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Prevalence and intensity of fleas parasitizing an isolated
population of screaming hairy armadillo in Buenos Aires
province, Argentina: host-related factors and temporal dynamics
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Abstract Fleas (Siphonaptera) of an isolated population of
Chaetophractus vellerosus (Mammalia: Xenarthra) from
Magdalena (Buenos Aires province) were studied, and their
presence was associated with host-related factors (age, sex,
weight, size, and physical condition) and temporal dynamics
(seasonality and year). Three species of fleas were identified:
Polygenis (Polygenis) platensis (Rhopalopsyllidae), Tunga
penetrans (Tungidae), and Pulex irritans (Pulicidae).
Prevalences were significant for year, season, and physical
condition. Intensities were significantly different for year,
physical condition, and weight. The intensities of fleas were
higher in 2009 than in other years, probably because of lower
rainfall than the annual average leading to extremely dry cli-
matic conditions in 2008. Intensities decreased in individuals
with major body weight and increased in individuals with
poor physical condition. In this study, the dynamics of the flea
community associated with an armadillo population is ana-
lyzed for the first time taking into account host-related factors
and temporal dynamics, and also how these factors influence
the community.
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Introduction

Fleas represent a relatively small order of highly specialized
holometabolous insects. All adult fleas are obligatory
haematophagous parasites of mammals and birds. Fleas are
cosmopolitan and have the ability to inhabit different environ-
ments. To date, 127 species and subspecies belonging to 11
different families have been recorded from Argentina
(Lareschi et al. 2016), of which only a few are known from
armadillos (Del Ponte and Riesel 1939; Mauri and Navone
1993; Ezquiaga et al. 2008, 2015; Lareschi et al. 2010).

The screaming hairy armadillo, Chaetophractus vellerosus,
is found in southern Bolivia, northwestern Paraguay, and cen-
tral Argentina, in sandy soils of arid and semi-arid regions
(Abba et al. 2011). Populations living in high-altitude environ-
ments of southern Peru, central Bolivia, northern Chile, and
northern Argentina were previously considered to be a single,
separate species, the Andean hairy armadillo (Chaetophractus
nationi), but were recently synonymized with C. vellerosus
(Abba et al. 2015). In Argentina, the main population of the
screaming hairy armadillo is located to the north and center
of the country, and its distribution does not exceed 62° 50′
W to the east and 39° 20′ S to the south. Another population
is located in the northeast of the Pampa region, separated
from the main population by about 500 km, and has an
approximate extension of 34° 56′ S to 36° S. The latter
population is associated with the shelly beach ridges on the
coast of the Río de la Plata estuary (Carlini and Vizcaíno
1987; Abba et al. 2011). Until now, several species of fleas
were found associated with this armadillo: Malacopsylla
grossiventris, Phthiropsylla agenoris (Malacopsyllidae),
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Tunga perforans, T. penetrans, T. terasma, and Polygenis
(Polygenis) platensis (Ezquiaga et al. 2008, 2015; Lareschi
et al. 2010). Previous studies only discussed the geographical
and host distributions of the fleas of armadillos in Argentina.
The aim of the present work is to survey the fleas of an isolated
population of C. vellerosus from Magdalena (Buenos Aires
province) and associate their presence with host-related factors
(age, sex, weight, size, and physical condition) and temporal
dynamics (seasonality and year).

Material and methods

Sampling was conducted during the winter and summer sea-
sons of 2006–2007 and 2009–2012 in a 100 ha cattle farm
located in Magdalena, province of Buenos Aires, Argentina
(35°10′ S, 57°20′ W). Armadillos were captured by hand or
using nets and handled minimally, to reduce stress to the an-
imal. Armadillos were sexed, measured, weighed, marked,
and released. Forceps were used to collect fleas. The field
study was carried out under permission issued by Ministerio
de Asuntos Agrarios, provincia de Buenos Aires, Argentina
(Exp. N°2578-1404/05 and Exp. N°22300-24/2008).

Upon collection, fleas were stored in 96% ethanol. In the
laboratory, they were cleared in KOH 10%, dehydrated in an
increasing series of ethanol dilutions (80–100%), diaphanized
in eugenol, and mounted in Canada balsam for later identifi-
cation with an optic microscope.

A total of 385 armadillos were captured, and 146 were
recaptured. Most (88) recaptures were second recaptures. In
summer 194 individuals, and in winter 191 were captured
as follows: 90 in 2006; 91 in 2007; 57 in 2009; 73 in
2010; 54 in 2011; and 20 in 2012. The animals comprised
of 200 females and 185 males in which age was estimated
with body length and weight, yielding division into infants
(n = 17), juveniles (n = 71), and adults (n = 297). In
addition, physical condition was assessed by an iterative
outlier test on an ordinary-least-squares (OLS) regression
of log10-transformed weight and body length (Ezquiaga
et al. 2014). Outliers in each iteration were discarded to
fit the OLS regression in the next step. Outliers with pos-
itive externally studentized residuals were assigned to a
good condition, whereas those with negative externally
studentized residuals were assigned to a poor condition.
The procedures were concluded when outliers were no lon-
ger detected. The remaining observations were assigned
then to a normal condition. Prevalence, mean abundance
(MA) and mean intensity (MI) follow Bush et al. (1997).

Prevalences were analyzed by means of contingency tables
using the log-likelihood ratio chi-square statistic (Zar 2009) and
applying the loglm function of MASS 7.3-45 R package
(Venables and Ripley 2002). The first step was to evaluate mul-
tidimensional contingency tables for mutual independence (i.e.,

no interactions) among the year, season, age, sex, and physical
condition variables. Partial independence was tested whenever
mutual independence was significant. According to the results
of the multidimensional analyses performed, all variables have
been tested by means of two-dimensional contingency tables.

Generalized linear mixed models (GLMM) were used to
evaluate differences in the intensities of the total number of fleas
related to host factors and temporal dynamics taking into ac-
count the repeated measures by recaptures. The number of fleas
in the individual host (count data) as the response variable, and
year, age (categorical ordinal sequential), season, sex (categor-
ical nominal), body length, and weight (continuous) as explan-
atory variables. A logarithmic link function was used since all
predicted values had to be positive.We obtained the 63 possible
combinations of six explanatory variables from six to one. The
models which fit better than the null model by means of the
Akaike information criterion (AIC) were selected using the log-
likelihood ratio test (Zuur et al. 2009). To this end, we calculat-
ed the weighted AIC (wAIC) (Akaike 1978; Burnham and
Anderson 2002), which can be considered the conditional prob-
ability of each model to be the best (Wagenmakers and Farrell
2004). In addition, when the selected model has a wAIC lower
than 0.5 or two or more competing models have similar wAIC
values, an averaged model was computed using the MuMIn R
package (Barton 2016). Additionally, we computed simple
GLMMs with the number of fleas in the host (count data) as
the response variable and each of the six explanatory variables,
plus the physical condition. To evaluate error distribution
(Poisson or negative binomial), as well as overdispersion on
the count or zero data, we visualized flea counts in Cleveland
dot plots and histograms. If graphical analyses were not con-
clusive, we obtained models using different error distribution
(Poisson and negative binomial GLMM) and accounting for
zero-inflated data (zero-inflated GLMM), and later compared
them using the likelihood ratio test (LRT) (Zuur et al. 2009).
The measurement of Bfalse zeros^ (absence of fleas recorded
when fleas are present) might be random or related to sampling
protocols, but there are no biological reasons to believe that the
explanatory variables have an effect. Therefore, in all zero-
inflated GLMM, a constant was used to model false-zero prob-
ability on the count data. All GLMM and statistics analyses
were performed with the lmtest 0.9-33 R package (Zeileis and
Hothorn 2002), multcomp 1.4-6 R package (Hothorn et al.
2008), and pscl 1.04.4 R package (Zeileis et al. 2008) and
lme4 1.1-12 (Bates et al. 2015) on R 3.4.1 statistical software
(R Development Core Team 2017).

Results

Of 385 C. vellerosus captured, 69 were parasitized with fleas
(prevalence 17.92%) and identified as Polygenis (P.) platensis
(n = 151; MA = 0.39; MI = 2.43), T. penetrans (n = 28;
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MA = 0.07; MI = 5.60) and Pulex irritans (n = 10; MA = 0.02;
MI = 1.43). Polygenis (P.) platensis had the highest prevalence
(16.10%), whereas Pu. irritans and T. penetrans showed very
low values (1.82 and 1.30%, respectively). With the exception
of two cases ofPu. irritans registered in the summer of 2011, all
findings of Pu. irritans and T. penetranswere in the summer of
2009 with a prevalence 8.77%, which was lower than the
21.05% of P. (P.) platensis (Fig. 1).

The iterative regression analyses between log-transformed
weight and body length showed no bias when regression was
fit to the origin. This procedure resulted in a significant regres-
sion (F(1, 307) = 8.775e + 05; p value < 0.0001) with an ele-
vated coefficient of determination (R2 = 0.9997) and obtained
the equation log10 (weight) = 1.256 log10 (body length). This
iterative process found 77 outliers: 40 showed positive exter-
nally studentized residuals (i.e., good condition) and 37

revealed negative externally studentized residuals (i.e., poor
condition). The remaining 308 observations were assigned to
a normal condition as no outliers were detected.

The contingency tables showed that multidimensional anal-
yses were significant for all mutual independence tests for the
prevalence of all species of fleas grouped plus five variables
(Table 1); all five combinations of prevalence plus four vari-
ables; and ten possible combinations of prevalence plus three
variables (Supplementary material 1). Consequently, the inde-
pendence of the five variables was tested using two-dimensional
contingency tables, which were significant for year, season and
physical condition (i.e., dependence of the prevalence on these
variables) (Table 1).

The GLMM analyses resulted in three selected models in
which the intensities of the total number of fleas are explained
by a combination of five and four explanatory variables (year,
season, age, and log-transformed body and weight; Table 2).
Each of these models explains ~ 3% of total deviance and has
a 13% probability of being the best model from the 29 signif-
icantly different from the null model (Table 2). So an averaged
model was obtained from these three GLMMs (Table 2).
Simple GLMM results are summarized in Table 3. From the
six simple GLMMs, only year, physical condition, and weight
were significantly different from the null model. Intensities of
fleas were higher in 2006, 2009, and 2011 than in the other
years, with 2010 the year with lowest intensities (Fig. 2).
Intensities of fleas decreased in those individuals with greater
body weight and increased in those individuals with poor
physical condition (Fig. 3).

Discussion

Fleas vary greatly in host specificity, from being highly spe-
cific to highly host-opportunistic. Host-opportunistic fleas are
usually habitat-dependent rather than host-dependent
(Krasnov et al. 1997). They occupy a certain habitat where
they exploit a number of ecologically similar host species
(Medvedev and Krasnov 2006). Pulex irritans in Argentina

Fig. 1 Prevalenceofthreefleaspeciespartitionedbyyear,onChaetophractus
vellerosus fromMagdalena, province of BuenosAires, Argentina

Table 1 Contingency table with independence tests for the prevalence of fleas plus five explanatory variables in Chaetophractus vellerosus from
Magdalena, province of Buenos Aires, Argentina.

Independence Test Dimensions Variables χ2 d.f. p value

Mutual 2 × 6 × 2 × 3 × 2 × 3 Prev + year + season + age + sex + p.cond 494.65 419 0.00632

Two-dimensional 2 × 6 Prev + year 16.0308 5 0.00676

Two-dimensional 2 × 2 Prev + season 6.8096 1 0.00907

Two-dimensional 2 × 3 Prev + age 0.6047 2 0.7391

Two-dimensional 2 × 2 Prev + sex 0.7066 1 0.4006

Two-dimensional 2 × 3 Prev + physical condition 6.5825 2 0.0372

Prev prevalence; P.cond physical condition
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parasitizes carnivores, rodents, marsupials, lagomorphs, and
cervids (Lareschi et al. 2010, 2016). We found this flea asso-
ciated with C. vellerosus for the first time. Taking into account
that Pu. irritans is an opportunistic flea, its occurrence can be
explained by the presence of humans and domestic animals in
the area, especially dogs.

Tunga penetrans in Argentina has been recorded parasitiz-
ing humans, domestic animals, and a few species of
dasypodids , inc luding Chaetophractus v i l losus ,
C. vellerosus, Dasypus hybridus, and Tolypeutes matacus
(González et al. 2003; Ezquiaga et al. 2008; Ezquiaga 2013).
In the region surrounding our study area, this flea was reported
on C. villosus and D. hybridus (Ezquiaga et al. 2008).

Polygenis (P.) platensis parasitizes a variety of hosts, in-
cluding birds and humans, but most records are from marsu-
pials and rodents (Lareschi et al. 2016). This flea was also
recorded parasitizing C. vellerosus in the study area
(Ezquiaga et al. 2008). Bossard (2006) found that the richness
of flea species on a mammal was not determined by balanced
immigration and extinction but by the social interactions of
the mammal, such as shared nests and predation. In contrast,
the prevalence of a flea species on a host was determined by
how closely related the host was to the usual host of the flea. If
the host was the usual one, or closely related to the usual host,
then the flea species was more prevalent. If the host was not
the usual one but interacted with the usual host, then the flea
species was often a minor member of the flea community on

the host. If the host was neither the usual host nor the one
interacting with the usual host, then the flea species was absent
(Bossard 2014). Thus, the presence of P. (P.) platensis in
C. vellerosus suggests a strong interaction with Ctenomys
talarum (Rodentia, Ctenomyidae), which is present in high
densities in the study area, is parasitized by this flea
(Ezquiaga et al. 2008), and has similar fossorial habits as
C. vellerosus.

The twomost common fleas in armadillos,M. grossiventris
(Weywn) and P. agenoris (Rothschild) (Malacopsyllidae)
(Ezquiaga 2013), were not found in C. vellerosus. One of
the possible explanations for this absence could be the isola-
tion of the population of this armadillo species. However,
other sympatric species, such as C. villosus and D. hybridus,
do not carry these fleas, either. Their absence may therefore be
due to environmental conditions, such as high relative humid-
ity, and not to species-related factors. Krasnov (2008) suggests
that diversity of flea assemblages is most influenced by local
factors. In most host species analyzed by Krasnov (2008), the
diversity of flea assemblages correlated with one or more en-
vironmental (climatic) variables.

Regardless of sex and age, screaming armadillos had sim-
ilar flea communities. However, the season and year of col-
lection, and the physical condition of animal influenced its
flea communities. Intensity and prevalence were higher in
2009 probably because the previous year was extremely dry
with rainfall lower than the annual average (662 vs. 1000 mm

Table 2 General Linear Mixed Models selected by Akaike information criterion (AIC)

Selected models AIC w (n) PsR2 χ2 p-Bonf. d.f. C.S. dist. Error

Year + season + age + body 576.571 0.133 (29) 2.705 42.75 < 0.0002 9 0.192 Negative binomial

Year + season + body + weight 576.667 0.123 (29) 3.763 40.66 < 0.0002 8 0.192 Negative binomial

Year + season + age + body + weight 576.517 0.137 (29) 3.214 44.81 < 0.0002 10 0.198 Negative binomial

Averaged model Intercept Explicative variables coefficients

Year + season + weight + body + age −5.197 (15.36) −0.677(0.432) Year2007 + 1.777(0.744) Year2009 –1.53(0.661) Year2010 + 0.343(0.518)
Year2011 –1.566(0.951) Year2012 + 0.505(0.379) SeasonWinter −8.028(2.918) Weight +
7.253(7.668) Body −1.402(1.31) AgeC −0.435(0.493) AgeJ

w weighted Akaike; p-Bonf probability after Bonferroni correction; d.f. degree of freedom; C.S. overdispersion parameter. AIC null model = 601.327

Table 3 Statistical parameters of GLMM of intensities vs host-related factors (age, sex, weight, size, and physical condition) and environment-related
variables (season and year) in Chaetophractus vellerosus

Variable PseudoR2 AIC null AIC model χ2 p-value d.f. Differences Error dist.

Year 4.1492 601.327 586.628 24.699 0.0002 5 2009=2006=2011(a); 2007=2012ab; 2010b NB (θ = 0.157)

Season 0.5711 601.327 599.859 3.468 0.0626 1 NB (θ = 0.124)

Age 0.0404 993.306 996.859 0.447 0.7997 2 P

Sex 0.091 993.306 994.365 0.941 0.332 1 P

Physical condition 2.6523 993.306 974.8434 22.463 > 0.0001 2 poor>normal=good P

Weight 1.5958 601.327 593.838 9.489 0.0021 1 Decreasing with BW NB (θ = 0.133)

Body 0.2556 601.327 601.649 1.679 0.1951 1 NB (θ = 0.121)
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in 2008, Servicio Meteorológico Nacional of Argentina,
Exp_144540). Environmental factors, especially ambient tem-
perature and relative humidity (RH), affect both the imago and
pre-imago stages of any arthropod, including fleas. An in-
crease in precipitation may lead to increased RH in host bur-
rows. Moderately high RH influences the survival and devel-
opment of fleas positively (Krasnov et al. 2001a, b). However,
host burrows in areas characterized by high annual precipita-
tion may become flooded, thus causing most ectoparasite spe-
cies and individuals to perish (Linardi and Krasnov 2013). In

line with our results, these authors found that the effect of
precipitation on species richness and abundance was mainly
negative in fleas.

The greater prevalence of fleas in winter than in summer
might be related to host sharing. For example, Polygenis (P.)
platensis infests C. talarum in the study area (Ezquiaga et al.
2008), a host which coexists with C. vellerosus, including the
use of the same burrows. Winter mortality of C. talarum
(Malizia et al. 1991) could therefore lead P. (P.) platensis to
migrate to other nearby hosts.

Hosts in poor condition showed more prevalence and
higher intensities. Beldomenico and Begon (2009) observed
that the intensity of parasitism can be both the cause and effect
of its interaction with the host condition. These authors sug-
gested that parasites may be more abundant in hosts in poor
condition, and such hosts may acquire more new infestations,
leading to further deterioration. This vicious circle could have
important implications in the parasite dynamics and a consid-
erable impact on host populations.

In Argentina, most ecological studies on ectoparasites have
focused on cricetid rodent hosts. Some of these works con-
centrated on host-related factors (e.g., Lareschi 2010; Nava
and Lareschi 2012), others on environment-related ones
(e.g., Lareschi 2007) and others dealt with both host and en-
vironmental factors (Lareschi and Krasnov 2010). The present
study is the first to analyze the dynamics of a flea community
associated with an armadillo population, and is also novel in
taking into account host-related factors as well as temporal
variation.

Both T. penetrans and Pu. irritans can cause several disor-
ders to humans and domestic animals, and the geographical,
ecological, and host-distributional data provided here may be
useful for further epidemiological studies and for understand-
ing local risk factors.
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