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PREFACE

The 31% international conference Ecological Truth & Environmental Research — EcoTER 24
focuses on showing the latest research findings and innovations in the field of ecology,
environmental protection and sustainable development. The conference will be held in
Sokobanja (Serbia) in hotel Sunce in the period of 18-21 June 2024.

The aim of the conference is to connect the experts in various fields in order to transform
attitudes and behaviors in everyday practices, as well as in the industry and economy sector
which is essential for achieving the desired changes that our society must undergo.

The 31% international conference Ecological Truth & Environmental Research — EcoTER 24
is organized by the University of Belgrade, Technical Faculty in Bor, and co-organized by the
University of Banja Luka, Faculty of Technology; the University of Montenegro, Faculty of
Metallurgy and Technology — Podgorica; the University of Zagreb, Faculty of Metallurgy —
Sisak; the University of Pristina, Faculty of Technical Sciences — Kosovska Mitrovica and the
Society of Young Researchers — Bor.

These Proceedings encompass 119 papers from the authors coming from the universities,
research institutes and industries in 15 countries: Brazil, Norway, USA, Spain, Austria,
Libya, Italy, Israel, Slovenia, Croatia, Romania, Bulgaria, Montenegro, Bosnia and
Herzegovina, North Macedonia, and Serbia. It is a great honor and pleasure to cordially wish
a warm welcome to all the participants of the conference.

As a part of this year's conference, the 6™ Student Section — EcoTERS24 will be held. We
appreciate the contribution of the students and their mentors who have also participated in
the conference and hope that students will continue to explore and to be curious, since
education is a never-ending process, and knowledge is continuously growing.

The organization of the EcoTER 24 conference has been financially supported by the Ministry
of Science, Technological Development and Innovation of the Republic of Serbia.

The support of the Donors and their willingness and ability to cooperate has been of great
importance for the success of the EcoTER 24 conference. The organizing committee would
like to extend their appreciation and gratitude to the Platinum donors of the conference —
Serbia ZiJin Copper doo Bor and HBIS SERBIA, to the Gold donor of the conference — Elixir
Group, as well as to the Silver donor of the conference — Serbian Chamber of Engineers.

We would like to express our sincere appreciation to all the authors who have contributed to
the Proceedings. We would also like to express our gratitude to the members of the scientific,
organizing and honorary committees, reviewers, speakers, chairpersons and all the
conference participants for their support of the EcoTER24. Sincere thanks go to all the
people who have contributed to the successful organization of the EcoTER 24.

Prof. Snezana Serbula,

President of the scientific and organizing committee
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Abstract

Parasites from the Phylum Apicomplexa (genera Haemoproteus, Plasmodium and Leucocytozoon) are
the vector-born blood parasites distributed worldwide. This group of parasites has been the subject of
extensive study in passerines, but less so in other groups of birds, such as owls. Four haemosporidian
species have been discovered in the Long-eared Owl Asio otus so far. As there are only a few records
of haemosporidian infection in wintering Long-eared Owls, in our pilot project we studied the
prevalence, parasitemia, and diversity of the blood parasites of owl mentioned above in Banat, Serbia.
We found the presence of all three genera, of which Leucocytozoon was the most abundant. The total
prevalence was 52.2%, while the average parasitemia in winter was low, only 0.16%. We also
observed two cases of co-infection. Interestingly, the presence of parasites did not affect the SMI
(scaled mass index) and the health status of the birds.

Keywords: haemosporidians, prevalence, long-eared owls, Asio otus.

INTRODUCTION

Haemosporidian parasites from the Phylum Apicomplexa (genera Haemoproteus,
Plasmodium and Leucocytozoon) are spread across all zoogeographical regions, excluding the
Antarctic [1]. This group of vector-born parasites and their avian hosts is a very dynamic and
complex system [2]. While some haemosporidian parasites are capable of infecting multiple
host species [3-5], others are highly host-specialised [6-8]. Although parasites and their hosts
have a long co-evolution history and adaptation, the clinical signs of infection caused by
haemosporidians vary among individuals. In general, they can negatively affect feather
growth, cause anemia, weight loss, negative body condition, or may even lead to detrimental
effects [9-11].

Most haemosporidian studies have been conducted on passerines, while owls have been
widely neglected [12,13] despite their important role in ecosystems [14]. So far, eight species
of avian Haemosporidia have been discovered and described in order Strigiformes [1] with
more than 298 unique lineages worldwide [15]. In the Long-eared Owl Asio otus, four
haemosporidian species were detected, including seven Haemoproteus, one Plasmodium and
12 Leucocytozoon lineages [15]. The prevalence of the Long-eared Owl varies between 40%
and 75% in Germany [12,16] up to 82% in the USA [13]. While in the most research
Leucocytozoon tended to be the most common genus, Martin-Maldonado et al. [17] in Spain
found Haemoproteus to be the only parasite infecting the Long-eared Owl with parasitemia
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up to 12.8%. In VVojvodina (Serbia), Minichova et al. [18] detected all three haemosporidian
genera in Long-eared Owl, with Leucocytozoon being the most abundant.

The Long-eared owl is a well-known, widespread, medium-sized owl. It breeds throughout
northwest Africa, Europe, Asia and North America, except in the far north and south. Four
subspecies have been recognised, of which the nominal inhabits mainland Europe [19]. It is
a regular breeder in Serbia, mainly in Vojvodina [20], but also in the mountain regions [21].
It breeds mostly in old Corvid nests [20]. The national breeding population is estimated at
19,000-28,000 breeding pairs [22]. The presence of a large number of Long-eared Owls
wintering in the Province of Vojvodina (Serbia) [23], allows us to sample a significant number
of owls in the roost sites and to easily study haemosporidian parasites. However, no study on
Long-eared Owl haemosporidian parasitemia has been conducted so far.

The aim of the present study was to assess the diversity, prevalence and parasitemia of
blood parasites in Long-eared Owls wintering in Banat, Serbia. Additionally, we explore the
potential impact of these parasites on the SMI (scaled mass index).

MATERIALS AND METHODS
Study sites and sample collection

The study was conducted in December 2023 at four localities (Taras, Mokrin, Padinska
skela and Opovo) in Banat, in Vojvodina region. Birds were captured while leaving the
roosting trees using ornithological mist nets (mesh size 70 mm). They were ringed, aged, and
measured with standard protocols [24]. To assess the physical condition of the birds we used
the scaled mass index (SMI), as it appears to be a reliable predictor [25]. SMI is based on the
scaling relationship between mass and wing/tarsus length, which was measured and then used
for further calculation the SMI. We also collected a small amount of blood from each bird by
puncturing the brachial vein. A small drop of blood was used to prepare a thin blood smear,
air dried and later fixed in 96% ethanol for 5 minutes according to Valkitinas [1]. After
bleeding was stopped the owls were safely released.

Slides examination

In the laboratory, blood smears were stained with Giemsa solution as recommended by
Valkitnas [1]. Slides were examined by LEICA DMLS light microscope [26] in order to
estimate the prevalence and intensity of infection (parasitaemia). As described, parasitemia
was estimated as a percentage by counting the number of parasites per 1,000 or 10,000
examined red blood cells, depending on the level of parasitemia [1,27].

Statistical analysis

To examine within-individual differences, Welch Two Sample t-test was used for fitted for
infection status, and sex, using the R package version 4.2.2. [28]. The regression slope was
0.34 and the averaged wing length was 297.7 mm, from which using the equation of the linear

regression a scaled mass index (SMI) was calculated [25].
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RESULTS AND DISCUSSION

In the present study, we screened 23 Long-eared Owls for haemosporidian parasites during
the wintering season in 2023, in Banat, Serbia. Even the highest prevalence in owls was
recorded during the spring and summer season [17] some study recorded infection in winter
as well [18,29]. Indeed, in our study we found haemosporidian infection in Long-eared owls
during the autumn-winter period.

To detect haemosporidian blood parasites, we used only the method based on examination
of blood smears [1]. We were able to identify parasites morphologically only to the genus
level. Previous studies in the Long-eared owls revealed very high prevalence of the blood
parasites varying among 70% and 75% [13,16]. In the USA, the prevalence was even higher,
up to 82 % [13], while we found that it was 52.2% (Table 1).

Table 1 Birds infected with haemosporidan parasites, as indicated by blood smears
No. of birds No. of

Sag?;géng sampled per  infected H P L MI”
site birds
Taras 1 0 - - - -
Mokrin 1 0 - - - -
Padinska
Skela ! 2 . . i i
Opovo 14 10 2) 1(1) 7(1) 2
Total 23 12 1 2 7 2
"MI - 2 mixed infections (Haemoproteus/Plasmodium and Leucocytozoon/Haemoproteus);

H - Haemoproteus; P — Plasmodium; L - Leucocytozoon.

So far, in Long-eared owls all three haemosporidian genera with only 4 species have been
discovered [1]. Genus Leucocytozoon was isolated in the non-captive owls [13,16,18,30], and
described as L. danilewskyi [1]. In the present study, we found all three genera, with
Leucocytozoon being the most abundant (Figure 1), while Martin-Maldonado et al. [17]
detected just Haemoproteus infection. According to Valkitinas [1] and MalAvi database [15],
from Strigiformes were isolated two Haemoproteus species: H. syrnii and H. noctuae and one

Plasmodium: P. subpraecox. In our study, Plasmodium and Haemoproteus participated
equally with 13%.

2) b) c)
® [ ] -" @ [] . .-' \’ - | ] - ‘ y_*\_',; -

s 90 Voaus®wses bs% " = N\
- « Mo el Na's 000 : °
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Figure 1 Genera of Haemosporidian parasites found in the blood smears of the Long-eared Owl
a) Leucocytozoon; b) Haemoproteus; ¢) Plasmodium
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Since Martin-Maldonado et al. [17] conducted the study during the breeding season, when
vectors are most active, recorded parasitemia in the Long-eared owls was very high, up to
12.8%. Average parasitemia in our study in winter was low, only 0.16%. Co-infections of two
or more haemosporidian parasite species occur frequently in all avian species [1] including
owls, with the most common combination Leucoytozoon-Hemoproteus [13,17]. We also
recorded two mixed infections. One bird hosted Haemoproteus and Plasmodium parasites,
while the other was infected with Leucocytozoon and Haemoproteus species.

Out of all Long-eared owls, 12 were females and 11 were males. There was no significant
difference in parasitemia between sex (t-test = -0.97, p-value = 0.35) or age (t-test = 0.12, p-
value = 0.9) of the birds, which agrees with Martin-Maldonado et al. [17] study. Additionally,
as a reliable predictor of the physical condition of birds we used SMI [25]. In this sense, we
compared the level of parasitemia with SMI to identify whether the presence of parasites
affects the health status of the birds, because a low level of parasitemia depends on bird
health, low stress levels and the absence of other pathogens. Therefore, parasitemia can be
considered a reliable indicator of birds’ health [31]. However, there was no significant
difference (t-test = -1.48, p-value = 0.17) between infected and uninfected birds and their
physical condition.

As PCR is a more sensitive method for detecting parasite cytochrome b gene [32], it will
be a crucial tool in the next phase of our research. Moreover, we believe that designing more
suitable primers for owl haemosporidian lineages will be necessary to delve deeper into the
parasite fauna and gain a better understanding of their phylogenetic place as well as molecular
differences, thereby contributing to the broader field of avian health and parasitology.

CONCLUSION

We studied the diversity, prevalence and parasitemia of haemosporidian parasites in
wintering population of Long-eared Owls from Banat, Serbia. Additionally, we compared the
level of parasitemia with SMI to identify whether the presence of parasites affects the health
status of the birds and their effect on SMI. The overall prevalence was 52.2% with the genus
Leucocytozoon being the most abundant in the sampled birds. Plasmodium and Haemoproteus
participated equally in the study. No significant difference was found between parasitised and
non-parasitised birds and their physical condition. In order to gain a better insight into the
parasite lineages in the next step of the study, we plan to expand the research to a wider area
with more individuals. Additionally, we will use PCR to detect the parasite cytochrome b
gene to achieve a better insight of the parasite lineages.

ACKNOWLEDGEMENT

The authors are grateful to the Ministry of Science, Technological Development and Innovation of
the Republic of Serbia for financial support according to the contract with the registration number:
451-03-47/2023-01/200053. We also thank to Dr Gediminas Valkianas for helping us to clarify the
doubts regarding some blood smears.

The samples involved in this study comply with the current legislation of the Ministry of
Environmental Protection of the Republic of Serbia.

153



EcoTER'24, 18-21 June 2024, Hotel Sunce, Sokobanja, Serbia

REFERENCES

[1] Valkitnas G., Avian Malaria Parasites and other Haemosporidia CRC Press, New York
(2005), p.932, ISBN: 0-415-30097-5.

[2] Ricklefs R.E., Fallon S.M., Bermingham E., Syst. Biol. 52 (2004) 111-119.

[3] Bensch S., Pérez-Tris J., Waldenstrom J., et al., Evolution 58 (2004) 1617-1621.

[4] Krizanauskiené A., Hellgren O., Kosarev V., et al., J. Parasitol. 92 (2006) 1319-1324.
[5] Huang X., Ellis V.A., Jonsson J., et al., Mol. Ecol. 27 (2018) 4336-4346.

[6] Shurulinkov P., Spasov L., Stoyanov G., et al., Malar. J. 17 (1) (2018) 33-309.

[7] Ellis V.A., Collins M.D., Medeiros M.C., et al., PNAS (2015) 112 (36) 11294-9.

[8] Doussang D., Sallaberry-Pincheira N., Cabanne G.S., et al., Int. J. for Parasitol. 51 (11)
(2021) 899-911.

[9] Coon C.A.C., Garcia-Longoria L., Martin LB., et al., J, Avi. Biol. 47 (2016) 779-787.

[10] Jiménez-Pefiuela J., Ferraguti M., Martinez-de la Puente J., et al., Enviro. Res. 199
(2021) 111234,

[11] Bichet C., Brischoux F., Ribout C., et al., PLoS ONE 15 (8) (2020) e0237170.

[12] Krone O., Priemer J., Streich J., et al., Acta Protozool. 40 (2001) 281-289.

[13] Ishak H.D., Dumbacher J.P., Anderson N.L., et al., PLoS ONE 3 (35) (2008) e2304.
[14] Mikkola H., T&A D Poyser Ltd, Staffordshire (1983), p.397, ISBN: 0 85661 034 8.

[15] [MalAvi] A database for avian haemosporidian parasites, Available on the following link:
www.mbio-serv.mbioekol.lu.se/Malavi.

[16] Krone O., Waldenstrom J., Valkitnas G., et al., J. Parasitol. 94 (3) (2008) 709-715.

[17] Martin-Maldonado B, Mencia-Gutiérrez A., Andreu-Vézquez C., et al., Vet. Sci. 10 (54)
(2023).

[18] Minichova L., Ruzi¢ M., Rajkovi¢ D., et al., Zbornik z Konferencie Ill. Labudove dni,
24.-25.04.2013, Bratislava, Slovakia (2013) A123.

[19] del Hoyo J., Collar N.J., lllustrated checklist of the Birds of the World, Volume 1: Non-
passerines, Lynx Edicions (2014), p.903, ISBN: 978-84-96553-94-1.

[20] Rajkovi¢ D., Ciconia 18 (2009) 81-90.
[21] Gruba¢ B., Zastita prirode (2004) 55 (1-2) 123-140.

[22] Puzovi¢ S., Radisi¢ D., Ruzi¢ M., i sar., Drustvo za zastitu i proucavanje ptica Srbije i
Prirodno-matematicki fakultet, Departman za biologiju i ekologiju, Univerzitet u Novom
Sadu, Novi Sad (2016) p.159, ISBN: 978-86-80728-00-1.

[23] Jovanovi¢ B.T., Ciconia 13 (2004) 45-48.

[24] Baker K., British Trust for Ornithology, Thetford, Norfolk, UK. (2016) p.336,
ISBN: 0903793180.

[25] Peig J., Green A.J., Oikos 118 (2009) 1883-1891.

[26] Valkitnas G., Iezhova TA., Krizanauskiené A., et al., J. Parasitol. 94 (6) (2008)
1395-1401.

154



EcoTER'24, 18-21 June 2024, Hotel Sunce, Sokobanja, Serbia

[27] Godfrey R.D., Fedynich S.M., Pence D.B., J. Wildlife Dis. 23 (1987) 558-565.

[28] R: A language and environment for statistical computing. R Foundation for Statistical
Computing Vienna, Austria, Available on the following link:
www.r-project.org/index.html.

[29] Giorgiadis M., Guillot J., Duval L., et al., Parasitol. Res. 119 (2020) 2975-2981.
[30] llganas M., Himmel T., Harl J., et al., Animals 12 (2022) 2212.

[31] Levin 1., Parker G., Chapter 47 - Haemosporidian Parasites: Impacts on Avian Hosts,
Editors: Miller R.E., Fowler M., Fowler's Zoo and Wild Animal Medicine, Amsterdam
(2011), p.356-363, ISBN: 9781437719864.

[32] Hellgren O., Waldenstrom J., Bensch S., J. Parasitol. 90 (4) (2004) 797-802.

155


https://www.researchgate.net/publication/381769085

ISBN 978-86-6305-152-2




