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ABSTRACT

Blood parasites can infect myriad avian species and thereby affect the fitness and survival of their
hosts. There is wide interspecific variation in parasite prevalence related to biological, ecological, and
evolutionary host factors. This study aimed to determine the blood parasite prevalence in avian species
from the Brazilian Cerrado and to investigate the associations among biomass, body condition, and
blood parasitism. A total of 1,096 blood smears from 548 individuals (56 species) collected in four forest
fragments were analyzed. Of these, 109 (19.89%) individuals from 33 species were infected: 13 (2.36%)
were positive for Haemoproteus and 103 (18.76%) for Plasmodium. Among bird species, prevalence
ranged from zero to 100%. There were significant positive correlations between prevalence and
biomass and the body condition index. Hemosporid vectors track their hosts by carbon dioxide
detection. Since large organisms emit more carbon dioxide, our results suggest that larger birds may
be more susceptible to hemosporid vectors. Additionally, species with higher body condition indices
can be more tolerant to parasites, possibly because they have more energy reserves. This study
showed that species with higher biomass and body condition indices were associated with higher blood
parasite prevalence, a finding that suggests these factors are efficient predictors to explain the
interspecific variations.

Keywords: avian malaria, wild birds, host-parasite relationship

' Universidade Federal de Uberlandia, Uberlandia, MG, Brasil - paulovitorbio@gmail.com

" Universidade Federal de Uberlandia, Uberlandia, MG, Brasil - camillabaesse@gmail.com
"Universidade Federal de Uberlandia, Uberlandia, MG, Brasil - vitorcarneiro12@yahoo.com.br
VUniversidade Federal de Uberlandia, Uberlandia, MG, Brasil - marcomiguel03@gmail.com

V' Universidade Federal de Uberlandia, Uberlandia, MG, Brasil - mjuliarodrigues@hotmail.com
V'Universidade Federal de Uberlandia, Uberlandia, MG, Brasil - celinemelo@gmail.com
V'Universidade Federal de Uberlandia, Uberlandia, MG, Brasil - marcia.cury@ufu.br

This work is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License.



https://creativecommons.org/licenses/by-nc-sa/4.0/

Haemosporidian parasites prevalence... 2

1 INTRODUCTION

Parasitism is an ecological relationship that affects the dynamics and evolution
of animal populations. It exerts important selective forces such as predation and
competition (WATSON, 2013). Protozoan hemosporids of the
genus Haemoproteus and Plasmodium are  considered  model organisms  for
understanding evolutionist and ecological theories (ATKINSON; VAN RIPPER, 1991),
because they have a wide geographic distribution (CLARK et al.,, 2014) and attack
several types of vertebrate hosts (VALKIUNAS, 2005). These parasites are considered
threats to species conservation, especially when introduced into populations not
adapted to them (ATKINSON; LA POINTE, 2009). In this sense, they can promote
population decline and extinction and may affect the structure of the host
communities (VAN RIPPER Il et al., 1986; ATKINSON; LA POINTE, 2009).

In birds, hemosporids can occur in several species (VALKIUNAS, 2005); however,
the impacts are difficult to estimate in natural populations, and especially in areas
where they are common and hosts are adapted (ISAKSSON et al., 2013). Despite this
fact, many Haemoproteus and Plasmodium species are responsible for acute and/or
chronic infections in domestic and wild birds (ZIEGYTE; VALKIUNAS, 2014). Such
infections can be pathogenic, causing host deaths (VANSTREELS et al., 2014; DINHOPL
et al., 2015), or may reduce physical and reproductive aptitudes (ASGHAR et al., 2011;
KNOWLES et al., 2010) by modulating various factors, including neural development
(SPENCER et al., 2005), vocalization, and sexual selection (HAMILTON; ZUK, 1982;
BALENGER; ZUK, 2014).

These parasites are transmitted by hematophagous insects (Diptera: Culicidae,
Ceratopogonidae, Hippoboscidae, Simuliidae) and present a complex development
cycle, which includes asexual reproduction in bird tissues and sexual reproduction in
dipteran gut (VALIKUNAS, 2005). Vectors have great abundance and diversity in
tropical environments (NUNN et al., 2005), where large hemosporid diversity is

observed (LACORTE et al., 2013).
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There is a large variation in hemosporid prevalence among avian species in a
community. Interspecific differences have been attributed to biological, ecological,
and evolutionary host factors, as well as aspects related to the vectors' ecology
(HAMILTON; ZUK, 1982; READ, 1991; SEBAIO et al., 2010; FECCHIO et al., 2011).
Hemosporid prevalence variations can be related to how host species deal with
infection, namely controlling or maintaining it. Additionally, it can be related to factors
that cause differential exposure to the vectors (FECCHIO et al., 2011).

Heavier birds may be more susceptible to vectors, since larger organisms can
emit greater amounts of carbon dioxide, which is the main chemical compound used
by the vectors to track their hosts (LEHANE, 2005). Birds with higher biomasses are
usually related to higher body condition indices (BAESSE, 2015). These indices are
measurements of the organisms’ fitness and may indicate the capacity to store energy
(SCHULTEDE-HOSTEDDE et al., 2005). Parasitic infections can negatively affect the bird
body condition because of the high energy cost in controlling infections (MARZAL et
al., 2013; GETHINGS et al., 2016). However, in some host species, the infection does
not affect their body condition, a finding that suggests some species are more
tolerant to parasites than others (MOLNAR et al., 2013; MAIA et al., 2014; MEGIA-
PALMA et al., 2016).

This study aimed to determine the blood parasite prevalence in avian species
from the Brazilian Cerrado and to investigate the interspecific prevalence variations
using bird biomass and body condition. We hypothesized that species with higher
biomass and body condition indices are related to higher hemosporid prevalence. The

studied species are described in table 1.

2 MATERIAL AND METHODS

2.1 Study Site

The study was performed in four seasonal semideciduous forest areas in the
Tridngulo Mineiro region, Minas Gerais State, Brazil. The region is located in the
Cerrado biome, but it is highly impacted, with more than 70% of the area occupied by

agriculture and livestock (BRITO; PRUDENTE, 2005). The climate of the region is the Aw
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type according to the Kdppen classification, characterized by marked seasonality, with
rainy and dry seasons. Annual rainfall is around 1,500 mm, and the average
temperature is 22°C (ROSA et al., 1991). The forest fragments studied were situated in:
1. Mata da Agua Fria Farm (18°29'50"S; 48°23'03"0): in the Araguari municipality, with
200 ha; 2. RPPN Galheiro (19°14'S; 47°08'0): in the Perdizes municipality, with 260 ha;
3. Gléria Experimental Farm (Federal University of Uberlandia) (18°57'03"S;
48°12'22"0) and 4. Sao José Farm (18°51'25"S; 48°13'53"0): both in the Uberlandia

municipality, with 30 and 20 ha, respectively.

2.2 Capture of birds

A total of 548 individual birds from 56 species and 21 families were captured
from June 2013 to December 2015. Birds were captured using 20-25 mist nets (12 x 3
m) exposed in tracks from 06:00 to 17:00; they were checked at 30-min intervals.
Weight and tarsus length measurements were performed for all captured birds by
using hand dynamometers and a digital caliper, respectively. Individuals were
identified according to Sigrist (2009) and Gwynne et al. (2010) and marked with a
metal ring provided by the Research Center for Wild Bird Conservation in Brazil
(CEMAVE/ICMBio - Authorization: 3730 - Registry: 359076). Nomenclature and
systematic order were determined according to the Brazilian Committee of

Ornithological Records (PIACENTINI et al., 2015).

2.3 Preparation and analysis of blood smears

Blood samples (5.0 ul) were collected from the tarsal-metatarsal veins using
syringes with sterile and disposable needles (8 mm x 0.3 mm) (SISBIO/ICMBio -
Authorization: 44901) (CEUA/UFU - Authorization: 001/12). Duplicate blood smears
were prepared, air-dried, and fixed in absolute methanol. After staining with Giemsa'’s
solution (5%), the slides were examined microscopically (BRAGA et al.,, 2010).
Approximately 200 fields were screened using a 100x objective lens and immersion oil
(GODFREY et al.,, 1987). Hemosporid identifications were performed according to

Valkiunas's descriptions (2005).
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2.4. Statistical analyzes

To estimate the individual bird’'s body condition, the relative mass index (RMI)
was calculated by a simple linear regression between logarithmic values of the right
tarsus and biomass (SCHULTEDE-HOSTEDDE et al., 2005). Regression residual values
were used for RMI (Supplementary file 1). To verify the relationship between
hemosporid prevalence and avian biomass or body condition, Pearson correlations
were used. The premise of normality was met by logarithmically transforming the
data. The analyses were made only for species that presented a minimum number of
5 individuals, conducted at a significance level of 5% (ZAR, 1999), and performed with

SYSTAT 10.2 software (WILKINSON, 2002).

3 RESULTS

A total of 1,096 blood smears were analyzed in this study. The overall
hemosporid prevalence was 19.89%. For Haemoproteus spp. and Plasmodium spp., 13
(2.37%) and 103 (18.8%) birds were positive, respectively. Co-infection with both
parasite genera occurred in seven individuals. The prevalence among species ranged
from zero to 100%. A total of 23 species did not present any infected individuals,
whereas in 5 species all the individuals were infected. Of the 56 analyzed species, 33
(59%) were positive for Plasmodium spp.. Of these, 6 (10.7%) were also infected by

Haemoproteus spp. (Table 1).

Table 1 - Avian species examined and infected according to the parasites genera and
the variables used in the statistical analyzes.": Species that were first recorded as
hosts of hemosporids. 2 Species that presented individuals with co-infection by the
two genera of parasites

T Individuals: Parasites: Variables:
axa

Examined Infected (%) Haemoproteus Plasmodium  Biomass (g) RMI
Columbidae
Claravis pretiosa 2 0 0 0

Caprimulgidae
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T Individuals: Parasites: Variables:
axa
Examined Infected (%) Haemoproteus Plasmodium  Biomass (g) RMI
Nyctidromus
0 0 0
albicollis
Bucconidae
Nonnula rubecula 0 0 0
Monasa
o 5 5 (100%) 4 5 67.50 0.546
nigrifrons
Picidae
Picumnus
1 (50%) 0 1
albosquamatus
Veniliornis
. 0 0 0
passerinus
Thamnophilidae
Dysith
ysHhamnus 1(16.6%) 1 1 1260  -0.151
mentalis?
Herpsilochmus
, . 0 0 0
longirostris
Thamnophilus
. 1 (100%) 0 1
doliatus
Thamnophilus
) 1 (20%) 0 1 21.0 0.009
pelzelni
Th hil
amnophilus 0 0 0
caerulescens
Taraba major’ 1 (100%) 0 1
Pyrigl
yriglena 0 0 0
leucoptera
Conopophagidae
Conopophaga
-0Nnopophag 1(20%) 0 1 2250  -0.089
lineata
Dendrocolaptidae
Sitt
I.aS.OITIl‘JS 0 0 0
griseicapillus
Xiphorhynch
iphorhynchus 5 9 9
fuscus
Lepidocolapt
epi o§o ap'es 5 9 9
angustirostris
Dendrocolaptidae
Dendrocolaptes
. 0 0 0
platyrostris
Furnariidae
Clibanornis
1(33.3%) 0 1

rectirostris
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T Individuals: Parasites: Variables:
axa
xamine nfected (% aemoproteus asmodium iomass
E ined Infected (%) H p Pl di Bi (g RMI
Automol
utomorus 1 1(100%) 0 1
leucophthalmus
S)./nc'ia.cty/a 1 0 0 0
dimidiata
Synallaxis scutata 7 2 (28.5%) 0 2 14.0 -0.112
Pipridae
Neopelma
pallescens’ 12 3(25%) 0 3 18.66 0.141
Pipra fasciicauda 40 4 (10%) 1 3 15.50 0.062
Antilophia galeata 123 30 (24.3%) 3 27 22.0 0.001
Onychorhynchidae
Myiobius
1 0 0 0
barbatus
Tityridae
Schiffornis
Jirescens! 5 1 (20%) 0 1 27.50 0.080
Platyrinchidae
Platyrinchus
mystaceus 5 1 (20%) 0 1 9.0 -0.137
Rhynchocyclidae
Vi
/o.necte.s 4 0 0 0
rufiventris
Lept
eptopogon 24 6 (25%) 0 6 1153 -0.060
amaurocephalus
Corythopis
delaland’ 17 1(5.8%) 0 1 13.70 -0.223
Rhynchocyclidae
Tolmomyias
19 4 (21%) 0 4 16.60 -0.002
sulphurescens
Tyrannidae
Elaeni
genia 14 2 (14.2%) 0 2 1675  0.038
parvirostris’
Elaenia
mesoleuca 7 4 (57.1%) 0 4 17.50 0.099
Myiopagis
y ,0 & 1 1 (100%) 0 1
viridicata
Myiarchus
1 0 0 0
tyrannulus
Sirystes sibilator 2 0 0 0
Casiornis rufus 4 1 (25%) 0 1
Cnemotriccus 4 0 0 0
fuscatus
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T Individuals: Parasites: Variables:
axa
Examined Infected (%) Haemoproteus  Plasmodium Biomass (g) RMI
Lathrotriccus
) 5 2 (40%) 0 2 12.50 -0.038
euleri
Vireonidae
Cyclarhis
y. . 4 1(25%) 0 1
gujanensis
Hirundinidae
Stelgidopt
e g/ ?p eryx 1 0 0 0
ruficollis
Troglodytidae
Cantorchilus
. 3 0 0 0
leucotis
Turdidae
Turdus
19 5(26.3%) 1 5 63.0 0.243
leucomelas?
Turdus rufiventris 3 1(33.3%) 0 1
Turdus albicollis 1 0 0 0
Passerellidae
Arremon
) . 12 3 (25%) 0 3 30.77 0.085
flavirostris’
Parulidae
Basileuterus
o 48 3 (6.25%) 0 3 10.73 -0.223
culicivorus
Myiothlypi
yIothypis 47 7 (14.8%) 0 7 1343 -0.212
flaveola
Myiothlypis
yIOmyps 13 2 (15.3%) 0 2 1880  -0.138
leucophrys
Thraupidae
Tangara cayana 4 2 (50%) 2 0
Eucometis
o 27 4 (14.8%) 1 4 27.44 0.118
penicillata®
Tersina viridis 1 0 0 0
Coereba flaveola 2 0 0 0
Saltator maximus 11 3(27.2%) 0 3 44.57 0.244
Saltator similis 7 3 (42.8%) 0 3 45.28 0.208
Total 548 109 (19.89%) 13 (2.37%) 103 (18.80%)

For statistical analysis, 483 individuals from 24 species were used (only species
with 5 or more individuals). There was a significant positive correlation between

hemosporid prevalence and the average species biomass (r = 0.492, df = 22, p =
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0.014), a finding that indicates heavier avian species were more susceptible to
hemosporid infection (Fig. 1). There was also a significant positive correlation between
prevalence and the average species RMI values (r = 0.679, df = 22, p = 0.001), data that
demonstrate infection probability may be higher in species with higher body condition

indices (Fig. 2).

Fig. 1 -Scatter plot that demonstrates the positive correlation between hemosporid

prevalence and the average biomass of the avian species
2.5

o
o
1
.

n
1

Prevalence (log)

0.0 I I 1 I
0.9 1.2 1.5 1.8

Biomass (log)

Fig. 2 - Scatter plot that demonstrates the positive correlation found between
hemosporid prevalence and the body condition index of the avian species

Prevalence (log)

I I 1
0.2 0.0 0.2 0.4 0.6
Body Condition Index
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4 DISCUSSION

This study demonstrated the presence of hemosporids in wild birds from the
Brazilian Cerrado. The recorded prevalence (19.89%) was comparable to that reported
in earlier studies conducted in birds from the same biome (21% and 24.4%) but higher
than that found in social birds (10.7%) (FECCHIO et al. 2013; BELO et al., 2011; FECCHIO
et al.,, 2011). To our knowledge, the present study is the first report of hemosporids
in Taraba major, Neopelma pallescens, Schiffornis virescens, Corythopis delalandi, Elaenia
parvirostris, Arremon flavirostris, and Myiothlypis leucophrys. New hemosporid hosts
were previously found in Brazil (FECCHIO et al., 2007; SEBAIO et al., 2012; LACORTE et
al., 2013), a fact that indicates although the Brazilian avifauna is one of the most
diverse worldwide (PIACENTINI et al., 2015), basic information about several species is
still unknown.

The prevalence of hemosporids among avian species ranged from zero to
100%. The marked variation in prevalence seems to be common in bird communities,
since this pattern was previously reported by several authors (FECCHIO et al., 2007,
2011, 2013; BELO et al., 2011; LEITE et al., 2013). Natural factors can be responsible for
this amplitude, since parasite prevalence in a community depends on a complex
interaction between biotic and abiotic factors, including biological, ecological, and
behavioral host aspects (BELO et al., 2011; FECCHIO et al., 2011, 2013) as well as
habitat, vegetation, and climate characteristics (LACORTE et al., 2013; FERREIRA
JUNIOR et al., 2017).

The relationship between hemosporid prevalence and average species biomass
was positive and significant, data that corroborate the hypothesis that larger species
are more susceptible to infection. In Cerrado bird communities, this association was
previously tested by Fecchio et al. (2011), who found no relationship, and by Lobato
(2012), who verified that heavier birds are more infected. This relationship can be
attributed to biological and behavioral characteristics of vectors and birds.
Hematophagous insects locate their hosts visually, recognizing color and body shape.

They also use olfactory methods, through the detection of carbon dioxide and lactic
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acid (MARQUARDT, 2005). Thus, heavier birds may be more susceptible to be located
by the vectors, since larger animals release more volatile compounds and can provide
a larger surface area for foraging activity by the vectors (SCHEUERLEIN; RICKLEFS,
2004; LEHANE, 2005).

In the present study, all individuals of Monasa nigrifrons (black-fronted nunbird),
the species with the highest recorded biomass, were positive for hemosporids. This
species lives in groups, uses “sit-and-wait” foraging behavior, and nests in cavities on
the ground or in gullies (SICK, 1997; SIGRIST, 2009). These characteristics may improve
the location of the animals by vectors. According to Fecchio et al. (2011), it is expected
that more carbon dioxide is emitted in groups than by solitary individuals, and such
compounds can accumulate inside cavities, increasing the odor source for the vectors.

Body condition analysis allows estimating the individual's capacity to store
energy resources and survive adverse situations. Indices with negative values indicate
worse body condition when compared to positive values (SCHULTEDE-HOSTEDDE et
al., 2005). In a Cerrado bird community, Baesse (2015) verified that heavier species
exhibit higher body condition indices. Therefore, as in the current study where the
heavier species were related to higher parasites prevalence, it was expected that such
a relationship would also be found for species with higher body conditions.

There was a positive relationship between infection and body condition. This
relationship was previously reported by other studies, a fact that suggests organisms
with higher energy reserves are more tolerant to parasites because they provide more
resources for parasite reproduction and development (MOLNAR et al., 2013; MAIA et
al., 2014; Megia-Palma et al., 2016). However, there are reports of negative
relationships (MARZAL et al., 2013; GETHINGS et al, 2016), which indicates
commitment to host fitness, since the energy used in the host's physiological and
reproductive processes is redirected to the immune system to control parasite
proliferation (SORCI; FAIVE, 2009).

There is probably a trade-off between host resistance and tolerance to
parasites (CORNET et al., 2013; SORCI, 2013). The trade-off is understood as the costs

and benefits of a particular biological strategy. Resistance refers to the ability of hosts
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to control infection, but at a high cost, while tolerance indicates the ability to maintain
parasites at the lowest cost (RABERG et al, 2009; AYRES;, SCHNEIDER, 2012;
MEDZHITOV et al., 2012). In an experimental study, Cornet et al. (2013) found that the
birds more resistant to parasitic infections are also less tolerant. According to Sorci
(2013), there is a large interspecific variation in a bird’'s propensity to be resistant or
tolerant to parasites. It is likely that biological differences between species are one of
the predictors in this variation. Heavier species with higher body condition indices

may be more tolerant, as evidenced in the current study.

5 CONCLUSION

This  study found a large  variation in  the  hemosporid
(Plasmodium and Haemoproteus) prevalence among the examined avian species. The
biomass and body condition indices were efficient to explain these variations. Species
with higher biomass and body condition indices were related to higher hemosporid
prevalence. Therefore, this study can be considered important for understanding the

host-parasite relationship and useful for bird conservation programs.
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