected; with the progression
of the season, the quantity of biting midges captured decreased. September
was the month with the least numbers of individuals of biting midges
collected. The number of Culicoides species peaked in June, with 14
Culicoides species recorded, followed by July (13 species) and August (8
species), whereas lower numbers were observed in May (5 species) and
September (4 species) (Paper IV, Figure 3). Furthermore, the highest species
diversity of Culicoides biting midges was observed in June (D = 0.82),
gradually declining as the season progressed (July: D = 0.79; August: D =
0.54), with the lowest diversity recorded in September (D = 0.19).

Redundancy analysis biplot (Paper IV, Figure 5) revealed temperature
and precipitation being the primary environmental factors, which structure
Culicoides species composition (F = 3.92, p = 0.001). Out of three tested
variables (temperature, precipitation, and wind speed) the notable individual
influence on species composition had only temperature (p = 0.001), meantime
precipitation and wind speed did not demonstrate significant contributions (p
>(.2). Two species — C. segnis and C. kibunensis — were shown in RDA biplot
to be placed between the temperature and precipitation vectors, indicating the
possible influence of both parameters to their abundance. However,
permutation tests suggest that temperature has a stronger effect than
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precipitation. Culicoides festivipennis, C. pallidicornis, and C. achrayi
showed a stronger association with higher temperatures. Wind speed
contributed minimally to the observed variation. Culicoides impunctatus, C.
punctatus, the C. obsoletus group, and C. pictipennis, revealed possible weak
or negative associations with all three measured environmental parameters.

Culicoides kibunensis was the most abundant species during this study:
adult females were caught from the start of June until the end of September
(Paper 1V, Figure 4); less abundant were C. pictipennis biting midges, they
were the most abundant in May. Culicoides festivipennis were collected more
abundantly in the second part of the summer, while C. obsoletus group biting
midges reached the peak in June (average abundance during both years of
investigation 19.5%) and continued to decrease (4.2% during July and 3.6%
during August), although in September a rise was noted (insects of these
species accounted for 90% of all collected biting midges during this month)
(Paper 1V, Figure 4). Females of C. festivipennis, C. pictipennis, and biting
midges of C. obsoletus group were caught in the second part of May in 2023
(the average air temperature during this period was 14.7°C) and in the second
part of June in 2022 (the average air temperature was 17.5°C). Culicoides
kibunensis and C. punctatus were first collected in June during both years of
investigation, and C. segnis was collected only from the second part of June
to the first half of July.

Species composition varied across four different collection sites (Paper
IV, Figure 3). While Brinkiskés showed the highest number of species (14
species, D = 0.81), only nine species were collected in Puvociai and the
Botanical Garden each (D = 0.74 and D = 0.72, respectively). Twelve
Culicoides species were collected in Verkiai (D = 0.69). Parous females of C.
kibunensis were the most abundant in the Botanical Garden and Verkiai,
whereas parous C. pictipennis females dominated across all sites, with the
highest abundance being in Verkiai. Mammalophilic species such as C.
obsoletus group and C. impunctatus prevailed in Puvociai, while C. punctatus
was dominant in Brinkiskés, where less frequently caught species (C. albicans
and C. grisescens) were also recorded. Seven species (C. segnis, C. punctatus,
C. pictipennis, and C. obsoletus group biting midges, C. kibunensis, C.
impunctatus, and C. festivipennis) were common in all study sites (Paper IV,
Figure 3).

Comparison with previous studies reveals that Culicoides abundance in
Lithuania, as elsewhere in Europe, generally peaks in the early summer,
although the timing of seasonal peaks varies among species and regions. For
instance, in Spain the highest overall abundance was recorded between mid-
June and mid-July (Gonzalez et al., 2022), whereas in urban forests of
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Germany the peak occurred later, in September (Santiago-Alarcon et al.,
2013). In Lithuania, June represented the month of highest abundance,
accounting for 30.8% of all collected midges, while the lowest numbers were
recorded in September. Species-specific seasonal dynamics were also
observed. The most abundant species, C. kibunensis, began flight activity in
early June and peaked in July, which confirms the findings from Spain
(Gonzalez et al., 2022). The less abundant C. pictipennis was identified as an
early-flying species, in agreement with both local and international studies
(Collins et al., 2018; Werner et al., 2020) that indicate C. pictipennis having
the highest flying activity in spring. In contrast, C. festivipennis was more
abundant in the second half of summer, although previous research reported
its activity peak in late autumn (Foxi and Delrio, 2010). The C. obsoletus
group showed the longest flight activity period, occurring from early spring to
late autumn (Versteirt et al., 2017) (Paper IV, Figure 4).

During the doctoral research five new species to Lithuanian fauna were
recorded: C. dewulfi, C. lupicaris, C. duddingstoni, C. clastrieri, and C.
minutissimus (Paper VI). Previously, 27 Culicoides species were registered
in Lithuania, additionally, records of two more species were added in 2023. In
recent years, research on biting midges in Lithuania have extended to habitats
that were previously uninvestigated, including swine farms (Bernotiené et al.
2023) and Lithuanian Zoological Garden, leading to the recording of seven
Culicoides species that locally were not previously found. As a result, the
Lithuanian Culicoides fauna increased to 34 species. Nevertheless, many
regions of the country remain insufficiently studied, highlighting the need for
continued local research and systematic monitoring of these insects.
Additionally, the molecular research on C. obsoletus group biting midges
showed the presence of both C. obsoletus and C. scoticus species in Lithuania
(data in press).

3.3 Determination of the prevalence of trypanosomatid infections in
wild-caught Culicoides biting midges

3.3.1. Prevalence of trypanosomatid infections in wild-caught
Culicoides biting midges at low height (approximately 2
meters above the surface)

Overall 159 Culicoides biting midges infected with trypanosomatids were
detected during three different studies: 48 (3.8%) were found during three year
study conducted in Curonian Spit (Paper III), 107 (6.5%) were found during
two-year study in four different locations in the eastern and southern parts of
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Lithuania (Paper IV), and 4 (3.7%) were found in the pilot study conducted
in Lithuanian Zoological Garden (data in press).

In total, avian trypanosomes belonging to 7. bennetti group accounted for
the vast majority of detected trypanosomatids (54.2% in Paper 111, 59.8% in
Paper IV, and 50% in data in press). At least two species are classified within
this group, T. bennetti and T. everetti, which were noted to be genetically very
similar, having very low genetic differences in partial SSU rDNA sequences
(Bernotien¢ et al., 2020); despite very close genetic overlap they remain
separate species due to the distinct original descriptions (with morphological,
host, and contextual differences) (Bernotiené et al., 2020; Kirkpatrick et al.,
1986; Molyneux, 1973). Moreover, there is no data on 7. everetti
morphometry, and morphometrical analysis for 7. bennetti was done only in
experimentally infected Culicoides nubeculosus (Meigen, 1830) biting
midges (Svobodova et al.,, 2017). Morphometrical investigation was
conducted for T. bennetti group trypanosomes found in three wild-caught
biting midge species (Paper IV, Table 3 and Figure 7). Tukey’s HSD post-
hoc test (p <0.05) indicated significant differences of area of kinetoplast (AK)
of T. bennetti in C. kibunensis biting midges in contrast with other Culicoides
species; moreover, the area of nucleus (AN) was determined to be
significantly greater than of Trypanosoma in C. pictipennis biting midges.
Trypanosomes in C. kibunensis also had longer lengths of free flagellum (FF)
and demonstrated significantly greater distances from the center of nucleus to
anterior cell end (NA) than those in C. festivipennis and C. pictipennis.
Trypanosoma bennetti in C. pictipennis was characterised by markedly
narrower widths of the cell through center of nucleus (BW) than trypanosomes
in C. festivipennis and C. kibunensis biting midges. PCR-based analysis of
partial SSU rDNA gene was performed for microscopical morphometrical
result confirmation, as 7. bennetti group species are impossible to separate
using mentioned molecular marker. Comparing these results with prior
research data (Svobodova et al., 2017) it seems that T. bennetti species
trypomastigote morphometry might vary in different Culicoides hosts (Paper
IV, Figure 7), however, T. bennetti and T. everetti cannot be distinguished
using partial SSU rDNA gene molecular marker, and it can only be
hypothesized that the observed differences in 7. bennetti group trypanosomes
across various Culicoides species may result from infections by distinct
Trypanosoma species. Experimental research and laboratory cultivation of
parasite colonies are needed. Notably, C. duddingstoni was found to be
infected with 7. bennetti group trypanosomes (6 out of 122 (4.9%) in Paper
III) for the first time, implying the possibility of this insect species being the
potential vector for these avian trypanosomes.

29



Trypanosoma avium infections in biting midges were found less common
(10 infected Culicoides females): 4.2% in Paper III and 7.5% in Paper IV.
Interestingly, 1 case out of 2 in Paper III and 7 cases out of 8 in Paper IV T.
avium was found in C. segnis biting midges. Previously this parasite was
found in wild-caught C. segnis (Bernotien¢ et al., 2020); these results indicate,
that C. segnis could be a possible vector for this parasite. However, to confirm
this hypothesis experimental investigation on this species should be done.

High prevalence of mammal infecting trypanosomes of 7. theileri group
was detected in biting midges: 6.3% in Paper 111, 5.6% in Paper IV, and 50%
in data in press. Although previous research (Galkova, 2010) discovered this
parasite in 5 (0.1%) Culicoides individuals from three species (C. obsoletus,
C. pulicaris, and C. punctatus), the presence of mammalian trypanosomes in
Culicoides was believed to be uncommon, as there is no evidence on the
development of this parasite in Culicoides biting midges. Nevertheless,
trypanosomatids from 7. theileri group were observed in biting midges during
three different studies only with PCR-based methods; although
microscopically no developmental stages of these parasites were found in the
guts of dissected individuals (Papers IV, data in press), molecular detection
showed the presence of 7. theileri group trypanosome DNA, which indicates
the importance for further experimental research to determine whether these
parasites are capable of developing in Culicoides biting midges.

A single case of T. culicavium infection (2.1%) was identified in a wild-
caught C. festivipennis from the Curonian Spit, detected only by PCR-based
methods (Paper III). Experimental research conducted by Svobodova et al.
in 2017 revealed, that this parasite cannot develop in experimentaly infected
Culicoides (Svobodova et al., 2017). Such a result demonstrates the
importance of using an integrative approach for wild-collected blood-sucking
insects, as the molecular approach alone cannot determine the vectorial
compatibility of the tested species (Paper V).

Several species of monoxenous parasites were detected in Culicoides.
Herpetomonas ztiplika was detected in the study conducted in the Curonian
Spit (8.3% in Paper III) and in south-eastern part in Lithuania (9.3% in Paper
IV). This parasite was detected in C. segnis, C. festivipennis, C. obsoletus
group, C. pictipennis, C. punctatus biting midges. This parasite was originally
described from Culicoides (Podlipaev et al., 2004) and obtained results
indicate that this monoxenous parasite is common for biting midges. The same
conclusion can be made for Sergeia podlipaevi; although it was detected only
during one study in 25% of infected biting midges (Paper III), the presence
of this parasite in different biting midge species (C. impunctatus, C.
kibunensis, C. obsoletus group, C. pallidicornis/subfascipennis, C.
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pictipennis, and C. segnis) confirms the widespread occurrence of this parasite
within the genus Culicoides.

Crithidia brevicula was detected in several biting midge species (C.
pictipennis, C. impunctatus, C. segnis, C. newsteadi, C. achrayi, C.
grisescens, and Culicoides sp.), accounting for overall 14% (Paper IV, Table
2). This parasite was originally found in Culicidae mosquitoes (Schoener et
al., 2018; Svobodova et al., 2015), and the results of this dissertation support
the possibility of Culicoides to be hosts of this parasite.

3.3.2. Prevalence of avian blood parasites in wild-caught
Culicoides biting midges collected on the tree canopy level
near the nests of raptor birds

For this purpose, 1251 parous Culicoides females were collected in the
tree canopy (~15 meters height above the ground) and PCR-tested for
trypanosomatid prevalence. Overall, 139 (11.1%) were found to be infected
with both monoxenous and dixenous trypanosomatids (Paper I, Table 1).
The prevalence of trypanosomatids in parous females collected near common
buzzard nests accounted for 6.2% (n=56) while near lesser spotted eagle nests
accounted for 24.3% (n=83). Avian trypanosomes (7rypanosoma avium and
T. bennetti group trypanosomes) and monoxenous trypanosomatids from two
genera (Crithidia and Obscuromonas) were discovered. Interestingly, 61.2%
of all detected parasite sequences indicated mixed Trypanosoma infections,
which was demonstrated by the double peaks in the sequence chromatograms.
The greater part (n=43) of detected trypanosomatid sequences were found to
be phylogenetically very similar to 7. bennetti group (Paper 1, Figure 2).
Overall, 6 new haplotypes belonging to 7. bennetti group were discovered,
with haplotype 5 being the most common (n=34) (Paper I, Table 1). The
analysis of genetic distances within T. bennetti group trypanosomes showed
variation as high as 2.9%; this shows that PCR-based analysis on partial 18S
rDNA marker is not enough for trypanosome species identification, moreover,
molecular methods cannot determine parasite development in investigated
insects (Valkitinas et al., 2013) (Paper L, V).

One Culicoides segnis and one C. pictipennis females were found to be
positive for 7. avium. Although the results of Paper I note that Culicoides
biting midges could be possible transmitters of 7. avium, however, such
infection indicates that the biting midge fed on the blood of an infected host
and without microscopic confirmation of infective parasite stages present in
Culicoides digestive tract insect cannot be confirmed as a transmitter (Paper
V).

31



One C. kibunensis was positive for Obscuromonas sp., and two C.
festivipennis, two C. pictipennis, and one C. kibunensis were positive for
Crithidia DNA (Crithidia brevicula or Crithidia sp.) (Paper 1 Table 1).
Notably, Culicoides infected with monoxenous trypanosomatids were
collected only near a common buzzard nests; overall the monoxenous parasite
infection in analyzed Culicoides accounted for 0.48%. During this study,
monoxenous trypanosomatid from genus Obscuromonas was detected for the
first time in Culicoides biting midge. These results supplement existing
knowledge on monoxenous trypanosomatid presence in Culicoides biting
midges (Paper I), although additional investigation using other methods,
preferably microscopic examination, is needed to confirm the possibility of
Crithidia and Obscuromonas developing in blood-sucking insects, especially
Culicoides (Paper V).

The prevalence of trypanosomatids in the same Culicoides species can
differ in different localities and different heights, for example, the prevalence
of trypanosomatids in C. kibunensis collected in Curonian Spit was
statistically significantly lower than in Verkiai (p < 0.00007), while the
prevalence in insect females collected in Verkiai was significantly higher than
in ones collected in the tree canopy level (near Clanga pomarina nests (p <
0,00001) and near B. buteo nests (p < 0.00006)); meantime, the
trypanosomatid prevalence in C. festivipennis collected nearby C. pomarina
nests was significantly higher than in females of the same species collected
nearby B. buteo nests (p < 0.00001). The differences are evident, the factors
contributing to these differences should be investigated in future research.

3.4 Seasonality of the prevalence of trypanosomatids in Culicoides
biting midges

A two-year study on wild-caught Culicoides and the presence of
trypanosomatids in them indicated an escalating infection rate during the
warm season (in June average prevalence was 5.3% (2022 — 6.9%; 2023 —
3.6%), in July 8.8% (2022 and 2023 — 8.8%), and in August 11.2% (2022 —
8.3%, 2023 — 14.1%)). Overall parasite prevalence in late spring (May) was
3.1 % (2022 — 0%, 2023 — 6.1%) and in early autumn (September) 1.4% (2022
—2.7%, 2023 — 0%); differences in the prevalence of trypanosomatids between
different months were found to be statistically significant (p < 0.0001).

Earlier studies investigating the prevalence of avian haemosporidian
parasites revealed, that the month of June with the highest biting midge
abundance is not the month with the highest avian parasite prevalence in
Culicoides in the wild (highest prevalence of Culicoides infections of
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haemosporidian parasites was detected in July), reaching the conclusion, that
July might be the best time of the season for haemosporidian parasite research
in the wild (Ziegyté et al., 2022). Results of this study might indicate a similar
pattern: the highest prevalence of trypanosomatid infections in August reflects
the peak of transmission in the wild, which may be the optimal time of the
season to conduct trypanosomatid investigations in wild blood-sucking hosts
(Paper 1V).

3.5 Culicoides feeding preference

In total 258 Culicoides females were engorged and were investigated for
feeding preference analysis using PCR method (Paper II), but only for 75
(29.1%) engorged females blood meal analysis was successful. Avian blood
(74.7%, n=56) of 23 bird species was identified, with majority being black
birds Turdus merula Linnaeus, 1758 (Passeriformes, Turdidae) and great tits
Parus major Linnaeus, 1758 (Passeriformes, Paridac). Mammalian (25.3%,
n=19; three hosts identified — cattle, domestic cat and humans) hosts were
identified as the blood sources for analyzed biting midges (Paper II, Table
2).

Feeding source from 23 samples could not be determined clearly because
of high difference rate between the obtained sequences and sequences
deponated in the GenBank database: nine showed low similarity (<91%) with
sequence from mistle thrushes Turdus viscivorus Linnaeus, 1758
(Passeriformes, Turdidae), one a bit higher similarity (<92%) with song
thrushes Turdus philomelos Brehm, 1831 (Passeriformes, Turdidae), and two
sequences showed only 83% similarity with mammalian hosts (one with a
horse Equus caballus Linnaeus, 1758 (Mammalia, Equidae) and one with a
human Homo sapiens Linnaeus, 1758). These results were obtained from C.
kibunensis (T. viscivorus, n = 4 and T. philomelos, n = 1), C. festivipennis (T.
viscivorus, n = 4), C. obsoletus group (humans, n = 1 and 7. viscivorus, n =
1), and C. punctatus (horse, n = 1). In addition, 11 samples showed non-
specific amplification with multiple double peaks, preventing the generation
of clean sequences for BLAST analysis and subsequent identification of the
blood meal source.

Samples with reliable similarity (>99%) provide bloodmeal source data for
the following species: biting midges belonging to the C. obsoletus group, C.
pallidicornis, and C. punctatus fed only on mammal hosts; C. segnis fed solely
on avian hosts; C. festivipennis and C. kibunensis demonstrated opportunistic
feeding behavior (adjusting their host choice according to local host
availability and accessibility) with a preference of avian hosts (92% and 96%,
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respectively); C. pictipennis also fed on both mammals and birds, although
because of the low number of engorged PCR-positive females, it was
impossible to identify any feeding preferences for this species (Paper II,
Table 2).

The feeding interaction network between Culicoides and their vertebrate
hosts in the wild environment demonstrated that C. kibunensis and C.
festivipennis fed on a highly diverse range of avian hosts (14 and 12 bird
species, respectively), and 7. merula was one of the most frequent blood meal
sources. Although C. segnis was feeding only on birds, the number of
identified hosts was lower (6 bird species) and no blood of 7. merula was
detected. Three different blood meal sources were identified for C. pictipennis
— one mammalian (human) and two avian (the marsh tit Poecile palustris
Linnaeus, 1758 and T. merula). Additionally, C. segnis, C. kibunensis, and C.
festivipennis were found to be feeding on Parus major (Paper II, Figure 2).

Interestingly, in a previous study C. segnis was noted to be a species with
mammalophilic behaviour (Elbers and Meiswinkel, 2015), nevertheless,
subsequent research from Europe found avian haemosporidian parasite DNA
in the mentioned species, which indicates, that the specimens fed on the blood
of infected birds (Chagas et al., 2022; Ziegyté et al., 2022), moreover, our
results demonstrates that bird infecting 7. avium is commonly found in C.
segnis biting midges (Papers I1I and V) which support the hypothesis of C.
segnis being a species with ornithophilic feeding preferences.

In this study, biting midges from the C. obsoletus group, along with C.
pallidicornis and C. punctatus, exhibited mammalophilic feeding behavior, as
all identified blood meals originated from mammals (Paper II, Table 2,
Figure 2). Culicoides obsoletus group in Lithuania consists of two
morphologically undistinguishable species — C. obsoletus and C. scoticus
(Pakalniskis et al., 2006). Notably, during this investigation, one recovered
sequence from the C. obsoletus group showed low similarity to a bird species,
suggesting that the specimen previously has been feeding on a bird, although
the specific species could not be identified. Literature indicates this species
being mainly mammalophilic (Augot et al., 2017; Ayllon et al., 2014; Hadj-
Henni et al., 2015; Martinez-de La Puente et al., 2015; Santiago-Alarcon et
al., 2012; Videvall et al., 2013), although some studies reported cases when
these insects were found to be feeding opportunistically on birds (Augot et al.,
2017; Ayllén et al., 2014; Bobeva et al., 2015; Lassen, 2012; Martinez-de La
Puente et al., 2015; Ninio et al., 2011; Santiago-Alarcon et al., 2013, 2012;
Videvall et al., 2013). Results of Paper I1I and IV noted the low prevalence
of trypanosomes from 7. bennetti group in C. obsoletus group biting midges,
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which indicates that these insects fed on infected avian hosts, supporting the
hypothesis for their opportunistic feeding behaviour.

During this study opportunistic feeding preferences were detected for C.
festivipennis and C. kibunensis biting midges and despite occasional feeding
on mammals, their primary preference was for avian hosts (Paper II, Table
2, Figure 2) which supports previous findings (Augot et al., 2017; Ayllon et
al., 2014; Lassen, 2012; Martinez-de La Puente et al., 2015; Santiago-Alarcon
et al., 2013, 2012; Videvall et al., 2013). However, one study noted C.
festivipennis feeding only on avian hosts (Bobeva et al., 2015). Moreover, C.
festivipennis and C. kibunensis had the widest range of blood meal sources (14
and 12, respectively), with 7. merula being the most common host (Paper 11,
Table 2, Figure 2), which indicates the attraction of these biting midge
species to the birds of Turdidae family. Interestingly, results of Paper IV
found both mammalian and avian trypanosomes in C. kibunensis biting
midges, although the prevalence of avian trypanosomes was much higher than
mammalian ones. This supports evidence that birds are more preferable as a
blood meal source for these insects, than mammals.

Only a few blood meal sources were identified in C. pictipennis, with half
originating from mammals and half from birds (Paper II, Table 2, Figure 2).
Although the results of Paper IV found only avian trypanosomes in these
biting midges, one infected with mammalian 7. theileri group trypanosome
specimen was noted in Paper III. More research should be done to better
understand the feeding preferences of C. pictipennis biting midges.

Engorged females of C. circumscriptus were detected, but the origin of
their blood meals remained unidentified (Paper II, Table 2). Previously it
was noted to be a common species in Spain (Ferraguti et al., 2013; Veiga et
al., 2018) and Bulgaria (Bobeva et al., 2013, 2014, 2015), although in
Lithuania this species is quite rare (Bernotiené et al., 2016, 2019; Chagas et
al., 2022, 2024; Ziegyté et al., 2021, 2022). Moreover, it was reported that C.
circumscriptus prefers habitats 20 meters above the ground (Braverman and
Linley, 1993). This may explain why only a few individuals of this species
were captured in this study, since the traps were positioned at a height not
exceeding 2 meters. Encouraging future sampling of Culicoides at multiple
heights could help determine whether C. circumscriptus predominantly occurs
above 20 meters and what role it plays in transmitting avian blood parasites.
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CONCLUSIONS

Culicoides biting midges play an important role as vectors of
trypanosomatids and currently rarely used integrative and multidisciplinary
approaches are recommended for their investigation.

June is the month with the highest Culicoides abundance and diversity, with
the number of biting midges and detected species decreasing in subsequent
months in Lithuania. Air temperature is the primary meteorological factor
shaping Culicoides species composition. Culicoides festivipennis, C.
pallidicornis, and C. achrayi were more associated with higher
temperatures, while the abundance of C. segnis and C. kibunensis appeared
to be influenced by both temperature and precipitation. In contrast, C.
impunctatus, species from the C. obsoletus group, and C. pictipennis showed
weak or negative associations with all three meteorological variables (air
temperature, wind speed, and precipitation) examined.

The prevalence of trypanosomatid infection in Culicoides biting midges
collected at the ground level ranged from 3.7% to 6.5%. The majority
(74.2%) of detected trypanosomatids belonged to genus 7Trypanosoma,
smaller part (25.8%) were monoxenous trypanosomatids belonging to the
genera Herpetomonas, Crithidia, and Sergeia.

The prevalence of trypanosomatids in Culicoides biting midges collected at
the tree canopy level near the nests of raptor birds accounted for 11.1%.
Notably, 61.2% of all detected parasite sequences represented mixed
infections involving Trypanosoma species.

The highest prevalence of trypanosomatid infections was recorded in August
in Lithuania; it is indicated that this period corresponds with peak
transmission activity in natural environments, making it the most suitable
time of the season for investigating trypanosomatids in blood-feeding hosts.
Culicoides obsoletus group, C. pallidicornis, and C. punctatus exhibit
mammalophilic feeding behavior, while C. festivipennis, C. kibunensis, and
C. pictipennis demonstrate opportunistic feeding habits, with the first two
species primarily feeding on birds. Although the literature describes C.
segnis as mammalophilic, the findings indicate a predominantly
ornithophilic feeding behavior. Blackbirds (7Turdus merula) were found to
be the preferred blood meal source for C. kibunensis and C. festivipennis.
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SUPPLEMENTED MATERIAL

Supplementary material 1. An updated checklist of Lithuanian
Culicoides Latreille, 1809 (Diptera, Ceratopogonidae) species.

List of species
Ceratopogonidae Newman, 1834

Genus Culicoides Latreille, 1809
Subgenus Avaritia Fox, 1955

Avaritia Fox, 1955
Type-species: Ceratopogon obsoletus Meigen, 1818.

Culicoides (Avaritia) chiopterus (Meigen, 1830).
amoenus (Winnertz, 1852).
dobyi Callot and Kremer, 1969.
Culicoides (Avaritia) dewulfi Goetghebuer, 1936.
pseudochiopterus Downes and Kettle, 1952.
Culicoides (Avaritia) obsoletus (Meigen, 1818).
varius (Winnertz, 1852).
yezoensis (Matsumura, 1911).
lacteinervis Kieffer, 1919.
rivicola Kieffer, 1921a.
clavatus Kieffer, 1921a.
heterocerus Kieffer, 1921a.
pegobius Kieffer, 1922c.
kabyliensis Kieffer, 1922b.
concitus Kieffer, 1922a.
intermedius Okada, 1941.
sintrensis Cambournac, 1956.
seimi Shevchenko, 1967.
Culicoides (Avaritia) scoticus Downes et Kettle, 1952.

Subgenus Beltranmyia Vargas, 1953

Beltranmyia Vargas, 1953.
Type-species: Culicoides crepuscularis Malloch, 1915.
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Culicoides (Beltranmyia) circumscriptus Kieffer, 1918.
nadayanus Kieffer, 1918.
edwardsi Goetghebuer, 1921.
algarum Kieffer, 1924a.
salicola Kieffer, 1924b.
pictidorsum Kieffer, 1924b.
albonotatus Vimmer, 1932.
albosignatus Vimmer, 1932,
polymaculatus Vimmer, 1932.
pulcher Zilahi-Sebess, 1934.
kirovabadicus Dzhafarov, 1964.
matsuensis Lien, Weng and Lin, 1996: 20 (valid subspecies of
circumscriptus).
meridionalis Xue, Liu and Yu, 2003: 112 (valid subspecies of
circumscriptus).
Culicoides (Beltranmyia ) salinarius Kieffer, 1914.
halobius Kieffer, 1914.
meinerti Kieffer, 1915b.
punctatidorsum Kieffer, 1924a.
Culicoides (Beltranmyia ) sphagnumensis Williams, 1955.
lacicola Arnaud, 1956.
carjalaensis Glukhova, 1957.

Subgenus Culicoides Latreille, 1809

Culicoides Latreille, 1809.
Type-species: Culicoides grisescens Edwards, 1939.

Culicoides (Culicoides) deltus Edwards, 1939.
Culicoides (Culicoides) fagineus Edwards, 1939.
Culicoides (Culicoides) grisescens Edwards, 1939.
remmi Damian-Georgescu, 1972.
arschanicus Mirzaeva, 1984.
Culicoides (Culicoides) impunctatus Goetghebuer, 1920.
minor Tokunaga, 1941.
Culicoides (Culicoides) lupicaris Downes and Kettle, 1952.
Culicoides (Culicoides) newsteadi Austen, 1921.
halophilus (Kieffer, 1924b).
biclavatus Kieffer, 1924a.
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edwardsi Goetghebuer, 1933a.
edwardsianus Goetghebuer, 1933b.
Culicoides (Culicoides) pulicaris (Linnaeus, 1758).
setosinervis Kieffer, 1913.
pullatus Kieffer, 1915a.
stephensi Carter, 1916.
cinerellus Kieffer, 1919.
quinquepunctatus Goetghebuer, 1921.
Sflaviplumus Kieffer, 1924a.
sawamotoi Kono and Takahasi, 1940.
Culicoides (Culicoides) punctatus (Meigen, 1804).
punctatus Latreille, 1809 (preoccupied by Culicoides punctatus (Meigen,
1804)).
ocellaris Kieffer, 1921b.
kasachstanicus Shakirzjanova, 1963.

Subgenus Monoculicoides Khalaf, 1954

Monoculicoides Khalaf, 1954.
Type-species: Ceratopogon nubeculosus Meigen, 1830.

Culicoides nubeculosus (Meigen, 1830).
puncticollis Goetghebuer, 1912 (preoccupied by Culicoides puncticollis
(Becker, 1903)).
punctaticollis Goetghebuer, 1920.

Culicoides riethi Kieffer, 1914.
cordatus Kieffer, 1921c.
crassiforceps Kieffer, 1924a.
gigas Root and Hoffman, 1937.

Culicoides stigma (Meigen, 1818).
kiefferi Goetghebuer, 1910.
cordiformitarsis Carter, 1916.
unimaculatus Goetghebuer, 1920.
stigmoides Callot, Kremer and Deduit, 1962.

Subgenus Oecacta Poey, 1853

Oecacta Poey, 1853.
Type-species: Oecacta furens Poey, 1853.
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Culicoides albicans Winnertz, 1852.
Culicoides festivipennis Kieffer, 1914.
odibilis Austen, 1921.
winnertzi Edwards, 1926.
Culicoides heliophilus Edwards, 1921.
latifrontis Shakirzjanova, 1962.
kobachidzei Dzhafarov, 1964.
Culicoides kibunensis Tokunaga, 1937.
cubitalis Edwards, 1939.
ponkikiri Kono and Takahasi, 1940.
sitinohensis Okada, 1941.
Culicoides pictipennis (Steger, 1839).
arcuatus (Winnertz, 1852).
guttularis Kieffer, 1919.
achkamalicus Dzhafarov, 1964.
luganicus Shevchenko, 1972.
Culicoides simulator Edwards, 1939.
Culicoides vexans (Steger, 1839).
pungens (Kieffer, 1901).
perpungens Kieffer, 1919.
ajbassovi Shakirzjanova, 1962.

Subgenus Sensiculicoides Shevchenko, 1977

Sensiculicoides Shevchenko, 1977.
Type-species: Ceratopogon pictipennis Steger, 1839.

Culicoides duddingstoni Kettle and Lawson, 1955.
Culicoides clastrieri Callot, Kremer and Deduit, 1962.

Subgenus Silvaticulicoides Glukhova, 1977.

Subgenus Silvaticulicoides Glukhova, 1977.
Type-species: Ceratopogon fascipennis Staeger, by original designation.

Culicoides achrayi Kettle et Lawson, 1955.
Culicoides fascipennis (Steger, 1839).
distictus Kieffer, in Thienemann and Kieffer, 1916.
turficola Kieffer, 1925b.
Culicoides pallidicornis Kieffer, 1919.
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susae Kieffer, 1919.

dileucus Kieffer, 1921a.

brunneiscutellatus Zilahi-Sebess, 1933.

bruneoscutellatus Zilahi-Sebess, 1934.

niger Root and Hoffman, 1937.
Culicoides subfasciipennis Kieffer, 1919.

analis Kieffer, 1925a.

Subgenus Wirhomyia Vargas, 1973

Wirhomyia Vargas, 1973
Type-species: Culicoides segnis Campbell et Pelham—Clinton, 1960.

Culicoides (Wirthomyia) reconditus Campbell et Pelham—Clinton, 1960.
Culicoides (Wirthomyia) segnis Campbell et Pelham—Clinton, 1960.
Culicoides (Wirthomyia) minutissimus (Zetterstedt, 1855).

albihalter Kieffer, 1919.

bychowskyi Dzhafarov, 1964.

tugaicus Dzhafarov, 1960.
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SANTRAUKA

MOKSLINE PROBLEMA IR AKTUALUMAS

Genties Culicoides smulkieji masalai yra vieni i§ maziausiy kraujasiurbiy
vabzdziy, nepaisant to, jie kelia didelj susidoméjima medicinos ir veterinarijos
srities specialistams dél keliy priezasCiy: pirmiausia, jie yra gerai zinomi
virusy platintojai visame pasaulyje — Europoje jie pernesa gyviny patogenus,
tokius kaip afrikinés arkliy ligos virusas (angl. African Horse Sickness Virus,
AHSV) (Mellor ir Hamblin, 2004), mélynojo liezuvio virusas (angl.
Bluetongue Virus, BTV) (Sreenivasulu ir kt., 2004), Oropouche virusas
(Sakkas ir kt, 2018) bei Smalenbergo (angl. Schmallenberg) virusas
(Rasmussen ir kt., 2012); be to, Sie vabzdziai sukelia neigiama poveikj zmoniy
bei gyviny sveikatai dél trikdymo (angl. nuisance) bei sukeliamy alerginiy
reakcijy, kurios gali pasireiksti dél seiliy, suleidziamy vabzdzio jkandimo
metu (Carpenter ir kt., 2013). Pastaruoju metu moksliniais tyrimais nustatyta,
kad Sie vabzdziai gali biiti pauksciy kraujo parazity, tokiy kaip Haemoproteus
(Apicomplexa, Haemosporida) (Atkinson, 1991; Bukauskaité ir kt, 2015;
Valkifinas, 2005; Ziegyté ir kt., 2014, 2016, 2022) ir Trypanosoma
(Euglenozoa, Trypanosomatida) perneséjai (Bennett, 1961; Bernotiené ir kt.,
2020; Svobodova ir kt., 2017). Siy vabzdziy pernesamy patogeny sukeliamos
infekcijos gali neigiamai paveikti laukiniy pauksciy sveikatg, reprodukcing
s¢kme ir net i§gyvenamuma (Marzal ir kt., 2005; Pigeault ir kt., 2018;
Zylberberg ir kt., 2015), o taip pat neigiamai veikti paciy vektoriy
gyvybingumg (Bukauskaité ir kt., 2016; Frolov ir kt., 2021; Valkiiinas ir
lezhova, 2004) (I, IIL ir IV straipsniai).

Dvisparniy vabzdziy Seima Ceratopogonidae, smulkieji masalai, yra
gausi: 1§ 6206 risiy, genciai Culicoides priklauso 1347 rusys, paplitusios
visame pasaulyje (nuo atograzy iki subtropiky, tundros ir vidutiniy platumy
regiony; S§iuo metu jy néra tik Naujojoje Zelandijoje ir Antarktidoje) (Borkent
ir Dominiak, 2020). Nepaisant Culicoides smulkiyjy masaly reikSmes, jie
iSlieka viena maziausiai iStirty dvisparniy vektoriy grupiy, nes jy tyrimai yra
itin sudétingi dél tam tikry biologiniy (mazas kiino dydis ir trapumas) bei
ekologiniy (ziniy apie daugelio rusiy veisimosi vietas stoka lemia ir ribota
informacijg apie Culicoides lervy bei léliukiy vystymosi stadijas ir jy biologija
(zinomos tik 13 % apraSyty Culicoides rusiy lervos ir 17 % léliukés)) ypatybiy
(Carpenter ir kt., 2013; Harrup ir kt., 2015; Mullens ir kt., 2015). Ilga laika
Lietuvoje buvo zinomos 27 Culicoides rusys (Pakalniskis ir kt., 2006) ir tik
2023 m. Bernotiené su kolegomis papildé Lietuvos Culicoides ruiSiy sarasg dar
dviem rusimis (Bernotiené ir kt., 2023) (I-1V, VI straipsniai).
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Smulkiyjy masaly vaidmuo perduodant jvairius patogenus yra glaudziai
susijes su jy mitybos biologija: kiausinéliy vystymuisi ir vélesniam jy déjimui
reikalingas kraujas, todél Sie vabzdziai maitinasi tiek Saltakraujy (varliagyviy,
ropliy), tiek Siltakraujy gyviiny (pauksciy ir zinduoliy), tame tarpe Zmoniy,
krauju (Mullen ir Durden, 2019). Eksperimentiniai tyrimai atlieckami su
smulkiaisiais masalais néra gausiis, nes jy auginimas laboratorijoje reikalauja
ypatingy salygy ir jgiidziy (Carpenter et al., 2015; Glukhova, 1967; Mullens
et al., 2015; Paslaru et al., 2018; Van Den Eynde et al., 2021), o dél mazo
dydzio ir trapumo rasiy identifikavimas remiantis vien tik morfologiniais
pozymiais suaugelio stadijoje yra sudétingas ir laiko reikalaujantis procesas
(Yanase ir kt., 2013). Yra sukurta keletas polimerazinémis grandininémis
reakcijomis (PGR) paremty protokoly, leidzianciy nustatyti Culicoides rusis
pagal mitochondrinés DNR citochromo ¢ oksidazés I subvieneto geno (COI)
seky analize (Ander ir kt., 2013; Déhn ir kt., 2024), ta¢iau toks tyrimo metodas
yra brangus ir reikalauja specifiniy molekulinés biologijos Ziniy bei jgiidZiy
(I-VI straipsniai).

Irodyta, kad kelios pauks¢iy kraujyje parazituojancios tripanosomy rusys
vystosi Culicoides smulkiuosiuose masaluose (Bernotiené ir kt., 2020;
Svobodova ir kt., 2017): T. bennetti, kuriag 1986 m. Kirkpatrick su kolegomis
aprasé i§ Amerikinio pelésakalio Falco sparverius, ir T. everetti, kuri i$
pradziy buvo rasta juodauodegiame margajame zvirblyje Estrilda t.
troglodytes. Pazymétina, kad Sios dvi tripanosomy rii§ys genetiskai yra labai
panasios — jy genetinis skirtumas pagal dalines 18S rDNR sekas, kurios daznai
naudojamos Siy parazity tyrimuose, yra tik 0,4-1,3% — tai reiSkia, kad tai
galéty buiti tos pacios rusies sinonimai (Bernotiené ir kt., 2020). Be to, naujausi
tyrimai rodo, kad gamtoje sugauty smulkiyjy masaly zarnyne galima aptikti ir
kity tripanosomy riisiy, pavyzdziui, paukscius parazituojanciy 7. avium riiSies
ir zinduolius parazituojanciy 7. theileri grupei priklausanéiy tripanosomy
(Bernotieng ir kt., 2020; Galkova, 2010). Tripanosomy aptikimas Culicoides
vabzdziuose dazniausiai grindziamas PGR metodais, taciau tokie tyrimai tik
parodo, kad vabzdys anksCiau maitinosi infekuoto Seimininko krauju, bet
nesuteikia informacijos apie infektyvios stadijos (tripanosomy atveju —
metaciklinés tripomastigotés) buvimg, t.y. S$iy parazity galimg vystymasi
smulkiuosiuose masaluose (Bernotien¢ ir Valkitnas, 2016) (I, III, IV
straipsniai).

Pastaruoju metu tripanosomatidy taksonomija gana sparciai vystési: per
pastargji deSimtmet] apraSyta daug naujy rasiy ir sukurta keletas naujy
monokseniniy tripanosomatidy poSeimiy bei genciy, kurios praplété ir
pagilino miisy Zinias apie jy paplitima, jvairove ir patogeniSkuma (Frolov ir
kt., 2021; Kostygov ir kt., 2021; Votypka ir kt., 2020). Monokseniniai
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tripanosomatidai laikomi nekenksmingais komensalais, kurie egzistuoja tik
vabzdziuose Seimininkuose, taciau tyrimai parodo, kad §ie organizmai kartais
gali neigiamai paveikti vabzdziy-Seimininky gyvybinguma, kai kuriais
atvejais net sukelti jy mirtj (Frolov ir kt., 2021). Be to, neseniai atlikty tyrimy
metu monokseniniai tripanosomatidai aptikti zmogaus odos pazeidimuose,
kurie paprastai atsiranda Leishmania spp. sukelty infekcijy metu.
Tripanosomatidy buvimas odos pazeidimuose lieka neaiskus (Boucinha ir kt.,
2022), taciau kraujasiurbiy vabzdziy vaidmuo perneSant Siuos patogenus néra
atmetamas. Dar daugiau, buvo nustatyta, kad Culicoides yra pagrindiniai keliy
monokseniniy tripanosomatidy rusiy Seimininkai: Herpetomonas ztiplika,
kuris originaliai apraSytas i§ C. kibunensis smulkiojo masalo, H. trimorpha -
18 C. truncorum ir Sergeia podlipaevi, aprasytas i§ C. festivipennis smulkiojo
masalo (Podlipaev ir kt., 2004; Svobodova ir kt., 2007; Zidkova ir kt., 2010).
Nepaisant to, monokseniniy tripanosomatidy paplitimas bei specifiSkumas
Culicoides smulkiuosiuose masaluose islicka mazai iStirtas ir néra jrodymy
apie Siy organizmy poveiki Culicoides gyvybingumui (I, III ir IV
straipsniai).

Siuo metu yra atlikta keletas tyrimy apie Culicoides maitinimosi krauju
ypatumus susijusius su skirtingy Seimininky pasirinkimu (Ayllon ir kt., 2014;
Collins ir kt., 2018; Elbers ir Gonzales, 2023; Zimmer ir kt., 2014a), dauguma
ju buvo atlikti galvijy ir aviy fermose, nes, kaip jau minéta, Sie vabzdziai
platina pavojingus patogenus naminiy gyvuliy dikiuose (Martinez-de La
Puente ir kt., 2015), taciau laukiniy gyviiny kraujo parazity pernesimas ir Siy
procesy keliamas pavojus vis dar yra mazai istirti. Kaip pazymima keliuose
tyrimuose, Culicoides smulkieji masalai daznai buina uzsikréte paukscius
parazituojanciais Haemoproteus ir Trypanosoma genciy parazitais, kurie gali
buti jgyjami tik po pasimaitinimo infekuoto pauks¢io krauju, todél $iy parazity
aptikimas vabzdZiuose suteikia papildomos informacijos apie vabzdziy
mitybing specializacija (Chagas ir kt., 2022, 2024). Culicoides smulkiyjy
masaly mitybinés specializacijos tyrimai yra esminis epidemiologiniy tyrimy
etapas, nes pagal ji nustatoma kiekvienos konkrecios riiSies galima jtaka
perduodant patogenus, apie tai §iuo metu yra labai mazai informacijos
(Martinez-de La Puente ir kt., 2015) (II straipsnis).

Pasaulinés klimato krizés salygomis vektoriy tyrimy svarba tampa kaip
niekada akivaizdi. Kintantis klimatas ple¢ia vabzdziams palankiy buveiniy
arealus, o tai lemia ir jy perneSamy patogeny paplitimo kaitg visame pasaulyje
(Semenza ir Suk, 2018). Yra zinoma, kad smulkieji masalai yra prasti
skrajiinai ir dazniausiai laikosi 3—5 kilometry spinduliu nuo savo veisimosi
viety (Elbers ir kt., 2015; Werner ir kt., 2020), taCiau, su véju bei oro masémis,
jie gali nukeliauti tikstanCius kilometry ir taip prisidéti prie patogeny
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pernes§imo ] naujas teritorijas (Elbers ir kt., 2015). Vidutinio klimato zonose
Culicoides masaly aktyvumas fiksuotas visg $iltajj sezona, priklausomai nuo
ruSies (Mullen ir Durden, 2019). Ir nors ziniy apie Culicoides sezoninj
pasirodyma ir skraidymo aktyvuma yra gana nemazai (Bernotiené ir kt., 2021;
Kettle, 1957; Sanders ir kt., 2011; Tugwell ir kt., 2021), Culicoides perneSamy
kraujo parazity sezoniSkumo tyrimy yra labai mazai, ypac¢ kalbant apie
Trypanosoma ir monokseninius tripanosomatidus (IV straipsnis).

DARBO TIKSLAS IR ISKELTI UZDAVINIAI

Darbo tikslas — istirti kraujasiurbiy smulkiyjy masaly (Ceratopogonidae,
Culicoides) jvairove Lietuvoje, sezoninj aktyvuma ir jy vaidmenj perneSant
tripanosomatidus (Kinetoplastea, Trypanosomatida).

Siam tikslui pasiekti buvo iskelti ie uzdaviniai:

1. ISanalizuoti mokslinéje literatiiroje aprasSyta Culicoides vabzdziy
vaidmen;j kaip tripanosomatidy perneséjy ir apibendrinti duomenis
apie jy tyrimo metodus ir perspektyvas.

2. I8siaiskinti Culicoides smulkiyjy masaly jvairove ir sezoninio
aktyvumo ypatumus Lietuvoje bei jy rySius su meteorologiniais
parametrais (oro temperatiira, krituliy kiekiu ir véjo greiciu);

3. Nustatyti gamtoje surinkty Culicoides smulkiyjy masaly uzsikrétimo
tripanosomatidais ekstensyvuma;

4. Nustatyti Culicoides smulkiyjy masaly uZzsikrétimo ekstensyvumo
pokyti sezono metu;

5. I8siaiskinti kai kuriy Culicoides smulkiyjy masaly riiSiy mitybing
preferencija;

GINAMIEJI TEIGINIAI

1. Lietuvoje Culicoides gausumo pikas stebimas birzelj, o véliau sezono
eigoje gausumas mazeja;

2. I8 trijy pagrindiniy tirty meteorologiniy veiksniy (oro temperattros
(°C), krituliy kiekio (mm) ir véjo greic¢io (m/s)) didziausia reikSme
Culicoides gausumui turi oro temperattira, 0 maziausig — véjo greitis;
kiekvieno veiksnio jtaka yra riiSiai specifiné;

3. Krauju pasimaitinusiy Culicoides smulkiyjy masaly pateliy, pagauty
nedideliame aukStyje (~2 m nuo Zemés pavirSiaus), uzsikrétimo
tripanosomatidais ekstensyvumas nevirsija 7 %;
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Krauju pasimaitinusiy Culicoides smulkiyjy masaly pateliy, pagauty
medziy lajy lygyje Salia plésriyjy pauksciy lizdy, uZsikrétimo
tripanosomatidais ekstensyvumas virSija 10 %;

Culicoides smulkiyjy masaly uzsikrétimo paukscius
parazituojanciomis tripanosomomis ekstensyvumas yra didesnis nei
zinduolius parazituojanéiy 7Trypanosoma r1isiy. Tarp pauksciy
tripanosomy dazniausiai aptinkami 7. bennetti grupés parazitai, kurie
dazniausiai buvo aptinkami C. kibunensis ruSies smulkiuosiuose
masaluose. Trypanosoma avium daZzniausiai aptinkama C. segnis,
reciau — kity Culicoides riisiy masaluose;

Monokseniniai tripanosomatidai daznai aptinkami  Culicoides
smulkiuosiuose masaluose;

Culicoides smulkiyjy masaly wuzsikrétimo tripanosomatidais
ekstensyvumo pikas nesutampa su smulkiyjy masaly gausumo piku;
Culicoides kibunensis, C. festivipennis ir C. pictipennis budinga
oportunistiné mitybiné preferencija; C. obsoletus grupés smulkieji
masalai, C. pallidicornis ir C. punctatus maitinosi Zinduoliy krauju; C.
segnis — maitinosi pauks$¢iy krauju. Culicoides smulkiuosiuose
masaluose nustatytos 7rypanosoma risys patvirtina Siuos kraujo
Saltiniy pasirinkimus (pauksciy kraujas arba zinduoliy kraujas).

TYRIMU NAUJUMAS IR AKTUALUMAS

Pirma karta Culicoides smulkiuosiuose masaluose (C. kibunensis)
aptiktas genties Obscuromonas sp. monokseninis tripanosomatidas;
Uzregistruotos penkios naujos smulkiyjy maSaly rusys Lietuvos
faunai: C. duddingstoni, C. minutissimus, C. lupicaris, C. clastrieri ir
C. dewulfi;

Tripanosomos, priklausancios Trypanosoma bennetti grupei, pirma
kartg aptiktos C. duddingstoni smulkiuosiuose masaluose;
Patvirtinta, kad C. obsoletus rusiy grupés, C. pallidicornis ir C.
punctatus 181y masalai maitinasi zinduoliy krauju, o C. festivipennis,
C. kibunensis ir C. pictipennis biudinga oportunistiné mitybiné
preferencija;

Tripanosomos priklausancios 7. theileri grupei pirmg kartg aptiktos
gamtoje sugautuose C. kibunensis, C. impunctatus, C. pictipennis ir
C. scoticus smulkiyjy masaly individuose;

Trypanosoma culicavium aptikta C. festivipennis smulkiajame
masale. Tai kraujasiurbiy uody pernesama tripanosomy rusis, kuri
Culicoides vabzdyje aptikta pirma karta;
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7. Nors didziausias Culicoides smulkiyjy masaly gausumas Lietuvoje
stebimas  birzelj, didziausias §iy vabzdziy  uzsikrétimo
tripanosomatidais ekstensyvumas registruotas rugpjii¢io ménes;.

TRUMPA LITERATUROS APZVALGA

Glaustoje literatiiros apzvalgoje aptariama Culicoides reikSmeé gamtoje, juy
vaidmuo kaip patogeny vektoriy, Sios srities tyrimy ypatumai ir sezoninio
aktyvumo tyrimy spragos, uzsikrétimo Trypanosomatidae Seimos parazitais
aspektai, taip pat integruoty vektoriy—parazity tyrimo metody taikymo svarba.

MEDZIAGA IR METODALI

Siam tyrimui atlikti buvo naudoti integruoti tyrimo metodai, taikant
lygiagreciai mikroskopija ir PGR bei DNR seky analizés metodus. [Ssamis
medziagos rinkimo ir tolesniy tyrimy metodikos apraSymai pateikiami
paskelbtuose straipsnivose (I-VI straipsniai). Toliau pateikiami trumpi
pagrindiniy naudoty tyrimo metody apraSymai.

Tyrimy vietovés

Visa medziaga buvo surinkta 2020-2024 m. keliose Lietuvos vietovése:
vidurio ir ryty Lietuvoje 2020-2021 m. birZelio-liepos ménesiais (Utenos r.,
Lietuva) (I straipsnis); 2021-2023 m. Rodukos ir Puvociy kaimuose
(Varénos r., Lietuva), Ventés Rago ornitologinéje stotyje, toliau Ventés Ragas
(Silutés r., Lietuva); Verkiy regioniniame parke, toliau Verkiai (Vilniaus m.,
Lietuva), Vilniaus universiteto Kairény botanikos sode, toliau Botanikos
sodas (Vilniaus m., Lietuva), ir BrinkiSkiy kaime, toliau Brinkiskés (Vilniaus
r., Lietuva) (IL, V, VI straipsniai); 2023 m. Lietuvos zoologijos sode, toliau
zoologijos sodas (Kauno m., Lietuva) (II straipsnis); nuo 2020 m. iki 2022
m. Juodkrantés apylinkése (KurSiy nerija, Lietuva) (IIL, VI straipsnis); 2024
m. AugustaiCiuose, Ventos regioniniame parke ir Burbiskése (Mazeikiy r.,
Lietuva) (VI straipsnis); 2024 m. Belmonte (Vilniaus m., Lietuva) (VI
straipsnis); 2024 m. Kunkiuose (Klaipédos r., Lietuva) (VI straipsnis).
Mikroskopiniai ir molekuliniai tyrimai atlikti Valstybinio moksliniy tyrimy
instituto Gamtos tyrimy centro Entomologijos laboratorijoje ir P. B. Sivickio
parazitologijos laboratorijoje, Vilniuje (I-1V, VI straipsniai).

Vabzdziy rinkimas

68



Visa medziaga buvo renkama naudojant UV $viesos BG-Pro gaudykles
(Biogents, Vokietija), kurios buvo kabinamos ir jjungiamos 5-7 val. prie$
saulélyd] ir nukabinamos 5—7 val. po saulétekio. Vabzdziai buvo renkami j
100 ml talpos indelj su vandentiekio vandeniu, papildytu laseliu detergento
(skysto muilo).

Vabzdziy identifikavimas

Surinkti Culicoides masalai buvo tiriami stereoskopiniu mikroskopu, o
tolesniems tyrimams buvo atrinktos bent karta gyvenime krauju
pasimaitinusios patelés, atpazintos pagal pilvo poodinése Igstelése matoma
burgundiskos spalvos pigmenta. Sis pigmentas rodo, kad buvo jvykes bent
vienas gonotrofinis ciklas (Dyce, 1969) (I-IV straipsniai). Visi tirti
Culicoides individai buvo identifikuojami pagal pagrindinius morfologinius
pozymius: sparny spalvinius rastus ir galvos struktiiras (palpus ir antenas)
naudojant interaktyvy Vakary Palearktikos regiono Culicoides pateliy
identifikavimo rakta (Mathieu ir kt., 2012). Siuo tikslu tolesniam tyrimui buvo
paruosti pastovieji smulkiyjy masaly galvy ir sparny preparatai: vabzdziy
galvos ir sparnai buvo nuimti naudojant liepsna dezinfekuotas adatas ir
dedami j euparalio laSg. Paruosti preparatai prie$ tolesnj tyrimg buvo palikti
dzitti mazdaug ménesj kambario temperattroje (I-1V, VI straipsniai).

Parazity mikroskopinis tyrimas

Vabzdziy Zarnos preparatai buvo naudojami parazity buvimui patvirtinti
ir morfometriniams parazity tyrimams atlikti (IV straipsnis). Po pastovaus
masalo galvos ir sparny preparato paruo§imo vabzdzio pilvelis dedamas j 0,9
% NaCl fiziologinio tirpalo lasa. Naudojant liepsna dezinfekuotas adatas,
visas zarnynas buvo iStrauktas ir sutraiSkytas ant objektinio stiklelio ir
paskleistas labai plonu sluoksniu. Paruosti preparatai 1-2 valandas dziovinti
ore, véliau fiksuoti 100 % metanoliu ir nudazyti 4 % Giemsa tirpalu, kaip
aprasyta Valkitinas ir kt. (2008). Vabzdzio likuciai (kojos, kriitinélé ir pilvo
liku¢iai) buvo laikomi 96 % etanolyje tolesniems PGR paremtiems tyrimams.

Pastoviy zarnos preparaty tyrimui, iliustracijy ruoSimui ir morfometrinei
tripanosomatidy analizei naudotas Eclipse CI1-L Sviesinis mikroskopas
(Nikon, Tokijas, Japonija) su Infinity 1 skaitmeniniu fotoaparatu (Teledyne
Lumenera, Vaterlo, Ontarijas, Kanada) ir vizualizavimo programine jranga
Infinity Analyze (Teledyne Lumenera) (Bennett ir kt., 1994; Valkitnas ir kt.,
2011; Woo ir Bartlett, 1982).
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Polimerazinémis grandininémis reakcijomis pagrjstas tyrimas ir seky
analizé

Gamtoje sugauty Culicoides smulkiyjy maSaly DNR buvo isskirta
naudojant amonio-acetato DNR nusodinimo protokola (Sambrook ir Russell,
2001). Po DNR isskyrimo DNR koncentracija buvo iSmatuota naudojant
nanofotometrg P330 (Implen, Vokietija). Méginiai, kuriy DNR koncentracija
virsijo optimalig (20-50 ng/pL), buvo skiedziami 1xTE buferiu.

Isskirta Culicoides DNR buvo naudojama trims tikslams: Culicoides
rusiai patvirtinti (I-IV, VI straipsniai, duomenys spaudoje), Culicoides
mitybos specializacijai istirti (II straipsnis), ir tripanosomatidy DNR buvimo
masaluose nustatymui (I, [II-IV straipsniai, duomenys spaudoje).

Culicoides 1iSims patvirtinti (tai buvo daroma tais atvejais, kai riisiy
nebuvo galima patikimai nustatyti pagal morfologinius poZymius) buvo
taikoma PGR su pradmenimis LCO1490 ir HCO2198, kurie amplifikuoja
vabzdziy mitochondrinés DNR citochromo ¢ oksidazés 1 subvieneto (COI)
fragmentg (Folmer ir kt., 1994). Kiekvienos PGR metu naudota viena teigiama
kontrolé (Culicoides DNR, kuri anks¢iau buvo teigiama naudojant tg patj PGR
protokola) ir viena neigiama kontrolé (distiliuotas vanduo be nukleazés).

Mitybos specializacija (kraujo Saltinis vabzdZzio virSkinamajame trakte)
buvo nustatyta taikant PGR protokola, pagal kurj amplifikuojamas stuburiniy
gyviny citochromo b (Cytb) geno ~310 bp fragmentas; $iuo tikslu buvo
naudojami pradmenys L[14841 ir H15149 (Kocher ir kt., 1989), kuriy
temperatiriniai profiliai buvo modifikuoti taip: atkaitinimo temperatiira buvo
sumazinta iki 45°C, o amplifikacijos ciklas pakartotas 40 karty. | kiekvieng
bandyma buvo jtraukta viena neigiama ir viena teigiama (DNR, paimta i$
naminés kanarélés Serinus canaria (Passeriformes, Fringillidae) kraujo
méginio) kontrolé.

Tripanosomatidams aptikti buvo naudojamas lizdinés PGR protokolas,
kuriuvo gaunamas ~749 bp ilgio DNR fragmentas, koduojantis mazojo
subvieneto 18S ribosominés DNR geno fragments; Siuo atveju buvo
naudojami du iSoriniai pradmenys Tryp763 ir Tryp 1016 bei du vidiniai
pradmenys Tryp99 ir Tryp957 (Sehgal ir kt., 2015; Valkitnas ir kt., 2011).
Kiekvienos amplifikacijos metu buvo naudojama viena neigiama kontrolé ir
viena teigiama kontrolé (DNR méginys su Trypanosoma sp. infekcija,
patvirtinta mikroskopiniu tyrimu ir molekuliniais metodais).

PGR teigiami méginiai buvo sekvenuojami naudojant atitinkamus
pradmenis tiek i§ 5, tiek i§ 3' galy, naudojant Big Dye Terminator V3.1 Cycle
Sequencing Kit ir ABI PRISMTM 3100 kapiliarinj sekvenavimo robota
(,,Applied Biosystems®, Foster City, CA, JAV). Visos gautos
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chromatogramos patikrintos naudojant ,,Bioedit* 5.0.9 versijg (Hall, 1999) ir
Geneious Prime software® programing jrangg (versijos 2023.0.4, 2023.2.1,
2024.0.7, 2025.0.3) (,,Dotmatics*, Oklandas, Naujoji Zelandija,
https://www.geneious.com). Genetiniai atstumai tarp seky apskaiéiuoti
naudojant MEGA11 (Molecular Evolutionary Genetics Analysis) 11.0.13
versijos programing jranga (Tamura ir kt., 2021) ir Geneious Prime
software®. Sekos identifikuotos naudojant ,,Basic Local Alignment Search
Tool* (NCBI BLAST, https://blast.ncbi.nlm.nih.gov/Blast.cgi). Naujai rasti
haplotipai buvo deponuoti i GenBank (Benson ir kt., 2012) (I-1II, V
straipsniai) ir BOLD sistemg (https://v3.boldsystems.org/) (VI straipsnis).
Pavyzdziai saugomi Valstybiniame moksliniy tyrimy institute Gamtos tyrimy
centre (Vilnius, Lietuva) (I-1V, VI straipsniai).

Filogenetiné analizé

Filogenetinis medis, sudarytas Bayeso metodu naudojant Geneious
Prime®2023.0.4 su MrBayes papildymu 3.2.6. (Ronquist ir Huelsenbeck,
2003), geriausiai tinkan¢io modelio (GTR+I+G) parinkimui naudota
jModeltest-2.1.10 programiné jranga (Darriba ir kt., 2012; Guindon ir
Gascuel, 2003). Analizés parametrai buvo tokie: 6 mln. karty, im¢iy émimo
daznis — kas 100-0ji karta; 25 % pradiniy medziy buvo atmesta kaip ,,degimo
laikotarpis‘ prie§ sudarant galutinj konsensuso medj (I straipsnis).

PopArt-1.7 (http://popart.otago.ac.nz (Leigh ir Bryant, 2015)) programiné
jranga naudota filogenetinio tinklo, sudaryto taikant medianinio sujungimo
(MJ) metoda (Bandelt ir kt., 1999), sudarymui, siekiant iSaiskinti 7. bennetti
grupés vidurrtiSinius santykius (II1 straipsnis).

Statistiné analizé

Norint vizualizuoti ir i§samiau suprasti Culicoides rusiy bei jy kraujo
mitybos Saltiniy sgveika, naudojant R 4.3.2 (R Core Team, 2017) programing
jrangg ir ,,bipartite* paketa 2.19 (Dormann ir kt., 2008) buvo sukurtas dvipusis
tinklas. PAST 4.15 (Hammer ir kt., 2001) programin¢ jranga buvo naudojama
retinimo kreivéms su jy 95 % patikimumo lygiu jvertinti, siekiant nustatyti
méginiy aprépt], atspindin¢ia Culicoides ir kraujo Saltiniy raiSiy jvairove (I1
straipsnis).

Aplinkos parametrai (savaités vidurkiai: véjo greitis (m/s), krituliy kiekis
(mm), oro temperatiira (°C)) buvo gaunami i§ Lietuvos hidrometeorologijos
tarnybos (www.meteo.lIt); duomenys rinkti automatiniy meteorologijos sto¢iy,
kurios buvo jrengtos arCiausiai vabzdziy gaudymo viety. Ivertinimas tarp

71



aplinkos parametry ir keliy gausiausiy Culicoides rusiy buvo atliktas taikant
daugiamate pertekling analiz¢ (RDA) naudojant Brodgar programing jranga
(Highland Statistics Ltd.). RGSiy matricos pirmosios aSies gradiento ilgiai
pries RDA buvo atlikti taikant detrendavimo korespondencing analize¢
(Detrended Correspondence Analysis, DCA). Gautas aSies ilgis buvo <3, o tai
rod¢ RDA taikymo tinkamuma, palyginti su kanonine korespondencine
analize. Duomenys apie Culicoides r1uSiy gausuma buvo transformuoti
Hellingerio transformacija naudojant R (4.4.1. versija), paketa ,,vegan‘
(Oksanen ir kt., 2001). Atvejai, kai bendras gausumas buvo lygus O (t. y.
Culicoides smulkiyjy masaly nepagauta), j analiz¢ nebuvo jtraukti, kad bty
iSvengta ordinacijos iSkraipymo su tusciais duomenimis, be to, RDA analizé
atlikta naudojant vienodai rinktus duomenis (medziaga surinkta Brinkiskése,
Botanikos sode ir Verkiuose, iSskyrus Puvocius). Analizei buvo naudojami tik
tie rusies individai, kurie gaudyklése buvo aptikti >5. Daugiamatés perteklinés
analizés modelio ir jo komponenty statistinis reikSmingumas buvo
apskaiciuotas permutacijos testu (999 permutacijos) naudojant tg patj R paketa
,vegan®, jvertintas bendras modelis, atskiros aSys ir po vieng i$ kintamyjy
(véjas, krituliai ir oro temperatiira). Multikolinearumo vertinimui minéti
kintamieji buvo apskaiciuoti naudojant variacinés infliacijos koeficientus
(VIF) (IV straipsnis).

Uzsikrétimo ekstensyvumas buvo apskaiCiuotas kaip uzsikrétusiy
smulkiyjy masaly dalis lyginant su visu tirty individy skai¢iumi. Siekiant
palyginti Trypanosoma parazity paplitima tarp skirtingy Culicoides risiy ir
tarp tyrimo mety, naudotas FiSerio tikslusis testas. Simpsono jvairovés
indeksas (D) buvo apskaiciuotas kiekvienai tyrimo vietovei naudojant
Microsoft Excel, siekiant jvertinti Culicoides smulkiyjy masaly riiSine
jvairove (IV straipsnis).

Morfologiniy pozymiy variacijos vizualizavimui ir palyginimui tarp
smulkiyjy masaly ir Trypanosoma risiy buvo sukurtos boxplot diagramos R
programoje naudojant ggplot2 paketa. Kad buty lengviau vizualiai palyginti
pozymiy pasiskirstyma tarp rusiy, taikytas nuoseklus aSiy mastelio keitimas
(IV straipsnis).

Statistiniai pozymiy matavimy skirtumai tarp grupiy jvertinti naudojant
vienpuse ANOVA. Atskiros analizés buvo atliktos siekiant jvertinti skirtumus
tarp smulkiyjy masaly rasiy ir tarp Trypanosoma rusiy. Rezultatai, kuriy p
reik§mes <0,05, buvo laikomi statistiSkai reikSmingais, o prireikus atlikti post
hoc palyginimai naudojant Tukey'o HSD testg (IV straipsnis).

REZULTATALI IR DISKUSIJA
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Siame skyriuje pateikti rezultatai buvo apradyti ir aptarti I-VI
straipsniuose ir sudaro Sios disertacijos pagrindg. IS viso jvairiais tikslais
buvo istirta 5019 Culicoides smulkiyjy masSaly, priklausanciy 24 riiSims.

Culicoides kaip tripanosomatidy perne$¢jy tyrimo metody bei
perspektyvy apibendrinimas

Pirmam uzdaviniui buvo parengta bendra ziniy apie jvairias metodikas,
skirtas Culicoides masaly ir pauksciy kraujo parazity rySiams Europoje
nustatyti ir tirti, apzvalga, aptariama tripanosomatidy tyrimy problematika,
taikomi tyrimy metodai, nurodoma integruoty ir daugiadisciplininiy metody,
skirty lauko salygomis surinktiems Culicoides vabzdziams tirti, svarba ir
poreikis (V straipsnis).

Tokie integruoti metodai yra biitini siekiant suprasti, kaip Seimininko
uzsikrétimo  ekstensyvumas veikia vabzdzio biologing bukle -
iSgyvenamuma, vaisingumg ir kandimo aktyvuma.

Ateityje tyrimai turéty buti grindziami integruotais ir daugiadisciplininiais
metodais, jungianciais molekulinj ksenomonitoringa, mikroskopinj preparaty
iStyrima, morfometring analize bei eksperimentines infekcijas, siekiant
patikimai jvertinti vektoriaus kompetencijg. Tokie tarpdisciplininiai tyrimai
padés tvirtinti mokslinj pagrinda, reikalinga prognozuoti ir mazinti naujy ligy
pernesimo rizikas natiiraliose ekosistemose.

Culicoides jvairovés ir sezoninio aktyvumo ypatumai bei rySiai su
meteorologiniais parametrais

IS viso buvo surinkta ir istirta 1631 krauju pasimaitinusi Culicoides patelé,
priskiriama 14 skirtingy rusiy (IV straipsnis). Masalai buvo pagauti 2022-
2023 metais nuo geguzeés iki rugs¢jo meénesio. Dominavo trys rusys — C.
kibunensis, C. pictipennis ir C. festivipennis. Geguzés pradzioje dazniausiai
buvo aptinkami C. obsoletus grupés ir C. pictipennis individai, o sezono
pabaigoje paskutiniai sugauti buvo C. kibunensis ir C. obsoletus grupés
smulkieji masalai.

Birzelis pasizyméjo didziausia Culicoides gausa — §io ménesio metu buvo
surinkta 30,8 % visy masaly individy; véliau sezono eigoje sugauty smulkiyjy
masaly skaiCius palaipsniui mazéjo, o maziausias gausumas fiksuotas rugséji.
DidZziausia rasiy jvairové taip pat buvo stebéta birzelj (uzfiksuota 14 risiy),
liepa ir rugpjutj rusiy skaic¢ius mazéjo (13 rasiy individy pagauta liepos ménesj
ir 8 risiy individai rugpjucio ménesj), 0 maziausiai riiSiy nustatyta geguzes (5
rusys) ir rugséjo (4 rasys) ménesiais (IV straipsnis, 3 pav.). Dar daugiau,

73



didziausia Culicoides smulkiyjy masaly rii$iy jvairové nustatyta birzelio
ménes] (D = 0,82), kuri palaipsniui mazéjo sezonui progresuojant (liepos
meénesj D = 0,79, rugpjiicio D = 0,54) ir maziausia Culicoides risiy jvairové
stebéta rugséjo ménesj (D = 0,19).

Daugiamaté pertekliné analizé atskleidé, kad temperatiira ir krituliai yra
dominuojantys aplinkos veiksniai, kurie formuoja Culicoides riiSiy jvairove
(F=3,92,p=0,001). Tik 1 asis buvo reik§minga (p = 0,001), sitilant fiksuoti
pagrindinj bendrijos ir aplinkos rySio gradients. IS trijy tirty kintamyjy
(temperatiira, krituliai ir véjo greitis) reikSmingg individualy poveik] riisiy
sudéciai turéjo tik temperatiira (p = 0,001), tuo tarpu krituliai ir véjo greitis
nebuvo statistiSkai reik§mingi (p > 0,2). Dvi riiSys — C. segnis ir C. kibunensis
— buvo issidésciusios tarp temperatiiros ir krituliy vektoriy, o tai rodo galimg
abiejy parametry jtaka $iy masaly gausumui. Taciau permutacijos testai rodo,
kad temperatiira turi didesnj poveikj nei krituliai. Visgi ankstesni tyrimai rodo,
kad C. segnis veisimuisi renkasi neuzliejamas ir trumpai uZliejamas
gélavandeniy baly buveines (Przhiboro, 2007), kuriose krituliai vaidina
pagrindinj vaidmenj, nes dél didesnio krituliy kiekio atsiranda daugiau
tinkamy viety Siems vabzdziams vystytis. Culicoides kibunensis pirmenybe
teikia stovinCiy vandens telkiniy, pelkiy ir eutrofinio gélo vandens telkiniy
dirvozemio buveinéms (Uslu ir Dik, 2007; Zimmer ir kt., 2013, 2014a),
kuriose krituliai yra vienas i§ pagrindiniy vandens papildymo elementy, kas
yra ypatingai svarbu maziems vandens telkiniams (Leibnico gélyjy vandeny
ekologijos ir vidaus vandeny institutas ir kt., 2023) ir pelkéms (Grajewski ir
kt., 2009).

Tyrimo metu gausiausia buvo Culicoides kibunensis masaly risis, Sios
rusies patelés buvo pagautos nuo birzelio pradzios iki rugséjo pabaigos (IV
straipsnis, 4 pav.). Maziau gausiis buvo C. pictipennis smulkieji masalai,
kuriy gausumo pikas fiksuotas geguze, o C. festivipennis dazniau buvo
pagaunami vasaros antroje puséje. Culicoides obsoletus grupés individai
pasieké gausumo pika birzelj (vidutiniskai 19,5 % visy masaly abu tyrimo
metus), po to gausumas mazéjo (4,2 % liepa, 3,6 % rugpjitj), taciau rugséji
vél iSaugo — Sie vabzdziai sudaré 90 % visy sugauty individy (IV straipsnis,
4 pav.). Culicoides festivipennis, C. pictipennis ir C. obsoletus grupés patelés
buvo sugautos 2023 m. geguzés antroje puséje (vidutinei oro temperatiirai
esant 14,7°C) ir 2022 m. birzelio antroje puséje (17,5°C). Culicoides
kibunensis ir C. punctatus pirma kartg sugauti birzelio ménesj, o C. segnis —
tik nuo birzelio antrosios pusés iki liepos pirmosios pusés.

Rasiy sudétis keturiose tirtose vietovése skyrési (IV straipsnis, 3 pav.).
Didziausia smulkiyjy masaly jvairové nustatyta Brinkiskése, kur aptikti
smulkieji masalai priklausantys 14 rusiy (D = 0,81), Puvociuose ir Botanikos
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sode — po 9 rasis (atitinkamai D = 0,74 ir D = 0,72). Verkiuose surinkti 12
Culicoides rusiy priklausantys individai (D = 0,69). Botanikos sode ir
Verkiuose gausiausios buvo C. kibunensis patelés, o C. pictipennis dominavo
visose vietovése, ypa¢ Verkiuose. PuvocCiuose vyraujan¢ios buvo
mamalofilinés smulkiyjy masaly riiSys (C. obsoletus grupé ir C. impunctatus),
o Brinkiskése dominavo C. punctatus, be to, ¢ia uZfiksuotos reciau
pagaunamos rusys — C. albicans ir C. grisescens. Septynios rusys (C. segnis,
C. punctatus, C. pictipennis, C. obsoletus grupé, C. kibunensis, C. impunctatus
ir C. festivipennis) buvo pagautos visose tirtose vietoveése.

Palyginus miisy gautus rezultatus su kity autoriy arba ankstesniais tyrimais
paaiskéjo, kad Lietuvoje, kaip ir kitose Europos Salyse, Culicoides gausumas
paprastai pasiekia pika vasaros pradzioje, nors sezoninis aktyvumo laikas
labai priklauso nuo masaly rtsies bei tyrimo vietovés. Pavyzdziui, Ispanijoje
didziausias bendras gausumas buvo uZregistruotas birzelio—liepos viduryje
(Gonzalez ir kt., 2022), o Vokietijoje miesty parkuose gausumo pikas stebétas
véliau, rugséjj (Santiago-Alarcon ir kt., 2013). Lietuvoje daugiausia individy
buvo surinkta birzelj (30,8 % visy sugauty masaly), o maziausiai — rugséjj.
Taip pat nustatyta gausiausiy rusiy sezoniné dinamika. Culicoides kibunensis
pradéjo skraidyti birzelio pradzioje, o didziausias jos gausumas fiksuotas
liepa, kas atitinka Ispanijoje tyrimo metu gautus duomenis (Gonzalez ir kt.,
2022). Culicoides pictipennis buvo identifikuota kaip rasis, aktyviausia
pavasarj, o tai patvirtina ir vietiniai, ir tarptautiniai tyrimai (Collins et al.,
2018; Werner et al., 2020). Priesingai, C. festivipennis buvo gausesné vasaros
antroje puséje, nors ankstesni tyrimai rodo jos aktyvumo pika esant vélyva
rudenj (Foxi ir Delrio, 2010). Culicoides obsoletus grupés masalai
pasizymeéjo ilgiausiu skraidymo aktyvumo periodu — nuo ankstyvo pavasario
iki vélyvo rudens (Versteirt ir kt., 2017) (IV straipsnis, 4 pav.).

Siy tyrimy metu buvo uZregistruotos penkios naujos Lietuvos faunai rasys
— C. dewulfi, C. lupicaris, C. duddingstoni, C. clastrieri ir C. minutissimus (V1
straipsnis). AnksCiau Lietuvoje buvo zZinomos 27 Culicoides rusys.
Pastaraisiais metais tyrimai buvo atliekami buveinése, kurios anksciau tirtos
nebuvo — kiauliy fermose (Bernotiené ir kt. 2023) ir Lietuvos zoologijos sode,
kur aptiktos naujos Lietuvai rusys. Taip Lietuvos Culicoides rusiy sgrasas
iSaugo iki 34 Culicoides rusiy. Vis délto daug Salies regiony ir buveiniy lieka
nepakankamai iStirti, todél butina testi i§samius tyrimus ir sistemingg $iy
vabzdziy monitoringg. Be to, C. obsoletus grupés tyrimai patvirtino tiek C.
obsoletus, tiek C. scoticus rusiy buvima, abi Sios raiSys priklauso C. obsoletus
grupei (duomenys spaudoje).
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Smulkiyjy masaly uZsikrétimo tripanosomatidais ekstensyvumo
nustatymas

1. Smulkiyjy masaly uzsikrétimo tripanosomatidais ekstensyvumas
nedideliame aukstyje (~2 m nuo Zemés pavirsiaus)

Trijy skirtingy tyrimy, atlikty renkant Culicoides masalus nedideliame (~2
m nuo zemées pavirsiaus) aukStyje, metu buvo nustatyti 159 tripanosomatidais
uzsikréte Culicoides smulkieji masalai: 48 (uzsikrétimo ekstensyvumas 3,8
%) trejus metus trukusio tyrimo Kursiy nerijoje metu (III straipsnis), 107 (6,5
%) — dvejus metus trukusio tyrimo keturiose skirtingose vietovése rytingje ir
pietinéje Lietuvos dalyse metu (IV straipsnis) ir 4 (3,7 %) — Lietuvos
zoologijos sode 2023 metais zZvalgybinio tyrimo metu (duomenys spaudoje).

Trypanosoma bennetti grupei priklausanc¢ios pauksciy tripanosomos
sudaré didzigja dalj smulkiuosiuose masaluose aptikty tripanosomatidy (26 1§
48 atvejy (54,2 %) III straipsnyje, 64 i§ 107 atvejy (59,8 %) IV straipsnyje
ir 2 i§ 4 atvejy (50 %) (duomenys spaudoje)). Sia grupe sudaro maziausiai dvi
rusys: 7. bennetti ir T. everetti, kurios, kaip buvo pastebéta, yra genetiSkai
labai panasios, o jy daliniy mazojo subvieneto ribosominés DNR (SSU rDNR)
seky genetiniai skirtumai yra labai mazi ir siekia 0,4—1,3 % (Bernotien¢ ir kt.,
2020). Be to, duomeny apie 7. everetti morfometrija vektoriuose néra, o 7.
bennetti morfometriné analizé buvo atlikta tik eksperimentiskai uzkréstuose
C. nubeculosus smulkiuosiuose masaluose (Svobodova ir kt., 2017). Buvo
atliktas morfometrinis tyrimas, nagrinéjantis 7. bennetti grupés tripanosomy
metaciklines tripomastigotes trijuose skirtingoms ra§ims priklausanéiuose
smulkiuosiuose maSaluose (IV straipsnis, 3 lentelé ir 7 pav.). Tukey'io HSD
post-hoc testas (p < 0,05) parodé, kad T. bennetti kinetoplasto plotas (AK) C.
kibunensis vabzdziuose statistiSkai reik§mingai skyrési nuo $iy parazity
kituose Culicoides rusiy masaluose; be to, nustatyta, kad tripanosomy
branduolio plotas (AN) C. kibunensis maSaluose buvo reik§mingai didesnis
nei tripanosomy branduolio plotas C. pictipennis rusies masaluose. Culicoides
kibunensis masale aptiktos tripanosomos turéjo ilgesnj laisva ziuzelj (FF) ir
zymiai didesn] atstumg nuo branduolio centro iki priekinio Igstelés galo (NA)
nei C. festivipennis ir C. pictipennis maSaluose aptiktos tripanosomos.
Trypanosoma bennetti aptiktos C. pictipennis maSaluose pasizyméjo gerokai
mazesniu lastelés plociu per branduolio centrg (BW) nei C. festivipennis ir C.
kibunensis smulkiuosiuose masaluose aptikty tripanosomy. Mikroskopiniams
tripanosomy morfometriniams rezultatams patvirtinti buvo atlikta dalinio SSU
rDNR geno seky analizé, taciau pazymétina, kad 7. bennetti grupés rusiy
nejmanoma atskirti naudojant minéta molekulinj Zymenj. Siy rezultaty
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palyginimas su anks¢iau publikuotais duomenimis (Svobodova ir kt., 2017)
parodé, kad tos pacios Trypanosoma rusies lasteliy morfometriniai parametrai
skirtingy rasiy Culicoides masaluose gali skirtis (IV straipsnis, 7 pav.), taCiau
T. bennetti ir T. everetti negalima atskirti naudojant dalinj SSU rDNR geno
molekulinj Zymenj. Dél 7. everetti morfometriniy duomeny trilkumo galima
tik daryti prielaida, kad 7. bennetti grupés parazity aptikty skirtingy rasiy
Culicoides maSaluose morfometriniai skirtumai gali bati  skirtingy
Trypanosoma rusiy, infekuojanciy tiriamus vabzdzius, pasekmé. Reikalingi
eksperimentiniai tyrimai ir parazity kolonijy kultyvavimas laboratorijoje.
Tyrimo metu pirmg karta C. duddingstoni maSaluose buvo aptiktos 7. bennetti
grupés tripanosomos (6 i§ 122 (4,9 %) III straipsnyje), o tai rodo, kad $i
vabzdziy riisis gali buti potenciali Siy pauksciy tripanosomy perneséja.

Trypanosoma avium parazitai smulkiuosiuose masaluose aptikti reciau: 2
18 48 atvejy (4,2 %) I straipsnyje ir 8 i§ 107 atvejy (7,5 %) IV straipsnyje.
Idomu tai, kad 1 i§ 2 atvejy I1I straipsnyje ir 7 i$ 8 atvejy IV straipsnyje 7.
avium nustatyta C. segnis ruSies smulkiuosiuose masaluose. Anksciau Sis
parazitas buvo rastas C. segnis smulkiuosiuose masaluose tik taikant PGR
pagristus metodus (Bernotiené ir kt., 2020), o Sioje disertacijoje pateikty darby
rezultatai rodo, kad C. segnis gali buti Sio parazito pernes$éjas. Norint
patvirtinti $ig hipoteze, reikéty atlikti eksperimentinius tyrimus su bitent C.
segnis ri§imi, o surinkti tikslinés riiSies individus natiiralioje aplinkoje ir
kolonizuoti juos laboratorijoje yra sudétinga (Boorman, 1974; Carpenter ir kt.,
2006; Harrup ir kt., 2015; Mullens ir kt., 2015).

Smulkiuosiuose masaluose buvo aptikta zinduolius parazituojanciy 7.
theileri grupés tripanosomy: III straipsnyje — 3 i$ 48 (6,3 %) atvejy, IV
straipsnyje — 6 i5 107 (5,6 %) atvejy ir Lietuvos zoologijos sode surinktuose
masaluose (duomenys spaudoje) — 2 i§ 4 (50 %) atvejy. Nors ankstesniuose
tyrimuose (Galkova, 2010) $is parazitas aptiktas 5 (0,1 %) Culicoides
individuose priklausanciuose trims riiSims (C. obsoletus, C. pulicaris ir C.
punctatus), Zinduoliy tripanosomy buvimas yra nejprastas ir néra duomeny
apie Sio parazito vystymasi Culicoides smulkiuosiuose masaluose. Nepaisant
to, Sios disertacijos tyrimy metu 7. theileri grupés tripanosomos buvo aptiktos
trijuose skirtinguose tyrimuose naudojant tik PGR metodus. Nors zarnyno
mikroskopiniuose preparatuose Siy parazity vystymosi stadijy nustatyta
nebuvo (IV straipsnis, duomenys spaudoje), molekuliniu biidu aptikta 7.
theileri  grupés tripanosomy DNR rodo, kad bitina tolesniais
eksperimentiniais tyrimais nagrinéti $iy parazity vystymosi galimybes
Culicoides vabzdziuose (V straipsnis).

Vienas T. culicavium aptikimo atvejis (i$ 48; 2,1 %) gamtoje sugautame
C. festivipennis individe buvo nustatytas KurSiy Nerijoje surinktoje
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medziagoje, taikant tik PGR metodg (III straipsnis). 2017 m. Svobodovos ir
kolegy atlikti eksperimentiniai tyrimai atskleid¢, kad §is parazitas negali
vystytis Culicoides maSaluose (Svobodova ir kt., 2017). Toks rezultatas rodo,
kad svarbu taikyti integracinj tyrimo metoda tiriant gamtoje surinktus
kraujasiurbius vabzdzius, nes rezultatai gauti taikant vien PGR metoda
neleidzia daryti i§vados, kad tiriamy rusiy vabzdziai yra tikrai parazity
vektoriai (IV=V straipsniai).

Culicoides  vabzdziuose buvo aptiktos kelios monokseniniy
tripanosomatidy rusys. Herpetomonas ztiplika buvo aptikta Kursiy nerijoje (4
atvejai i$ 48, 8,3 % III straipsnis) ir pietryCiy Lietuvoje (10 atvejy i§ 107, 9,3
% IV straipsnis). Sis parazitas aptiktas C. segnis, C. festivipennis, C.
obsoletus grupés, C. pictipennis ir C. punctatus smulkiuosiuose masaluose.
Originaliai Sis tripanosomatidas buvo aprasytas C. kibunensis masale
(Podlipaev ir kt., 2004), o gauti rezultatai rodo, kad Sios rusies monokseniniai
tripanosomatidai yra paplite genties Culicoides vabzdziuose. Tokig pacia
iSvada galima padaryti ir dél Sergeia podlipaevi; nors jis aptiktas tik tyrimo
Kurs$iy nerijoje metu (12 atvejy i 48, 25 % III straipsnyje), Sio parazito
buvimas skirtinguose Culicoides rusiy individuose (C. impunctatus, C.
kibunensis, C. obsoletus grupés, C. pallidicornis/subfascipennis, C.
pictipennis ir C. segnis) patvirtina $iy parazity paplitimg Culicoides genties
masaluose.

IV straipsnyje aprasomas Crithidia brevicula aptikimas keliy rusiy
smulkiuosiuose masaluose (C. pictipennis, C. impunctatus, C. segnis, C.
newsteadi, C. achrayi, C. grisescens ir Culicoides sp.). I§ viso $is parazitas
buvo nustatytas 14 % atvejy (15 1§ 107) (V straipsnis, 2 lentelé). Originaliai
Crithidia brevicula buvo aptiktas Culicidae Seimos uoduose (Schoener ir kt.,
2018; Svobodova ir kt., 2015), o miisy tyrimy rezultatai leidzia teigti, kad
Culicoides taip pat gali biiti $io parazito Seimininkai.

2. Smulkiyjy masaly pagauty medziy lajy lygyje Salia plésriyjy
pauksciy lizdy uzsikrétimo tripanosomatidais ekstensyvumas

Siuo tikslu medziy lajose (mazdaug 15 metry aukstyje vir§ Zemés) buvo
surinkta 1251 krauju pasimaitinusi Culicoides patelé ir PGR metodu iStirtas jy
uzsikrétimo tripanosomatidais ekstensyvumas. IS viso 139 (11,1 %) buvo
aptikti uzsikréte tiek monokseniniais, tiek dikseniniais tripanosomatidais (I
straipsnis, 1 lentelé). Smulkiyjy masaly pateliy, surinkty netoli paprastojo
suopio (Buteo buteo) lizdy, uzsikrétimo tripanosomatidais ekstensyvumas
buvo 6,2 % (n=56), o netoli mazojo erelio réksnio (Clanga pomarina) lizdy —
243 % (n=83). Vabzdziuose PGR metodais aptiktos paukscius
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parazituojancios tripanosomos (7. avium ir T. bennetti grupés tripanosomos)
ir dviejy genciy (Crithidia ir Obscuromonas) monokseniniai
tripanosomatidai. Jdomu tai, kad 61,2 % visy aptikty parazity DNR seky rodé
esant misrias Trypanosoma infekcijas. Nustatyta, kad didzioji dalis (n=43)
aptikty tripanosomy seky filogenetiskai labai panasios | 7. bennetti grupe (1
straipsnis, 2 pav.). IS viso buvo aptikti 6 nauji haplotipai, priklausantys 7.
bennetti grupei, i$ kuriy penktas haplotipas buvo labiausiai paplites (n=34) (I
straipsnis, 1 lentelé). Atlikus genetiniy atstumy tarp 7. benmnetti grupés
tripanosomy analize, nustatytas 2,9 % skirtumas; tai rodo, kad tripanosomy
rusiai nustatyti nepakanka dalinio 18S rDNR zZymens analizés, be to, taikant
vien molekulinius metodus negalima nustatyti parazito vystymosi fakto
tirtuose vabzdziuose (Valkitnas ir kt. 2013) (Lir V straipsniai)

Vienoje C. segnis ir vienoje C. pictipennis pateléje buvo aptinkta 7. avium
DNR. Nors rezultatai rodo, kad Culicoides smulkieji maSalai gali buti
potencialiis 7. avium perneséjai, visgi infekcijos aptikimas pirmiausia
patvirtina fakta, kad masalas maitinosi Siuo parazitu uzkrésto Seimininko
krauju, taCiau, nesant parazito uzkreCiamyjy stadijy patvirtinimo masalo
virSkinamajame trakte, vabzdzio kaip perne$éjo statusas negali biti
patvirtintas (V straipsnis).

Viename C. kibunensis individe buvo nustatyta Obscuromonas sp.
parazito DNR, o dviejuose C. festivipennis, dviejuose C. pictipennis ir
viename C. kibunensis masale buvo aptikta Crithidia DNR (C. brevicula arba
Crithidia sp.) (I straipsnis 1 lentelé¢). Monokseniniais tripanosomatidais
uzkrésti Culicoides genties masSalai buvo surinkti tik Salia paprastyjy suopiy
lizdy; 18 viso uzsikrétimo monokseniniais tripanosomatidais ekstensyvumas
analizuotuose Culicoides genties maSaluose sudar¢ 0,48 %. Pazymétina, kad
§io tyrimo metu pirmg kartg Culicoides genties maSaluose buvo aptiktas
Obscuromonas genties monokseninis tripanosomatidas. Sie rezultatai papildo
esamas zinias apie monokseniniy tripanosomatidy buvimg Culicoides
masaluose (I straipsnis), taciau norint patvirtinti Crithidia ir Obscuromonas
vystymosi galimybes kraujasiurbiuose vabzdziuose, ypa¢ Culicoides genties
masaluose, reikia atlikti papildomus tyrimus, pagrjstus mikroskopiniu tyrimu
(V straipsnis).

Tos pacios masaly riiSies uzsikrétimo tripanosomatidais ekstensyvumas
gali skirtis skirtingose vietovése ir tiriant skirtingame aukstyje, pavyzdziui,
uzsikrétimo tripanosomatidais ekstensyvumas C. kibunensis maSaluose
surinktuose KurS§iy Nerijoje yra statistiSkai patikimai mazesnis negu
Verkiuose (p < 0,00007), tuo tarpu masaluose surinktuose Verkiuose
uzsikrétimo tripanosomatidais ekstensyvumas yra statistiSkai patikimai
didesnis negu medziy lajoje surinktuose smulkiuosiuose masaluose (prie
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Clanga pomarina lizdy (p < 0,00001) ir prie Buteo buteo lizdy (p < 0,00006)).
Uzsikrétimo  tripanosomatidais  ekstensyvumas C.  festivipennis
smulkiuosiuose masaluose surinktuose prie Clanga pomarina lizdy buvo
statistiSkai reikSmingai didesnis nei vabzdziuose surinktuose prie Buteo buteo
lizdy (p < 0,00001). Nors Sie skirtumai yra akivaizdas, taciau veiksniai,
salygojantys Siuos skirtumus, turéty buti istirti ateityje.

Culicoides smulkiyjy masaly uzsikrétimo tripanosomatidais
ekstensyvumo kitimas sezono metu

Dvejus metus trukes gamtoje sugauty Culicoides vabzdziy ir juose aptikty
tripanosomatidy tyrimas parodé did¢jantj uzsikrétimo tripanosomatidais
ekstensyvuma vasaros sezono metu (birzelj uzsikrétimo ekstensyvumas buvo
5,3 % (2022 m. — 6,9 %; 2023 m. — 3,6 %), liepa — 8,8 % (2022 ir 2023 m. —
8,8 %), o rugpjiti — 11,2 % (2022 m. — 8,3 %, 2023 m. — 14,1 %)). Bendras
uzsikrétimo ekstensyvumas vélyva pavasarj (geguze) buvo 3,1 % (2022 m. —
0%, 2023 m. — 6,1 %), o ankstyva rudenj (rugséji) — 1,4 % (2022 m. — 2,7 %,
2023 m. — 0 %); Sie skirtumai buvo statistiSkai reik§mingi (p < 0,0001).
Ankstesni pauks¢iy hemosporidiniy parazity uzsikrétimo ekstensyvumo
smulkiuosiuose masaluose tyrimai parodé, kad nors daugiausia smulkiyjy
masaly buvo sugauta birzelio ménesj, didziausias Culicoides uzsikrétimo
hemosporidiniais parazitais ekstensyvumas smulkiuosiuose masaluose
gamtoje fiksuotas liepa. Tai leidzia daryti prielaida, jog liepa yra palankiausias
ménuo hemosporidiniy parazity tyrimams nattiralioje aplinkoje, nes tuo metu
parazity perdavimas vyksta intensyviausiai (Ziegyte ir kt., 2022). Miisy
tyrimo rezultatai leidzia daryti prielaidg apie panasy désningumga: didZiausias
tripanosomatidy uZzsikrétimo ekstensyvumas rodo, kad aktyviausias Siy
parazity perdavimo laikotarpis gamtoje yra rugpjicio ménesj. Todél Sis
ménuo gali biiti tinkamiausias sezono laikas tripanosomatidy tyrimams
kraujasiurbiuose vektoriuose gamtoje.

Culicoides maSaly mitybiné preferencija

Viso 258 Svieziai krauju pasimaitinusios Culicoides patelés (kai kraujas
pilvelyje matomas plika akimi) buvo panaudotos mitybinés preferencijos
tyrimui (Il straipsnis), tac¢iau tik 75 (29,1 %) pateliy kraujo, aptikto jy
virskinamajame trakte, Saltinio analizé buvo sékminga naudojant PGR
metoda. Pauks¢iy (74,7 %, n=56; nustatytos 23 pauksciy rusys, dauguma jy -
juodieji strazdai Turdus merula (Passeriformes, Turdidae) ir didziosios zylés
Parus major (Passeriformes, Paridae)) ir zinduoliy kraujas (25,3 %, n=19;
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galvijai, naminés katés ir zmonés) buvo aptiktas kraujasiurbiy smulkiyjy
masaly virskinamuosiuose traktuose (II straipsnis, 2 lentelé).

DvideSimt trijy méginiy mitybos Saltinio nustatyti nepavyko daugiausia
dél didelio skirtumo tarp miisy aptikty seky ir Geny Banko duomeny bazéje
deponuoty seky: devynios i$ jy pasizyméjo mazu panaSumu (< 91 %) su
amaliniy strazdy 7. viscivorus (Passeriformes, Turdidae), viena (< 92 %) su
strazdo giesmininko T. philomelos (Passeriformes, Turdidae) sekomis, o dvi
sekos parodé tik 83 % panaSuma su zinduoliy Seimininkais (viena su arkliu
Equus caballus (Mammalia, Equidae) ir viena su zmogumi Homo sapiens).
Tokie rezultatai gauti i§ C. kibunensis (T. viscivorus, n =4 ir T. philomelos, n
= 1), C. festivipennis (T. viscivorus, n = 4), C. obsoletus grupés (zmogus, n =
1 ir T. viscivorus, n = 1) ir C. punctatus (arklys, n = 1). Be to, 11 méginiy
amplifikacija buvo nespecifiné, su daugybe dviguby vir§iiniy
chromatogramose, todél nebuvo galima gauti patikimy seky BLAST analizei
ir nustatyti kraujo Saltinio.

Meéginiai, kuriy seky panasumas su Geny Banko deponuotomis sekomis
buvo patikimas (>99 %), suteikia duomeny apie Siy smulkiyjy masaly riisiy
maitinimosi krauju Saltinius: C. obsoletus grupés, C. pallidicornis ir C.
punctatus smulkieji masalai maitinosi tik zinduoliy krauju; C. segnis maitinosi
tik pauks¢iy krauju; C. festivipennis ir C. kibunensis parodé oportunistinj
mitybos elgesj, pirmenybe teikdami pauk$¢iams (atitinkamai 92 % ir 96 %);
C. pictipennis taip pat maitinosi ir zinduoliy, ir pauks¢iy krauju, nors dél mazo
PGR teigiamy masaly pateliy skai¢iaus nebuvo jmanoma nustatyti jokiy Sios
rusies mitybos preferencijy (II straipsnis, 2 lentelé).

Culicoides ir jy stuburiniy Seimininky maitinimosi sgveikos tinklas
gamtoje parod¢, kad C. kibunensis ir C. festivipennis maitinasi labai jvairiy
paukséiy krauju (atitinkamai 14 ir 12 pauks¢iy riisiy), o 7. merula buvo vienas
i§ dazniausiy kraujo Saltiniy. Nors C. segnis maitinosi tik pauksc¢iy krauju,
nustatyty Seimininky skai¢ius buvo mazesnis (6 pauksciy rusys), o 7. merula
kraujo neaptikta. Nustatyti trys skirtingi C. pictipennis kraujo $altiniai - vienas
zinduoliy (zmogus) ir du pauksciy (paprastoji pilkoji zylé Poecile palustris ir
T. merula). Be to, nustatyta, kad C. segnis, C. kibunensis ir C. festivipennis
maitinosi didziosios zylés Parus major krauju (11 straipsnis, 2 pav.).

Idomu tai, kad kity autoriy (Elbers ir Meiswinkel, 2015) tyrime C. segnis
buvo nurodyta kaip risis mintanti Zinduoliy krauju, tadiau vélesniuose
tyrimuose Europoje minétoje riiSyje rasta pauk$ciy hemosporidijy DNR, o tai
rodo, kad vabzdziai maitinosi uzkrésty paukscéiy krauju (Chagas ir kt., 2022;
Ziegyte ir kt., 2022), be to, §ios disertacijos rezultatai rodo, kad pauks¢ius
parazituojantys 7. avium rtuSies parazitai daznai aptinkami C. segnis
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smulkiuosiuose masaluose (III ir IV straipsniai), o tai patvirtina hipoteze,
kad C. segnis yra ornitofiliné smulkiyjy masaly riisis.

Buvo nustatyta, kad C. obsoletus grupés masalai, taip pat C. pallidicornis
ir C. punctatus, rodé polinkj maitintis Zinduoliy krauju — visi nustatyti kraujo
Saltiniai buvo i§ zinduoliy (II straipsnis, 2 lentelé, 2 pav.). Lietuvoje C.
obsoletus grupe sudaro dvi morfologiskai neatskiriamos (tiriant pateles) risys
— C. obsoletus ir C. scoticus (Pakalniskis ir kt., 2006). Pazymétina, kad §io
tyrimo metu viena i§ gauty seky, nustatyty tiriant C. obsoletus grupés masala,
parodé¢ panaSumg su pauksciy rii$imi, kas rodo, jog tiriamas masalas anksciau
buvo pasimaitings paukscio krauju, nors tikslios pauksciy riiSies nustatyti
nepavyko. Literatiiroje §i masSaly riiSis dazniausiai apibiidinama kaip
besimaitinanti zinduoliy krauju (Augot ir kt., 2017; Ayllén ir kt., 2014; Hadj-
Henni ir kt., 2015; Martinez-de La Puente ir kt., 2015; Santiago-Alarcon ir kt.,
2012; Videvall ir kt., 2013), taciau yra tyrimy, kuriy rezultatai parodé, kad
Siems vabzdziams gali buti budinga ir oportunistiné mitybiné preferencija
(Augot ir kt., 2017; Ayllén ir kt., 2014; Bobeva ir kt., 2015; Lassen, 2012;
Martinez-de La Puente ir kt., 2015; Ninio ir kt., 2011; Santiago-Alarcon ir kt.,
2012, 2013; Videvall ir kt., 2013). III ir IV straipsniuose pateikti rezultatai
parodé zema 7. bennetti grupés tripanosomy paplitimg C. obsoletus grupés
masaluose, o tai rodo, kad Sie vabzdziai buvo pasimaiting uZzsikrétusiy
pauksciy krauju, kas patvirtina hipoteze apie jy oportunistinj mitybos elges;j.

Sio tyrimo metu buvo nustatytos C. festivipennis ir C. kibunensis
smulkiyjy masaly oportunistinés mitybinés preferencijos ir, nepaisant to, kad
iy rusiy masaly patelés kartais maitinosi zinduoliy krauju, visgi tyrimy
rezultatai rodo, kad pirmenybe jos teiké pauksc¢iy kraujui (II straipsnis, 2
lentelé, 2 paveikslas), o tai patvirtina kity autoriy tyrimy duomenis (Augot ir
kt., 2017; Ayllén ir kt., 2014; Martinez-de La Puente ir kt., 2015; Lassen,
2012; Santiago-Alarcon ir kt., 2012, 2013; Videvall ir kt., 2013). Visgi
viename tyrime pastebéta, kad C. festivipennis maitinosi tik pauksciy krauju
(Bobeva ir kt., 2015). Be to, C. festivipennis ir C. kibunensis masaluose buvo
nustatytas placiausias kraujo Saltiniy spektras (atitinkamai 14 ir 12 pauksciy
rusiy), o dazniausias mitybos krauju $altinis buvo juodasis strazdas 7. merula
(IT straipsnis, 2 lentelé, 2 pav.), o tai rodo Turdidae Seimos paukscCiy
patraukluma tirtiems vabzdziams. [domu tai, kad IV straipsnio rezultatuose
nustatyta, jog C. kibunensis smulkiuosiuose masaluose aptinkama ir
zinduolius, ir pauk$¢ius parazituojanciy tripanosomy, nors uzsikrétimo
paukséiy tripanosomomis ekstensyvumas buvo daug didesnis nei uzsikrétimo
zinduoliy tripanosomomis. Tai patvirtina, kad pauksciai yra patrauklesnis Siy
vabzdziy kraujo $altinis nei zinduoliai.
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Nustatyti tik keli C. pictipennis maSaly mitybos krauju Saltiniai: pusé jy
buvo zinduoliai, o kita pusé — pauksciai (II straipsnis, 2 lentelé, 2 pav.). Nors
IV straispnio rezultatuose nustatyta, kad Siuose vabzdziuose aptiktos tik
pauks¢iy tripanosomos, III straipsnyje buvo pastebétas vienas individas
uzsikrétes 1. theileri grupés tripanosomomis, o §ios tripanosomos yra
aptinkamos zinduoliuose. Norint geriau suprasti C. pictipennis masaly
mitybing preferencija, reikalingi papildomi tyrimai.

Buvo aptiktos krauju pasimaitinusios C. circumscriptus patelés, taciau
nepavyko nustatyti kokiy stuburiniy gyviiny krauju Sie vabzdziai maitinosi (11
straipsnis, 2 lentelé¢). AnksCiau buvo pastebéta, kad S§i rasis paplitusi
Ispanijoje (Ferraguti ir kt., 2013; Veiga ir kt., 2018) ir Bulgarijoje (Bobeva ir
kt., 2013, 2014, 2015), taciau Lietuvoje §i masaly riisis gana reta (Bernotiené
ir kt., 2016, 2019; Chagas ir kt 2022, 2024; Ziegyté ir kt., 2021, 2022). Be to,
pastebéta, kad C. circumscriptus teikia pirmenybe buveinéms, esan¢ioms
mazdaug 20 metry aukstyje vir§ Zemés lygio (Braverman ir Linley, 1993).
Ateityje, atliekant Culicoides tyrimus jvairiuose auksciuose, bty galima
nustatyti, ar C. circumscriptus aptinkama medziy lajy aukstyje.

ISVADOS

Genties Culicoides smulkieji masalai yra tripanosomatidy perneséjai, todél jy
tyrimams tikslinga taikyti integruotus, daugiadisciplininius tyrimo metodus,
kurie mokslo praktikoje taikomi retai.

Didziausias Culicoides smulkiyjy masaly gausumas ir jvairové Lietuvoje
nustatyti birZzelio ménesj, o vélesniais ménesiais smulkiyjy masaly bei jy rusiy
skaiCius mazéja. Oro temperatiira yra pagrindinis meteorologinis veiksnys,
lemiantis atskiry Culicoides rusiy gausuma. Culicoides festivipennis, C.
pallidicornis ir C. achrayi buvo labiau susijusios su aukstesne aplinkos
temperatira, o C. segnis ir C. kibunensis gausumui jtakos turéjo ir
temperatira, ir krituliai, ta¢iau temperatiira i$liko dominuojanc¢iu veiksniu.
Tuo tarpu C. impunctatus, C. obsoletus grupés rusys ir C. pictipennis buvo
silpnai arba neigiamai susijusios su visais trimis tirtais meteorologiniais
kintamaisiais (aplinkos temperatiira, véjo greitis ir krituliy kiekis).

Masaly uzsikrétimo tripanosomatidais ekstensyvumas nedideliame aukstyje
(~2 m nuo Zemés pavirsiaus) surinktuose smulkiuosiuose masaluose svyravo
nuo 3,7 % iki 6,5 %. Didziaja dalj jy (74,2 %) sudaré Trypanosoma genties
parazitai, maziau (25,8 %) buvo aptikta monokseniniy tripanosomatidy,
priklausanéiy Herpetomonas, Crithidia ir Sergeia gentims,

Medziy lajy lygyje prie plésriyjy pauksciy lizdy surinktuose Culicoides
smulkiuosiuose masaluose uzsikrétimo tripanosomatidais ekstensyvumas
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sieké 11,1 %. Nustatytos pauksciy tripanosomos (7rypanosoma avium ir
Trypanosoma bennetti grupés atstovai) ir monokseniniai tripanosomatidai
priklausantys Crithidia ir Obscuromonas gentims. Pazymétina, kad 61,2 %
visy aptikty parazity seky indikavo misrias Trypanosoma riisiy infekcijas.
Didziausias Culicoides smulkiyjy masaly uzsikrétimo tripanosomatidais
ekstensyvumas Lietuvoje nustatytas rugpjii¢io ménesj; §is laikotarpis atitinka
didziausia tripanosomatidy perdavimo aktyvuma naturalioje aplinkoje, todél
jis yra tinkamiausias sezono metas tirti tripanosomatidus vabzdziuose
vektoriuose.

Culicoides obsoletus grupés smulkieji masalai, C. pallidicornis ir C. punctatus
daugiausia maitinasi zinduoliy krauju, o C. festivipennis, C. kibunensis ir C.
pictipennis budinga oportunistiné mitybiné preferencija, i§ kuriy pirmosios
dvi risys daugiausia maitinasi pauksc¢iy krauju.
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of Parasitology, Nature Research Centre, Vilnius, Lithuania;

2018-12, 2019-06 Biologist, project funded by Lithuanian Research Council
,Nattraliy kraujo parazity perne$éjy nustatymas* (en. Identification of natural
vectors of blood parasites), Laboratory of Entomology, Nature Research
Centre, Vilnius, Lithuania.

Main Research Area

Main research area — dipterous bloodsucking insects: biting midge
(Ceratopogonidae, Culicoides), their biology, morphology, taxonomy, role as
vectors of pathogens and their ecological adaptations in the face of changing
climate and anthropogenic impacts.

Neglected parasites of insects and vertebrates trypanosomatids
(Euglenozoa, Trypanosomatidae), their biology in insect vectors, impact to the
hosts (mainly insects and birds) and identification based on morphological and
molecular features, the search of new molecular markers for identification of
trypanosomatids.

My research is strongly interdisciplinary, combining approaches from both
entomology and parasitology to investigate the complex relationships between
insect vectors and the parasites they transmit. This integrative perspective
allows a comprehensive understanding of host—vector—parasite interactions
and their ecological and evolutionary implications.
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The main results of my research are published thirteen (13) articles (twelve
(12) of them are in journals refered in Web of Science) and twenty three (22)
conference theses (21 international and 2 national), twelve (12) of which I was
the presenting author.

Scientific Publications

1. Bernotien¢ R., Jezova T., Bukauskait¢ D, Chagas C., Kazak M.,
Valkitinas G. 2020. Development of Trypanosoma everetti in Culicoides
biting midges. Acta Tropica, 210: 105555.
https://doi.org/10.1016/j.actatropica.2020.105555

2. Kazak M., Bernotiené R., Treinys R., and Bukauskait¢ D. 2023.
Trypanosomatids in Bloodsucking Diptera Insects (Ceratopogonidae and
Simuliidae) Wild-Caught at Raptor Bird Nests in Temperate Forests.
Diversity 15, no. 5: 692. https://doi.org/10.3390/d15050692

3. Chagas, C.R.F.; Duc, M.; Kazak, M.; Valavi¢iité-Pociené, K.;
Bukauskaité, D.; Hernandez-Lara, C.; Bernotiené¢, R. 2024. High
Abundance of Haemoproteus Parasites in Culicoides (Diptera,
Ceratopogonidae), with a Confirmation of Culicoides reconditus as a
New Vector of These Avian Blood Parasites. Insects, 15, 157.
https://doi.org/10.3390/insects15030157

4. Kazak, M., Valavic¢iuté-Pociené, K., Kondrotaité, S., Duc, M.,
Bukauskaité, D., Hernandez-Lara, C. et al. 2024. Culicoides biting
midges feeding behaviour as a key for understanding avian
Haemoproteus transmission in Lithuania. Medical and Veterinary
Entomology, 1-12. Available from: https://doi.org/10.1111/mve.12752
Bernotiené, R. 2024. Blood Parasites (Haemosporida, Trypanosomatida)
in Culex pipiens: A Study and Review of Hibernating and Active
Mosquitoes. Microbiology Research, 15, 2184-2198.
https://doi.org/10.3390/microbiolres 15040146

6. Bukauskaité, D., Romeiro Fernandes Chagas, C., Duc, M., Kazak, M.,
Treinys, R., 2024. Prevalence and local transmission of haemosporidian
(Haemosporida) parasites in nestlings of birds of prey (Aves,
Accipitriformes) in the temperate forests in Lithuania. International
Journal for Parasitology: Parasites and Wildlife 25, 101013.
https://doi.org/10.1016/j.ijppaw.2024.101013

7. Kazak M., Mathieu B., Chagas C. R. F., Valaviciuté-Pociené¢ K.,
Bernotiené R., 2024. Update for Lithuanian Culicoides (Diptera:
Ceratopogonidae) fauna list with records of five new species. Bulletin of
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https://doi.org/10.3390/d15050692
https://doi.org/10.3390/insects15030157
https://doi.org/10.1111/mve.12752
https://doi.org/10.3390/microbiolres15040146
https://doi.org/10.1016/j.ijppaw.2024.101013

10.

11.

12.

13.

the Lithuanian Entomological Society, Vol. 8 (36), 123-130.
(https://www.entomologai.lt/It/leidiniai/50-bulletin-of-the-lithuanian-
entomological-society/60-volume-8-36-2024)

Bernotiené R., Iezhova T., Eigirdas V., Jusys V., Kazak M., Binkiené
R., 2025. Neglected Avian Blood Parasites (Onchocercidae and
Trypanosomatidae) in Migratory Passerines of the Temperate Zone,
Eastern Baltic Region. Pathogens, 14, 452.
https://doi.org/10.3390/pathogens 14050452

Kazak, M., Valaviciuité-Pociené, K., Ziegyté, R., Palinauskas, V. &
Bernotiené, R. 2025. The diversity of trypanosomatids in Culicoides
biting midges in the Eastern Baltic region. Medical and Veterinary
Entomology, 39(4), 889—897. https://doi.org/10.1111/mve.12824
Kazak, M.; Valaviciate-Pociené, K.; Bernotiené, R. 2025. The Study
on Culicoides: The Environment They Live in and Trypanosomatids
They Coexist. Insects, 16,770. https://doi.org/10.3390/insects16080770
Chagas C. R. F., Bernotien¢ R., Bobeva A., Bukauskaité D., Ferraguti
M., Gutiérrez-Lopez R, Kazak M., Mathieu B., Valaviciiite-Pociené K.,
Santiago-Alarcon D., Svobodova M., Veiga J., Votypka J., Ziegyté R.,
Martinez-de la Puente J. 2025. A literature review on the role of
Culicoides in the transmission of avian blood parasites in Europe.
Parasites and Vectors, 18, 329 (2025). https://doi.org/10.1186/s13071-
025-06957-y.

Gutierrez-Liberato G. A., Bernotiené R., Valavicituté-Pociené K., Kazak
M., Bukauskaité D., Binkien¢ R., Chagas C. R. F. 2025. Blackflies
(Diptera: Simuliidae) as vectors of avian blood parasites, with the first
record of two new vector species in Lithuania. Medical and Veterinary
Entomology (accepted for publication, doi: 10.1111/mve.70033).
Bukauskaité D., Chagas C. R. F., Duc M., Kazak M., Bernotiené R.,
Treinys R. 2025. Haemosporidian parasite infections and host-feeding
preferences of hematophagous insects collected at the birds of prey nests
with confirmation of vectors for Haemoproteus sp. and Leucocytozoon
sp. Integrative Zoology (accepted for publication, doi: 10.1111/1749-
4877.70033)

Participation in scientific conferences

1.

2025. Valaviciuté-Pociené K., Kazak M., Iezhova T., Bernotiené R. Can
overwintering Culex pipiens act as reservoirs of pathogens?- 11th
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Conference of the Scandinavian-Baltic Society for Parasitology, August
(13)14th-15th Reykjavik, Iceland (co-author);

2025. Bernotiené R., Binkiené R., Iezhova T., Kazak M., Valaviciuté-
Pociené K. Trypanosoma — neglected avian blood parasites. What do we
know about their transmission? - 11th Conference of the Scandinavian-
Baltic Society for Parasitology, August (13)14th-15th Reykjavik, Iceland
(co-author);

2025. Bukauskaité D., Treinys R., Chagas C. R. F., Duc M., Kazak M.
Feeding preference of blood-sucking insects and their role in the
transmission of haemosporidian parasites of birds of prey - 11th
Conference of the Scandinavian-Baltic Society for Parasitology, August
(13)14th-15th Reykjavik, Iceland (co-author);

2025. Kazak M., Chagas C. R. F., Valavicituté-Pociené K., Bernotiené
R. Prevalence of avian blood parasites in Culicoides in the Lithuanian
Zoo: pilot study and future perspectives - 11th Conference of the
Scandinavian-Baltic Society for Parasitology, August (13)14th-15th
Reykjavik, Iceland (presenting author);

2024. Kazak M., Bernotiené R. Diversity of trypanosomatids in
Culicoides biting midges - the VI International Conference on Malaria
and other Blood Parasites of Wildlife & III International Symposium of
the Wildlife Diseases Research Network, November 26th — 30th,
Medellin, Colombia (presenting author);

2024. Chagas C. R. F., Liberato G. A. G., Kazak M., Valavicitité-Pociené
K., Bukauskaité D., Bernotiené¢ R. Leucocytozoon sporozoites in wild-
caught Simuliidae - the VI International Conference on Malaria and other
Blood Parasites of Wildlife & III International Symposium of the
Wildlife Diseases Research Network, November 26th — 30th, Medellin,
Colombia, (co-author);

2024. Bukauskaite D., Treinys R., Chagas C. R. F., Duc M., Kazak M.,
Bernotiené R. Haemosporidian parasites in nestlings of birds of prey in
Lithuania: prevalence, diversity, and vectors - the VI International
Conference on Malaria and other Blood Parasites of Wildlife & III
International Symposium of the Wildlife Diseases Research Network,
November 26th — 30th, Medellin, Colombia (co-author);

2024. Bernotiené R., Kazak M., Valavic¢iuté-Pociené K., Liberato G.,
Chagas C. Blackflies as possible vectors of avian blood parasites
(Haemosporida, Trypanosomatida) — X. International Simuiidae
Symposium, November 4th — 8th, Cappadocia, Turkey (co-author);
2024. Kazak M., Valaviciuté-Pocien¢ K., Chagas C., Bernotiené¢ R.
Trypanosoma ir jiems giminiski Ziuzeliniai (Trypanosomatidae)
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10.

11.

12.

13.

14.

15.

16.

17.

kraujasiurbiuose dvisparniuose vabzdZiuose (Culicidae,
Ceratopogonidae, Simuliidae) Lietuvoje — 17th Lithuanian Young
Scientists’ Conference “Biofuture: Perspectives of the Natural and Life
Sciences®, November 21st, Vilnius. Lithuania (presenting author);
2024. Kazak, M., Bernotien¢, R. Can Culicoides (Ceratopogonidae)
become a threat to Lithuanian wildlife? — ,Nature Research for Society
Progress: Fundamental Knowledge for the Development of Applied
Decisions*, May 31st, Vilnius, Lithuania (presenting author);

Chagas C.R.F.; Valavi¢iuté-Pociené K.; Kazak M.; Duc M,
Bukauskait¢ D.; Hernandez Lara C.; Bernotiené R. Haemoproteus
parasites and Culicoides biting midges, complex interactions still to be
unraveled — PARADNI24 Parasites of 21 Century. XV. Slovak and
Czech Parasitological Days: Bratislava, Slovakia, May 13-17, 2024:
abstracts (co-author);

2024. Kazak, M., Bernotiené, R. Bloodsucking biting midges — neglected
threat for wild birds - The 67th International Scientific Conference for
Students of Physics and Natural Sciences ,,OpenReadings 2024, April
23rd-26th Vilnius, Lithuania (presenting author);

2023. Bukauskaité, D., Valavicitté-Pociené, K., Kazak, M., Hernandez-
Lara, C., Duc, M., Bernotiené, R., Chagas, C.R.F. Prevalence of blood
parasites in their potential Culicoides vectors - 10th Conference of the
Scandinavian-Baltic Society for Parasitology, June (5)6th-7th Tartu,
Estonia (co-author);

2023. Kazak M., Bernotiené R., Ziegyté R., Palinauskas V., Bukauskaité
D., Treinys R. Trypanopsomatid infections of biting midges (Culicoides,
Ceratopogonidae) in Lithuania - 10th Conference of the Scandinavian-
Baltic Society for Parasitology, June (5)6th-7th, Tartu, Estonia
(presenting author);

2023. Kazak M., Bernotien¢ R., AZelyté J. Challenges investigating
Trypanosomatids in bloodsucking Diptera - The COINS 2023, April
24th-27th, Vilnius, Lithuania (presenting author);

2022. Bernotien¢ R., Kazak M., Palinauskas V., Ziegyté R.2022.
Culicoides biting midges. vectors of avian blood parasites in Curonian
spit — 5th International Conference on Malaria and related
Haemosporidian Parasites of Wildlife,,Wildlife Malaria Conference
2022%, September 5th—8th, Bielefeld, Germany (co-author);

2022. Kazak M., Bukauskaité D., Treinys R., Bernotiené R. Parasites,
vector and the host. Some data from raptor bird nests —15th International
Congress of Parasitology “ICOPA 2022), August 2l1st-26th,
Copenhagen, Denmark (presenting author);
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18.

19.

20.

21.

22.

2022. Duc, M., Treinys R., Bernotien¢ R., Kazak M., Chagas C.,
Bukauskaité D. Identified vectors transmitting haemoproteid parasites of
diurnal raptors —15th International Congress of Parasitology “ICOPA
2022), August 21st-26th, Copenhagen, Denmark (co-author);

2022. Kazak M., Bukauskait¢ D., Treinys R., Bernotiené¢ R.
Trypanosomatids in wild-caught biting midges (Culicoides) from the
nests of raptor birds —65th International Conference for Students of
Physics and Natural Sciences “OpenReadings”, March 15th -18th,
Vilnius, Lithuania. Book of Abstracts: 87.
https://www.openreadings.cu/wp-

content/uploads/2022/03/Abstract book 2022S.pdf (presenting
author);

2021. Iezhova T. A., Bernotiené R., Bukauskaité¢ D., Chagas C. R. F.,
Kazak M., Ziegyt¢ R., Valkiiinas G. Development of two avian
Trypanosoma species in experimentally infected bloodsucking insects —
9th Conference of the Scandinavian-Baltic Society for Parasitology
“CSBSP9”, April 21st -23rd, Vilnius, Lithuania;

2021. Kazak M., Bernotiené R., Palinauskas V., Ziegyté R.
Trypanosomatids in wild-caught biting midges — 9th Conference of the
Scandinavian-Baltic Society for Parasitology "CSBSP9”, April 21st -
23rd, Vilnius, Lithuania (presenting author);

2020. Kazak M., Bernotiené R., lezova T. Avian trypanosomes
(Trypanosoma) in bloodsucking biting midges (Ceratopogonidae) — 63rd
International Conference for Students of Physics and Natural Sciences
“OpenReadings”, March 17th -20th, Vilnius, Lithuania. Book of
Abstracts: 94 (presenting author).

Internships

Short-Term Scientific Mission ,,Morphological and molecular research
method training with the possibility of further long-term cooperation® at the

Medical School of University of Strasbourg under the supervision of medical
entomologist dr. Bruno Mathieu, Strasbourg, France, September 9th — 27th,
2024.

Bachelor Students Supervision

2023 - 2025 Scientific supervisor for Deimanté Krasauskaité, bachelor
biology study program (Vilnius University);

External professional activities
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Member of Scandinavian-Baltic Society for Parasitology, (2021-02 — present);
Member of Lithuanian Entomological Society, (2022-12 — present);

Participation in COST project ,,CA22108 - Wildlife Malaria Network
(WIMANET)*, membership in working groups (WG 2, WG 3, WG 6) (2023
09 28 —2027 09 27).

Participation in organisational committee for two COST project ,,CA22108 -
Wildlife Malaria Network (WIMANET)* events in 2025 - 2nd WIldlife
MAlaria NETwork Workshop (2025) and 2nd WIldlife MAlaria NETwork
Summer School (2025).

Certificates

Certificate of achievement for BSAFE course completion; United Nations
Departament of Safety and Security, January 21st, 2025 EST, Vilnius,
Lithuania;

Certificate of participation in the intensive trainting ,,EU Funding Training
and opportunities for Al: knowledge and practice* (16 hours), December 5th,
2024, Vilnius, Lithuania;

Certificate for the course “Introductory Data Analysis in R: A Language and
Environment for Statistical Computing®™ completion (20 hours), November
11th- 15th, 2024, Vilnius, Lithuania;

Certificate of Attendance ,,Elsevier Connect PhD edition - How to conduct a
literature review effectively®, November 9th, 2023, Elsevier;

Certificate of Attendance ,,Elsevier Connect PhD edition — How to write a
scientific article in a professional way*, November 9th, 2023, Elsevier;

Certificate of Attendance ,,Conducting Internal Audits and Managing Non-
Conformities in Testing Laboratories”, May 2020, UAB Kvalitetas, Vilnius,
Lithuania;

Certificate of Attendance ,,ISO/IEC 17025 - General requirements for the
competence of testing and calibration laboratories* February 2020, UAB
Kvalitetas, Vilnius, Lithuania;
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PAPER I

Trypanosomatids in Bloodsucking Diptera Insects (Ceratopogonidae

and Simuliidae) Wild-Caught at Raptor Bird Nests in Temperate

Forests.

Kazak M., Bernotiené R., Treinys R., and Bukauskaité D. Diversity, 2023,
15,5, 692.

doi: 10.3390/d15050692 (Q2 quartile; IF: 2.4).
Open access publication
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PAPER 11
Culicoides biting midges feeding behaviour as a key for understanding
avian Haemoproteus transmission in Lithuania.

Kazak, M., Valaviciuté-Pociené, K., Kondrotaité, S., Duc, M., Bukauskaité,
D., Hernandez-Lara, C., Bernotiené R., Chagas C. R. F. Medical and
Veterinary Entomology, 2024, 1-12.
doi: 10.1111/mve.12752 (Q2 quartile; IF: 1.8).

Reprinted with permission from John Wiley and Sons.
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PAPER IIT
The diversity of trypanosomatids in Culicoides biting midges in Eastern
Baltic region.
Kazak M., Valaviciuté-Pociené K., Ziegyté R., Palinauskas V., Bernotiené
R. Medical and Veterinary Entomology, 2025, 39(4), 889—-897.
doi: 10.1111/mve.12824 (Q2 quartile; IF: 1.8).
Reprinted with permission from John Wiley and Sons.

107



PAPER IV
The study on Culicoides: the environment they live in and
trypanosomatids they coexist.
Kazak M., Valaviciiité-Pociené K., Bernotiené R. Insect, 2025, 16(8):770.
doi: 10.3390/insects16080770 (Q1 quartile; IF: 3.0).
Open access publication
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PAPER V
A literature review on the role of Culicoides in the transmission of avian
blood parasites in Europe.

Chagas C. R. F., Bernotiené R., Bobeva A., Bukauskaité D., Ferraguti M.,
Gutiérrez-Lopez R, Kazak M., Mathieu B., Valaviciite-Pociené K.,
Santiago-Alarcon D., Svobodova M., Veiga J., Votypka J., Ziegyté R.,
Martinez-de la Puente J. Parasites & Vectors, 2025, 18, 329.
doi: 10.1186/s13071-025-06957-y (Q1 quartile; IF: 3.3).

Open access publication
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PAPER VI
Update for Lithuanian Culicoides (Diptera: Ceratopogonidae) fauna list
with records of five new species.

Kazak M., Mathieu B., Chagas C. R. F., Valaviciité-Pociené K., Bernotiené
R. Bulletin of the Lithuanian Entomological Society, 2024, 8, 36, 123-130.
https://www.entomologai.lt/It/leidiniai/50-bulletin-of-the-lithuanian-
entomological-society/60-volume-8-36-2024
Open access publication
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