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Abstract Sedentary bird species are suitable model hosts for
identifying potential vectors of avian blood parasites. We stud-
ied haemosporidian infections in the Tengmalm’s Owl
(Aegolius funereus) in the Ore Mountains of the
Czech Republic using molecular detection methods. Sex of
owl nestlings was scored using molecular sexing based on
fragment analysis of PCR-amplified CHD1 introns. Observed
infection prevalences in nestlings and adult owls were 51 and
86 %, respectively. Five parasite lineages were detected. Most
of the infections comprised the Leucocytozoon AEFUNO02 and
STOCCO06 lineages that probably refer to distinct
Leucocytozoon species. Other lineages were detected only spo-
radically. Mixed infections were found in 49 % of samples. The
main factor affecting the probability of infection was host age.
No effect of individual sex on infection probability was evi-
denced. The youngest infected nestling was 12 days old. High
parasite prevalence in the Tengmalm’s Owl nestlings suggests
that insect vectors must enter nest boxes to transmit parasites
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before fledging. Hence, we placed sticky insect traps into mod-
ified nest boxes, collected potential insect vectors, and exam-
ined them for the presence of haemosporidian parasites using
molecular detection. We trapped 201 insects which were deter-
mined as biting midges from the Culicoides genus and two
black fly species, Simulium (Nevermannia) vernum and
Simulium (Eusimulium) angustipes. Six haemosporidian line-
ages were detected in the potential insect vectors, among which
the Leucocytozoon lineage BT2 was common to the
Tengmalm’s Owl and the trapped insects. However, we have
not detected the most frequently encountered Tengmalm’s Owl
Leucocytozoon lineages AEFUN02 and STOCCO6 in insects.

Keywords Avian malaria - Wildlife diseases - Blood
parasites - Strigiformes - Vectors - Transmission - Molecular
sexing of owls

Introduction

Haemosporidians are globally distributed intracellular para-
sites of vertebrates. The most numerous haemosporidian par-
asites infecting birds are assigned to three genera
(Plasmodium, Haemoproteus, and Leucocytozoon) compris-
ing more than 200 species which have been detected in more
than 4000 host species (Bishop and Bennett 1992; Valkitinas
2005; Garamszegi 2010). Blood-sucking insects serve as vec-
tors of haemosporidian transmission. While mosquitoes are
the prevailing vectors of Plasmodium species, biting midges
and hippoboscid flies transmit Haemoproteus and the genus
Leucocytozoon is spread by simuliid flies (Valkitinas 2005).
The majority of studies on avian haemosporidians have
been conducted on migratory birds as hosts, which are expect-
ed to harbor more parasite lineages than nonmigratory host
species due to their exposure to vectors at both their breeding
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and migratory or wintering grounds. High prevalence of blood
parasites has been demonstrated also in some sedentary spe-
cies (Ishak et al. 2008; Krone et al. 2008, Chakarov et al.
2015), however. Since sedentary bird species can be infected
only at their breeding grounds, their association with parasites
may serve as a model for finding potential vectors of avian
haemosporidians. Hence, studies of haemosporidians in owls
which are often sedentary species or short-distance migrants
may provide interesting insight into parasite—host relation-
ships and potential vector identification. An important advan-
tage in using owls as model species is that owls have long
nesting periods, and hence, haemosporidians are able to infect
owl nestlings and multiply into detectable numbers in the host
blood before fledging (Appleby et al. 1999; Ortego and
Cordero 2009, 2010). Infections in nestlings provide valuable
information about the time and place of transmission which is
usually difficult to obtain in adult birds. Although
Leucocytozoon and Haemoproteus species have been found
to be the most frequent parasites in owl species, Plasmodium
infections can also reach high prevalence in some populations
(Gutiérrez 1989; Remple 2004; Monahan and Hijmans 2007,
Ishak et al. 2008). The number of haemosporidian species
infecting owls seems to be rather low (eight species according
to Valkitinas 2005), but diversity may be underestimated due
to the presence of cryptic species (Ishak et al. 2008; Krone
et al. 2008, Outlow and Ricklefs 2009).

We investigated the diversity of haemosporidian parasites
in the Tengmalm’s Owl (4egolius funereus) in the Ore Moun-
tains within the northwestern part of the Czech Republic. The
Tengmalm’s Owl (also known as Boreal or Richardson’s owl)
inhabits Holarctic coniferous forests and mountains and feeds
on small mammals, birds, and insects. It normally breeds once
per year and lays two to eight eggs in tree holes or nest boxes.
The incubation period is 26 to 27 days, and nestlings leave the
nest in 30 to 35 days (Korpiméki and Hakkarainen 2012). It
has been shown that females prefer new nest boxes for breed-
ing, and hence, they usually change nesting places between
seasons (Sonerud 1985). The species is not migratory, but
individuals in some populations sometimes move slightly
south in the cold seasons (Hayward and Hayward 1992). In
the Czech Republic, it inhabits mainly mountainous areas with
both coniferous and deciduous forests. The prevailing haemo-
sporidian species detected in the Tengmalm’s Owl has been
Leucocytozoon danilewski (= L. ziemanni), which typically
has shown high prevalence exceeding 90 % (Korpimiki
et al. 1993; Ilmonen et al. 1999). Analyses of cytochrome b
have shown that L. danilewski in owls comprises many line-
ages that differ by as much as 8 % in sequence and hence
probably consists of several cryptic species (Ishak et al.
2008). Other parasite species occur in much lower prevalence
(less than 10 %) (Korpiméki et al. 1993; Ilmonen et al. 1999).

In the present study, we utilized molecular detection
methods to study the diversity of haemosporidian parasites
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in Tengmalm’s Owl adults and nestlings. Because we regular-
ly found infections in nestlings, we set insect traps in nest
boxes to identify potential insect vectors occurring in close
proximity to active Tengmalm’s Owl nests. We then identified
haemosporidian lineages in the trapped potential insect vec-
tors and compared them with the infections found in owl nes-
tlings and adults.

Material and methods
Study area

The study was performed on Tengmalm’s Owl (Fig. 1) in the
highest parts of the Ore Mountains in northern Bohemia
(Czech Republic) between 2008 and 2011. The study site
covers an area of 70 km?® and is located in the surroundings
of the Flaje Dam approximately between the municipalities of
Kliny, Cesky Jitetin, and Moldava. Elevation ranges from 735
to 956 m a.s.l. Blue spruce (Picea pungens), Norway spruce
(Picea abies), and European larch (Larix decidua) are the
dominant tree species at the study location. Deciduous trees
are represented by downy birch (Betula pubescens), silver
birch (Betula pendula), rowan (Sorbus aucuparia), and red
oak (Quercus rubra). The mosaic fragments of original natural
European beech (Fagus sylvatica) forests provide natural
holes suitable for Tengmalm’s Owl nests. Nest boxes (164 to
167 at the time of our study) have been installed to further
supplement breeding possibilities.
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Fig. 1 Female and nestlings of the Tengmalm’s Owl in a nest box. Photo
by A. Popelkova
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Sampling of birds and molecular sexing of young

Breeding was evaluated via periodic controls of nest boxes
every 7 to 14 days throughout the nesting season (between
the beginning of March and the end of July). Males were
captured using mist nets no earlier than when the oldest chick
in the nest box was older than 10 days so as to prevent the
parent from leaving the nest. Females and offspring were cap-
tured in nest boxes. All individuals were ringed, and blood
samples were taken from the brachial artery. Nestlings were
sampled 5 days or later after hatching. Blood samples were
preserved in 96 % ethanol and stored at —20 °C. DNA was
extracted using a DNeasy” Tissue Kit (Qiagen, Hilden, Ger-
many) following the manufacturer’s protocol. Concentration
and purity of isolated DNA were checked using a NanoDr0p®
ND-1000 spectrophotometer (Isogen Life Science, Utrecht,
Netherlands). Sex of nestlings was identified using amplifica-
tion of sex-linked CHD1 gene fragments. The P8 and M5
primers (Griffith et al. 1998; Bantock et al. 2008) amplify
CHDI1 introns on both W and Z chromosomes. The intron
lengths differ in the majority of birds (with the exception of
ratites), and hence, PCR products of one or two sizes are
produced in males (ZZ chromosomes) and females (ZW), re-
spectively. Given that the difference in intron lengths in owls
is beyond the separation limits of standard agarose gels used
for molecular sexing of other birds, we separated the PCR
products by size using capillary electrophoresis. M5 primer
was fluorescently labeled, and amplicons were analyzed in an
ABI PRISM” 3100 Genetic Analyzer (Applied Biosystems,
Carlsbad, CA, USA) and then scored using GeneMarker~ ver-
sion 1.9 software (Softgenetics, State College, PA, USA).
While PCR products of two sizes (approximately 245 and
249 bp) were detected in females, the presence of single-size
(245 bp) products indicated a male sample.

Insect sampling and species determination

Ornithophilic blood-sucking insects were collected in May
and June 2011 from the beginning until the end of nesting in
each nest box using 11 specially adapted nest boxes (Votypka
et al. 2009). Each nest box consisted of two parts. The lower
part contained the entrance hole and a nest cavity. The upper
part was separated from the lower one by a wire mesh (1.0x
1.0 cm grid) and had a removable lid. Adjacent to the lid, the
upper part of the nest box was perforated by several small
openings (0.5 cm in diameter) to enable insects to enter and
leave the nest box. Sticky Petri dishes, used for insect trap-
ping, were prepared from the transparent plastic lower part of
Petri dishes smeared with an adhesive used by gardeners to
control fruit-tree pests (Chemstop; Fytofarm CZ s.r.0., Prague,
Czech Republic). No pheromones were present in the glue.
Captured insects were washed from sticky Petri dishes
using petrol and were further cleaned by petrol and washed

with 96 % ethanol. Insects were then stored in ethanol, and
Simulium specimens were assigned to species by stereo-
microscope examination and in accordance with standard de-
termination literature (Chvala 1980). Taxonomic status of sev-
eral specimens of each Simulium species was verified via
barcoding using the Barcode of Life Database (BOLD). Uni-
versal LCO1490 and HCO2198 primers were used to amplify
a 710-bp region of the mitochondrial cytochrome oxidase
subunit I (COI) gene. Culicoides specimens were present in
only a small number and often had been damaged during their
removal from the sticky dishes, and hence, they were deter-
mined by morphology only to genus level. To prevent con-
tamination with parasites occurring in blood meals during
subsequent PCR detections, blood-fed females were
completely excluded from all analyses.

Samples were dried and crushed in 1.5-ml microtubes.
Simulium and Culicoides samples were grouped in pools of
1 to 11 individuals belonging to the same species (or genus in
the case of Culicoides species) trapped in a single nest box.
DNA was extracted using the same method as that for the bird
blood samples (described above).

Detection of haemosporidian parasites

Haemosporidian parasites in blood samples and insects were
detected via nested PCR targeting cytochrome b using the
protocol of Hellgren et al. (2004). This method enables
distinguishing between Plasmodium/Haemoproteus and
Leucocytozoon infections. HaemNFI and HaemNR3 primers
were used for the initial PCR, and nested PCR was performed
using (i) HaemF and HaemR2 for Haemoproteus or
Plasmodium detection and (ii)) HaemFL and HaemR2L for
Leucocytozoon detection. Negative controls (water instead of
the template DNA) were used for each PCR run. Parasite
presence was evaluated through electrophoresis of 5 pl of
the nested PCR products on 2 % agarose gel. Each sample
was tested three times to reduce the number of false negative
results. All positive samples were sequenced using HaemF or
HaemFL primers. Sequences were edited and checked for
double peaks indicating mixed infections, and contigs were
made using CodonCode Aligner software (CodonCode Cor-
poration, Centerville, MA, USA). Haplotypes were assigned
to known haemosporidian lineages using the MalAvi database
(Bensch et al. 2009). New haplotypes differing by one or more
substitutions from available sequences deposited in the
GenBank and MalAvi databases were confirmed by sequenc-
ing from the 3’ end with HaemR2 or HaemR2L primers. Con-
firmed new haplotypes were considered as new lineages and
named using the host acronyms AEFUN (for 4. funereus) and
NEVE (for Nevermannia black fly) followed by consecutive
numbers. The sequences of the new lineages were deposited in
GenBank (accession numbers KP715101 and KP715102).
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Statistical analyses

Each individual bird was used only once for the analysis. For
those captured repeatedly, we used the infection status and
other data from the first year when the given individual was
investigated. Statistical analyses were performed in the R sta-
tistical package (R Core Team 2013), wherein infections were
treated as a binary response variable. Data concerning indi-
viduals from the same nest cannot be treated as independent.
Hence, we adopted extended generalized linear models for
clustered data to control for nest identity. We utilized the gen-
eralized estimating equation (GEE) approach in geepack im-
plemented in R (Halekoh et al. 2006) to evaluate the effects of
sex and age (nestling versus adult in analyses of the whole
dataset, and the age in days at taking of blood in analyses
involving the nestlings only) on probability of infection. It
should be noted that the nest identity also involves the year
of the breeding attempt. The most robust “independence” cor-
relation structure was used in all computations.

Results
Parasites detected in birds

Within four breeding seasons, 189 blood samples of 170 in-
dividuals (28 females, 29 males, and 113 nestlings) from 36
Tengmalm’s Owl nests were analyzed. One or more haemo-
sporidian lineages were found in 124 blood samples, while
86 % of adults and 51 % of nestlings harbored blood parasite
infections. The GEE model showed that while infection prob-
ability was significantly higher in adults than in nestlings,
there was no effect of individual sex (Table 1).

Five lineages of three haemosporidian genera were detect-
ed: three lineages of Leucocytozoon (AEFUNO02, STOCCO6,
and BT2), one lineage of Haemoproteus (AEFUNO3), and one
lineage of Plasmodium (TURDUSI1). While the
Leucocytozoon and Plasmodium lineages have been already
listed in the MalAvi database, the Haemoproteus AEFUNO3 is
a new lineage that differs by seven nucleotides from the clos-
est known lineage CELECO1 (Beadell et al. 2009).
Leucocytozoon AEFUNO02 and STOCCO06 were the lineages
most frequently observed (Fig. 2), reaching prevalences of 51

Table 1  Generalized estimating equation analysis (GEE) for the
probability that a host (Tengmalm’s Owl) will be parasitized as a
function of host age (nestling vs adult) and sex

Estimate SE Wald statistic P
Intercept 1.697 0.438 14.999 <0.001
Age —1.781 0.516 11.938 <0.001
Sex 0.237 0.347 0.465 0.495
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Fig. 2 Prevalence of parasite lineages in adult (black) and nestling
(white) Tengmalm’s Owls

and 41 %, respectively. GEE models testing the
Leucocytozoon AEFUNO02 and STOCCO06 lineages separately
showed results similar to those of the aforementioned models
concerning infections in general (significant effect of age and
no effect of sex). Leucocytozoon BT2 infected seven individ-
uals (five nestlings and two adult males). Haemoproteus
AEFUNO3 and Plasmodium TURDUSI were each detected
only once, in a single adult male and a single adult female,
respectively. Mixed infections (predominantly Leucocytozoon
AEFUNO2 and STOCCO06) were detected in 61 samples (49 %
of positive samples).

The youngest infected nestling was 12 days old, and it
already harbored a mixed infection of Leucocytozoon
AEFUNO2 and STOCCO6 lineages. The youngest nestling
with the Leucocytozoon BT2 lineage was 16 days of age.
The GEE model showed that nestling age is a significant pre-
dictor of infection probability (Table 2). No effect of nestling
sex on infection probability was evidenced.

Altogether, 15 adult birds (seven females, eight males)
were trapped two to four times during 4 years and their blood
samples were resampled to analyze variation of the infection
rate in time. The interval between recaptures ranged from
2 months to 2 years. Among the recaptured birds, we detected
parasite infection (Leucocytozoon AEFUN0O2 or STOCCO06)
at least once in each individual. In eight cases (among which
six cases involved mixed infections), infection status did not

Table 2 Generalized estimating equation analysis (GEE) for the
probability that an owl nestling will be parasitized as a function of
nestling age (in days at taking of blood) and sex

Estimate SE ‘Wald statistic P
Intercept -3.361 1.189 7.99 0.005
Age 0.163 0.060 7.48 0.006
Sex 0.303 0.458 0.44 0.508

The full model is presented
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change, while four recaptured owls gained one or two lineages
and three individuals lost one lineage. One gain and one loss
appeared in short intervals of 2 and 3 months, respectively.
Nestlings were not recaptured in consecutive years as adults.

Insects captured in nest boxes

Omithophilic blood-sucking insects were trapped in eight nest
boxes. In the remaining three nest boxes with insect traps, the
nestlings were either killed by a predator (pine marten, Martes
martes) or abandoned by parents, and hence, no omithophilic
blood-sucking insects were trapped. The trapped insects com-
prised 38 Culicoides biting midges and 153 Simulium
(Nevermannia) vernum and 10 Simulium (Eusimulium)
angustipes black flies. Species determination of the black flies
was affirmed using COI sequences. The sequences were 99.67
and 99.84 % identical to S. (Nevermannia) vernum (BOLD:
AAB8624; Sweden) and S. (Eusimulium) angustipes (BOLD:
AAF4267; Sweden), respectively. Two blood-fed females found
among the biting midges were excluded from further analyses to
avoid contamination from host blood. There were no blood-fed
females among the black fly individuals. The presence of hae-
mosporidian lineages in the pools of insect samples is given in
Table 3. Blood-sucking insects carried parasite lineages different
from those detected in the breeding Tengmalm’s Owls with the
exception of the Leucocytozoon BT2 lineage, which was found
in one pool of the black fly S. vernum. Other lineages detected in
blood-sucking insects comprised Leucocytozoon PARUS4,
PARUS?2S, and EUSE2 lineages previously described in the
same black fly species (Jenkins and Owens 2011; van Rooyen
etal. 2013; Synek et al. 2013b), Haemoproteus TUPHIO1, and a
new Leucocytozoon NEVEI lineage in two pools of
S. angustipes and one pool of S. vernum.

Discussion

We found a high prevalence of haemosporidian blood para-
sites in the Tengmalm’s Owl, which is in agreement with
previous studies of the same species (Korpiméki et al. 1993)
and other members of the Strigidae family (reviewed in
Valkiiinas 2005 and Ishak et al. 2008). We detected blood
parasites also in more than half of the nestlings. The youngest
nestling positive for infection was 12 days old, which suggests
that some nestlings in our dataset were sampled in the
prepatent period (meaning prior to the stage at which the par-
asites’ presence can be detected). Hence, the prevalence at
fledging is very probably higher and may be even as high as
in adults. Blood parasites have not been detected in the
Tengmalm’s Owl young in previous studies, which can be
ascribed to limited sample size (12 fledglings in Korpimaki
et al. 1993). High prevalence of haemosporidians in nestlings
has nevertheless been detected in other owl species (e.g., 41 %

prevalence in the tawny owl, Appleby et al. 1999; 53 % in the
eagle owl, Ortego and Cordero 2009). Our analyses showed
that the main factor affecting the probability of infection was
host age. The higher parasite prevalence in adults than in
young and the effect of nestling age on the probability of
infection simply suggest that the longer an individual is ex-
posed to potential vectors, the greater is the probability of
becoming infected.

The low number of parasite lineages detected in the
Tengmalm’s Owl corresponds well with its sedentary behavior.
The five lineages found in the Tengmalm’s Owl in this study
show different host specificity. Haemoproteus AEFUNO3 is a
new lineage which was found only in a single individual.
Leucocytozoon BT2 and Plasmodium TURDUSI are general-
ist lineages previously detected in hosts belonging to diverse
bird families (MalAvi database; Bensch et al. 2009). Both lin-
eages have been detected in the Czech Republic also in Scarlet
Rosefinch (Carpodacus erythrinus; Synek et al. 2013a). In
contrast, the more common Leucocytozoon AEFUNO02 and
STOCCO06 lineages have been found exclusively in owls.
While AEFUNO2 has been detected solely in the Tengmalm’s
Owl (this study and in Lithuania, Ishak et al. 2008), STOCC06
has been documented also in the spotted owl (Strix
occidentalis) in the USA (Ishak et al. 2008). Approaches based
on morphology have proposed the presence of only one species
of Leucocytozoon (L. danilewski, also referred to as
L. ziemanni) in owls (Valkitinas 2005). However, Ishak et al.
(2008) analyzed cytochrome b sequences of Leucocytozoon
infections in owls and suggested the presence of several (at
least two) cryptic morphologically undistinguishable species.
The cytochrome b sequences of the AEFUNO02 and STOCC06
lineages differ by 8 %, which corresponds well to the difference
between the two main Leucocytozoon clades in Ishak et al.
(2008). This suggests that two different Leucocytozoon species
occur concurrently in the Tengmalm’s Owl. On the other hand,
the AEFUNO2 lineage differs by just three synonymous substi-
tutions (0.6 %) from the Leucocytozoon sequence which was
found in the Eagle Owl (Ortego and Cordero 2009) and is the
only L. ziemanni (or danilewski) sequence deposited in the
GenBank database. Hence, AEFUN02 and STOCCO6 lineages
probably refer to distinct Leucocytozoon species utilizing sev-
eral species of owls as hosts.

In most cases, the infection status of repeatedly trapped
birds remained unchanged or the host individuals even ac-
quired an additional lineage forming a mixed infection with
the lineage detected already in the first blood sample. This
supports the hypothesis that after transmission, avian malaria
parasites persist in the host throughout their lives (Appleby
et al. 1999; Valkitinas 2005) and occur in blood in increased
numbers when the host is stressed or suffers from another
disease (Remple 2004). Three owls apparently had rid them-
selves of infections, which may be explained by the contrast-
ing hypothesis of recurrent infections and individual host
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Table 3 Haemosporidian lineages detected in blood-sucking insects captured in nest boxes

Nest box Insect species No. of Number of Leucocytozoon Haemoproteus
code positive/examined  individuals
pools in a pool NEVEl BT2 EUSE2 PARUS4 PARUS25 TUPHIOI1

616 Simulium (Eusimulium) angustipes  0/1 4 0 0 0 0 0 0

19 Simulium (Eusimulium) angustipes  1/1 3 0 0 0 0 0 0

850 Simulium (Eusimulium) angustipes 1/1 3 1 0 0 0 0 0

44 Simulium (Nevermannia) vernum  0/1 2 0 0 0 0 0 0

892 Simulium (Nevermannia) vernum  0/1 1 0 0 0 0 0 0

504 Simulium (Nevermannia) vernum  0/1 1 0 0 0 0 0 0

850 Simulium (Nevermannia) vernum  1/3 10(11%) 1 0 0 0 0 0

616 Simulium (Nevermannia) vernum  1/4 10 1 0 0 0 0 0

19 Simulium (Nevermannia) vernum — 4/8 10 0 1 1 1 1 0

44 Culicoides sp. 0/1 3 0 0 0 0 0 0

66 Culicoides sp. 0/1 2 0 0 0 0 0 0

306 Culicoides sp. 1/1 1 0 0 0 0 0 1

850 Culicoides sp. 1/1 11 0 0 0 0 0 1

616 Culicoides sp. 0/1 9 0 0 0 0 0 0

19 Culicoides sp. 0/1 10 0 0 0 0 0 0

#Eleven individuals in one pool

variability in sensitivity and response to parasite linecages
(Hasselquist et al. 2007). The haemosporidian life cycle in-
volves stages in the host’s internal organs (Valkitinas 2005;
Mendes et al. 2013); however, and hence, the apparent ab-
sence of gametocytes in the host blood does not necessarily
imply that the host had fully recovered from the infection
(Mendes et al. 2013). Parasites may also occur in very low
numbers during the chronic stage of infection. Indeed,
Korpiméki et al. (1993) found lower parasitemia (infection
intensity) in older Tengmalm’s Owls. If the parasite is present
in the host bloodstream in very low loads, then the detection
methods may fail to reveal it.

Our results suggest that a large proportion of individuals
are infected already before fledging. This implies that insect
vectors enter bird nest boxes and transmit parasites. The phe-
nomenon of attacking hosts in nest boxes has been recently
described in detail in insect vectors of avian malaria (Tomas
et al. 2008; Votypka et al. 2009). While Votypka et al. (2009),
who performed experiments under the same climatic condi-
tions as did we (i.e., also in the Czech Republic), detected
solely Culicoides biting midges in nest boxes occupied by
passerine host species (tree sparrow and great and blue tits),
we found both Culicoides biting midges and Simulium black
flies in close proximity to Tengmalm’s Owl nests. Black flies
have, however, been detected in pied flycatcher and blue tit
nest boxes in central Spain (Tomas et al. 2008, 2012; Marti-
nez-de la Puente et al. 2010).

Parasite abundance in nest boxes can be influenced by tem-
perature inside the host nest (Martinez-de la Puente et al.
2010). Hence, we can speculate that owl nestlings, which are
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larger than passerine nestlings, produce more heat and thus
heighten black flies’ willingness to enter the nest box. It
should be noted, however, that parasite abundance can be
influenced also by other factors, such as a presence of aromat-
ic plants incorporated into the nest (Tomas et al. 2012).

Six parasite lineages were detected in insects trapped in owl
nest boxes. Among them, the Leucocytozoon BT2 lineage was
detected in both the black flies S. (Nevermannia) vernum and
the owl hosts, suggesting that this species of black fly transmits
BT2 to Tengmalm’s Owls at the studied location. Surprisingly,
we failed to detect the most frequently encountered
Tengmalm’s Owl Leucocytozoon lineages AEFUNO2 and
STOCCO6 in insects. We can only speculate that those lineages
are transmitted by vectors that avoided the exposed sticky
dishes or that we missed the timing of the vector’s activity.
Concerning the other Leucocytozoon lineages detected in black
flies in this study, PARUS4 and PARUS25 have been previ-
ously found in European great and blue tits (Jenkins and Owens
2011; van Rooyen et al. 2013) and EUSE2 has been found in
another black fly species, Simulium (Eusimulium) securiforme,
in the Bohemian Forest Mountains (Synek et al. 2013b).
NEVEL is a new lineage differing by four substitutions from
EUSE2. The Haemoproteus lineage TUPHIO1 detected in
Culicoides biting midges was described from Turdus
philomelos (Dimitrov et al. 2010) and has been found also in
Culicoides species in Spain (Martinez-de la Puente et al. 2011).
However, it should be noted that positive results of molecular
detection do not necessarily imply that we identified the insect
vectors because there is no guarantee that parasites are capable
of completing their development in insects (Valkitinas 2011).



Parasitol Res (2016) 115:291-298

297

Acknowledgments This study was supported by the Czech Science
Foundation (GA CR), grant no. P506/10/0716, and the Internal Grant
Agency of Czech University of Life Sciences Prague, grant no. SVV
260 208/2015. We acknowledge the help of our colleagues Vaclav
Tomasek, Marek Kouba, Petra Menclova, and Jan Hanel in the field and
thank Zdena Csiebreiova for her technical assistance in the laboratory.

Ethical standards This study was performed under a certificate of
competency according to §17 of Act No. 246/1992 Coll., on the protec-
tion of animals against cruelty (registration number CZU 945/05), and
complies with the current law of the Czech Republic.

Contflict of interest
interest.

The authors declare that they have no conflict of

References

Appleby BM, Anwar MA, Petty SJ (1999) Short-term and long-term
effects of food supply on parasite burdens in Tawny Owls, Strix
aluco. Funct Ecol 13:315-321

Bantock TM, Prys-Jones RP, Lee PLM (2008) New and improved mo-
lecular sexing methods for museum. Mol Ecol Resour 8:519-528

Beadell JS, Covas R, Gebhard C, Ishtiaq F, Melo M, Schmidt BK, Perkins
SL, Graves GR, Fleischer RC (2009) Host associations and evolu-
tionary relationships of avian blood parasites from West Africa. Int J
Parasitol 39:257-266

Bensch S, Hellgren O, Pérez-Tris J (2009) MalAvi: a public database of
malaria parasites and related haemosporidians in avian hosts based
on mitochondrial cytochrome b lineages. Mol Ecol Resour 9:1353—
1358

Bishop MA, Bennett GF (1992) Host-parasite catalogue of the avian
haematozoa, supplement 1, and bibliography of the avian blood-
inhabiting haematozoa, supplement 2. Meml Univ Nfld Occas Pap
Biol 15:1-244

Chakarov N, Linke B, Boerner M, Goesmann A, Kriiger O, Hoffman JI
(2015) Apparent vector-mediated parent-to-offspring transmission
in an avian malaria-like parasite. Mol Ecol 2015:1355-1363

Chvala M (1980) Fauna CSSR, vol 22. Academia, Prague

Dimitrov D, Zehtindjiev P, Bensch S (2010) Genetic diversity of avian
blood parasites in SE Europe: cytochrome b lineages of the genera
Plasmodium and Haemoproteus (Haemosporida) from Bulgaria.
Acta Parasitol 55:201-209

Garamszegi LZ (2010) The sensitivity of microscopy and PCR-based
detection methods affecting estimates of prevalence of blood para-
sites in birds. J Parasitol 96:1197-1203

Griffith R, Double MC, Orr K, Dawson RJG (1998) A DNA test to sex
most birds. Mol Ecol 7:1071-1075

Gutiérrez RJ (1989) Hematozoa from the spotted owl. J Wildl Dis 25:
614-618

Halekoh U, Hojsgaard S, Yan J (2006) The R package geepack for gen-
eralized estimating equations. J Stat Softw 15:1-11

Hasselquist D, Ostman O, Waldenstrdm J, Bensch S (2007) Temporal
patterns of occurrence and transmission of the blood parasite
Haemoproteus payevskyi in the great reed warbler Acrocephalus
arundinaceus. J Omithol 148:401-409

Hayward GD, Hayward PH (1992) Tengmalm’s Owl. In: Poole A (ed)
The birds of North America. American Ornithologists” Union,
Washington, D.C

Hellgren O, Waldenstrom J, Bensch S (2004) A new PCR assay for
simultaneous studies of Leucocytozoon, Plasmodium, and
Haemoproteus from avian blood. J Parasitol 90:797-802

Ilmonen P, Hakkarainen H, Koivunen V, Korpimiki E, Mullie A, Shutler
D (1999) Parental effort and blood parasitism in Tengmalm’s owl:

effects of natural and experimental variation in food abundance.
OIKOS 86:79-86

Ishak HD, Dumbacher JP, Anderson NL, Keane JJ, Valkitinas G, Haig
SM, Tell LA, Sehgal RNM (2008) Blood parasites in owls with
conservation implications for the Spotted Owl (Strix occidentalis).
PLoS ONE 3, ¢2304

Jenkins T, Owens GI (2011) Biogeography of avian blood parasites
(Leucocytozoon spp.) in two resident hosts across Europe: phylo-
geographic structuring or the abundance—occupancy relationship?
Mol Ecol 20:3910-20

Korpimiki E, Hakkarainen H (2012) The Tengmalm’s Owl: ecology,
behaviour and conservation of a forest-dwelling predator.
Cambridge University Press, Cambridge

Korpiméki E, Hakkarainen H, Bennett GF (1993) Blood parasites and
reproductive success of Tengmalm’s owls: detrimental effects on
females but not on males? Funct Ecol 7:420-426

Krone O, Waldenstrom J, Valkitinas G, Lessow O, Miiller K, Iezhova TA,
Fickel J, Bensch S (2008) Haemosporidian blood parasites in
European birds of prey and owls. J Parasitol 94:709-715

Martinez-de la Puente J, Martinez J, Rivero-de Aguilar J, Herrero J,
Merino S (2011) On the specificity of avian blood parasites: reveal-
ing specific and generalist relationships between haemosporidians
and biting midges. Mol Ecol 20:3275-3287

Martinez-de la Puente J, Merino S, Tomas G, Moreno J, Morales J,
Lobato E, Garcia-Fraile S, Belda EJ (2010) The blood parasite
Haemoproteus reduces survival in a wild bird: a medication exper-
iment. Biol Lett 6:663—-665

Mendes L, Pardal S, Morais J, Antunes S, Ramos JA, Pérez-Tris J,
Piersma T (2013) Hidden haemosporidian infections in ruffs
(Philomachus pugnax) staging in Northwest Europe en route from
Africa to Arctic Europe. Parasitol Res 112:2037-2043

Monahan WB, Hijmans RJ (2007) Distributional dynamics of invasion
and hybridization by Strix spp. in western North America. Ornithol
Monogr 63:55-66

Ortego J, Cordero PJ (2009) PCR-based detection and genotyping of
haematozoa (Protozoa) parasitizing eagle owls, Bubo bubo.
Parasitol Res 104:467-470

Ortego J, Cordero PJ (2010) Factors associated with the geographic dis-
tribution of leucocytozoa parasitizing nestling eagle owls (Bubo
bubo): a local spatial-scale analysis. Conserv Genet 11:1479-1487

Outlow DC, Ricklefs RE (2009) On the phylogenetic relationships of
haemosporidian parasites from raptorial birds (Falconiformes and
Strigiformes). J Parasitol 95:1171-1176

R Core Team (2013) R: a language and environment for statistical com-
puting. R Foundation for Statistical Computing, Vienna

Remple JD (2004) Intracellular hematozoa of raptors: a review and up-
date. J Avian Med Surg 18:75-88

Sonerud (1985) Nest hole shift in Tengmalm’s owl (4degolius funereus) as
defence against nest predation involving long-term memory in the
predator. J Anim Ecol 54:179-192

Synek P, Albrecht T, Vinkler M, Schnitzer J, Votypka J, Munclinger P
(2013a) Haemosporidian parasites of a European passerine winter-
ing in South Asia: diversity, mixed infections and effect on host
condition. Parasitol Res 112:1667-1677

Synek P, Munclinger P, Albrecht T, Votypka J (2013b) Avian haemospo-
ridians in haematophagous insects in the Czech Republic. Parasitol
Res 112:839-845

Tomas G, Merino S, Martinez-de la Puente J, Moreno J, Morales J,
Lobato E (2008) A simple trapping method to estimate abundances
of blood-sucking flying insects in avian nests. Anim Behav 75:723—
729

Tomas G, Merino S, Martinez-de la Puente J, Moreno J, Morales J,
Lobato E, Rivero-de Aguilar J, Del Cerro S (2012) Interacting ef-
fects of aromatic plants and female age on nest-dwelling ectopara-
sites and blood-sucking flies in avian nests. Behav Processes 90:
246-253

@ Springer



298

Parasitol Res (2016) 115:291-298

Valkitinas G (2005) Avian malaria parasites and other haemosporidia.
CRC Press, Boca Raton

Valkitinas G (2011) Haemosporidian vector research: marriage of molec-
ular and microscopical approaches is essential. Mol Ecol 20:3084—
3086

@ Springer

van Rooyen J, Lalubin F, Glaizot O, Christe P (2013) Altitudinal variation
in haemosporidian parasite distribution in great tit populations.
Parasit Vectors 6:139

Votypka J, Synek P, Svobodova M (2009) Endophagy of biting midges
attacking cavity-nesting birds. Med Vet Entomol 23:277-280



	Haemosporidian infections in the Tengmalm’s Owl (Aegolius funereus) and potential insect vectors of their transmission
	Abstract
	Introduction
	Material and methods
	Study area
	Sampling of birds and molecular sexing of young
	Insect sampling and species determination
	Detection of haemosporidian parasites
	Statistical analyses

	Results
	Parasites detected in birds
	Insects captured in nest boxes

	Discussion
	References


