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Extremely low haemosporidian prevalence in a South American migratory
aerial insectivore (Tachycineta leucopyga)

Prevalencia extremadamente baja de hemosporidios en un insectívoro aéreo migratorio
sudamericano (Tachycineta leucopyga)
Silvina Ippi 1  , Bruno Riovitti 2  , Valentina Ferretti 2  , Valeria S. Ojeda 1  , Melina Barrionuevo 1  , Ananias A.
Escalante 3   and Maria Andreina Pacheco 3 

ABSTRACT. Blood parasites can influence avian physiology, behavior, and reproduction, yet their prevalence and diversity vary across
hosts, environments, and latitudes. We assessed haemosporidian infections in the migrant Chilean Swallow (Tachycineta leucopyga) at
two widely separated breeding populations in Argentine Patagonia. Molecular screening of the parasite mitochondrial cytochrome b
gene conducted on 209 individuals revealed a single Leucocytozoon-infected adult in Tierra del Fuego; no other infections were detected.
Blast and phylogenetic analyses identified the parasite as belonging to the lineage DIUDIU11. This lineage has been previously reported
in several South American passerine species and is closely related to Leucocytozoon fringillinarum. Our results revealed extremely low
hemoparasite prevalence in this aerial insectivore, likely reflecting limited vector contact because of their behavior, low vector abundance,
or the absence of infectious parasites at breeding and/or non-breeding sites. These findings establish a first baseline for hemoparasite
dynamics in a long-term monitored South American swallow population and emphasize the importance of assessing migratory birds’
health across their full annual cycle under ongoing environmental change and climate warming.

RESUMEN. Los parásitos sanguíneos pueden influir en la fisiología, comportamiento y reproducción de las aves, aunque su prevalencia
y diversidad varían entre hospedadores, ambientes y latitudes. Evaluamos infecciones por hemosporidios en la golondrina migratoria
Tachycineta leucopyga en dos poblaciones reproductivas ampliamente separadas en la Patagonia argentina. El análisis de detección
molecular del gen mitocondrial citocromo b del parásito, realizado sobre 209 individuos, reveló un único adulto infectado por
Leucocytozoon en Tierra del Fuego; no se detectaron otras infecciones. Los análisis BLAST y filogenéticos identificaron al parásito
como perteneciente al linaje DIUDIU11. Este linaje ha sido reportado previamente en varias especies de paseriformes sudamericanos
y está estrechamente relacionado con Leucocytozoon fringillinarum. Nuestros resultados revelaron una prevalencia extremadamente
baja de hemoparásitos en este insectívoro aéreo, reflejando probablemente un contacto limitado con los vectores debido a su
comportamiento, la baja abundancia de vectores o la ausencia de parásitos infecciosos en los sitios reproductivos y/o no reproductivos.
Estos hallazgos establecen una primera línea de base para la dinámica de hemoparásitos en una población sudamericana de golondrinas
monitoreada a largo plazo y enfatizan la importancia de evaluar la salud de las aves migratorias a lo largo de todo su ciclo anual frente
al actual cambio ambiental y calentamiento climático.
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INTRODUCTION
Parasites are hypothesized to play a fundamental role in shaping
host ecology and evolution, influencing physiological condition,
behavior, and reproductive success (Hamilton and Zuk 1982,
Sheldon and Verhulst 1996). Blood parasites have been widely
studied in birds because of their potential effects on survival and
fitness (Marzal et al. 2005, Martínez-de la Puente et al. 2010). The
genera Haemoproteus, Plasmodium, and Leucocytozoon are
commonly found in avian hosts, often impacting individual
condition and reproductive investment (Merino et al. 2000).
However, parasite prevalence and species composition can vary
significantly across host populations, influenced by environmental
conditions, vector abundance, local host species pool, and host
immunity (Sanz et al. 2002, Hellgren et al. 2008, Pacheco et al.
2022). In the case of migratory swallows, for example, the arrival
date after spring migration appears to be influenced by parasitic

load (Møller et al. 2004), and breeding success decreases with later
laying dates (Winkler et al. 2020). However, this delay differs
across populations and between sexes (Møller et al. 2004).  

Across the Americas, Leucocytozoon prevalence increases with
latitude and altitude and consequently with decreasing
temperature (Lotta et al. 2016, Fecchio et al. 2020), a pattern also
reported in Chile and contrasting with that observed for
Plasmodium and Haemoproteus (Merino et al. 2008, Doussang et
al. 2019). These differences may reflect the environmental
conditions required by the parasites for development within
vectors. Haemosporidian infections are typically acquired during
periods of high vector activity (e.g., breeding seasons in temperate
regions), although transmission may also occur during migration
or on wintering grounds (Piersma and van der Velde 2012,
Pulgarín et al. 2018, de Angeli Dutra et al. 2021). Leucocytozoon,
transmitted by Simuliidae (blackflies) may be transmitted at
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temperatures as low as 12 °C (Fecchio et al. 2020, Mozaffer et al.
2022). In contrast, Plasmodium and Haemoproteus, transmitted
by Culicidae (mosquitoes), Hippoboscidae (louse flies) and
Ceratopogonidae (biting midges), respectively, develop optimally
above 24 °C (LaPointe et al. 2010, Zamora-Vilchis et al. 2012,
Oakgrove et al. 2014, Mozaffer et al. 2022).  

Currently, information on the prevalence of parasitic infections
in wild bird populations in South America remains limited.
Research has increased in recent years (e.g., Doussang et al. 2019,
Fecchio et al. 2020, 2021), yet basic data on prevalence, vectors,
and the effects of parasitic load on life-history traits remain scarce.
Although hemoparasite loads appear to be generally low in this
region (Merino et al. 2008), some bird species exhibit high
prevalence, such as the migrant White-crested Elaenia (Elaenia
albiceps; Merino et al. 2008) and the Rufous-collared Sparrow
(Zonotrichia capensis; Doussang et al. 2019).  

Among the less studied taxa are species within the genus
Tachycineta, despite its wide distribution across America (Marion
et al. 2020). Information on hemoparasites in this genus is limited
and heterogeneous, with a strong bias toward the Northern
Hemisphere Tree Swallow (Tachycineta bicolor; Table 1;
Supplementary Material Table S1). Reported haematozoa in
Tachycineta include single infections with Trypanosoma,
Leucocytozoon, Plasmodium, or Haemoproteus, as well as mixed
Leucocytozoon-Haemoproteus infections (Martinsen et al. 2008,
Murdock 2009, Medeiros et al. 2015, Turcotte et al. 2018,
Rodriguez et al. 2021).  

The Chilean Swallow (Tachycineta leucopyga) is a Neotropical
migratory passerine and the southernmost representative of this
cavity-nesting genus. Only one study has assessed its
hemoparasites, reporting no infections in 26 individuals sampled
across three locations in Chile, two of which were islands (Merino
et al. 2008). Cavity-nesters generally appear to be less affected by
blood parasites than open-cup nesters (e.g., Rodriguez et al. 2021).
However, both adults and nestlings can still become infected, as
documented for cavity nesting birds in the Americas and Europe
(Merino and Potti 1995, Turcotte et al. 2018).  

In Argentina, the Chilean Swallow breeds along a broad
latitudinal gradient from northern Andean Patagonia (~39° S;
Bianchini 2024) to Tierra del Fuego (~54° S; Marion 2020). The
harsher environmental conditions and shorter breeding season at
higher latitudes likely impose distinct physiological and ecological
pressures on individuals breeding in Tierra del Fuego compared
to those in northern populations (Ippi et al. 2024). Parasite load
could represent an important factor influencing behavioral and
reproductive trade-offs in this species. However, information on
the prevalence of haemosporidian parasites in T. leucopyga across
its breeding range remains very limited.  

In this study, we aimed to assess the prevalence of
haemosporidians in Chilean Swallow populations from Argentine
Patagonia and to compare their occurrence between two
latitudinal extremes of the species’ breeding range. Additionally,
we aimed to identify and characterize haemosporidian lineages
infecting the Chilean Swallow and to examine their phylogenetic
relationships with related lineages circulating in other South
American bird species. Given the temperature of the study sites
and the thermal optima of the parasites, we predicted that the

southernmost population would show higher infection rates with
Leucocytozoon, whereas the northern population would exhibit
higher prevalence of Haemoproteus and Plasmodium (Merino et
al. 2008, Doussang et al. 2019). Based on the generally lower
haemoparasite prevalence reported for Neotropical compared to
Nearctic regions (White et al. 1978), as well as the absence of
records for this species in Chilean populations (Merino et al.
2009), we expected overall prevalence to be lower than that
reported for Tachycineta swallows in the Northern Hemisphere.

METHODS

Study area
The study was conducted in two populations in Argentine
Patagonia. The northernmost population is located in
northwestern Patagonia near the city of San Carlos de Bariloche
(41° S, 71° W) and it was monitored during 2021–2022 and 2022–
2023 austral breeding seasons at Fortín Chacabuco and El Cóndor
ranches, where 120 and 50 nest boxes are installed, respectively.
The southernmost population is in Tierra del Fuego (54° S, 68°
W) and was studied during the 2006–2007 and 2007–2008
breeding seasons.  

Both nest box populations were monitored by using the
standardized protocol of the Golondrinas de las Americas project
(https://blogs.cornell.edu/golondrinas/), allowing for reliable
comparisons. Briefly, this protocol involved regular visits to
record breeding phenology and other reproductive variables, such
as clutch size and nest size (variables also included in other
projects). To minimize the risk of nest abandonment, breeding
adults were captured only after egg hatching, using a wig-wag trap
(Massoni et al. 2007), banded with both a color and a numbered
metal ring, and sampled for blood. In the northern population
(Bariloche), nestlings were similarly banded and blood-sampled
at a mean age of 15 d (standard deviation = 0.97). Blood samples
(~30 µl) were obtained from all individuals by puncturing the
brachial vein (Owen 2011). Blood samples were preserved in 0.5
ml lysis buffer (100 mM Tris, 100 mM EDTA, 10 mM NaCl, 2%
SDS).

Molecular and phylogenetic analysis
Preserved DNA was extracted from whole blood by using
QIAamp DNA Micro Kit (QIAGEN GmbH, Hilden, Germany).
Extracted DNA was screened for haemosporidians by using a
nested polymerase chain reaction (PCR) protocol targeting the
mitochondrial cytochrome b gene (cytb, 1,131 bp) with primers
described by Pacheco et al. (2018, 2019). A key advantage of these
primers is that they have been proven to be sensitive to amplify
all haemosporidian genera across all known vertebrate hosts
(Pacheco et al. 2018, 2019, 2022, 2025), and they generate a longer
gene fragment containing more parsimony-informative sites
compared to the MalAvi barcoding protocol (Bensch et al. 2009).
This provides greater phylogenetic resolution and potential for
species identification, which is required to understand
haemosporidian relationships as more sequences become
available in public databases (Pacheco et al. 2018). Primary PCR
amplifications were carried out in a 50 μl volume with 2 and 5 μl
of total genomic DNA (depending on the total DNA per sample,
which varied between 10 and 350 ng/µl), 2.5 mM MgCl2, 1 × PCR
buffer, 0.25 mM of each deoxynucleoside triphosphate, 0.4 μM
of each primer, and 0.03 U/μl AmpliTaq polymerase (Applied
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 Table 1. Prevalence of hemoparasites in Tachycineta species. Genus-level prevalence is shown where available. Abbreviations: N =
sample size, H = Haemoproteus, P = Plasmodium, L = Leucocytozoon, T = Trypanosoma.
 
Species % prevalence (N) Parasite tested Parasite positive Location (latitude, longitude) Reference

0% (3) P Chicago, USA (41° N, 87° W) Medeiros et al. (2015)
40% (5) T
80% (5) L

H P L T L T Colorado, USA (38° N, 106° W) Murdock (2009)
Tree Swallow
(T. bicolor)

0% (12) H P H P Colorado, USA (40° N, 106° W) Rodriguez et al. (2021)
0.45% (221) H P L T T Saskatoon, Canada (52° N, 106° W) Shutler et al. (2003)
19% (1562) all
7.9% (125) P
9.9% (155) L
0% H

H P L T P L Québec, Canada (52° N, 72° W) Turcotte et al. (2018)

48% (89, sequenced 22) H P H P New York, USA (40° N, 74° W) Szymanski and Lovette
(2005)

50% (2) H P L Mixed infection with H
and P

Michigan, USA (44° N, 85° W) Smith et al. (2018)

Violet-green Swallow
(T. thalassina)

100% (1) H P L T Mixed infection by L 
and H

Colorado, USA (38° N, 106° W) Murdock (2009)

71.4% (7) H P L H California, USA (39° N, 123° W) Martinsen et al. (2008)
88.9% (9) H P L T microfilaria H L T and microfilaria Colorado, USA (40° N, 106° W) Stabler and Kitzmiller

(1970)
White-rumped Swallow
(T. leucorrhoa)

No information H P H Uruguay (30-35° S, 53-58° W) Durrant et al. (2006)

0% (26) H P L Chile (33-53° S, 70-72° W) Merino et al. (2008)
0% (106) H P L Bariloche (41° S, 71° W) Current study

Chilean Swallow
(T. leucopyga)

2.6% (38) H P L L Tierra del Fuego (54° S, 68° W) Current study

Biosystems, Thermo Fisher Scientific, USA). External PCR
primers used were forward AE298 5′-TGT AAT GCC TAG ACG
TAT TCC 3′ and reverse AE299 5′-GT CAA WCA AAC ATG
AAT ATA GAC 3′. Negative (distilled water) and two positive
controls (samples from infected birds with Plasmodium lutzi and
Haemoproteus erythrogravidus) were also included.  

Primary PCR conditions included a partial denaturation at 94 °
C for 4 min, followed by 36 cycles with 1 min at 94 °C, 1 min at
53 °C, and a 2 min extension at 72 °C. In the last cycle, a final 10
min extension at 72 °C was added. Nested PCR mix and
conditions were the same as the primary PCR, but using 1 μl of
the primary PCR and an annealing temperature of 56 °C. Internal
PCR primers used were forward AE064 5′-T CTA TTA ATT TAG
YWA AAG CAC 3′ and reverse AE066 5′-G CTT GGG AGC
TGT AAT CAT AAT 3′.  

PCR amplified products (50 μl) were excised from agarose gels
and purified by the QIAquick Gel Extraction Kit (QIAGEN
GmbH, Hilden, Germany). Both strands of the cytb gene
fragments were directly sequenced using the Sanger method at
GENEWIZ (Azenta Life Sciences, New Jersey, USA). Partial cytb 
gene sequence obtained here was deposited in GenBank under
the accession number PZ065612.  

After comparing the sequence obtained in this study (PZ065612)
against sequences available in GenBank (Benson et al. 2015) and
MalAvi (Bensch et al. 2009) using BLAST, a phylogenetic analysis
was performed on a partial cytb gene alignment (N = 59
sequences; 466 bp excluding gaps). This alignment was
constructed with sequences from well-known lineages closely
related to the sequence reported here and parasite species based
on morphology (Valkiūnas and Iezhova 2023) that were available
in GenBank (Benson et al. 2015) and MalAvi (Bensch et al. 2009)
databases at the time of this study (July 2025) using MAFFT v.7
using default parameters (Katoh and Standley 2013). Sequences

from the genera Haemoproteus and Leucocytozoon (Akiba)
caulleryi were used as an outgroup. Then, phylogenetic
relationships were inferred by using a Bayesian method
implemented in MrBayes v3.2.7 with the default priors (Ronquist
and Huelsenbeck 2003). A general time-reversible model with
gamma-distributed substitution rates and a proportion of
invariant sites (GTR + Γ + I) was used, as the best substitution
model determined by MEGA v7.0.14 (Kumar et al. 2016).
Posterior probabilities for the nodes were estimated from two
independent chains of 3 x 106 Markov Chain Monte Carlo
(MCMC) steps by sampling every 1000 generations. Convergence
was assumed when the value of the potential scale reduction
factor (PSRF) was between 1.00 and 1.02, and the average
standard deviation of the posterior probability was <0.01
(Ronquist and Huelsenbeck 2003). A “burn-in” of 25% of the
sample was discarded. Phylogenetic trees were visualized by using
FigTree v1.4.4 (http://tree.bio.ed.ac.uk/software/figtree/). Parasite
species names, GenBank accession numbers, and lineage name of
the sequences used in this analysis are shown in the phylogenetic
trees. Average evolutionary distance over sequence pairs of
Leucocytozoon spp. lineages were estimated as substitutions per
site using the Tamura-Nei substitution model implemented in
MEGA v7.0.14 (Kumar et al. 2016).

RESULTS
We analyzed 38 DNA samples from adult swallows in Tierra del
Fuego, and 106 samples from adults (49 females and 57 males),
as well as 65 15-day-old nestlings from 19 nests in the Bariloche
area. We detected only a single infected individual—a female
carrying Leucocytozoon sp.—in the Tierra del Fuego population.

This parasite was identical to the Leucocytozoon sp. lineage
DIUDIU11 reported in MalAvi (Submitted by Staffan Bensch
on 5 May 2025; Supplementary Material Table S1A-C). It has
been found only in the South American Diuca diuca (Thraupidae;
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MK947686: Argentina), Troglodytes musculus (Troglodytidae;
ON399874: Argentina), Elaenia albiceps (Tyrannidae; MK947687:
Argentina and Brazil), Aphrastura spinicauda (Furnariidae;
MN083254: Chile), and Philydor erythrocercum (Furnariidae;
MN458607: Peru).  

With very high node supports (PP > 0.94), phylogenetic
relationships showed that Leucocytozoon sp. DIUDIU11 shares
a common ancestor with TROAED01, APSPI06, ELAALB06,
CARBAR02, and TFUS12 lineages, all of them from South
America (Fig. 1), with very low genetic distance between them
(Table 2). This monophyletic group also shared a common
ancestor with Leucocytozoon fringillinarum (Fig. 1). The genetic
distance, estimated as substitutions per site, between
Leucocytozoon sp. DIUDIU11 and Leucocytozoon fringillinarum 
(KY653765, Spinus spinus) was 0.017 ± 0.006 (1.7%).

DISCUSSION
Hemoparasite prevalence in aerial insectivores is generally low
(White and Benett 1978, White et al. 1978, Valkiūnas 2005,
Valkiūnas et al. 2020), and Chilean Swallows seem to follow this
pattern. In our study, only one adult from Tierra del Fuego was
infected with Leucocytozoon, and no chicks or adults from
Bariloche tested positive for any haemosporidian, consistent with
previous reports from Chile (Merino et al. 2008). Similar low
prevalence has been observed in other aerial insectivores
worldwide, such as Tree Swallows (only one infection among 221
examined via blood smears; Shutler et al. 2004) and Alpine Swifts
(Tachymarptis melba: zero infections among 40 individuals,
despite heavy infestations of louse flies; Tella et al. 1995).
Nevertheless, some swallow species can exhibit high hemoparasite
prevalence (~38%, Barn Swallow Hirundo rustica and Common
House Martin Delichon urbicum; Grabow et al. 2024), with
infections affecting mobility, foraging, and potentially fitness.  

Within Tachycineta, prevalence is variable, although it was often
assessed with small sample sizes (Table 1, Supplementary
Material Table S1). Environmental conditions, local host density,
and sex can influence infection rates (Sanz et al. 2002, Møller et
al. 2004, Hellgren et al. 2008). Low prevalence in aerial
insectivores is commonly attributed to reduced vector contact
because of prolonged flight and short resting bouts (Santiago-
Alarcón et al. 2012). However, bite frequency provides only a
partial view of this host-parasite system (Eastwood et al. 2019).
Although a tendency toward lower prevalence in cavity nesting
species compared with open-cup nesters has been reported
(Rodriguez et al. 2021), incubating females, nestlings confined to
warm nests, and nest boxes located near water are expected to
provide suitable conditions for vectors. Yet, no infections were
detected in our northernmost population, suggesting either low
vector abundance or the absence of local infectious hosts
(Whitman and Wilson 1992, Di Iorio et al. 2008, Valkiūnas et al.
2020, Rodriguez et al. 2021, Graciolli and Laps 2024).
Unfortunately, data on the abundance and diversity of Diptera
in Patagonia remain scarce.  

A possibility worth exploring is that infections are acquired on
the wintering grounds, followed by high mortality during spring
migration. This mechanism has been proposed to explain the
absence of Haemoproteus infections in juveniles of Barn Swallow
and Common House Martin during the European breeding
season, where transmission is thought to occur mainly in sub-

 Fig. 1. Phylogenetic relationships of Leucocytozoon sp.
DIUDIU11, showing its common ancestry with the
TROAED01, APSPI06, ELAALB06, CARBAR02, and
TFUS12 lineages, all from South America.
 

Saharan Africa (Valkiūnas 2005, Piersma and van der Velde
2012), a predominantly tropical region. In contrast, Chilean
Swallows winter in subtropical to warm-temperate regions of
South America, when dipteran availability may be lower or more
seasonal (e.g., Stein et al. 2016). Additionally, these landscapes
are often intensively farmed and exposed to high pesticide use
(Alonso et al. 2018, Marion et al. 2020, Codesido and Bilenca
2021), which may further alter host-vector-parasite dynamics
(e.g., Turcotte et al. 2018). Under this scenario, infected
individuals in poor condition could be less likely to complete
migration, reducing apparent prevalence (Bensch et al. 2007).
However, in the absence of direct evidence in Chilean Swallows,
this mechanism remains hypothetical.  

An alternative, not mutually exclusive, explanation is that
Chilean Swallows may exhibit higher resistance to
haemosporidian infection (i.e., the ability to prevent infection
through immune responses; see, e.g., Sorci 2013, Eastwood et
al. 2019). Given the high energetic demands of migratory aerial
insectivores, selection may favor the evolution of resistance to
hemoparasites. However, host phylogeny has been shown to
influence infection propensity (Gupta et al. 2020), and other
migratory species of Tachycineta exhibit haemosporidian
infections; therefore, strong resistance in Chilean Swallows

https://journal.afonet.org/vol97/iss2/art7/
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 Table 2. Estimates of evolutionary divergence between sequences. The number of base substitutions per site from between sequences
are shown. Standard error estimate(s) are shown above the diagonal. Analyses were conducted using the Tajima-Nei model (Tajima
and Nei 1984). The rate variation among sites was modeled with a gamma distribution (shape parameter = 1). The differences in the
composition bias among sequences were considered in evolutionary comparisons (Tamura and Kumar 2002). The analysis involved 7
nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All positions containing gaps and missing data were
eliminated. There were a total of 477 positions in the final dataset. Evolutionary analyses were conducted in MEGA7 (Kumar et al. 2016).
 

Leucocytozoon sp. (ID, lineage, host, country) Genetic distance (standard error)

1 2 3 4 5 6 7

1 Leucocytozoon sp. (Sample 3499, DIUDIU11, Tachycineta leucopyga, ARG) 0.000 0.002 0.002 0.002 0.002 0.004
2 Leucocytozoon sp. (MK947686, DIUDIU11, Diuca diuca, ARG) 0.000 0.002 0.002 0.002 0.002 0.004
3 Leucocytozoon sp. (KF767433, TROAED01, Troglodytes musculus, PER) 0.002 0.002 0.003 0.003 0.003 0.004
4 Leucocytozoon sp. (MN083256, APSPI06, Aphrastura spinicauda, CHL) 0.002 0.002 0.004 0.003 0.003 0.004
5 Leucocytozoon sp. (MK947698, ELAALB06, Elaenia albiceps, ARG) 0.002 0.002 0.004 0.004 0.003 0.004
6 Leucocytozoon sp. (MK947662, CARBAR02, Spinus barbatus, ARG) 0.002 0.002 0.004 0.004 0.004 0.004
7 Leucocytozoon sp. (KT162003, TFUS12, Arremon brunneinucha, COL) 0.006 0.006 0.008 0.008 0.008 0.008

appears less likely. Reduced immune function during migration
and/or increased exposure to infected vectors en route have also
been proposed as factors affecting hemoparasite prevalence
(Owen and Moore 2008, de Angeli Dutra et al. 2021), suggesting
that migration itself  may modulate infection risk. In this context,
differences in migratory distances among swallow species could
contribute to interspecific variation in prevalence (Altizer et al.
2011), although the relatively intermediate distances traveled by
Chilean swallows (1500–3000 km) overlap with those of species
showing higher prevalence (2000–7000 km; see Table 1; Grabow
et al. 2024, see also Møller et al. 2004).  

The only hemoparasite detected in Chilean Swallows was
Leucocytozoon in the southernmost population. This finding is
consistent with expectations that Leucocytozoon prevalence and
diversity increase with latitude, vegetation, and humidity (Merino
et al. 2008, Fecchio et al. 2020). Phylogenetically, the lineage
(DIUDIU11), previously reported only for South America
(Supplementary Material Table S1), is closely related to
Leucocytozoon fringillinarum Woodcock 1910; a parasite reported
in over 200 passerine species (Valkiūnas 2005). The lineage we
detected is shared among several other South American species
belonging to different passerine families, such as Furnariidae,
Tyrannidae (Suboscines), and Thraupidae (Oscines), reflecting
broad host sharing common in avian haemosporidians (Bensch
et al. 2000, Szymanski and Lovette 2005).  

Swallow populations are declining in the Northern Hemisphere
(Michel et al. 2016, Shipley et al. 2020), highlighting the need to
understand ecological and parasitological factors affecting fitness
and survival in South American populations, which remain poorly
studied. Indeed, the combined pressures of parasitism, habitat
degradation, and climate change could disproportionately affect
migratory species that forage on the wing (Martínez and Merino
2011, Turcotte et al. 2018, Grabow et al. 2024). Climate warming
may further enhance the transmission of some parasites by
increasing their prevalence (Zamora-Vilchis et al. 2012, Mennerat
et al. 2021). We emphasize the need to investigate the health of
migratory birds—particularly hemoparasites and their vectors—
across their full annual cycle, including both breeding and
wintering grounds. Future studies integrating microscopy with
PCR—targeting the mitochondrial cytb gene using both existing
and newly updated primer sets—are required to fully characterize

the haemosporidian assemblage associated with this bird species
in South America. Whereas microscopy is essential to confirm
parasite intensity and describe species, molecular methods are
vital when parasitemia falls below the microscopic detection
threshold (0.01%, or 1 parasite per 10,000 erythrocytes). PCR can
detect extremely low-level infections, identifying approximately
one parasite in 50,000 cells (Valkiūnas et al. 2009). As
demonstrated in previous population studies utilizing the same
protocol employed here, this approach significantly minimizes the
likelihood of false-negative results (Pacheco et al. 2022, 2025).  

Supplementary material is available at https://figshare.com/
s/8f41da7de68039cafdf8.
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Appendix 1. Haemosporida data from the MalAvi database for (A) the Hirundinidae family, (B) the Haemosporida lineage
DIUDUI11, and (C) the genus Tachycineta.
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