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Abstract
In addition to the presence of a suitable host and vector, the prevalence of haemosporidians is influenced by several important 
factors, including the environmental conditions of the habitat, which depend on broader geographic characteristics. The aim 
of this study is to perform a preliminarily assessment of the distribution of blood parasites in birds from the mountainous 
area of Zhongar Alatau NP and to find potential new sites for research on their ecology in Kazakhstan. The results of this 
research constitute the first report on the occurrence of blood parasites from this area. A total of 58 birds, from the order Pas-
seriformes and one individual from the order Caprimulgiformes, were examined during the study. The overall prevalence of 
infections caused by haemosporidian parasites (Haemoproteus, Leucocytozoon) was 18.6%. Neither the genus Plasmodium 
nor the presence of trypanosomes and microfilariae was detected in the birds examined. Three birds (5.1% prevalence) were 
infected with parasites of the genus Haemoproteus, in all eleven positive birds the analyses showed the presence of parasites 
of the genus Leucocytozoon (18.6% prevalence). The presence of parasites genus Haemoproteus was detected only in birds 
that were also infected with Leucocytozoon parasites. More infections with parasites of the genus Leucocytozoon are predicted 
due to the higher altitude and ecological factors at the capture sites, which are more favourable for the development of vec-
tors of this genus. The species Haemoproteus majoris was detected in the host Emberiza cioides and species Haemoproteus 
minutus in host Turdus merula. Other species of this genus in the hosts Cyanistes cyanus and Turdus atrogularis were not 
determined. The species Leucocytozoon fringilinarum was detected in the hosts Cyanistes cyanus and Parus major, Leu-
cocytozoon dubreuili was detected in Turdus atrogularis and Turdus merula. In the other host species Aegithalos caudatus, 
Emberiza cioides and Periparus aterus, it was not possible to dermine the species of the genus Leucocytozoon.
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Introduction

The study of haemosporidian parasites is a frequently dis-
cussed topic in current parasitological research, particularly 
in avian malaria research, which has undeniable advantages 
in answering ecological, behavioural and evolutionary ques-
tions (Valkiūnas 2005; Marzal et al. 2011). The largest group 
of haemosporidian consists of the avian haemosporidians, 
and more than 200 species of parasites from the genera 

Plasmodium, Haemoproteus and Leucocytozoon have been 
described based on their morphological features (Valkiūnas 
2005; Levine 2018; Valkiūnas and Iezhova 2018, 2022).

Bird haemosporidian parasites have a worldwide distribu-
tion, and apart from Antarctica, have been found in all zoo-
geographic regions, in each of the landscape zones and in all 
bird clades. Their dispersal includes mountains up to 3000 m 
a.s.l., and some species are actively transported beyond the 
Arctic Circle (Valkiūnas 2005). These vector-borne path-
ogens pose negative effects on the fitness and survival of 
infected birds (Bensch et al. 2009), because this group of 
intracellular blood parasites may cause a dramatic reduction 
in metabolic efficiency (Chen et al. 2001). In geographic 
areas where host species have not evolved with haemospo-
ridian parasites, primarily due to no or low abundance, birds 
are particularly sensitive to haemosporidian infections, often 
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resulting in host mortality (Atkinson 2005; Grilo et al. 2016; 
Vanstreels et al. 2016; Inumaru et al. 2020).

Species identification based on the morphological param-
eters of parasites detected in blood smears is quite difficult, 
especially in wild birds, which show low parasitaemia at 
the time of capture (Oliveira et al. 2020). The introduction 
of molecular methods of diagnosis (e.g.Bensch et al. 2000, 
2009; Sehgal 2015) has also helped to advance haemos-
poridian research. Despite the relatively high number of 
specific studies on host-parasite interactions (e.g.Yusupova 
et al. 2023; Caizergues et al. 2023; Attaran et al. 2021), para-
site diversity (e.g.Oliveira et al. 2020; Ciloglu et al. 2020; 
Schumm et al. 2021), life cycle (e.g.Ilgūnas et al. 2019, 
2022; Cepeda et al. 2019; Valkiūnas and Atkinson 2020) and 
ecology (e.g.Strehmann et al. 2023; Theodosopoulos et al. 
2023), geographic distribution has not been studied equita-
bly in all regions, and there are still areas where the occur-
rence of bird haemosporidian has not yet been documented.

Although the distribution of haemosporidian varies 
between regions, irregular studies within regions lead to 
an analysis of the distribution of avian haemosporidian by 
major zoogeographic regions (Valkiūnas 2005). According 
to Clark (2018), the most species-rich regions for haemos-
poridian diversity are the Eurasian, Amazonian, African and 
North American zoogeographical regions. However, these 
conclusions are mainly a result of the number of bird species 
studied, and the higher number of studies conducted in Euro-
pean and North American countries than on ther continents 
(Clark et al. 2014).

The distribution of haemosporidians in host bird species 
in Central Asia is poorly studied and remains unknown in 
many areas, but this distribution is also largely unknown, 
also in representatives of some orders and families of birds. 
Latest information on the distribution and abundance of par-
asites, wild hosts and vectors are lacking from many regions 
of Kazakhstan. Studies from the second half of the twentieth 
century provide information on 20.8% prevalence in wild 
and 8% in domestic bird species (Yakunin 1976; Yakunin 
and Zhazyltaev 1977). However, they do not present a com-
plete picture of the species diversity of blood parasites in 
birds, their degree of infection, restriction to a particular 
host species, or localization and distribution within regions 
of the country. Kairullaev (1986, 2010) reports the detection 
of 14 species of Plasmodium, 45 species of Haemoproteus 
and 23 species of Leucocytozoon based on his own investiga-
tions and data from the available literature. He also reported 
that Plasmodium was found in 102 (36.6%), Haemoproteus 
in 163 (58.6%) and Leucocytozoon in 125 (44.9%) out of 
a total of 278 bird species studied. More recent studies from 
Kazakhstan have focused on the occurrence of haemospo-
ridian in some host species, such as bird of prey (Leppert 
et al. 2004; Sehgal et al. 2006) or in breeding songbirds 
(Valkiūnas et al. 2006; Zehtindjiev et al. 2009).

As there are no recent data on the species composition 
of haemosporidian in wild birds of mountainous area in 
Kazakhstan, this study will contribute to the knowledge 
base on the distribution of these parasites. The aim of this 
study, which we conducted during short-term monitoring 
of birds in the Zhongar Alatau region, is to begin to assess 
the distribution of blood parasites in birds in this area and 
to find potential new sites for research on their ecology in 
Kazakhstan.

Material and methods

Study area and sampling

The birds were captured from 14 to 20 September 2022 in 
the mountainous areas of the Zhetysu region, in Zhongar 
Alatau National Park, Kazakhstan. This area of high bio-
diversity belongs to the Tian Shan steppe and meadow 
mountain ecoregion—WWF ID PA 1019 (Carpenter 2000); 
it extends from steppes through alpine meadows to gla-
ciers and forms a transition zone between boreal, steppe 
and desert areas. Although the forests are predominantly 
comprised of pine and spruce, the park contains significant 
stands of wild fruit trees (900–1800 m a.s.l.), particularly the 
Siever’s apple (Malus Sieversii), which is the ancestor of all 
cultivated apple varieties in the world (Dzhangaliev 2003; 
IUCN 2015; Bakhtaulova et al. 2015).

Research was conducted in two locations: Osinovaya 
(45.40526 N; 80.40581 E) located in an apple forest at 
an altitude of 1207 m a.s.l. and Bashkan (45.2653758 N; 
80.1525908 E; 1492 m ass.l.) representing the forest to sub-
alpine zone.

Birds were captured in ornithological nets, and blood 
was collected from captured birds (n = 59) by puncturing 
the brachial vein. A drop of blood was transferred to a glass 
slide and a blood smear was created. Remaining blood was 
deposited on a cellulose swab (Pur-Zellin®, Hartmann A.G., 
Germany). The sample (blood stain) was air-dried and stored 
sterilely for further analysis. After examination, the birds 
were released at the site of capture.

Laboratory examination

DNA for bird blood parasites was isolated from each dried 
blood stain. Approximately three-by-three mm of each 
blood stain was cut using sterile scissors. Commercially 
available DNeasy Blood & Tissue Kits (QIAGEN, 
Germany) were used for DNA extraction according to the 
manufacturer’s protocol. DNA samples were analysed for 
the content of Leucotyzoon sp., Haemoproteus sp. and 
Plasmodium sp. with the use of PCR. This was done using 
primers and nested PCR using the protocol developed 
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by Hellgren et al. (2004). The initial primers Haem NFI 
(5′-CAT ATA TTA AGA GAAITAT GGA G-3′) and Haem 
NR3 (5′-ATA GAA AGA TAA GAA ATA CCA TTC -3′) were 
used to amplify mitochondrial DNA of haemosporidian 
parasites (cytochrome b gene, 617 bp fragment). The first 
PCR was performed according to the mentioned protocol 
(Hellgren et al. 2004), with the minor changes as follows: 
5 × master mix FIREPoL, 0.4 pM forward primer, 0.4 pm 
reverse primer, 3 μL DNA template and distilled water to 
a 20 μL volume. PCR conditions were as follows: initial 
activation at 95 °C for 5 min; 30 cycles of denaturation at 
95 °C for 1 min; annealing at 58 °C for 1 min; elongation 
at 72  °C for 1  min; and final elongation at 72  °C for 
5 min. The product of the first PCR was taken (2 μl) as 
the template for the second PCR, 2 μl for Leucocytozoon 
sp. (HaemFL–HaemR3L) and 2 μl for Haemoproteus sp. 
and Plasmodium sp. (HaemF–HaemR2). These PCRs were 
performed separately in 20 μl volumes with the same reagent 
ratios as in the initial PCR reactions. The thermal profile of 
the PCRs was identical to the initial PCRs but was carried 
out over 35 cycles. Amplified PCR products were visualized 
using 2% agarose gel electrophoresis for 40 min at 80 V 
in1 × Tris–borate-EDTA buffer.

The expected-sized PCR products were sent to Macrogen 
(The Netherlands; http:// www. macro gen. com) for purifica-
tion and sequencing of both DNA strands. The sequences 
were edited in MEGA6 software (Tamura et al. 2013), and 
for identification of each of them was used Nucleotide Blast 
on NCBI. Sequences having double peaks, which indicate 
co-infections, were designated as DP, and sequences of poor 
quality were designated as unusable sequences (US).

Blood smears were stained according to the Pappenheim 
method (Doubek et al. 2003). Microscopic examination of 
the blood was performed using a Leica DM6000B light 
microscope (Leica Microsystems, GmbH). In each smear, 
more than one hundred fields and 50,000 erythrocytes were 
observed at 1000 × magnification.

Microscopic screening using the LAS attachment 
and software (Leica Application Suite; ver. 4.5.0; Leica 
Microsystems CMS GmbH) was used to determine the spe-
cies of each parasite, and species identification based on 
morphological features of fully developed gametocytes was 
performed according to the Key for Identification of Hemos-
poridia (Valkiūnas 2005; Valkiūnas and Iezhova 2022).

Results

PCR analyses and sequencing of positive samples confirmed 
the presence of parasite lineages (Table 1) for the genera 
Haemoproteus and Leucocytozoon. The overall prevalence 
of avian haemosporidians was 18.6% (11 infected out of 59 
examined). Parasites of the genus Haemoproteus infected 3 

birds (5.1% prevalence) of the host species Emberiza cioides 
(Brandt, 1843), Turdus atrogularis (Jarocki, 1819) and Tur-
dus merula (Linnaeus, 1758). The occurrence of parasites of 
the genus Haemoproteus were detected only as mixed infec-
tions in birds infected with parasites of the genus Leucocy-
tozoon. Microscopic examination determined the species of 
Haemoproteus majoris (Laveran, 1902) in E. cioides (Fig. 1) 
and Haemoproteus minutus (Valkiūnas and Iezhova, 1992) 
in T. merula (Fig. 2). Parasites of the genus Leucocytozoon 
were found in all 11 individuals (18.6%) infected. The host 
species E. cioides, Aegithalos caudatus (Linnaeus, 1758), 
Cyanistes cyanus (Pallas, 1770), Parus major (Linnaeus 
1758); Periparus ater (Linnaeus, 1758), Turdus merula (Lin-
naeus, 1758) and T. atrogularis. By microscopic examina-
tion, it was possible to determine the species Leucocyto-
zoon fringillinarum (Woodcock, 1910) in hosts of C. cyanus 
(Fig. 3) and P. major (Fig. 4) and Leucocytozoon dubreuili 
(Matis and Léger, 1911) in hosts of T. atrogularis and T. 
merula (Fig. 5). In the hosts P. major and C. cyanus (both 
infected birds), the sequences were of low quality (unusable 
sequences); therefore, no lineas are identified. Co-infection 
with at least 2 species of Leucocytozoon parasites (double 
peak) was detected by sequencing in the host T. merula, one 
species could be microscopically determined as L. dubreuili.

Microscopic examination of blood smears did not reveal 
the presence of trypanosomes and microfilariae. Infection 
with parasites of genus Plasmodium was not detected by 
microscopic examination or molecular methods.

Discussion

Host species and species distribution 
of haemosporidian

This study is the first report on the occurrence of blood para-
sites from the territory of Zhongar Alatau NP, located in the 
eastern part of Kazakhstan. Kairullaev (2010) reports in his 
research that for 2371 birds examined (87 species) from the 
main migratory routes of birds in Kazakhstan, the overall 
prevalence of blood parasites was 19.4 ± 0.8%. In addition 
to other blood parasites present in the peripheral blood of 
birds,Plasmodium (1.6%), Haemoproteus (16.6%) and Leu-
cocytozoon(1.1%) were found in 25, 57 and 19 species of 
birds, respectively. Despite the significantly lower number of 
birds examined in our study, it is surprising that the overall 
prevalence (18.6%) is close to the value reported by Kairul-
laev (2010). The higher prevalence of genus Leucocytozoon 
in our study can be explained by ecological factors at the 
capture site, as detailed below.

Yakunin and Zhazyltaev (1977) confirmed P. major, T. 
atrogularis and T. merula as host species from the territory 
of Kazakhstan, while P. ater and E. cioides were not found 
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to have haemosporidian in the examined samples. Simi-
larly, the presence of haemosporidian in E. cioides was not 
observed in the studies of Sodhi et al. (1999), but Inumaru 
et al. (2022) confirmed the presence of Haemoproteus sp. 
in one of three individuals examined. In our samples, based 
on morphological characteristics, we detected Haemopro-
teus majoris in this species, and therefore, we propose to 
include E. cioides among the host species of H. majoris. 
A. caudatus is also one of the bird species in which the 

presence of haemosporidian have not yet been confirmed 
(Valkiūnas 2005; Inumaru et al. 2022). In the host species 
C. cyanus, we detected positive samples on Haemoproteus 
by molecular analyses (lineages could not be determined due 
to poor sequence quality) in two birds examined. Sequencing 
revealed positive Leucocytozoon lineages in both positive 
individuals as well. In one individual (lineage MG649340.1), 
microscopic determination of L. fringilinarum was possible. 
Species determination by microscopy was not possible as no 

Table 1  Host bird species, prevalence and identified haemosporidian species and haemosporidian lineages according to GenBank.. DP double 
peaks (co-infections), US unusable sequences

*Inference from PCR diagnostics
**Same lineage for both infected birds

Species Site No. of 
exam. 
birds

No. of 
infected 
birds

Prevalence Determination of haemopspo-
ridian parasite

Haemosporidian lineage

Order: Caprimulgiformes
  Family: Caprimulgidae
    Caprimulgus europeus Osinovaya 1 0

Order: Passeriformes
  Family: Aegithalidae
    Aegithalos caudatus Osinovaya 7 2 28.6% Leucocytozoon sp.* LC701766.1

KJ488788.1
GU391354.1

Family: Emberizidae
  Emberiza cioides Bashkan 1 1 100% Haemoproteus majoris

Leucocytozoon sp.
MK652255.1
ON138438.1
KJ488788.1
MN459538.1

Family: Fringilidae
  Fringilla coelebs Osinovaya 1 0
  Chloris chloris Osinovaya 1 0

Family: Paridae
  Cyanistes cyanus Osinovaya 3 2 66.7% Haemoproteus sp.*

Leucocytozoon sp.
Leucocytozoon fringillinarum

US
LC440380.1
MG649340.1

  Parus major Osinovaya 23 1 4.3% Leucocytozoon fringillinarum LC440380.1
  Periparus ater Osinovaya 7 2 28.6% Leucocytozoon sp.* LC440380.1**

Family: Phylloscopidae
  Phylloscopus collybita tristis Osinovaya 1 0
  Phylloscopus humei Osinovaya 3 0

Family: Sylviidae
  Curruca althaea Osinovaya 2 0

Family: Turdidae
  Turdus atrogularis Osinovaya 7 1 Haemoproteus sp.

Leucocytozoon dubreuili
MN104973.1
US

  Turdus merula Osinovaya
Bashkan

1
1

1
1

100% Leucocytozoon dubreuili
Leucocytozoon dubreuili
Haemoproteus minutus

KJ488788.1
DP
KY653763.1, KJ488583.1, 

KF192999.1, 
KF192995.1

DQ630013.1
Total 59 11 18.6%
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adult forms of gametocytes were found in the blood smears. 
We also confirmed the same species L. fringillinarum in the 
host P. major, which is an atypical finding for this species, as 
it tends to be infected earlier by L. majoris (Valkiūnas 2005). 
Although P. major is one of the hosts in which detection 
of haemosporidian is relatively common, prevalences vary 
among years, seasons and regions (e.g.Allander and Bennett 
1994; Norte et al. 2009; Schumm et al. 2019). Leucocyto-
zoon dubreuili was found in host species T. atrogularis and 
T. merula, based on morphological characters. This species 
is common in Turdus sp. (Valkiūnas 2005).

Even molecular analyses did not confirm parasites of 
the genus Plasmodium in the birds studied. The low preva-
lence of this genus in birds in Kazakhstan is also reported 

Fig. 1  Haemoproteus majoris from host species E. cioides captured at 
Bashkan, Kazakhstan

Fig. 2  Haemoproteus minutus from host species T. merula captured at 
Bashkan, Kazakhstan

Fig. 3  Leucocytozoon fringillinarum from host species  C. cyanus cap-
tured at Osinovaya, Kazakhstan

Fig. 4  Leucocytozoon fringillinarum from host species   P. major 
captured at Osinovaya, Kazakhstan

Fig. 5  Leucocytozoon dubreuli from host species T. merula captured 
at Osinovaya, Kazakhstan
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by Kairullaev (2010). The occurrence of the genus Plas-
modium is less frequent in the Holarctic zoographic region 
compared to the genera Haemoproteus and Leucocytozoon 
(Valkiūnas 2005).

Ecological factors of the presence 
of the haemosporidian parasites

The overall prevalence of parasites in a bird community is 
influenced by host composition, but as some studies sug-
gest, geographic conditions (Scordato and Kardish 2014) or 
habitat characteristics may also be important in predicting 
the prevalence of blood parasites. However, this tends to 
be overlooked by many studies (Sehgal 2015). Local envi-
ronmental factors provide the conditions for development 
of the parasitic system of avian haemosporidian, including 
susceptible hosts and vectors. Environmental conditions, 
including temperature and the presence of water resources, 
are particularly important for the development of vectors.

We detected two genera of haemosporidian Haemopro-
teus and Leucocytozoon in the examined. These genera, 
according to Valkiūnas (2005), are more widely represented 
in the Holarctic zone. Leucocytozoonoses are more wide-
spread within this region in mid to high-latitude areas, due to 
the ability of the parasites to complete development in vec-
tors at relatively low temperatures (Valkiūnas 2005). Higher 
prevalence of the genus Leucocytozoon is confirmed in 
mountainous regions or at higher altitudes (Haas et al. 2012; 
Imura et al. 2012; Rooyen et al. 2013; Lotta et al. 2015), in 
alpine regions of North America (Murdock 2009; Oakgrove 
et al. 2014) and in northern regions of Europe (Scheuerlein 
and Ricklefs 2004). The capture of birds took place at alti-
tudes of 1200 and 1490 m a.s.l., and the higher incidence 
of leucocytozoonoses can also be explained by this factor. 
According to Illera et al. (2017), this parasite’s prevalence 
and abundance showed a positive association with tempera-
ture and a negative association with rainfall. Their results 
suggest that infections by parasites of the genus Leucocy-
tozoon occur more often in warm and dry forest, consistent 
with our results. The continental climate in Kazakhstan is 
influence by it’s remoteness from the ocean and high radia-
tion, and it can also be characterized as a cold, semi-arid cli-
mate (Kottek et al. 2006), though it varies significantly with 
elevation in the mountains. The climate in Khazakhstan is 
characterized by long and severe winters, short hot summers, 
a high quantity of clear days, higher aridity and variable 
temperatures. The typical mountain climate is characterized 
by significant diurnal and seasonal temperature variations, 
uneven distribution of rainfall throughout the year and mod-
erate humidity. Sunny and dry weather prevailed during the 
trapping days of our research.

The dynamics of avian haemosporidian occurrence 
depend on selective pressures that vary in space and time 

(Lynton-Jenkins et al. 2020). Haemosporidian from areas 
with well-defined seasonal changes are characterized by 
increased occurrence during periods that overlap with the 
highest vector frequency (i.e. in the temperate zone during 
spring). Haemoproteus parasites have a secondary peak of 
increased parasitemia specifically during autumn (Krone 
et al. 2001), although these peaks do not occur simultane-
ously in different territories (Valkiūnas 1987a). However, 
the spring invasion of haemosporidian is significantly higher 
than the autumn invasion (Valkiūnas 1987b). Despite an 
increase infection with parazites of the genus Haemopro-
teus during autumn, we only confirmed three cases in our 
samples.

The quality of the host habitat is characterized by micro-
climate, latitude and/or altitude as well as landscape type. 
Seasonal changes in temperate climatic conditions also 
integrate changes in environmental factors such as rainfall, 
humidity and ambient temperature. The development and 
activity of the vectors of avian haemosporidians are directly 
dependent on these environmental factors. The seasonal 
occurrence of blood parasites is dependent on the abundance 
and activity of vectors, which are conditioned by environ-
mental factors in changing seasons. These environmental 
factors directly influence the presence, development, abun-
dance, distribution and activity of vectors, which is reflected 
in the prevalence of blood parasites (Shutler et al. 1999; 
Krone et al. 2001; Hauptmanová et al. 2002; Wilson et al. 
2001; Shocket et al. 2021). Vector dynamics may also vary 
between years when the species composition of vectors var-
ies depending on suitable climatic conditions (Svobodová 
and Votýpka 1998). Likewise, behavioural and feeding strat-
egies of vectors vary in different climatic zones (Valkiūnas 
1987b). Kairullaev and Yakunin (1982) found higher preva-
lence of blood parasites in the foothills of the western Tien 
Shan (Shakpak Ornithological Station), which can also be 
explained by more favourable climatic conditions for vector 
development.

Several studies have demonstrated that the composition 
of black flies is controlled by various environmental vari-
ables that are related to anthropogenic pressures on river 
landscapes (e.g. loss of riparian vegetation or frequent 
disturbances (Ya’cob et al. 2016a, b)). Furthermore, Sim-
uliids, vectors of Leucocytozoons, are known to react to 
physical and chemical degradation, including acidification 
and organic pollution (Glötzel 1973; Seitz 1992), and can 
therefore serve as excellent indicators of water quality (Laut-
enschläger and Kiel 2005). It can be assumed that streams 
and rivers in Zhongar Alatau are less acidified and polluted, 
so they provide a more desirable environment for black flies 
as vectors of haemosporidians.

Parasites of genus Haemoproteus are transmitted by louse 
flies (Hippoboscidae) and biting midges (Ceratopogonidae) 
(Donovan et al. 2008; Wernery and Kaaden 2000; Masello 
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et al. 2018). It is assumed that larvae and pupae of culicoid 
develop in wet and humid habitats of all types; therefore, 
the climate of Kazakhstan, characterized by low precipita-
tion, is not suitable for them (Werner et al. 2020). Neverthe-
less, in longitudinal studies (Yakunin and Zhazyltaev 1977; 
Kairullaev 2010), they reach the highest prevalence among 
blood parasites. The location of these studies, which were 
conducted near lakes and rivers, may also contribute to these 
results. However, Icosta minor Bigot, 1858 of the family 
Ceratopogonidae was recorded in large numbers in Kazakh-
stan between 1967 and 1972 (37 specimens, 34 from house 
and Spanish sparrows alone (Doszhanov 1975)), though they 
were not tested for the presence of haemoparasites (Jentzsch 
et al. 2021).

Among ecological conditions, distance from a water 
source is also a positive predictor for vector evolution 
(Mendenhall et al. 2013; Krama et al. 2015). Both study 
sites had mountain rivers and local streams or water-
logged areas, creating optimal conditions for vector 
development.

Environmental conditions in Zhongar-Alatau NP create 
a suitable environment for the evolution of host-parasite 
complexes within avian haemosporidian. The avifauna of 
the national park is represented by 238 species, of which 
130 species make up the breeding bird complex. The area 
thus provides unique opportunities to study the ecological 
factors of haemosporidian distribution within intracontinen-
tal climatic conditions.

Acknowledgements Special thanks belong to prof. Marián Janiga 
for organizing an unforgettable research internship, students from the 
Institute of High Mountain Biology Univerity of Žilina: Peter Nociar, 
Janka Nová, Dominika Potecká, Jakub Tuchyňa, Samuel Feješ, Samuel 
Brecelj, Patrik Stražovec and Dr. Berikzhan Oxikbayev and Aibek Abd-
uakas from Zhetysu State University, Taldykorgan, for their indispen-
sable help during the field trapping of birds. We also thank Dr. Lenka 
Minichová from the Slovak Academy of Sciences for her help with the 
sequencing of the samples. Finally, our thanks go to the Administration 
of Zhongar Alatau NP for making the research possible and for their 
help in its implementation.

Authors’ contributions Both authors participated in the field collection 
of material, laboratory processing and contributed to the study concep-
tion and design. Material preparation, data collection and analysis were 
performed by Martina Haas and Lenka Ploščicová. The first draft of 
the manuscript was written by Martina Haas. Both authors read and 
approved the final manuscript.

Funding Open access funding provided by The Ministry of Education, 
Science, Research and Sport of the Slovak Republic in cooperation 
with Centre for Scientific and Technical Information of the Slovak 
Republic

Data availability All data generated or analysed during this study are 
included in this published article.

Declarations 

Ethics approval Not applicable.

Consent to participate Not applicable.

Consent for publication Not applicable.

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Allander K, Bennett GF (1994) Prevalence and intensity of haema-
tozoan infection in a population of great tits Parus major from 
Gotland, Sweden. J Avian Biol 25:69–74. https:// doi. org/ 10. 
2307/ 36772 96

Atkinson CT (2005) Ecology and diagnosis of introduced avian 
malaria in Hawaiian forest birds (No. 2005–3151). Geological 
Survey (US). https:// doi. org/ 10. 3133/ fs200 53151. Accessed 27 
Nov 2023

Attaran H, Luo J, Bo W, Nabavi R, He HX (2021) Haemosporidian 
blood parasites in nestling birds of prey in Mongolia. bioRxiv 
2021–06. https:// doi. org/ 10. 1101/ 2021. 06. 26. 450033

Bakhtaulova AS, Oksikbayev BK, Kanagatov ZZ, Dzhankuldukova 
AZ (2015) Study of histostructure of ray parenchyma and root-
ing ability of Siever´s apple (Malus sieversii) endemic species 
in green cutting. Oecologia Montana 24:70–73

Bensch S, Stjernman M, Hassequist D, Östman Ö, Hansson B, West-
erdahl H, Pinheiro RT (2000) Host specificity in avian blood 
parasites: a study of Plasmodium and Haemoproteus mito-
chondrial DNA amplified from birds. Proc R Soc B Biol Sci 
267:1583–1589. https:// doi. org/ 10. 1098/ rspb. 2000. 1181

Bensch S, Hellgren O, Perez-Tris J (2009) MalAvi: a public data-
base of malaria parasites and related haemosporidians in avian 
hosts based on mitochondrial cytochrome b lineages. Mol Ecol 
Resour 9:1353–1358. https:// doi. org/ 10. 1111/j. 1755- 0998. 2009. 
02692.x

Caizergues AE, Robira B, Perrier C, Jeanneau M, Berthomieu A, 
Perret S, Jeanneau M, Berthomieu A, Perret S, Gandon S, 
Charmantier A (2023) Cities as parasitic burden? Malaria 
prevalence and diversity along an urbanization gradient in 
great tits. bioRxiv 2023–05. https:// doi. org/ 10. 1101/ 2023. 05. 
03. 539263

Carpenter C (2000) Tian Shan montane steppe and meadows. Online: 
https:// www. world wildl ife. org/ ecore gions/ pa1019. Accessed 10 
July 2023

Cepeda AS, Lotta-Arévalo IA, Pinto-Osorio DF, Macías-Zacipa J, 
Valkiūnas G, Barato P, Matta NE (2019) Experimental charac-
terization of the complete life cycle of Haemoproteus colum-
bae, with a description of a natural host-parasite system used 
to study this infection. Int J Parasitol 49(12):975–984. https:// 
doi. org/ 10. 1016/j. ijpara. 2019. 07. 003

Chen M, Shi L, Sullivan D Jr (2001) Haemoproteus and Schitosoma 
synthesize hemepolymers similar to Plasmodium hemozoin and 

Page 7 of 10 68

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.2307/3677296
https://doi.org/10.2307/3677296
https://doi.org/10.3133/fs20053151
https://doi.org/10.1101/2021.06.26.450033
https://doi.org/10.1098/rspb.2000.1181
https://doi.org/10.1111/j.1755-0998.2009.02692.x
https://doi.org/10.1111/j.1755-0998.2009.02692.x
https://doi.org/10.1101/2023.05.03.539263
https://doi.org/10.1101/2023.05.03.539263
https://www.worldwildlife.org/ecoregions/pa1019
https://doi.org/10.1016/j.ijpara.2019.07.003
https://doi.org/10.1016/j.ijpara.2019.07.003


Parasitology Research (2024) 123:68 

1 3

β- hematin. Mol Biochem Parasitol 113:1–8. https:// doi. org/ 10. 
1016/ S0166- 6851(00) 00365-0

Ciloglu A, Ergen AG, Inci A, Dik B, Duzlu O, Onder Z, Yetismis 
G, Bensch S, Valkiūnas G, Yildirim A (2020) Prevalence and 
genetic diversity of avian haemosporidian parasites at an inter-
section point of bird migration routes: Sultan Marshes National 
Park. Turkey Acta Trop 210:105465. https:// doi. org/ 10. 1016/j. 
actat ropica. 2020. 105465

Clark NJ (2018) Phylogenetic uniqueness, not latitude, explains 
the diversity of avian blood parasite communities worldwide. 
Glob Ecol Biogeogr 27(6):744–755. https:// doi. org/ 10. 1111/ 
geb. 12741

Clark NJ, Clegg SM, Lima MR (2014) A review of global diversity 
in avian haemosporidians (Plasmodium and Haemoproteus: 
Haemosporida): new insights from molecular data. Int J Para-
sitol 44:329–338. https:// doi. org/ 10. 1016/j. ijpara. 2014. 01. 004

Donovan TA, Schrenzel M, Tucker TA, Pessier AP, Stalis IH (2008) 
Hepatic hemorrhage, hemocoelom, and sudden death due to 
Haemoproteus infection in passerine birds: eleven cases. J Vet 
Diagn Invest 20(3):304–313. https:// doi. org/ 10. 1177/ 10406 
38708 02000 307

Doszhanov TN (1975) Ecological analysis of the distribution of 
louse-flies (Diptera, Hippoboscidae) from migratory birds of 
southern Kazakhstan. Parazitologiya 9:359–365 [In Russian]

Doubek J, Bouda J, Doubek M, Fürll M, Knotková Z, Pejrilová S, 
Scheer P, Svobodová Z, Vodicka R (2003) Veterinární hematolo-
gie. Noviko, Brno

Dzhangaliev AD (2003) The wild apple tree of Kazakhstan. In: Janick 
J (ed) Horticultural Reviews: Wild apple and fruit trees of Central 
Asia. Wiley, New York, pp 63–303. https:// doi. org/ 10. 1002/ 97804 
70650 868. ch2

Glötzel R (1973) Populationsdynamik und Ernährungsbiologie von 
Simuliidenlarven in einem mit organischen Abwässern verunrein-
igten Gebirgsbach. Arch Hydrobiol 42(3/4):406–451

Grilo ML, Vanstreels RET, Wallace R, García-Párraga D, Braga ÉM, 
Chitty J, Catão-Dias JL, Madeira de Carvalho LM (2016) Malaria 
in penguins–current perceptions. Avian Pathol 45(4):393–407. 
https:// doi. org/ 10. 1080/ 03079 457. 2016. 11491 45

Haas M, Lukáň M, Kisková J, Hrehová Z (2012) Occurrence of blood 
parasites and intensity of infection in Prunella modularis in the 
montane and subalpine zone in the Slovak Carpathians. Acta 
Parasitol 57:221–227. https:// doi. org/ 10. 2478/ s11686- 012- 0041-6

Hauptmanová K, Literák I, Bártová E (2002) Haematology and leuco-
cytozoonosis of great tits (Parus major L.) during winter. Acta 
Vet Brno 7:199–204. https:// doi. org/ 10. 2754/ AVB20 02710 20199

Hellgren O, Waldenström J, Bensch S (2004) A new PCR assay for 
simultaneous studies of Leucocytozoon, Plasmodium, and Haemo-
proteus from avian blood. J Parasitol 90(4):797–802. https:// doi. 
org/ 10. 1645/ GE- 184R1

Ilgūnas M, Romeiro Fernandes Chagas C, Bukauskaitė D, Bernotienė 
R, Iezhova T, Valkiūnas G (2019) The life-cycle of the avian hae-
mosporidian parasite Haemoproteus majoris, with emphasis on 
the exoerythrocytic and sporogonic development. Parasi Vectors 
12:516. https:// doi. org/ 10. 1186/ s13071- 019- 3773-4

Ilgūnas M, Himmel T, Harl J, Dagys M, Valkiūnas G, Weissenböck H 
(2022) Exo-erythrocytic development of avian haemosporidian 
parasites in European owls. Animals 12(17):2212. https:// doi. org/ 
10. 3390/ ani12 172212

Illera JC, Lopez G, García-Padilla L, Moreno A (2017) Factors govern-
ing the prevalence and richness of avian haemosporidian com-
munities within and between temperate mountains. PLoS ONE 
12(9):e0184587. https:// doi. org/ 10. 1371/ journ al. pone. 01845 87

Imura T, Suzuki Y, Ejiri H, Sato Y, Ishida K, Sumiyama D, Murata K, 
Yukawa M (2012) Prevalence of avian haematozoa in wild birds 
in a high-altitude forest in Japan. Vet Parasitol 183(3–4):244–248. 
https:// doi. org/ 10. 1016/j. vetpar. 2011. 07. 027

Inumaru M, Aratani S, Shimizu M, Yamamoto M, Sato Y, Murata K, 
Valkiūnas G (2020) Penguins are competent hosts of Haemopro-
teus parasites: the first detection of gametocytes, with molecular 
characterization of Haemoproteus larae. Parasit Vectors 13:307. 
https:// doi. org/ 10. 1186/ s13071- 020- 04176-1

Inumaru M, Nishiumi I, Kawakami K, Sato Y (2022) A widespread 
survey of avian haemosporidia in deceased wild birds of Japan: 
the hidden value of personally collected samples. J Vet Med Sci 
84(9):1253–1260. https:// doi. org/ 10. 1292/ jvms. 22- 0179

IUCN (International Union for Conservation of Nature and Natural 
Resources) 2015: Participants of the FFI/IUCN SSC Central 
Asian regional tree Red Listing workshop, Bishkek, Kyrgyzstan 
(11–13 July 2006). 2007. Malus sieversii. The IUCN Red List of 
Threatened Species 2007: e.T32363A9693009. https:// doi. org/ 10. 
2305/ IUCN. UK. 2007. RLTS. T3236 3A969 3009. en

Jentzsch M, Knipper S, Schreiter R (2021) First record of the louse 
fly Icosta minor (Diptera: Hippoboscidae) in Austria, including 
information on the host choice and entire distribution of the spe-
cies. Biharean Biol 15(2):102–107

Kairullaev KK (1986) Blood parasites (Haemoproteus Kruse, 1890) of birds 
in Kazakhstan. Izv AN KazSSR Ser Biol Nauk 3:39–42 [In Russian]

Kairullaev KK, Yakunin MP (1982) Investigation into infection of 
migratory birds with blood parasites in foothills of the West Tien 
Shan. Izv AN KazSSR Ser Biol Nauk 4:24–27 [In Russian]

Kairullaev KK (2010) Haemosporidia of birds from Kazakhstan (sys-
tematics, fauna, ecology, phylogeny and evolution). Dissertation, 
Institute of Zoology and Kazakh National Agrarian University of 
the Ministry of Education and Science of the Republic of Kazakh-
stan, Almaty, Kazakhstan. [In Russian]. https:// texta rchive. ru/c- 
21561 55. html

Kottek M, Grieser J, Beck C, Rudolf B, Rubel F (2006) World map 
of the Köppen-Geiger climate classification updated. Meteorol 
Zeitschrift 15(3):259–263. https:// doi. org/ 10. 1127/ 0941- 2948/ 
2006/ 0130

Krama T, Krams R, Cīrule D, Moore FR, Rantala MJ, Krams IA (2015) 
Intensity of haemosporidian infection of parids positively cor-
relates with proximity to water bodies, but negatively with host 
survival. J Ornithol 156:1075–1084. https:// doi. org/ 10. 1007/ 
s10336- 015- 1206-5

Krone O, Priemer J, Streich P, Sömmer P, Langgemach T, Lessow O 
(2001) Haemosporida of birds of prey and owls from Germany. 
Acta Protozool 40:281–892

Lautenschläger M, Kiel E (2005) Assessing morphological degrada-
tion in running waters using Blackfly communities (Diptera, 
Simuliidae): can habitat quality be predicted from land use? 
Limnologica 35(4):262–273. https:// doi. org/ 10. 1016/j. limno. 
2005. 04. 003

Leppert LL, Layman S, Bragin EA, Katzner T (2004) Survey for 
hemoparasites in imperial eagles (Aquila heliaca), steppe eagles 
(Aquila nipalensis), and white-tailed sea eagles (Haliaeetus albi-
cilla) from Kazakhstan. J Wildl Dis 40(2):316–319. https:// doi. 
org/ 10. 7589/ 0090- 3558- 40.2. 316

Levine ND (2018): The protozoan phylum Apicomplexa: Volume 2 (1st 
ed.) CRC Press. https:// doi. org/ 10. 1201/ 97813 51076 111

Lotta IA, Gonzalez AD, Pacheco MA, Escalante AA, Valkiūnas G, 
Moncada LI, Matta NE (2015) Leucocytozoon pterotenuis sp. 
nov. (Haemosporida, Leucocytozoidae): description of the mor-
phologically unique species from the Grallariidae birds, with 
remarks on the distribution of Leucocytozoon parasites in the 
Neotropics. Parasitol Res 114:1031–1044. https:// doi. org/ 10. 1007/ 
s00436- 014- 4269-y

Lynton-Jenkins JG, Bründl AC, Cauchoix M, Lejeune LA, Sallé L, 
Thiney AC, Russell AF, Chaine AS, Bonneaud C (2020) Con-
trasting the seasonal and elevational prevalence of generalist 
avian haemosporidia in co-occurring host species. Ecol Evol 
10(12):6097–6111. https:// doi. org/ 10. 1002/ ece3. 6355

68 Page 8 of 10

https://doi.org/10.1016/S0166-6851(00)00365-0
https://doi.org/10.1016/S0166-6851(00)00365-0
https://doi.org/10.1016/j.actatropica.2020.105465
https://doi.org/10.1016/j.actatropica.2020.105465
https://doi.org/10.1111/geb.12741
https://doi.org/10.1111/geb.12741
https://doi.org/10.1016/j.ijpara.2014.01.004
https://doi.org/10.1177/104063870802000307
https://doi.org/10.1177/104063870802000307
https://doi.org/10.1002/9780470650868.ch2
https://doi.org/10.1002/9780470650868.ch2
https://doi.org/10.1080/03079457.2016.1149145
https://doi.org/10.2478/s11686-012-0041-6
https://doi.org/10.2754/AVB200271020199
https://doi.org/10.1645/GE-184R1
https://doi.org/10.1645/GE-184R1
https://doi.org/10.1186/s13071-019-3773-4
https://doi.org/10.3390/ani12172212
https://doi.org/10.3390/ani12172212
https://doi.org/10.1371/journal.pone.0184587
https://doi.org/10.1016/j.vetpar.2011.07.027
https://doi.org/10.1186/s13071-020-04176-1
https://doi.org/10.1292/jvms.22-0179
https://doi.org/10.2305/IUCN.UK.2007.RLTS.T32363A9693009.en
https://doi.org/10.2305/IUCN.UK.2007.RLTS.T32363A9693009.en
https://textarchive.ru/c-2156155.html
https://textarchive.ru/c-2156155.html
https://doi.org/10.1127/0941-2948/2006/0130
https://doi.org/10.1127/0941-2948/2006/0130
https://doi.org/10.1007/s10336-015-1206-5
https://doi.org/10.1007/s10336-015-1206-5
https://doi.org/10.1016/j.limno.2005.04.003
https://doi.org/10.1016/j.limno.2005.04.003
https://doi.org/10.7589/0090-3558-40.2.316
https://doi.org/10.7589/0090-3558-40.2.316
https://doi.org/10.1201/9781351076111
https://doi.org/10.1007/s00436-014-4269-y
https://doi.org/10.1007/s00436-014-4269-y
https://doi.org/10.1002/ece3.6355


Parasitology Research (2024) 123:68 

1 3

Marzal A, Ricklefs RE, Valkiūnas G, Albayrak T, Arriero E, Bon-
neaud C, Czirják GA, Ewen J, Hellgren O, Hořáková D, Iezhova 
TA, Jensen H, Križanauskienė A, Lima MR, de Lope F, Magnus-
sen E, Martin LB, Møller AP, Palinauskas V, Pap PL, Pérez-Tris 
J, Sehgal RN, Soler M, Szöllosi E, Westerdahl H, Zetindjiev P, 
Bensch S (2011) Diversity, loss, and gain of malaria parasites in 
a globally invasive bird. PLoS ONE 6(7):e21905. https:// doi. org/ 
10. 1371/ journ al. pone. 00219 05

Masello JF, Martínez J, Calderón L, Wink M, Quillfeldt P, Sanz V, 
Theuerkauf J, Ortiz-Catedral L, Berkunsky I, Brunton D, Díaz-
Luque JA, Hauber ME, Ojeda V, Barnaud A, Casalins L, Jack-
son B, Mijare A, Rosales R, Seixas G, Serafini G, Silva-Iturriza 
A, Sipinski E, Vásquez RA, Widmann P, Widmann I, Merino 
S (2018) Can the intake of antiparasitic secondary metabolites 
explain the low prevalence of hemoparasites among wild Psit-
taciformes? Parasit Vectors 11(1):357. https:// doi. org/ 10. 1186/ 
s13071- 018- 2940-3

Mendenhall CD, Archer HM, Brenes FO, Sekercioglu CH, Sehgal 
RNM (2013) Balancing biodiversity with agriculture: land shar-
ing mitigates avian malaria prevalence. Conserv Lett 6:125e131. 
https:// doi. org/ 10. 1111/j. 1755- 263X. 2012. 00302.x

Murdock CC (2009) Studies on the ecology of avian malaria in an 
Alpine ecosystem Dissertation, Natural Resources and Environ-
ment. The University of Michigan, USA

Norte AC, Araujo PM, Sampaio HL, Sousa JP, Ramos JA (2009) Hae-
matozoa infections in a Great Tit Parus major population in Cen-
tral Portugal: relationships with breeding effort and health. Ibis 
151(4):677–688. https:// doi. org/ 10. 1111/j. 1474- 919X. 2009. 00960

Oakgrove KS, Harrigan RJ, Loiseau C, Guers S, Seppi B, Sehgal RN 
(2014) Distribution, diversity and drivers of blood-borne parasite 
co-infections in Alaskan bird populations. Int J Parasitol 44:717–
727. https:// doi. org/ 10. 1016/j. ijpara. 2014. 04. 011

Oliveira L, Dias RJP, Rossi MF, D’Agosto M, Santos HA (2020) 
Molecular diversity and coalescent species delimitation of avian 
haemosporidian parasites in an endemic bird species of South 
America. Parasitol Res 119:4033–4047. https:// doi. org/ 10. 1007/ 
s00436- 020- 06908-9

Rooyen JV, Lalubin F, Glaizot O, Christe P (2013) Avian haemosporid-
ian persistence and co-infection in great tits at the individual level. 
Malar J 12:40. https:// doi. org/ 10. 1186/ 1475- 2875- 12- 40

Scheuerlein A, Ricklefs RE (2004) Prevalence of blood parasites in 
European passerine birds. Proc R Soc B Biol Sci 271:1363–1370. 
https:// doi. org/ 10. 1098/ rspb. 2004. 2726

Schumm YR, Wecker C, Marek C, Wassmuth M, Bentele A, Willems 
H, Reiner G, Quillfeldt P (2019) Blood parasites in Passeriformes 
in central Germany: prevalence and lineage diversity of Hae-
mosporida (Haemoproteus, Plasmodium and Leucocytozoon) in 
six common songbirds. PeerJ 6:e6259. https:// doi. org/ 10. 7717/ 
peerj. 6259

Schumm YR, Bakaloudis D, Barboutis C, Cecere JG, Eraud C, Fis-
cher D, Hering J, Hillerich K, Lormée H, Mader V, Masello JF, 
Metzger B, Rocha G, Spina F, Quillfeldt P (2021) Prevalence and 
genetic diversity of avian haemosporidian parasites in wild bird 
species of the order Columbiformes. Parasitol Res 120:1405–
1420. https:// doi. org/ 10. 1007/ s00436- 021- 07053-7

Scordato ES, Kardish MR (2014) Prevalence and beta diversity in avian 
malaria communities: host species is a better predictor than geogra-
phy. J Anim Ecol 83:1387e1397. https:// doi. org/ 10. 1111/ 1365- 2656. 
12246

Sehgal RNM (2015) Manifold habitat effects on the prevalence and 
diversity of avian blood parasites. Int J Parasitol Parasites Wildl 
4(3):421–430. https:// doi. org/ 10. 1016/j. ijppaw. 2015. 09. 001

Sehgal RNM, Hull AC, Anderson NL, Valkiūnas G, Markovets MJ, 
Kawamura S, Tell LA (2006) Evidence for cryptic speciation of 

Leucocytozoon spp. (Haemosporida, Leucocytozoidae) in diurnal rap-
tors. J Parasitol 92(2):375–379. https:// doi. org/ 10. 1645/ GE- 656R.1

Seitz G (1992) Verbreitung und Ökologie der Kriebelmücken (Diptera: 
Simuliidae) in Niederbayern. Lauterbornia 11:1–231

Shocket MS, Anderson CB, Caldwell JM, Childs ML, Couper LI, Han 
S, Harris MJ, Howard ME, Kai MP, MacDonald AJ, Nova E, 
Mordecai EA (2021) Environmental drivers of vector-borne dis-
ease In: Drake JM, Michael B, Bonsall MB, Michael R, Strand 
MR (eds) Population biology of vector-borne diseases. Oxford 
University Press. pp 85–118. https:// doi. org/ 10. 1093/ oso/ 97801 
98853 244. 003. 0006

Shutler D, Ankney CD, Mullie A (1999) Effects of the blood parasite 
Leucocytozoon simondi in growth rates of anatid ducklings. Can 
J Zoo 77:1573–1578. https:// doi. org/ 10. 1139/ z99- 121

Sodhi NS, Adlard RD, Nagata H, Kara AU (1999) Low prevalence of 
blood parasites in six Emberiza species in Japan. Jap J Ornithol 
47(2):65–67. https:// doi. org/ 10. 3838/ jjo. 47. 65

Strehmann F, Becker M, Lindner K, Masello JF, Quillfeldt P, Schumm 
YR, Farwig N, Schabo DG, Rösner S (2023) Half of a forest bird 
community infected with haemosporidian parasites. Front Ecol 
Evol 11:1107736. https:// doi. org/ 10. 3389/ fevo. 2023. 11077 36

Svobodová M, Votýpka J (1998) Výskyt krevních prvoku u dravcu 
(Falconiformes). Buteo 10:51–56

Tamura K, Stecher G, Peterson D, Filipski A, Kumar S (2013) MEGA6: 
molecular evolutionary genetics analysis version 6.0. Mol Biol 
Evol 30:2725–2729. https:// doi. org/ 10. 1093/ molbev/ mst197

Theodosopoulos AN, Spellman GM, Taylor SA (2023) Survey of haemos-
poridian parasite infections in an endangered high alpine bird. Parasit 
Vectors 16(1):67. https:// doi. org/ 10. 1186/ s13071- 023- 05667-7

Valkiūnas G (1987a) Parasitic protozoa of the blood of birds in the 
USSR. (2. Distribution). Lietuvos TSR MA Darbai C Serija 
1:52–61 [In Russian]

Valkiūnas G (1987b) Blood parasites of birdsof White Sea – Baltic 
direction of migration 4. Ecological aspect. Parazitologiya (St. 
Petersburg) 21(4): 537–544. [In Russian]

Valkiūnas G (2005) Avian malaria parasites and other Haemosporidia. 
CRC Press, Boca Raton, USA

Valkiūnas G, Iezhova TA (2018) Keys to the avian malaria parasites. 
Malar J 17(1):1–24. https:// doi. org/ 10. 1186/ s12936- 018- 2359-5

Valkiūnas G, Iezhova TA, Bolshakov CV, Kosarev V (2006) Blood 
parasites of the house sparrow Passer domesticus from north-
western Russia, with remarks on trends of global geographical 
distribution in this bird. J Nat Hist 40(29–31):1709–1718. https:// 
doi. org/ 10. 1080/ 00222 93060 10101 27

Valkiūnas G, Atkinson CT (2020) Introduction to life cycles, taxon-
omy, distribution, and basic research techniques. In: Santiago-
Alarcon D, Marzal A (eds) Avian Malaria and Related Para-
sites in the Tropics. Springer, Cham. https:// doi. org/ 10. 1007/ 
978-3- 030- 51633-8_2

Valkiūnas G, Iezhova TA (1992) New species of haemoproteids (Hae-
mosporidia: Haemoproteidae) in passerine birds. Zool zhurnal 
(Moscow) 71:5–15. [In Russian]

Valkiūnas G, Iezhova TA (2022) Keys to the avian Haemoproteus para-
sites (Haemosporida, Haemoproteidae) Malar J 21:269 https:// doi. 
org/ 10. 1186/ s12936- 022- 04235-1

Vanstreels RET, Braga EM, Catao-Dias JL (2016) Blood parasites of 
penguins: a critical review. Parasitology 143(8):931–956. https:// 
doi. org/ 10. 1017/ S0031 18201 60002 51

Werner D, Groschupp S, Bauer C, Kampen H (2020) Breeding habitat 
preferences of major Culicoides Species (Diptera: Ceratopogo-
nidae) in Germany. Int J Environ Res Public Health 17(4):5000. 
https:// doi. org/ 10. 3390/ ijerp h1714 5000

Wernery U, Kaaden OR (2000) Viral diseases. In: Samour J (ed) Avian 
medicine, 1st edn. Mosby, London, pp 266–269

Page 9 of 10 68

https://doi.org/10.1371/journal.pone.0021905
https://doi.org/10.1371/journal.pone.0021905
https://doi.org/10.1186/s13071-018-2940-3
https://doi.org/10.1186/s13071-018-2940-3
https://doi.org/10.1111/j.1755-263X.2012.00302.x
https://doi.org/10.1111/j.1474-919X.2009.00960
https://doi.org/10.1016/j.ijpara.2014.04.011
https://doi.org/10.1007/s00436-020-06908-9
https://doi.org/10.1007/s00436-020-06908-9
https://doi.org/10.1186/1475-2875-12-40
https://doi.org/10.1098/rspb.2004.2726
https://doi.org/10.7717/peerj.6259
https://doi.org/10.7717/peerj.6259
https://doi.org/10.1007/s00436-021-07053-7
https://doi.org/10.1111/1365-2656.12246
https://doi.org/10.1111/1365-2656.12246
https://doi.org/10.1016/j.ijppaw.2015.09.001
https://doi.org/10.1645/GE-656R.1
https://doi.org/10.1093/oso/9780198853244.003.0006
https://doi.org/10.1093/oso/9780198853244.003.0006
https://doi.org/10.1139/z99-121
https://doi.org/10.3838/jjo.47.65
https://doi.org/10.3389/fevo.2023.1107736
https://doi.org/10.1093/molbev/mst197
https://doi.org/10.1186/s13071-023-05667-7
https://doi.org/10.1186/s12936-018-2359-5
https://doi.org/10.1080/00222930601010127
https://doi.org/10.1080/00222930601010127
https://doi.org/10.1007/978-3-030-51633-8_2
https://doi.org/10.1007/978-3-030-51633-8_2
https://doi.org/10.1186/s12936-022-04235-1
https://doi.org/10.1186/s12936-022-04235-1
https://doi.org/10.1017/S0031182016000251
https://doi.org/10.1017/S0031182016000251
https://doi.org/10.3390/ijerph17145000


Parasitology Research (2024) 123:68 

1 3

Wilson et al. 2001 Wilson K, Bjørnstad ON, Dobson AP, Merler S, 
Poglayen G, Randolph SE, Read AF, Skorping A (2002) Hetero-
geneities in macroparasite infections: patterns and processes. In: 
Hudson PJ, Rizzoli A, Grenfell BT, Heesterbeek H, Dobson AP 
(eds) The ecology of wildlife diseases. Oxford University Press, 
pp. 6–44. https:// doi. org/ 10. 1093/ oso/ 97801 98506 201. 003. 0002

Ya’cob Z, Takaoka H, Pramual P, Low VL, Sofian-Azurin M (2016) 
Distribution pattern of black fly (Diptera: Simuliidae) assem-
blages along an altitudinal gradient in Peninsular Malaysia. Parasit 
Vectors 9:219. https:// doi. org/ 10. 1186/ s13071- 016- 1492-7

Ya’cob Z, Takaoka H, Pramual P, Low LV, Mohd SA (2016) Breeding 
habitat preference of preimaginal black flies (Diptera: Simuliidae) 
in Peninsular Malaysia. Acta Trop 153:57–63. https:// doi. org/ 10. 
1016/j. actat ropica. 2015. 10. 007

Yakunin MP, Zhazyltaev TA (1977) The blood parasite fauna of wild 
and domestic birds from Kazakhstan. Trudi Inst Zool AN Kaz.
SSR 37:124–148. [In Russian]

Yakunin MP (1976) Parasitic protozoans in the blood of wild birds 
from Kazakhstan. In: Proceedings 2nd All-Union Congr Prtozool 
Kiev: Naukova Dumka 1:166–167. [In Russian]

Yusupova DA, Schumm YR, Sokolov AA, Quillfeldt P (2023) Hae-
mosporidian blood parasites of passerine birds in north-west-
ern Siberia. Polar Biol 46:497–511. https:// doi. org/ 10. 1007/ 
s00300- 023- 03130-y

Zehtindjiev P, Ilieva M, Križanauskienė A, Oparina O, Oparin M, 
Bensch S (2009) Occurrence of haemosporidian parasites in 
the paddyfield warbler, Acrocephalus agricola (Passeriformes, 
Sylviidae). Acta Parasitol 54:295–300. https:// doi. org/ 10. 2478/ 
s11686- 009- 0052-0

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

68 Page 10 of 10

https://doi.org/10.1093/oso/9780198506201.003.0002
https://doi.org/10.1186/s13071-016-1492-7
https://doi.org/10.1016/j.actatropica.2015.10.007
https://doi.org/10.1016/j.actatropica.2015.10.007
https://doi.org/10.1007/s00300-023-03130-y
https://doi.org/10.1007/s00300-023-03130-y
https://doi.org/10.2478/s11686-009-0052-0
https://doi.org/10.2478/s11686-009-0052-0

	Contribution to ecological environmental factors and the occurrence of haemosporidians in birds in Zhongar Alatau National Park, Kazakhstan
	Abstract
	Introduction
	Material and methods
	Study area and sampling
	Laboratory examination

	Results
	Discussion
	Host species and species distribution of haemosporidian
	Ecological factors of the presence of the haemosporidian parasites

	Acknowledgements 
	References




