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Abstract. Parasites can significantly influence the health of the host by inhibiting important physiological and behavioral processes. Some
factors like body size, age of host, sex, and season can influence parasite load in nature. Mites are ectoparasites that can occur in lizards,
possibly having a negative impact on their host. Our goals were to identify the mite that infested the Neotropical lizard Liolaemus pacha
and describe its anatomical distribution, evaluate if mite intensity affected lizard mass, assess the relationship between lizard body size
and mite intensity, and calculate the prevalence and intensity of mites in these lizards, comparing males and females and the reproductive
and non-reproductive seasons. We analyzed preserved specimens and also studied lizards in their natural environment. We performed
linear regression analyses between the intensity of mite infestation and snout-vent length and between lizard mass and intensity of mite
infestation. To compare the intensity of mite infestation between sex and season, we used the Mann-Whitney Test. The mite was identified
as a species of Pterygosoma Peters, 1849 (Prostigmata: Pterygosomidae). Mite infestation was mainly in the ventral area, particularly in the
gular and lateral regions. Lizard body size did not explain the intensity of mite infestation, nor was lizard mass influenced by the intensity
of mite infestation. Males in their natural habitat presented, on average, more mites than females, which might be related to differences in
behavior. There were no differences between seasons. This study constitutes the second Argentine record of the presence of the ectoparasite
Pterygosoma sp. in a Liolaemus species and the first that explores its relation to ecological parameters.
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Resumen. Los parasitos pueden afectar significativamente la salud de su hospedador al impedir procesos fisiol6gicos y comportamentales
importantes. Algunos factores como el tamafio corporal, la edad del hospedador, el sexo y la estacién, pueden influir en la carga ectopara-
sitaria en la naturaleza. Los dcaros son ectoparésitos que pueden estar presentes en lagartijas, teniendo un posible impacto negativo sobre
su hospedador. Nuestros objetivos fueron: identificar el 4caro presente en la lagartija neotropical Liolaemus pacha y definir su distribucién
corporal; evaluar si las intensidades de infestacién de dcaros influyen en el peso de las lagartijas y si el tamarfio corporal de las mismas afecta
la intensidad ectoparasitaria; y calcular la prevalencia e intensidad de dcaros en estas lagartijas, comparando entre machos y hembras, y entre
las estaciones reproductiva y no-reproductiva. Se analizaron ejemplares de coleccién y se realizé un seguimiento de lagartijas en su ambiente
natural. Realizamos un anélisis de regresion lineal entre la intensidad de infestacion del acaro y la longitud hocico-cloaca y entre el peso y
la intensidad de acaros. Para comparar las intensidades de dcaros entre sexos y estacién, aplicamos el Test de Mann-Whitney. Se identific6
al 4caro como una especie de Pterygosoma Peters, 1849 (Prostigmata: Pterygosomidae). La mayor infestacién fue en la zona ventral, princi-
palmente en las regiones gular y laterales. El tamafio corporal no explicé las intensidades de infestacién del 4caro, asi como tampoco el peso
de las lagartijas fue influido por las intensidades de 4caros. Los machos en su ambiente natural presentaron en promedio mas acaros que las
hembras, lo que podria estar asociado a diferencias comportamentales. No hubo diferencias entre las dos estaciones estudiadas. Este trabajo
constituye el segundo registro en Argentina de la presencia del ectoparésito Pterygosoma sp. en una especie de Liolaemus y el primero que
explora su relacién con variables ecolégicas.

INTRODUCTION

The prevalence and intensity of parasite infections
in reptiles are not well known in spite of their importance
(Amo et al.,, 2005). Parasites often pose a significant in-
fluence in the health of the host by impeding important
physiological and behavioral processes (Schall, 1983,
1990; Oppliger et al., 1996; Oppliger and Clobert, 1997),
such as spatial distribution (Price, 1980; van Riper et al,
1986), reproductive success, and sexual selection (Hamil-
ton and Zuk, 1982; Mgller et al., 1999). Lizards are hosts
to a number of parasites including gastrointestinal (Gold-
berg et al., 2003), skin (Goldberg and Bursey, 1991), and
blood parasites (Schall, 1990). Mites are often common in

vertebrates and have possible negative effects on the host
(Bulté et al., 2009), producing lesions of the skin, inflam-
mation, or even a high parasite load can potentially lead to
a decrease in survival (Klukowski, 2004). For example, in
Lacerta vivipara, it has been reported that survival of off-
spring was lower when mothers were infested with mites
(Sorci et al., 1994). Some factors that influence parasite
loads in nature include season, age of host, size, and sex
(Klukowski and Nelson, 2001). Larger lizards have more
ectoparasites (Cunha-Barros et al., 2003; Carvalho et al,
2006; Rocha et al., 2008; Lumbad et al., 2011), although
no differences were found in relation to host weight (Gar-
cia-De La Pefia et al., 2004). Many lizards present seasonal
shifts in their ectoparasitic load (Lane and Loye, 1989;
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Schall et al., 2000; Lumbad et al., 2011) and differences
between sexes (Tallenklint-Eisen and Eisen, 1999; Lum-
bad et al., 2011). Nevertheless, these differences are not
always clear, depending on lizard species and type of ec-
toparasite (Schall et al., 2000; Cunha-Barros et al., 2003).

Many studies exist on mite presence in lizards from
North America (e.g., Goldberg and Bursey, 1991; Schall
et al., 2000; Klukowski, 2004), Europe (e.g., Martin et al,
2008), and South America (e.g.,, Carothers and Jaksic, 2001;
Cunha-Barros et al., 2003; Carvalho et al, 2006; Rocha et al,,
2008; Rubio and Simonetti, 2009). However, in Argentina,
there exists only one description of a mite species found in a
few lizard species of the Liolaemus genus, such as L. buergeri,
L. bibronii, L. petrophilus, L. austromendocinus, L. elongatus,
and L. gracilis from the southern provinces of Neuquén,
Mendoza, Chubut, and Rio Negro (de La Cruz et al., 2004).
No evidence, however, is available on how much or how little
this parasite may affect the survival of these species or on
whether or not there may be sexual or seasonal differences.

The genus Liolaemus (Iguania: Liolaemidae; Frost
et al., 2001) includes 255 described species (Abdala and
Quinteros, 2013) of Neotropical lizards that are found
from the Andes of Peru to Tierra del Fuego and present
different life styles, reproductive strategies, and feed-
ing modes depending on the season and availability of
food items (Cei, 1993; Abdala, 2007). Liolaemus pacha is
a recently described species (Judrez Heredia et al., 2013)
previously known as for L. quilmes (Etheridge, 1993). It is
found at an altitude of 2,725 m at Los Cardones, province
of Tucuman, in northwestern Argentina. The area cor-
responds to the phytogeographic province of Monte and
Prepuna (Cabrera and Willink, 1980; Etheridge, 1993). Its
habitat is characterized by a partly sandy substrate, large
rocks, sparsely distributed shrubs, and cardones (Tricho-
cereus pasacana). The climate is semi-arid with a mean an-
nual rainfall of 180 mm (Cabrera and Willink, 1980).

Liolaemus pacha is diurnal, oviparous, and insectivo-
rous (Ramirez Pinilla 1992; Halloy et al., 2006). Males are
slightly larger and more colorful than females (Robles and
Halloy, 2009), and during the reproductive season they
become more territorial (Halloy, 1996, 2012; Halloy and
Robles, 2002; Robles and Halloy, 2009).

Our goals were to (1) identify the mite that infested
the neotropical lizard Liolaemus pacha and describe its ana-
tomical distribution, (2) evaluate the effect of mite intensity
on lizard mass, (3) evaluate the relationship between lizard
body size and mite intensity, (4) calculate the prevalence and
intensity of mites in these lizards, comparing males and fe-
males and the reproductive and non-reproductive seasons.

MATERIALS AND METHODS

We studied a population of Liolaemus pacha at a site
called “Los Cardones” (26°40’1.5”S, 65°49°’5.1”W, datum:

WGS84; 2725 m). We made monthly visits of 3 days each
to the locality from September 2012 to February 2013.
The reproductive period of these lizards coincides with
the austral spring (October to December), whereas the
post-reproductive season coincides with the austral sum-
mer (January to March) (Ramirez Pinilla, 1992; Halloy
and Robles, 2003). Lizards were captured by noosing.
They were kept in cloth bags, measured, weighed, and
marked for identification using a technique described
by Fischer and Muth (1989) and applied by Halloy and
Robles (2002; see also Robles and Halloy, 2009; Halloy,
2012). When mites were found on a lizard, the number
of mites was counted and photographs were taken with a
digital camera (Samsung PL 120) to record their distribu-
tion on the body of the individuals.

We also analyzed 132 preserved specimens (51
males and 81 females) housed in the collection of the In-
stituto de Herpetologia, Fundacién Miguel Lillo (FML;
see Appendix) collected 1983-2009. All specimens were
measured and data on mass at time of capture was avail-
able for female specimens. This information was added
to that of lizards captured and weighed in their natural
environment. Three specimens were not used for com-
parison between seasons because they were collected
during the winter. To verify the presence of mites, the
specimens were observed with a microscope (Wild Heer-
brugg, precision 10x/21). The black or dark grey color of
mites facilitated detection and counting. The mites were
removed from the lizards with a needle and placed in Ep-
pendorf tubes with 70% alcohol. The mites were mounted
with polyvinyl alcohol (PVA) and Hoyer solution (Krantz,
1970) for subsequent identification.

To characterize the presence of mites, we used the
following three parameters from Bush et al. (1997): prev-
alence (total number of infested lizards with mites divid-
ed by the total number of lizards examined), intensity of
infestation (number of mites on a lizard), and mean in-
tensity (total number of mites divided by the total num-
ber of infested lizards). Values are reported as the mean
+ SD.

Both for preserved and living lizards, we used the
Mann-Whitney test (Siegel and Castellan, 1988; using In-
fostat software, Di Rienzo et al., 2012) to compare mite in-
tensities between males and females and between the re-
productive and non-reproductive seasons, since the data
did not comply with the assumptions of normality and
homoscedasticity. To evaluate the relationship between
lizard body size and mite intensity, we performed a linear
regression analysis between intensity of mite infestation
and snout-vent length (SVL). To evaluate if mite inten-
sity affected lizard mass, we performed a linear regression
analysis between weight and mite intensity. Because the
intensity of mite infestation, SVL, and mass were not nor-
mally distributed, we log-transformed all variables (Sokal

and Rohlf, 1981).
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RESULTS

The mite infesting Liolaemus pacha was identified as
a species of Pterygosoma Peters, 1849 (Acari: Prostigmata:
Pterygosomidae). A total of 117 individuals of L. pacha (76
males and 41 females) were marked in their natural habi-
tat, of which 18 (males = 12; females = 6) were infested
with this mite. This represents a prevalence of 15% with a
mean intensity of 32.5 mites (males: X = 45.37 + 49.9, me-
dian = 24.5 mites, range = 3-145; females: X = 6.66 + 8.5,
X = 2.5 mites, range = 1-23).

Among the 132 preserved specimens, prevalence
was 21.2% (n = 28) and the mean intensity was 27.9 mites
(males: X = 17.57 + 29.46, median = 7; range = 1-84; fe-
males: X = 31.38 + 58.37, median = 8; range = 1-201). An
analysis of photographs of specimens with mites showed
that these were concentrated on the ventral area, particu-
larly in the gular and lateral regions (Fig. 1).

Lizard body size did not explain the intensity of mite
infestation neither in females from the FML collection
(R?=0.07;p > 0.05; n = 18), females observed in their nat-
ural habitat (R? = 0.24; p > 0.05; n = 6), or males in their
natural habitat (R? = 0.02; p > 0.05; n = 12). Lizard mass
was also not influenced by the intensity of mite infesta-
tion (females from the collection: R? = 0.002; p > 0.05;

Figure 1. Photograph of an infested Liolaemus pacha female, showing
the presence of the ectoparasite Pterygosoma sp. on its ventral areas (see
arrows for examples, photo by NSV). Scale: 1 cm.

n = 18; live females: R? = 0.19; p > 0.05; n = 6; live males:
R2=0.06;p > 0.05;n=12).

Among preserved specimens, no significant differ-
ences were found between males and females (Mann-
Whitney, W = 99; p > 0.05; nl1 = 21; n2 = 7), or between
seasons (Mann-Whitney, W = 128.5; p > 0.05; n1 = 14;
n2 = 11) with respect to mite intensity. Among live speci-
mens, males had significantly more mites than females
(Mann-Whitney, W = 30.50; p = 0.01; n1 = 12; n2 = 6).
With respect to season, we used only males (since there
were only 3 live females per season), finding no signifi-
cant difference (Mann-Whitney, W = 35; p > 0.05; nl = 6;
n2 =6).

DISCUSSION

Understanding the relationship between ectopara-
sites, such as mites, and lizards is important from an eco-
logical point of view and the survival of the host (Garcia
de la Pefia et al., 2010). This study constitutes the second
report in Argentina of infestation by the mite Pterygo-
soma sp. in a species of Liolaemus and the first to relate
infestation to body condition, sex, and season. Ptery-
gosomidae includes nine genera of ectocparasitic mites,
Pterygosoma being one of the most specialized (Bertrand
and Modry, 2004; Bertrand et al., 2013). This genus pres-
ents a number of morphological adaptations for this host,
such as finding their way under the host’s scales (Ber-
trand, 2002; Fajfer, 2012). These mites spend the greater
part of their life cycle on their host, most species being
parthenogenetic. Only the larvae are mobile and colonize
new hosts (Bertrand, 2002; Fajfer, 2012).

The presence of the ectoparasite Pterygosoma sp. was
observed on the ventral area of Liolaemus pacha, as has
been reported by de La Cruz et al. (2004) for other species
of Liolaemus (see Introduction). Fajfer (2012) mentions
that permanent parasites, such as those of Pterygosomi-
dae, are characterized by a low prevalence index, unlike
temporary parasites (e.g., trombiculid mites). Considering
mite prevalence, we found our results (15-21.2% in L. pa-
cha) to be somewhat similar to those reported in other
studies of lizards infested by pterygosomid mites: 50% in
Tropidurus hispidus (Delfino et al., 2011), 29.7% in Podar-
cis muralis (Amo et al., 2005), and 6.1% in Sceloporus undu-
latus erythrocheilus (Ferner, 1976).

According to Poiani (1992), host body size could
influence the rates of parasitism for a particular host
taxon. Thus, larger hosts tend to have proportion-
ally more infestation sites suitable for parasites than
smaller hosts (Cunha-Barros et al., 2003, see references
therein). In this study, body size was not a factor that
influenced mite infestation. This is consistent with Amo
et al. (2005) and Garcia De La Pefia et al. (2004, 2010),
but differs from Carvalho et al. (2006) and Cunha-Barros

1 6 Mites in the Neotropical Lizard Liolaemus pacha (Iguania: Liolaemidae): Relation to Body Size, Sex and Season

Viviana Judrez Heredia, Natalin Vicente, Cecilia Robles, Monique Halloy



South American Journal of Herpetology, 9(1), 2014, 14-19

et al. (2003). Clearly, more studies are needed to in-
vestigate the relationship between body size and mite
infestation.

Similarly, we did not find a significant relation be-
tween lizard mass and mite intensity, suggesting that this
ectoparasite does not affect the physical condition of the
lizards, at least at the level of infestation reported here.
Garcia De La Pefia et al. (2004) obtained similar results in
Sceloporus couchii.

Our results show no significant differences between
intensity of mites and season, unlike what was reported
by other authors (e.g., Ferner, 1976; Lumbad et al., 2011)
who observed greater ectoparasite intensity in the spring.
In contrast, males in their natural habitat presented more
mites on average than females. This result agrees with
studies of other taxa, including Sceloporus occidentalis
(Talleklint-Eisen and Eisen, 1999; Lumbad et al., 2011),
S. virgatus (Cox and John-Alder, 2007), S. undulatus (Klu-
kowski and Nelson, 2001), Lacerta agilis (Olsson et al.,
2000), Podarcis muralis (Oppliger et al., 2004; Amo et al.,
2005), and Psammodromus algirus (Veiga et al., 1998). In
Liolaemus pacha, the difference between sexes might be
due to behavioral differences between males and females.
Males occupy significantly larger home ranges than fe-
males (Halloy and Robles, 2002), which might increase
male exposure to these ectoparasites. Moreover, some
theories relate the increase in androgens (testosterone)
during the reproductive season to a depression of the im-
mune system and greater susceptibility to diseases or new
parasites (Hamilton and Zuk, 1982; Folstad and Karter,
1992; Klukowski and Nelson, 2001).

This study opens up several new directions for fu-
ture research: Does mite intensity affect selection among
males? Do males with fewer ectoparasites have greater
mating success? Do higher mite intensities modify host
physiology (e.g., number of erythrocytes and leukocytes,
response of the immune system)? In addition, ecological
factors such as microclimatic conditions, precipitation
rates, and vegetation should also be considered since they
have been shown to favor the presence of these mites
(Goldberg and Bursey, 1991).
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APPENDIX
Specimens examined

Liolaemus pacha (n = 132): ARGENTINA: Tucuman Province: Tafi del Valle Department: Km 98, Ruta Provincial 307
(Los Cardones), 26°40'1.5”S, 65°49°’5.1"W, datum: WGS84, 2725 m, collector, O. Pagaburo, 21/04/1990: FML 02448/1
(Holotype), FML 2448/2-4/6-9, FML 18136-39, FML 24790-796, FML 24781-785, FML 15555, FML 02497/2-4/6,
FML 22332, FML 22333, FML 22334, EML 22335, FML 22336, FML 22337, FML 22338, FML 22339, FML 22340, FML
02233/1-7, FML 18483-486/488, FML 02475/1-3, FML 02516/1-2, FML 02957/1-2, FML 02449/1-6, FML 02467, FML
02474, FML 02478, FML 02242/1, FML 01428/1-2, FML 17999, FML 16940, FML 18540, FML 18541, FML 18542,
FML 18543, FML 18544, FML 18546, FML 18547, FML 18548, FML 18549, FML 18550, FML 18551, FML 18281, FML
18276, FML 18505, FML 18506, FML 18507, FML 18508, FML 18509, FML 18510, FML 18511, FML 18512, FML 18513,
FML 18140, FML 18282, FML 18275, FML 18277, FML 18278, FML 18279, FML 18280, FML 19302, FML 19303, FML
02187/1-4, FML 02198/1-3, FML 02206/1-2, FML 02242/2, FML 02272/1-5, FML 02276/1-4, FML 02278/1-3, FML
02382/1-4, FML 02434/1-3.
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