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Abstract

Research on the occurrence and community composition of vector-transmitted protozoan haemoparasites in birds is heavily
skewed toward passerines with many other orders underrepresented. In caprimulgids, a family of primarily ground-nesting,
crepuscular/nocturnal birds occupying a wide range of dry habitats, research on protozoan haemoparasites is limited and in
most cases based on only a few individuals. Here, using the molecular approach, the occurrence and diversity of parasites
from four genera (Haemosporida: Haemoproteus, Plasmodium, Leucocytozoon; Trypanosomatida: Trypanosoma) were
investigated in a representative of the family—the Eurasian Nightjar (Caprimulgus europaeus). Birds were sampled at a
breeding location in south-eastern Poland at the beginning of the breeding season. Overall, 20 individuals, including 17
males and 3 females, were screened. Only 10% of birds were infected and in total, two parasite lineages—both representing
Plasmodium genus—were identified. Detected parasite lineages were previously registered in a wide range of avian hosts.
Known transmission areas of these lineages indicate that breeding populations of Eurasian Nightjars from south-eastern
Poland contract infections on non-breeding grounds. This study reinforces earlier observations of the low prevalence of
haemosporidians and trypanosomes in caprimulgids.
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Zusammenfassung

Geringe Privalenz von Hamosporidien- und Trypanosomeninfektionen bei der Nachtschwalbe Caprimulgus europaeus
Forschung zum Auftreten und zur Zusammensetzung vektoriibertragener protozoischer Blutparasiten bei Vogeln findet
vor allem an Singvogeln statt; viele andere Ordnungen sind dagegen deutlich unterreprisentiert. Bei den Caprimulgiden,
einer Familie vorwiegend bodenbriitender, ddimmerungs-/nachtaktiver Vogel, die ein breites Spektrum trockener Habitate
besiedeln, sind Forschungsergebnisse zu protozoischen Blutparasiten begrenzt und basieren in den meisten Féllen nur
auf wenigen Individuen. Wir wihlten einen molekularen Ansatz, um Auftreten und Diversitit von Parasiten aus vier
Gattungen (Haemosporida: Haemoproteus, Plasmodium, Leucocytozoon; Trypanosomatida: Trypanosoma) bei einem
Vertreter dieser Familie, der Nachtschwalbe Caprimulgus europaeus, zu untersuchen. Die Vogel wurden zu Beginn der
Brutsaison in einem Brutgebiet in Siidostpolen beprobt. Insgesamt untersuchten wir 20 Individuen, darunter 17 Ménnchen
und drei Weibchen. Nur 10% der Vogel waren infiziert und es wurden insgesamt zwei Parasitenlinien—beide zur Gattung
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Plasmodium gehorig—festgestellt. Die beobachteten Parasitenlinien wurden zuvor bereits bei den verschiedensten
Wirtsvogeln nachgewiesen. Die bekannten Ubertragungsgebiete dieser Abstammungslinien deuten darauf hin, dass sich die
stidostpolnischen Brutpopulationen der Nachtschwalbe nicht in den Brutgebieten infizieren. Diese Studie bestitigt frithere
Beobachtungen der geringen Befallshidufigkeit mit Hamosporidien und Trypanosomen bei Caprimulgiden.

Introduction

Infections with vector-transmitted protozoan haemopara-
sites, such as haemosporidians and trypanosomes, are
widespread among birds (Valkitinas 2005). Despite the
great interest in the interaction between these parasites
and their avian hosts, and the steep increase in the num-
ber of studies focusing on this phenomenon, promoted by
the introduction of molecular diagnostics (reviewed in
Bensch and Hellgren 2020), our knowledge on the fre-
quency of occurrence and diversity of haemoparasites is
heavily skewed toward passerines with some other bird
orders largely underexplored (MalAvi database, Bensch
et al. 2009).

Caprimulgids, represented by 97 species classified in 19
genera, is a family of primarily ground-nesting, crepuscu-
lar/nocturnal, and insectivorous birds (Winkler et al. 2020).
They have a worldwide distribution (except for Antarctica),
occupying a wide range of habitats: deserts, semi-deserts,
open country, forests as well as suburban areas. They have
been shown to host various vector-transmitted haemopara-
sites, including representatives of the commonly studied
genera: Haemoproteus, Plasmodium, Leucocytozoon and
Trypanosoma (Williams et al. 1975; Greiner et al. 1975;
White et al. 1978; Peirce 1981; Earle et al. 1991; Bennett
et al. 1992; Valkitinas 2005; Savage et al. 2009; Pori 2018).
However, in only a few studies the number of examined
birds was large enough (over 15 individuals) to allow avoid-
ing the high statistical uncertainty of prevalence estimates
(Jovani and Tella 2006). In all these cases prevalence was
low or very low, ranging from O in the Red-necked Nightjar
(Caprimulgus ruficollis) (Forero et al. 1997) and Swamp
Nightjar (Caprimulgus natalensis) (Bennett et al. 1992),
through 2.9-6.2% in the Square-tailed Nightjar (Caprim-
ulgus fossii) (Earle et al. 1991; Bennett et al. 1992) and
5.6 in the Eurasian Nightjar (Caprimulgus europaeus)
(Valkiunas 2005), up to 7.1-10.0% in the Common Night-
hawk (Chordeiles minor) (Williams et al. 1975; Greiner
et al. 1975). However, given that to date, most studies of
haemosporidian and trypanosome parasites in caprimulgids
were based on blood smear screening, which is a less sen-
sitive method than molecular screening, prevalence and/or
diversity of parasites may be underestimated, especially in
the case of low-intensity infections (Jarvi et al. 2002; Dur-
rant et al. 2006; Garamszegi 2010, but see Valkitinas et al.
2008; Argilla et al. 2013).
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Here, we present data on the occurrence and community
composition of four genera of vector-transmitted protozoans
in a representative of the caprimulgid family—the Eurasian
Nightjar (hereafter referred to as Nightjar). This crepuscular
and nocturnal aerial insectivore is a long-distance migrant
with breeding grounds ranging across Europe (except for
northern regions beyond ca 64° N), parts of Asia and north-
western Africa, and wintering grounds—across sub-Saharan
Africa (Cramp 1985; Cleere et al. 2021). It breeds in diverse
open-ground dry habitats including heathlands, clear-cuts,
and burned areas in pine forests, producing one or two
broods per breeding season (Cleere et al. 2021). The eggs,
most commonly two, are laid in a shallow depression on
the sparsely vegetated ground. The nesting cycle lasts for
approximately 36 days.

We screened Nightjars for the presence in their blood-
stream of parasites representing three genera of the order
Haemosporida: Haemoproteus—vectored by hippoboscid
flies (Hippoboscidae) and biting midges (Ceratopogoni-
dae), Plasmodium—vectored by mosquitoes (Culicidae),
Leucocytozoon—vectored by black flies (Simuliidae) and
biting midges and parasites from a genus representing order
Trypanosomatida: Trypanosoma—vectored by black flies,
hippoboscid flies, biting midges, Culex spp. mosquitoes
and dermanyssid mites (Dermanyssidae) (Molyneux 1977;
Votypka et al. 2012; Santiago-Alarcon et al. 2012). To date,
parasites from all four genera have been detected in the Eur-
asian Nightjar (Peirce 1981; Shurulinkov and Golemansky
2002; Valkitnas 2005). However, all studies except for one
were based on the small number of examined birds (less than
eight individuals) and used primarily blood smear screening
to detect infections (Table 1). Here, we employed the molec-
ular approach to screen for the presence of haemosporidians
and trypanosomes in Nightjars sampled at a breeding loca-
tion in south-eastern Poland.

Methods
Sampling site and sample collection

The sampling site—the Sobibor Landscape Park (hereafter
called “Sobibdr”) was selected based on the breeding habitat
preferences of the Eurasian Nightjar (Cramp 1985; Cleere
etal. 2021). It is located in the southeast of Poland, near the
city of Wtodawa, on the border with Ukraine and Belarus
(51.42 N, 23.6 E). It is located in the UNESCO Cross-Border
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Table 1 The literature survey on the occurrence of blood parasites from genera Haemoproteus, Plasmodium, Leucocytozoon and Trypanosoma

in the Eurasian Nightjar

Sampling location Number of birds

Examined Infected

Parasite taxon

Screening method References

Sub-Saharan Africa 7 0 Blood smears Bennett et al. (1992)
Northern Republic of South Africa 4 0 Blood smears Earle et al. (1991)
Germany Haemoproteus sp. Blood smears Peirce (1981)

Plasmodium relictum

6 2 Leucocytozoon sp.

Trypanosoma sp.
Corsica Trypanosoma thiersi
The Curonian Spit in the Baltic Sea 36 2 Leucocytozoon caprimulgi Blood smears Valkitinas (2005)
Bulgaria 2 Haemoproteus caprimulgi  Blood smears Shurulinkov and Golemansky (2002,

2003)

Kuwait 3 0 Blood smears Mohammed and Al-Taqi (1975)
Sardinia 1 0 Molecular Pellegrino et al. (2021)

Biosphere Reserve “West Polesie”. The Sobib6r Landscape
Park, with an area of 10,000 ha (plus 9500 ha of a buffer
zone), covers the most valuable parts of the Sobiborskie For-
ests with notable large wet areas, including well-preserved
peat bogs and mid-forest lakes. Coniferous habitats, includ-
ing dry, fresh, wet, and marshy coniferous forests are the
most common type of habitat. Nightjars were caught mostly
on dry clearings adjacent to wetlands.

Birds were sampled within a framework of a project
focusing on the link between sexual characters (the white
spots) and morphological and behavioural traits in Eurasian
Nightjar males. To that end, chosen method of capturing
nightjars targeted males during territory establishment. In
Poland, Eurasian Nightjars arrive in April-May and depart
to Africa in August—September. Birds were caught between
1 and 6 May (in 2018), a timing which corresponds to the
beginning of species breeding season at the sampling area.
Catching sessions were conducted from sunset to sunrise
in the likely breeding territories. The Nightjars’ activity
was usually the highest during dusk and dawn and moonlit
nights. Birds were caught using an ultra-thin net (dimen-
sions: 12X 3 m, Ecotone, Gdansk, Poland) fixed on two
6-m-long poles and playback of the song of a male unknown
to the territorial individuals. Because mostly males react
to playbacks, females were caught only occasionally. Birds
were sexed and aged (2-year-old, 2-year-old or older, 3-year-
old or older) based on plumage characteristics (Ottenby Bird
Observatory 2015). All birds received a metal ring with a
unique alphanumerical code. Finally, blood samples (up to
20 pl) were taken from the wing vein and stored in 96%
ethanol. After transporting to the laboratory, the samples
were kept at 4 °C until molecular analysis.

In total, 20 birds were sampled for blood. The propor-
tion of males was 0.85, while the proportion of 2-year-old,

2-year-old or older and 3-year-old or older was 0.15, 0.7 and
0.15, respectively.

Molecular analyses

DNA was isolated using the ammonium acetate method
(Bruford et al. 1998). The following procedures were used
to screen for haemosporidian and trypanosome infections:

1) In the case of haemosporidians the samples were first
screened following the Ciloglu et al. (2019) protocol.
This protocol is based on a multiplex polymerase chain
reaction (PCR), which allows for simultaneous amplifi-
cation of the DNA sequences of Haemoproteus, Plasmo-
dium and Leucocytozoon and their unambiguous identi-
fication based on the length of the amplified sequences:
525-533 bp in the case of Haemoproteus, 377-379 bp in
the case of Plasmodium and 218 bp in the case of Leu-
cocytozoon. The multiplex PCR protocol shows slightly
higher detection rates of haemosporidian parasites and,
importantly, is superior at detecting multiple infections
in comparison with the commonly used nested PCR pro-
tocol (Ciloglu et al. 2019). The multiplex PCR reactions
were set up using 2 X Qiagen Multiplex PCR Master Mix
(Qiagen, Hilden, Germany). In the next step, all sam-
ples were screened with a nested PCR using primers
targeting a 478 bp long fragment of the cytochrome b
of haemosporidians (Hellgren et al. 2004). Firstly, this
step allowed us to verify whether both screening proto-
cols yield the same results, and secondly, PCR products
amplified with this protocol were used for sequencing to
identify parasite lineages as listed in the MalAvi data-
base (Bensch et al. 2009). The concentration of PCR
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reagents followed Kubacka et al. (2019) except for 0.625
units of Tag DNA polymerase (GoTaq G2 Hot Start Pol-
ymerase, Promega, Madison, USA) as recommended by
the manufacturer, while PCR thermal profiles followed
Hellgren et al. (2004).

2) The presence of Trypanosoma parasites was confirmed
with a nested PCR targeting a 326 bp long fragment of
the 18 S rRNA gene (Sehgal et al. 2001). PCR reaction
mix was prepared according to Kubacka et al. (2019)
and thermal profiles followed Sehgal et al. (2001).

All samples were run twice with each protocol. In all
cases, PCR reactions contained approximately 50 ng of
total genomic DNA. Each run contained a negative control
(ddH,0 instead of DNA isolate) to check for contamination
and a positive control (either DNA isolate of the Great
Tit (Parus major) with confirmed infection with all three
haemosporidian genera or with Trypanosoma) for a pos-
sible PCR failure.

The amplicons (6 pl) were run on 2% agarose gel stained
with SimplySafe (Eurx, Gdarisk, Poland) and visualised
under UV light. To check the quality of DNA isolates all
samples scored as negative were tested with primers P2 and
P8, which amplify the fragments of the sex-linked CHD1
gene (Griffiths et al. 1998). Although this primer set ampli-
fied in males and females (as identified based on external
characteristics) only one fragment (or two fragments of a
very similar size, which were not resolved on an agarose
gel), the amplification of the product was used as an indica-
tion that DNA isolate was of good quality. PCR reactions
and thermal conditions for amplification of fragments of the
CHDI1 gene followed Cichon et al. (2003).

PCR products amplified with the protocol of Hellgren
et al. (2004) were cleaned enzymatically (Exo-sap) and
sequenced bidirectionally by Genomed (Warsaw, Poland).
Chromatograms were inspected visually for the presence of
multiple peaks which indicate mixed infections and anno-
tated and aligned with BioEdit software ver. 7.2.3 (Hall
1999). Consensus sequences were next searched against
the MalAvi database (Bensch et al. 2009) and GenBank.
If the sequence did not match with 100% accuracy any of
the sequences deposited in the MalAvi database/GenBank,
PCR and sequencing were repeated to exclude the possibility
that a novel sequence was a product of PCR or sequencing
error(s).

95% confidence intervals (95% Cls) for prevalence were
calculated with Quantitative Parasitology (QPweb) ver.
1.0.15 software using the Sterne’s method (Reiczigel et al.
2019; Klaschka and Reiczigel 2021). The difference in
the proportion of infected individuals between males and
females was tested with Fisher’s exact test. The analysis was
performed with R v. 4.1.1 using fisher. Test command imple-
mented in stats package (R Core Team 2021).
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Results

Nested and multiplex PCR protocols employed to screen
for haemosporidian infections produced the same results
in terms of the identity of infected individuals and parasite
genera.

Only 2 out of 20 Nightjars one male and one female—
were positive for the presence of haemosporidian/
trypanosome parasites (prevalence and 95% CIs 0.100,
0.018-0.320). The proportion of infected individuals was
over five times lower in males (prevalence and 95% Cls
0.059, 0.003-0.287, n=17) than in females (prevalence
and 95% ClIs 0.333, 0.017-0.865, n=3), however, this dif-
ference was not statistically significant (Fisher’s exact test,
p=0.284). The male carried a single infection and the
female—at least a single infection. It was not possible to
unequivocally assess the number and identity of all lineages
carried by the female, because of the inconsistency in the
presence and location of double peaks in chromatograms of
amplicons produced in three PCR replicates. The infections
were caused by Plasmodium. Parasites representing three
other genera—Haemoproteus, Leucocytozoon and Trypano-
soma—were not detected.

In total, 2 lineages—ACCTACO1 and SW5—were identi-
fied, both previously recovered in other bird species. Lineage
SWS5 represents Plasmodium circumflexum morphospecies,
while lineage ACCTACO1 has not been assigned to any mor-
phospecies yet. Identified lineages were recovered to date
from a wide range of families and orders: ACCTACO1—
from 15 families in 7 orders and SW5—from 10 families in
9 orders (Table 2).

Discussion

We show using molecular screening that Eurasian Nightjars
caught at the breeding site in south-eastern Poland rarely
carry haemosporidian and trypanosome infections. Specifi-
cally, only 10% of birds at this location were infected and all
infections belong to Plasmodium. Haemoproteus, Leucocy-
tozoon and Trypanosoma were not detected.

Low prevalence of haemosporidian infections in the
breeding population of Eurasian Nightjars is in accord-
ance with the findings of Valkiainas (2005) who reported
two infected among 36 examined individuals of this spe-
cies sampled during migration in the Curonian Spit in the
Baltic Sea. Such low prevalence is also in accordance with
infection rates found in other caprimulgids (Williams et al.
1975; Greiner et al. 1975; Earle et al. 1991; Bennett et al.
1992; Forero et al. 1997). Although the Eurasian Nightjar
is known to host parasites from all four genera considered
in this study-including Haemoproteus caprimulgi and
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Table 2 Morphospecies, host range (at order, family and species level), migratory status and sampling location of hosts of haemosporidian line-
ages detected in the Eurasian Nightjar at its breeding grounds in south-eastern Poland

Lineage (GenBank accession  Host order Host family Host species Migratory status ~ Sampling location
no) and morphospecies
ACCTACO1 Accipitriformes Accipitridae African Goshawk (Accipiter tachiro) R Gabon
(EU810700) Bucerotiformes Bucerotidae Crowned Hornbill (Lophoceros R Malawi
alboterminatus)
Plasmodium sp. Coraciiformes Meropidae European Bee-eater (Merops M Germany
apiaster)
Rosy Bee-eater (Merops malimbicus) M/R Gabon
Falconiformes Falconidae Eleonora's Falcon (Falco eleonorae)® M Spain
Gruiformes Rallidae Corn Crake (Crex crex) M France
Passeriformes Alaudidae Flappet Lark (Mirafra rufocin- R Malawi
namomea)
Hirundinidae Barn Swallow (Hirundo rustica)® M Czechia
Oriolidae Western Black-headed Oriole (Orio- R Gabon
lus brachyrynchus)
Platysteiridae Chestnut Wattle-eye (Platysteira R Gabon
castanea)
Ploceidae Black-necked Weaver (Ploceus R Gabon
nigricollis)
Black-winged Red Bishop (Euplectes R Gabon
hordeaceus)
Village Weaver (Ploceus cucullatus)® R Eswatini
Pycnonotidae Green-tailed Bristlebill (Bleda R Gabon
eximius)
Red-tailed Bristlebill (Bleda syn- R Gabon
dactylus)
Muscicapidae Collared Flycatcher (Ficedula M Hungary, Sweden
albicollis)
Common Nightingale (Luscinia M Czechia, Spain
megarhynchos)®
Pied Flycatcher (Ficedula hypoleuca) M United Kingdom
‘White-browed Forest Flycatcher R Gabon
(Fraseria cinerascens)
‘White-chested Alethe (Chamaetylas ~ M/R Tanzania
fuelleborni)
Sturnidae Babbling Starling (Neocichla gut- R Malawi
turalis)
Turdidae Black-eared Ground-Thrush (Geok- R Gabon
ichla camaronensis)
Rufous Flycatcher-Thrush (Neocossy- R Gabon, DR Congo®
phus fraseri)
White-tailed Ant Thrush (Neocossy- R Gabon, DR Congo®
phus poensis)
Piciformes Picidae Buff-spotted Woodpecker (Cam- R Gabon
pethera nivosa)
SW5 Anseriformes Anatidae Northern Pintail (Anas acuta) M/R USA
(AB741486) Blue-winged Teal (Spatula discors) M Canada, USA
Plasmodium circumflexum Common Pochard (Aythya ferina)® M/R China
Eastern Spot-billed Duck (Anas M/R China
zonorhyncha)
Gadwall (Mareca strepera)f M/R China
Green-winged Teal (Anas crecca) M/R Iran
Mallard (Anas platyrhynchos) M/R China, Irang, Japan
Charadriiformes Scolopacidae Latham’s Snipe (Gallinago hard- M Japan
wickii)
Pectoral Sandpiper (Calidris mel- M USA
anotos)
Swinhoe’s Snipe (Gallinago megala) M Japan
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Table 2 (continued)

Lineage (GenBank accession  Host order Host family Host species Migratory status  Sampling location
no) and morphospecies
Falconiformes Falconidae Eurasian Kestrel (Falco tinnunculus) M/R China
Gruiformes Gruidae Red-crowned Crane (Grus japon- M/R Japan
ensis)
Common Crane (Grus grus)f M China
Rallidae Corn Crake (Crex crex) M Russia
Eurasian Coot (Fulica atra) M/R China’, Japan*
Eurasian Moorhen (Gallinula M/R China
chloropus)f
Passeriformes Acrocephalidae  Aquatic Warbler (Acrocephalus M Poland
paludicola)
Eurasian Reed Warbler (Acrocepha- M Portugal, Russia, Slovakia
lus scirpaceus)
Great Reed Warbler (Acrocephalus M Sweden
arundinaceus)
Sedge Warbler (Acrocephalus schoe- M Nigeria, Poland, Romania
nobaenus)
Pelecaniformes Ardeidae Schrenck’s Bittern (Ixobrychus M Japan
eurhythmus)*
Podicipediformes Podicipedidae Great Crested Grebe (Podiceps M Japan
cristatus)*
Procellariiformes Procellariidae Streaked Shearwater (Calonectris M/R Japan
leucomelas)*
Strigiformes Strigidae Northern Saw-whet Owl (Aegolius M/R USA
acadicus)®

The list includes three species that were identified as hosts based on screening of wild injured birds which were rescued and tested for haemos-
poridian infections in captivity (marked with asterisk). Data obtained from the MalAvi database (accessed on 6 September 2022) and through a
search of the literature (Google Scholar) and GenBank records. Information originating from sources other than the MalAvi database is marked
with superscript letters. Taxonomy and migratory status of host species follow Billerman et al. (2022). Migratory status refers to migratory

behaviour at the species level, not sampling locations
R resident, M migratory

2Gangoso et al. (2016)

bKrausova (2015)

“Ganser et al. (2020)

4$fma (2011)

“Harvey (2018)

fYang et al. (2021)

£Nourani et al. (2020)

hCarlson et al. (2018)

Leucocytozoon caprimulgi, which are regarded as specific
for caprimulgids (Williams et al. 1975; Shurulinkov and
Golemansky 2002; Valkitinas 2005)-we confirmed the pres-
ence of parasites belonging only to Plasmodium. Given the
lack of blood smears in this study and limited knowledge
about the taxonomic affiliation of specific lineages to mor-
phospecies (MalAvi database, Bensch et al. 2009), only one
morphospecies could be identified based on DNA sequence,
namely Plasmodium circumflexum (Valkitnas et al. 2014).

Males and females did not differ in infection rates with
haemosporidians and trypanosomes. This finding falls in
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line with the results of a recent meta-analysis showing that
in birds there is no difference between sexes in the preva-
lence of infection with any of the following categories of
haemoparasites: microfilaria, Trypanosoma, Plasmodium,
Leucocytozoon and Haemoproteus (Valdebenito et al. 2020).
However, given the very small number of females tested for
the presence of haemosporidian and trypanosome parasites
in this study, no strong conclusions on sex-specific patterns
of infection in the Eurasian Nightjar may be drawn.
Currently, there is scarce information about the molecular
identity of haemosporidan parasites in caprimulgids. Apart
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from two lineages detected in the current study, only six
other lineages (Haemoproteus: CHOMINO1, PAPOLO1,
TROAED20; Plasmodium: COPMALOQ2; Leucocytozoon:
CAPLONO1, CAPLONO3) have been identified to date, all
in species sampled in South America, North America and
Asia (Ishtiaq et al. 2007; Lacorte et al. 2013; McNew et al.
2021). It has to be noted that in the case of lineages ACC
TACO1 and SW5 detected in Nightjars in Sobib6ér, the lack
of blood smears precludes the possibility to unequivocally
show that the Eurasian Nightjar is a competent host for these
parasites, e.g. an organism, in which the parasite completes
its development and therefore the host may transmit the
parasite to vectors (Valkitinas 2005). Only the presence of
haemosporidian gametocytes or erythrocytic meronts, which
is verified with blood smears, is used as a confirmation that
a species is a competent host (Valkitnas et al. 2009). Con-
sequently, it may not be excluded that for some of the para-
sites detected in this study, Eurasian Nightjars are dead-end
hosts. Additionally, while molecular methods are highly sen-
sitive at detection of parasites in the host’s blood (Sehgal
et al. 2001; Hellgren et al. 2004), by using only molecular
screening some parasites may be missed as has been shown
in studies in which both the molecular approach and blood
smear screening have been employed (Durrant et al. 2006).
This may arise either because of limitations imposed by used
primers or because of the preferential amplification of one
of the lineages in the case of multiple infections (Pérez-Tris
and Bensch 2005; Valkitinas et al. 2006).

The low infection rate observed in the Eurasian Nightjar
may be driven by a few not mutually exclusive mecha-
nisms: susceptibility to infection, exposure to competent
vectors and exposure to parasites for which Nightjars are
competent hosts. Based on the currently available data it
is not possible to assess to what extent susceptibility of
Nightjars shapes low infection rates by vector-transmitted
haemoparasites. The factor which may play an important
role is exposure to vectors. On breeding grounds, Night-
jars occupy dry soil habitats such as dry pine forests or
heathlands (Cleere et al. 2021), and on wintering grounds
in Africa—tropical grassland, savannah, shrubland and
steppe vegetation with scattered trees and dense tree stands
(Evens et al. 2017; Norevik et al. 2017). The common
feature of many of these habitats is low water retention in
the soil and low humidity. Because the majority of blood-
feeding arthropods which vector Haemoproteus, Plasmo-
dium, Leucocytozoon and Trypanosoma require access to
water, either still or running, or humid substrate for ovipo-
sition and larvae development (Valkitinas 2005; Santiago-
Alarcon et al. 2012), habitats occupied by Nightjars, may
not provide appropriate conditions for these arthropods.
Therefore, such habitats may be expected to hold only low
numbers of vectors if any.

Because the study species is migratory, it may contract
infections on breeding grounds, wintering grounds and
stopover sites during migration. Based on the requirements
necessary to identify a geographic region as a transmission
area (at least one of the three conditions has to be met: (1)
the presence of infections in juvenile birds of migratory
species, (2) the presence of infections in juvenile and/or
adult birds of resident species, (3) the presence of infective
parasite stages in salivary glands of vectors), Plasmodium
lineage ACCTACO1 is currently considered to be trans-
mitted only in Africa, while SWS5 is in Africa, southern
Europe and Asia (MalAvi database, Njabo et al. 2009;
Ventim et al. 2012). Although currently there is no data on
migration routes of Nightjars breeding in central Europe,
birds from western and northern Europe (Belgium, Den-
mark, France, Sweden, UK) are known to stop in south-
ern Europe and on several stopover sites in Africa before
reaching wintering sites in the central sub-Saharan region
(Evens et al. 2017; Norevik et al. 2017; Jacobsen et al.
2017). Given transmission areas of the parasites detected
in this study, it is highly probable, that Eurasian Night-
jars breeding in central Europe contract infections only
outside of breeding grounds: on stopover and wintering
sites in Africa and potentially also on stopover sites in
southern Europe. Such a pattern of infection contraction
is in accordance with the pattern suggested for long-dis-
tance Palearctic migrants wintering in Africa, which spend
most of the year (ca 9 months) on non-breeding grounds
(Valkitinas 2005).

Summing up, we found that Eurasian Nightjars sampled

at the breeding site in south-eastern Poland are in the vast
majority free of haemospordians and trypanosomes. To
what extent this pattern is mediated by high resistance to
these parasites and to what extent by the choice of habitats
occupied by the species, remains to be explored. More
studies, based on molecular screening and large sample
size, in other Eurasian Nightjar populations as well as in
other caprimulgids are needed, to confirm the generality
of the low frequency of haemosporidian and trypanosome
infections in this family.
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