
163
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Chiggers of the genus Hannemania occur in the Americas and are intradermal parasites of amphibians. In the present study, 
we examine the infestation of Hannemania achalai on the sister anuran species Pleurodema kriegi and P. cordobae. A total 
of 248 individuals were examined to quantify prevalence, mean abundance and mean intensity of infestation. Infestation 
rates in P. kriegi juveniles were lower than in adults. The abundance and intensity of infestation did not differ between host 
sexes. In adults, chigger prevalence on P. kriegi (92%) was notably higher than on P. cordobae (42%), which is also reflected in 
mean intensity (40.3 and 14.4 chiggers per infested host, respectively) and abundance (36.9 and 6.0 chiggers per individual, 
respectively) between species. The vent region and hind limbs had the highest parasite load. This study for the first time 
reports the presence of this parasite in P. cordobae, and  represents the first comparative study of population estimators and 
Hannemania preference between taxonomically related species of frogs.
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INTRODUCTION

Chiggers of the genus Hannemania Oudemans 1911 
(Acari: Leeuwenhoekiidae) occur from the United 

States to Argentina, and are intradermal parasites of 
amphibians. Twenty five species of Hannemania are 
currently known (Espino del Castillo et al., 2011), and 
seven have been recorded in Argentina (Lahille, 1927; 
Sambón, 1928; Alzuet & Mauri, 1987). Hannemania 
chiggers are not host-specific, but infestations are 
reported more frequently in certain amphibian groups 
(Brown et al., 2006). In Argentina, Hannemania species 
have previously been found in anuran hosts of the genera 
Leptodactylus, Nannophryne, Pleurodema, Hypsiboas 
and Odontophrynus (Lahille, 1927; Sambón, 1928; Alzuet 
& Mauri, 1987; Attademo et al., 2012).

The larval stages of Hannemania penetrate the skin 
of the host and are encapsulated in a layer of connective 
tissue (Duszynski & Jones, 1973; Alzuet & Mauri, 1987). 
Externally, larvae of Hannemania appear as conspicuous 
orange-red pustules of approximately 1 mm diameter 
(Malone & Paredes-León, 2005). The larvae presumably 

feed on blood and lymph, and they are capable of 
increasing to four times their size (Hyland, 1961; Anthony 
et al., 1994). Depending on the host species, Hannemania 
larvae may remain under the skin for six months to over 
a year (Westfall et al., 2008). The active stages (nymphs 
and adults) are free-living predators in soil (Hatano et al., 
2007; Attademo et al., 2012).

The anuran genus Pleurodema Tschudi 1838 (Anura; 
Leiuperinae) is distributed from Panama to southern 
Chile and Argentina (Frost, 2014). Currently, this genus 
is represented by fifteen species, ten of which occur in 
Argentina (Cei, 1980; Ferraro & Casagranda, 2009; Valetti 
et al., 2009; Maciel & Nunes 2010; Faivovich et al., 2012). 
Pleurodema kriegi and P. cordobae are cryptic polyploid 
species endemic to the Sierra Grande of Córdoba (Valetti 
et al., 2009), including the Sierra de Achala to the north 
and the Sierra de Comechingones to the south (Miró, 
1999). Pleurodema kriegi has a narrow distribution area 
in northern Pampa de Achala, while its sister species P. 
cordobae has been reported further south, from Pampa 
de Achala to the Sierra de Comechingones (Valetti et 
al., 2009; Valetti et al., 2013). Both species breed in 
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temporary and semi-permanent ponds with riparian or 
aquatic vegetation. At night, males emit advertisement 
calls floating on water or underground near the edge of 
ponds where the females congregate (Valetti et al., 2009). 
During the day and during the non-breeding season, 
individuals cluster in large numbers in damp places (di 
Tada, 1999; J.A. Valetti, pers. obs.).

The presence of Hannemania chiggers has been 
recorded in three species of Pleurodema in Argentina: 
Hannemania achalai parasitizing individuals of P. kriegi, 
H. hobdayi in P. bufoninum and H. samboni in P. thaul 
(cited as P. bibroni; Alzuet & Mauri, 1987). The present 
study represents the first report of H. achalai parasitising 
P. cordobae. Hannemania has not yet been observed in 
individuals of the other six Pleurodema species inhabiting 
Argentina. 

Pleurodema kriegi and P. cordobae are morphologically 
similar and inhabit similar environments. While this 
suggests similar infestation levels by Hannemania for 
both species, previous studies revealed different levels 
of infestation between sympatric amphibians (Brown et 
al. 2006). In another sense, hosts with morphological, 
physiological, and behavioural differences show 
differential infestation levels (Rohde, 1993; Anthony et 
al., 1994; Poulin, 1996; Møller et al., 1998; Jung et al., 
2001; Fernandes et al., 2011) and some studies show 
differential use of the host body by Hannemania chiggers 
(e.g., McAllister, 1991; McAllister et al., 1995; Jung et al., 
2001; Hatano et al., 2007). The aim of the present paper 
is to describe and evaluate parasitic infestation rates of H. 
achalai at different life stages of P. kriegi and P. cordobae. 

MATERIALS AND METHODS

We examined ethanol-preserved individuals of P. kriegi 
and P. cordobae housed in the Herpetological Collection 
of Ecology, Department of Natural Sciences, Faculty of 
Exact, Physical-Chemical and Natural Sciences, National 
University of Río Cuarto. The sample consisted of 109 

adult and 62 juvenile P. kriegi and 77 adult P. cordobae 
collected between 1972 and 2012 in the Sierra Grande 
of Córdoba, between 31°21’S (Pampa de Achala) and 
32°25’S (Sierra de Comechingones, Córdoba province).

Snout-vent length (SVL) of each individual was 
measured using a digital caliper (Mahr 16 ES) to the 
nearest 0.01 mm. All individuals were examined under 
a stereoscopic microscope (Zeiss SR) to quantify the 
number of parasites per host. We calculated the ratio of 
chiggers per body region in each host following Hatano 
et al. (2007): head (HE); gular region (GU); dorsum 
(DO); ventral region (VR); left and right lateral body 
(LBL and LBR); dorsal hand (DRH); ventral hand (VRH); 
dorsal foot (DRF); ventral foot (VRF); dorsal arm (DRA); 
ventral arm (VRA); dorsal leg (DRL); ventral leg (VRL); 
armpit region (AR, Fig. 1). Some chiggers were excised 
with needles, preserved in 70% ethanol and deposited 
in the Herpetological Collection of Ecology, Department 
of Natural Sciences, Faculty of Exact, Physical-Chemical 
and Natural Sciences, National University of Río Cuarto. 
Additional voucher chiggers were deposited at National 
Acari Collection (CNAC), Institute of Biology, Autonomous 
National University of Mexico, Mexico City.

Infesting chiggers were identified as mites of H. 
achalai based on general size, gnathosoma and scutum 
morphology, and setal formula (following Sambon, 1928; 
Brennan & Goff, 1977; Alzuet & Mauri, 1987; Wohltmann 
et al., 2006) by light microscope examination of mineral 
oil squash slides and semi-permanent slides with Hoyer’s 
medium. To evaluate the degree of parasitism in the two 
host species, we estimated three quantitative descriptors 

Fig. 1. Body regions examined in the host individuals 
of Pleurodema kriegi and P. cordobae: Head (HE); gular 
region (GU); dorsum (DO); ventral region (VR); lateral 
body (LB); dorsal hand (DRH); ventral hand (VRH); dorsal 
foot (DRF); ventral foot (VRF); dorsal arm (DRA); ventral 
arm (VRA); dorsal leg (DRL); ventral leg (VRL); armpit 
region (AR).

Fig. 2. Individuals of the genus Pleurodema parasitised by 
larvae of Hannemania achalai (A, B) Ventral and dorsal 
view of a P. kriegi individual. (C, D) Ventral and dorsal 
view of a P. cordobae individual (arrows indicate the 
location of parasites).
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(Bush et al., 1997): i) prevalence (P), calculated as the 
proportion of individual hosts infested in relation to 
the total sample analysed; ii) mean abundance (MA), 
calculated as the average number of parasites recorded 
across all hosts examined; and iii) mean intensity of 
infestation (MI), estimated as the average parasite 
number in relation to the hosts infested. We compared 
MA and MI between species, between sexes in both 
species and between juveniles and adults of P. kriegi 
using paired t-tests (α=0.01). The effect of host body size 
(SVL) on the intensity of infestation by H. achalai was 
analysed by simple regression analysis (Hatano et al., 
2007).

RESULTS

Parasitic infestation by H. achalai was observed in both 
P. kriegi and P. cordobae (Fig. 2). Chiggers were found 
below the skin of the host, forming characteristic orange 
capsules approximately 2 mm in diameter. Several 
capsules contained more than one chigger. 

Mean SVL of juvenile individuals of P. kriegi was 
22.3±3.5 mm, with a prevalence rate of 69.35% and a 
mean abundance of 12.89 larvae per host. The mean 
intensity was 18.58 larvae and the maximum intensity 
was 128 parasites. A significant positive correlation 
(r=0.43; p<0.001) between SVL of juvenile P. kriegi and 
parasite intensity was found.

Chigger prevalence in adult P. kriegi was notably 
higher than in adult P. cordobae (Tables 1 and 2), leading 
to significant differences in MI and MA (t=2.713, p<0.01 
and t=5.117, p<0.001 respectively). Six individuals (all P. 
kriegi) were infested with more than 100 chiggers. No 
significant differences in MA or MI were found between 
the sexes in P. cordobae (t=-2.226, p=0.029 and t=-1.501, 
p=0.144, respectively) and P. kriegi (t=1.285, p=0.202 
and t=0.993, p=0.323, respectively). Mean SVL of adults 
was 32.4±3.8 mm and 35.2±3.6 mm in P. kriegi and 
P. cordobae, respectively. No relationship was found 
between parasite intensity and SVL for P. kriegi (r=-0.08; 
p=0.451) and P. cordobae (r=0.28; p=0.116). The ventral 
region and hind limbs had the highest infestation rates 
in both species, whereas the body parts with the lowest 
occurrence of mites were the ventral hand and foot (Fig. 
3). In P. kriegi, MA and MI was significantly higher in 
juveniles than in adults (t=-3.495, p=0.000 and t=-2.653, 
p=0.008, respectively; Table 1).

DISCUSSION

Records of parasitism by Hannemania in amphibians 
have been reported throughout the American continent 
(e.g. Malone & Paredes-León, 2005; Hatano et al., 2007; 
Espino del Castillo et al., 2011). In Argentina, seven 
species of Hannemania have been found in eight anuran 
hosts (Lahille, 1927; Sambón, 1928; Alzuet & Mauri, 1987; 
Attademo et al., 2012). Our study confirms the parasitism 
of chiggers of H. achalai on P. kriegi and for the first time 
reports the presence of this parasite in P. cordobae. 
Moreover, it represents the first comparative study of 
preference and population estimators of Hannemania 
between taxonomically related species of frogs.

In P. kriegi, parasite prevalence in juveniles was lower 
than in adults, as has been reported previously for other 
anurans (Jung et al., 2001; Malone & Paredes-León, 2005). 
A positive relationship between body size and parasite 
intensity in adult P. kriegi and P. cordobae was however 
not observed. Hannemania may remain up to one year 
attached to the host, increasing parasitic infestation 
levels at given accumulation periods (Fernandes et al., 
2011). Therefore, older individuals of Pleurodema should 
suffer more from infestation of chiggers. Juveniles might 
also prefer different microhabitats than adults, and 
Hannemania chiggers were found more frequently on 
more terrestrial amphibian species (Murphy, 1965; 
Brown et al., 2006).

In adults, prevalence and mean intensity were 
significantly higher in P. kriegi than in P. cordobae, 

Table 1. Prevalence, intensity and abundance of Hannemania achalai on P. kriegi. n: number of individuals examined.

n Prevalence (%) Intensity 
Mean±SD (range)

Abundance 
Mean±SD (range)

Adult males 62 95.16 44.63±60.63 (1–444) 42.47±60.24 (0–444)

Adult females 47 87.23 33.90±38.98 (0–203) 29.57±38.11 (2–203)

Adult total 109 91.74 40.23±53.11 (1–444) 36.91± 52.05 (0–444)

Juveniles 62 69.35 18.58±27.30 (1–128) 12.89±24.24 (0–128)

Fig. 3. Percentage of infestation by Hannemania achalai 
larvae on different regions of the body of Pleurodema 
kriegi and P. cordobae adults. Body regions: Head (HE); 
gular region (GU); dorsum (DO); ventral region (VR); 
lateral body (LBL and LBR); dorsal hand (DRH); ventral 
hand (VRH); dorsal foot (DRF); ventral foot (VRF); dorsal 
arm (DRA); ventral arm (VRA); dorsal leg (DRL); ventral 
leg (VRL); armpit region (AR).
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suggesting that P. kriegi could be an important host for 
larval H. achalai to complete its life cycle. The two host 
species are similar phylogenetically, morphologically and 
ecologically (Faivovich et al., 2012), but differ in their 
ploidy levels (Valetti et al., 2009). It is often assumed 
that species with higher ploidy level can tolerate harsher 
environments, as increased heterozygosity can provide 
metabolic flexibility to cope with a broader array of 
conditions (Otto & Whitton, 2000). Pleuroderma kriegi 
and P. cordobae also have different distributions in the 
Sierra Grande of Cordoba. Therefore, the observed 
differences in the degree of parasitism could be due 
to geographical relationships with the distribution and 
abundance of the parasite. Six per cent of the infested 
individuals of P. kriegi had more than 100 parasites 
per host. High intensities of parasites per host cause 
pathological effects (e.g. Anthony et al., 1994; Spieler & 
Linsenmair, 1999; Brown et al., 2006), but the extent to 
which the chigger infestations in individuals of P. kriegi 
and P. cordobae affect survival is unknown.

Several studies in amphibians and lizards report that 
males are infested with more chiggers than females, 
due to larger home ranges or high testosterone levels 
which can cause immunosuppression in males (Anthony 
et al., 1994; Schall et al., 2000). In the present study, no 
significant differences in MA or MI between sexes were 
found, coinciding with Malone & Paredes-León (2005) for 
Eleutherodactylus marnockii and Hatano et al. (2007) for 
Hylodes phyllodes. However, the data were characterised 
by a high degree of variation between individuals, a low 
sample size of P. cordobae females, and a long collection 
period (1972 to 2012). 

The ventral region and the hind limbs had the highest 
rates in Hannemania prevalence, confirming previous 
studies (Malone & Paredes-León, 2005; Hatano et al., 
2007; Espino del Castillo et al., 2011; Attademo et al., 
2012). The post-larval stages (deutonymphs and adults) 
of Hannemania are free-living predators that inhabit 
in the soil (Hyland, 1950; Goff et al., 1982; Converse & 
Green, 2005). The gregarious behaviour of the hosts 
in sites which are favourable also for free-living larval 
chiggers could facilitate the high level of infestation in 
the ventral region (Ewing, 1926). The high parasitic 
intensity recorded in the hind limbs can be attributed to 
this region containing more connective tissue, allowing 
chiggers to encapsulate more securely on the host.

ACKNOWLEDGEMENTS

Financial support was provided by SECyT-UNRC (Grant PPI 
18/C416) and FONCyT (Grant PICT 2012-0932). We are 
grateful to Ricardo Paredes-León from CNAC (IB-UNAM), 
Mexico, for their help in the taxonomic identification of 
parasites. We are very grateful to the referees and editor 
whose critique of the first versions greatly helped improve 
the manuscript. The second and third authors thank 
CONICET-Argentina (Consejo Nacional de Investigaciones 
Científicas y Tecnológicas) for postgraduate fellowship 
granted. Our study was authorised by Environmental 
Secretary of Córdoba Government (A01/2013).

REFERENCES
Alzuet, A.D.B. de & Mauri, R.A. (1987). Ácaros Trombiculidae del 

género Hannemania Oudemans endoparásitos de anfibios. 
Revista de la Sociedad Entomológica Argentina 44, 111–116.

Anthony, C.D., Mendelson, J.R. & Simons, R.R. (1994). Differential 
Parasitism by Sex on Plethodontid Salamanders and 
Histological Evidence for Structural Damage to the Nasolabial 
Groove. American Midland Naturalist 132, 302–307. 

Attademo, A.M., Peltzer, P.M, Lajmanovich, R.C., Junges, C., et al. 
(2012). Trombiculid mites (Hannemania sp.) in Leptodactylus 
chaquensis (Amphibia: Anura) inhabiting selected soybean 
and rice agroecosystems of Argentina. Journal of Zoo and 
Wildlife Medicine 43, 579–584.

Brown, J.D., Keel, M.K., Yabsley, M.J., Thigpen, T. & Maerz, 
J.C. (2006). Clinical Challenge. Journal of Zoo and Wildlife 
Medicine 37, 571–573.

Bush, A.O., Lafferty, K.D., Lotz, J.M. & Shostak, A.W. (1997). 
Parasitology meets ecology on its own terms: Margolis et al. 
revisited. Journal of Parasitology 83, 575–583. 

Cei, J.M. (1980). Amphibians of Argentina. Monitore Zoologico 
Italiano 2, 609.

Converse, K.A. & Green, D.E. (2005). Diseases of salamanders. 
Wildlife diseases: Landscape epidemiology, spatial 
distribution and utilization of remote sensing technology. In 
Pennsylvania Academy of Science, 118–130. Majumdar, S.K., 
Huffman, J.E., Brenner, F.J., Panah, A.I. (eds.).

di Tada, I.E. (1999). Patrones de distribución de los anfibios 
anuros de la Provincia de Córdoba. Tesis Doctoral. Facultad 
de Ciencias Exactas, Físicas y Naturales. Universidad Nacional 
de Córdoba.

Duszynski, D. & Jones, K. (1973). The occurrence of intradermal 
mites, Hannemania spp. (Acarina: Trombiculidae) in anurans 
in New Mexico with a histological description of the tissue 
capsule. International Journal for Parasitology 3, 531–538.

Espino del Castillo, A., Paredes-León R. & Morales-Malacara, J.B. 

n Prevalence (%) Intensity
Mean±SD (range)

Abundance 
Mean±SD (range)

Adult males 69 39.13 12.70±14.01 (1–47) 4.97±10.68 (0–47)

Adult females 8 62.50 23.40±18.20 (7–49) 14.63±18.33 (0–49)

Adult total 77 41.56 14.38±14.93 (1–49) 5.97±11.91 (0–49)

Table 2. Prevalence, intensity and abundance of Hannemania achalai on P. cordobae. n: number of individuals 
examined.

http://www.ingentaconnect.com/content/external-references?article=0020-7519()3L.531[aid=10589765]
http://www.ingentaconnect.com/content/external-references?article=0022-3395()83L.575[aid=27955]
http://www.ingentaconnect.com/content/external-references?article=0003-0031()132L.302[aid=10589769]


167

Hannemania  infestat ion on  P leurodema species

(2011). Presence of intradermal chigger mite Hannemania 
hylae (Ewing, 1925) (Acari: Leeuwenhoekiidae) in the 

troglophile frog Eleutherodactylus longipes (Anura: 
Brachycephalidae) at Los Riscos Cave, Querétaro, Mexico. 
International Journal of Acarology 37, 427–440.

Ewing, H.E. (1926). The life history and biology of the tree toad 
chigger, Troinbicida hylae Ewing. Annals of the Entomological 
Society of America 29, 261–267.

Faivovich, J., Ferraro, D.P., Basso, N.G., Haddad, C.F.D., et al. 
(2012). A phylogenetic analysis of Pleurodema (Anura: 
Leptodactylidae: Leiuperinae) based on mitochondrial and 
nuclear gene sequences, with comments on the evolution of 
anuran foam nests. Cladistics 28, 460–482.

Fernandes, N.M, Sartini, B., Dias, R.J.P. & D’Agosto, M. (2011). 
Quantitative study of Trichodina heterodentata (Ciliophora: 
Mobilia) infrapopulations infesting tadpoles of a Brazilian 
endemic toad Rhinella pombali (Anura: Bufonidae). Zoologia 
28, 777–783.

Ferraro, D. & Casagranda, M.D. (2009). Geographic distribution 
of the genus Pleurodema in Argentina (Anura: Leiuperidae). 
Zootaxa 2024, 33–55.

Frost, D.R. (2014). Amphibian Species of the World: an online 
referent. Version 6.0. Database Available from: <http://
research.amnh.org/herpetology/amphibia/index.html>. 
Accessed 9 April 2014. American Museum of Natural History, 
New York, USA.

Goff, M.L., Loomis, R.B., Welbourn, W.C. & Wrenn, W.J. (1982). 
A glossary of chigger terminology (Acari: Trombiculidae). 
Journal of Medical Entomology 19, 221–238.

Hatano, F.H., Gettinger, D., Van Sluys, M. & Rocha, C.F.D. (2007). 
Parasitism of Hylodes Phyllodes (Anura: Cycloramphidae) by 
Hannemania sp. (Acari: Trombiculidae) in an area of Atlantic 
forest, Ilha Grande, Southeastern Brazil. Parasite 14, 107–
112.

Hyland, K.E. (1950). The life cycle and parasitic habit of the 
chigger mite Hannemania dunni Sambon, 1928, a parasite of 
amphibians. Journal of Parasitology 36, 32–33.

Hyland, K.E. (1961). Parasitic phase of chigger mite, Hannemania 
hegeneri, on experimentally infested amphibians. 
Experimental Parasitology 11, 212–225.

Jung, R.E., Claeson, J.S., Wallace, E. & Welbourn, W.C. Jr. (2001). 
Eleutherodactylus guttilatus (spotted chirping frog), Bufo 
punctatus (redspotted toad), Hyla arenicolor (canyon tree 
frog), and Rana berlandieri (Rio Grande leopard frog) mite 
infestation. Herpetological Review 32, 33–34.

Lahille, F. (1927). Nota sobre algunos ácaros del país. 3° Reunión 
de la Sociedad Argentina de Patología Regional del Norte, 
Tucumán. Universidad de Buenos Aires.

Maciel, D.B. & Nunes, I. (2010). A new species of four-eyed frog 
genus Pleurodema Tschudi, 1838 (Anura: Leiuperidae) from 
the rock meadows of Espinhaço range, Brazil. Zootaxa 2640, 
53–61.

Malone, J.H. & Paredes-León, R. (2005). Characteristics of chigger 
mite (Hannemania sp.) parasitism on Eleutherodactylus 
marnockii (Amphibia: Leptodactylidae). The Texas Journal of 
Science 57, 345–358.

McAllister, C.T. (1991). Protozoan, helminth, and arthropod 
parasites of the spotted chorus frog, Pseudacris clarkii 
(Anura: Hylidae), from North-central Texas. Journal of 

Helminthoogical Society of Washington 58, 51–56.
McAllister, C.T., Bursey, R., Upton, S.J., Trauth, S.E. & Conn, D.B. 

(1995). Parasites of Desmognathus brimleyorum (Caudata: 
Plethodontidae), from the Ouachita Mountains of Arkansas 
and Oklahoma. Journal of the Helminthological Society of 
Washington 62, 150–156.

Miró, R.C. (1999). El basamento Precámbrico-Paleozoico Inferior 
de las Sierras Pampeanas, Famatina, Cordillera Oriental y 
Puna. In Geología Argentina 133–167. Caminos, R. (Ed.). 
Instituto de Geología y Recursos Minerales. Anales 29, 
Buenos Aires, Argentina.

Møller, A.P., Sorci, G. & Erritzøe, J. (1998). Sexual dimorphism in 
immune defense. The American Naturalist 152, 605–619.

Murphy, T.D. (1965). High incidence of two parasitic infestations 
and two morphological abnormalities in a population of 
the frog, Rana palustris Le Conte. The American Midland 
Naturalist Journal 74, 233–239. 

Otto, S.P. & Whitton, J. (2000). Polyploid incidence and evolution. 
Annual Review of Genetics 34, 401–437.

Poulin, R. (1996). Sexual inequalities in helminth infections: a 
cost of being a male? The American Naturalist 147, 287–295.

Rey, L. (1992). Conceito ecológico e bioquímico de parasitismo. 
In Parasitologia: parasitas e doenças parasitárias do homem 
nas Américas e na África, 38-52. Rey, L. (Ed). 2a ed. Guanabara 
Koogan, Rio de Janeiro.

Rohde, K. (1993). Ecology of marine parasites, an introduction to 
marine parasitology. Wallingford, CAB International.

Sambón, L.W. (1928). The parasitic Acarians of animals and the 
part they play in the causation of the eruptive fevers and 
other diseases of man. Annals of Tropical Medicine and 
Parasitology 22, 67–132.

Schall, J.J., Prendeville, H.R. & Hanley, K.A. (2000). Prevalence of 
the tick, Ixodes pacificus, on western fence lizards, Sceloporus 
occidentalis: trends by gender, size, season, site, and mite 
infestation. Journal of Herpetology 34, 160–163. 

Spieler, M. & Linsenmair K.E. (1999). The larval mite Endotrombicula 
pillersi (Acarina: Trombiculidae) as a species-specific parasite 
of a west African savannah frog (Phrynobatrachus francisci). 
The American Midland Naturalist 142,152–161.

Valetti, J.A., Salas, N.E. & Martino, A.L. (2009). A new polyploid 
species of Pleurodema (Anura: Leiuperidae) from Sierra de 
Comechingones, Córdoba, Argentina and redescription of 
Pleurodema kriegi (Müller, 1926). Zootaxa 2073, 1–21.

Valetti, J.A., Otero, M.A., Grenat, P.R., Salas, N.E. & Martino, 
A.L. (2013). Currently known geographical distribution of 
Pleurodema cordobae Valetti, Salas & Martino 2009, (Anura: 
Leptodactylidae: Leiuperinae) in Sierra Grande of Córdoba, 
Argentina. Herpetology Notes 6, 559–561.

Westfall, M.C., Cecala, K.K. Price, S.J. & Dorcas, M.E. (2008). 
Patterns of Trombiculid mite (Hannemania dunni) parasitism 
among Plethodontid salamanders in the western piedmont 
of North Carolina. Journal of Parasitology 94, 631–634.

Wohltmann, A., Köhler, J. & Martin, P. (2006). Endoparasitic mite 
infections of anuran amphibians from Bolivian montane rain 
forests, with descriptions of two new Hannemania species 
(Acari: Parasitengona: Trombiculidae: Leeuwenhoekiinae) 
Organisms Diversity & Evolution 6, 141–150.

Accepted: 8  October 2014

http://www.ingentaconnect.com/content/external-references?article=0066-4197()34L.401[aid=1508039]
http://www.ingentaconnect.com/content/external-references?article=0003-0147()152L.605[aid=523317]
http://www.ingentaconnect.com/content/external-references?article=0003-0031()142L.152[aid=10589776]
http://www.ingentaconnect.com/content/external-references?article=0003-0147()147L.287[aid=2232390]
http://www.ingentaconnect.com/content/external-references?article=0003-0031()74L.233[aid=5721905]
http://www.ingentaconnect.com/content/external-references?article=0003-0031()74L.233[aid=5721905]
http://www.ingentaconnect.com/content/external-references?article=0014-4894()11L.212[aid=8335684]
http://www.ingentaconnect.com/content/external-references?article=0022-2585()19L.221[aid=8335688]
http://www.ingentaconnect.com/content/external-references?article=0748-3007()28L.460[aid=10589785]
http://www.ingentaconnect.com/content/external-references?article=0164-7954()37L.427[aid=10589787]

