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Abstract: Trombiculid mites are known to parasitize a variety of amphibian species; however, few comparisons
of mite parasitism among sites have been made. Here, Hannemania sp. parasitism in frogs (Leptodactylus
chaquensis) inhabiting agroecosystems from mideastern Argentina was described. A total of 40 adult frogs (22
females and 18 males) were analyzed to detect ectoparasite Hannemania spp. larvae. Prevalence and mean
abundance of Hannemania sp. were consistently higher in frogs from the agroecosystems (rice and soybean fields)
than from two reference sites. Leptodactylus chaquensis might be considered an important host species of

Hannemania sp., particularly in agricultural areas.
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INTRODUCTION

A number of factors, including sex, environ-
ment, location, and anthropogenic influences,
affect amphibian susceptibility to parasite recruit-
ment.>® Larvae of trombiculid mites of the genus
Hannemania are known to parasitize amphibians;
however, nymphs and adults are free-living and
feed on small arthropods and organic matter in
the soil.”'®

Larval Hannemania sp. mites (Acari: Leeuwen-
hoekiidae) burrow through the skin of amphibians
and encapsulate within the stratum spongiosum
of the dermis.’® Externally, larvae of Hannemania
sp. appear as conspicuous orange- to red-colored
pustules of approximately 1 mm in diameter
beneath the skin of the amphibian hosts. Hanne-
mania sp. attaches to specific locations on am-
phibian bodies, particularly the limbs.>* Several
ecological costs have been established for indi-
viduals that are heavily parasitized by Hannemania
sp. mites, such as concentrated redness, inflam-
mation, and necrosis, raised abscesses on the
dermis, and reduced mobility.>*** Additionally,
mites can transmit rickettsiae and lethal viruses
to the host.”

From Laboratory of Ecotoxicology, Faculty of Bio-
chemistry and Biological Sciences (ESS-FBCB-UNL),
Pje. El Pozo S/N 3000 Santa Fe, Argentina (Attademo,
Peltzer, Lajmanovich, Junges, Basso, and Cabagna); and
National Council for Scientific and Technical Research
(CONICET), ESS-FBCB-UNL, Pje. El Pozo S/N. 3000
Santa Fe, Argentina (Attademo, Peltzer, Lajmanovich,
and Junges). Correspondence should be directed to Dr.
Attademo (email: mattademo@hotmail.com).

The frog Leptodactylus chaquensis is a wide-
spread anuran in Argentina, Brazil, Uruguay,
and Bolivia,"”? where it is frequently found in
natural habitats (grasslands, flooded areas, savan-
nahs, ponds) as well as in human-modified
environments (soybean and rice fields).* Despite
its relative abundance in many of these areas,
virtually nothing is known about parasite infec-
tions by trombiculid mites.

In the present study, Hannemania sp. parasitism
in L. chaquensis frogs inhabiting agroecosystems
from mid-eastern Argentina was described. Using
prevalence and mean abundance of Hannemania
sp. as a measure of infestation, differences in
parasitism in L. chaquensis among agroecosystems
are expected. This frog species was selected
because it is abundant in agroecosystems*® and
has been used as sentinel species in field moni-
toring.*

MATERIALS AND METHODS

The study area was located in mideastern
Argentina. The area belongs to the Espinal and
Delta-Islas ecoregions; average annual rainfall in
the area is 800 mm, and mean annual temperature
is 18°C (Fig. 1). The area is dominated by
wetlands, remnants of fluvial forests, and inten-
sively managed agricultural lands (cultivated with
soybean, maize, wheat, and rice). Adult individu-
als of L. chaquensis were collected from four
sampling areas with the use of pitfall traps.'*
Two reference sites were selected within a native
forest: NF1 (31°18'52.35"S; 60°16'37.01"W; Ga-
ray department, Santa Fe Province; 700 ha) and
NF2 (31°44'36"S; 60°19'40"W; Parana depart-
ment, Entre Rios Province; 400 ha). These two
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Figure 1.

reference sites (NF1 and NF2) have little human
impact, and are 10 km apart from agricultural
activities and urbanization. Thus, no deforesta-
tion activities were recorded in the area near these
sites. These native forests are mainly character-
ized by Prosopis affinis, Prosopis nigra, Prosopis
alba, Salix humboldtiana, Tessaria integrifolia, En-
terolobium contortisiliqguum, and Acacia caven trees.
The ephemeral ponds and marshes present Eich-
hornia crassipes, Pontederia cordata, Saggitaria
montevidensis, Typha latifolia, Cortaderia selloana,
Cyperus corymbosus, Salvinia biloba, and Pistia
stratiotes. Moreover, two agroecosystems were
selected: a rice (Oryza sativa) field (RF:
29°44'57"S; 59°58'34"W; 1,000 ha) and a glyph-
osate-tolerant (GT) soybean (Glycine max) field
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San Javier Department

Location of sampling sites from mideastern Argentina. NF1 and NF2: native forests; RF: rice field,
and SF: soybean field.

(SF: 30°20'53"S; 59°58'34"W; 100 ha) in San
Javier department, Santa Fe Province. In the last
decade, Argentina has undergone the biggest
expansion in soybean and rice crops. In general,
the main sowing period of these plants comprising
November to March,?*2¢ which coincides with the
breeding period of most anuran species of our
country.?’ For instance, the area planted with
soybean, principally in the mideastern and mid-
western portions of our country, has increased
rapidly since the 1970s, from <1 million ha in
1970/71, to 6.3 million ha in 1996/97 (the year
when GM soybean was introduced) and 16.6
million ha in 2007/08."" Rice crops have also
increased significantly (229,711 ha in 2010),
particularly in Santa Fe, Entre Rios, and Cor-
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Table 1.
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Prevalence (%), mean abundance and range of infestation by Hannemania sp. larvae in individuals of

the frog Leptodactylus chaquensis (n = 40) in agroecosystems from mideastern Argentina.

Sites Prevalence (n) Mean abundance (=SEM) Range
Native forest (1) 22.22 (9) 0.33 + 0.24 0-2
Native forest (2) 42.87 (7) 1.14 = 0.63 0-4
Rice field 100 (13) 194.73 = 20.08 105-309
Soybean field 100 (11) 85.09 = 19.47 20-200

rientes provinces, where 90% of the total rice of
the country is produced.'?

Surveys were conducted from December 2005
to March 2006. All individuals captured were
euthanized and fixed according to international
protocols.> Snout-vent length (SVL, in mm) was
measured with a digital caliper (0.1-mm preci-
sion) and individuals were examined ventrally and
dorsally for Hannemania spp. larvae under a
stereomicroscope. The total number of mites
encapsulated in the dermis was counted.?

Because the taxonomy of the species is still
poorly known, the parasite was treated at the
genus level Hannemania sp.'* Anuran specimens
were deposited in the herpetological collections
of the School of Biochemistry and Biological
Sciences of Santa Fe, Argentina (ESS-FBCB-
UNL) and invertebrate collection of Museum
Florentino Ameghino (MFA-ZI: 1453-1455)

Parasite prevalence was used to refer to the
proportion of individual hosts infested by at least
one mite larva; mean abundance was calculated as
the average number of mite larvae recorded across
all individual hosts examined.® No statistical
differences were found between males and fe-
males in each site; hence we decided to pool data
as adult in all analyses (Fisher’s exact probability
test, P > 0.05). Moreover, Fisher’s exact proba-
bility test was used to compare prevalence
infection between sites (references and agroeco-
systems). Differences in mite abundances among
agroecosystems and reference sites were com-
pared with nonparametric Kruskal-Wallis test.
Data were tested for variance homogeneity and
normality (Kolmogorov-Smirnov test and Levene
test). Statistical analyses were performed with the
use of INFOSTAT/P 1.1 for Windows software
(Grupo InfoStat Professional FCA-UNC, Coérdo-
ba, 5000, Cérdoba, Argentina). The criterion for
significance was P < 0.05.

RESULTS AND DISCUSSION

A total of 40 adults (22 females and 18 males) of
the frog L. chaquensis (NF1: 7, NF2: 9, SF: 13, and

RF: 11) were analyzed. Mean (=SEM) SVL values
for L. chaquensis were 58.50 = 5.24 mm for NF1,
62.67 = 6.03 mm for NF2, 53.48 + 5.27 mm for
REF, and 59.92 = 3.63 mm for SE. Table 1 shows
the prevalence, mean abundance and range of
infestation by Hannemania sp. larvae (Fig. 2) in
individuals of L. chaquensis. There were no
differences in mite prevalence between reference
sites (NF1 vs. NF2; Fisher’s exact probability test,
P =0.596). Prevalence was consistently higher in
frogs from the agroecosystems (RF and SF) than
in frogs from the two reference sites (NF1 vs. RF;
P=0.0002, NF1 vs. SF; P=0.0005; NF2 vs. RF; P
= 0.0072, and NF2 vs. SF; P = 0.011). Mean
abundance of Hannemania sp. parasitizing frogs
varied among sites (Kruskal-Wallis KW =30.12, P
= 0.0001; Table 1, Fig. 3). Frogs captured in RF
(194.73 = 20.08) and SF (85.09 = 19.47) had a
greater mean abundance per individual of Hanne-
mania sp. than frogs from the two reference sites
(NF1=0.33 = 0.24 and NF2 =1.14 + 0.63). No
significant (P > 0.05) relationship between SVL
and parasite abundance was found.

High parasitism of Hannemania sp. in amphib-
ian species has been observed worldwide.”'”-** In
Argentina,' specific variation of Hannemania sp.
mites was reported in other native amphibian
species (Pleurodema kriegi and Odontophrynus
occidentalis), and Hannemania minor was particu-
larly described in a congeneric species (Leptodac-
tlus latrans) from Buenos Aires Province.

Although adults of Hannemania sp. were not
studied in the environmental matrices (soil or
sediment) of the agroecosystems, the highest
prevalence of Hannemania sp. in L. chaquensis
collected from the two agroecosystems may be in
agreement with a previous work,?® indicating
edaphic and climatic microhabitat features are
principal parameters involved in variation of mite
abundance. Likewise, higher rates of mite infes-
tation and abundance could be associated with
wet areas, where hosts present higher densities.!s
Considering that soybean and rice fields did not
show significant differences in mite abundance,
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Figure 2. A. Scanning electron micrograph showing a dorsal view of the larval mite of the genus Hannemania
(%200). B. Longitudinal section showing an encapsulated intradermal larval mite (x100). C. A larval mite is
evident inside the cells of the ventral epidermis of the frog (x200). D. Same capsule opened, mite larva removed

(x160).

the possibility of variation in view of humidity of
soil or sediment needs further studies.

Another possible explanation for the high
prevalence of Hannemania sp. may be related to
outcomes based on potential synergistic interac-
tions among pollutants on their effects through

immunological and health disruptions.'® Accord-
ingly, in Argentina it has been reported that
chemical stress in the form of high level of
exposure to pesticides may have reduced the host
ability to resist infection, resulting in higher
parasite loads.** Furthermore, although in the

Figure 3. Ventral view of abundance of Hannemania sp. on limbs of Leptodactylus chaquensis in native forest 1
(A) and rice field (B).
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present work the abundance of mites among
different body parts of L. chaquensis was not
systematically documented, high abundances of
Hannemania sp., approximately 95%, located on
the limbs, was observed. Mite attachment to
limbs could impair activities, such as foraging
and courtship."

According to the present results, L. chaquensis
could be an important host species of Hannemania
sp. in agricultural areas, mainly in rice fields.
Future studies examining the effects of Hannema-
nia sp. parasitism on amphibian survivorship are
also needed. Taxonomic studies are mainly re-
quired to identify the species of Hannemania
larvae infesting L. chaquensis and other amphibian
species.
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