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Abstract

First report of Lernaea cyprinacea (Copepoda: Lernaeidae) in tadpoles and newly-
metamorphosed frogs in wild populations of Lithobates catesbeianus (Anura: Ranidae)
in Argentina. Lernaea cyprinacea is an ectoparasitic copepod that can result in the
mortality of the host by causing hemorrhages, ulcerations, and secondary infections.
Lernaea cyprinacea is widely distributed in Argentina. Previous reports are restricted
almost exclusively to cases of parasitism in fishes; copepod parasitism of anuran larvae is
rarely documented. This is the first record and description of the parasitic infestation of L.
cyprinacaea on tadpoles of the exotic and invasive species Lithobates catesbeianus in
Argentina. A total of 15 tadpoles and 21 newly-metamorphosed individuals of L.
catesbeianus were collected from the mountain town of Rio de los Sauces, and 12 tadpoles
from the Toledo Stream. A maximum of two parasites per host was found, principally in
the cloaca. Clinical symptoms of inflammation hemorrhage and ulcers in the skin with
mucus formation in the attachment area of parasites were observed.
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Resumo

Primeiro relato de Lernaea cyprinacea (Copepoda: Lernaeidae) em girinos e ras recém-
metamorfoseadas em populacdes selvagens de Lithobates catesbeianus (Anura: Ranidae) na
Argentina. Lernaea cyprinacea é um copépode ectoparasita que pode causar a morte do hospedeiro
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devido as hemorragias, ulceragdes e infecgdes secunddrias que provoca. Lernaea cyprinacea esta
amplamente distribuida na Argentina. Os relatos anteriores estdo restritos quase que exclusivamente
a casos de parasitismo em peixes; o parasitismo de larvas de anuros por copépodes tem sido raramente
documentado. Este € o primeiro registro e descri¢do da infestacdo parasitaria de L. cyprinacaea em
girinos da espécie exdtica e invasora Lithobates catesbeianus na Argentina. Um total de 15 girinos e
21 individuos recém-metamorfoseados de L. catesbeianus foi coletado na regido serrana do Rio de
los Sauces, e 12 girinos, no cérrego Toledo. Foi encontrado um médximo de dois parasitas por
hospedeiro, principalmente na cloaca. Foram observados sintomas clinicos de hemorragia, inflamacao
e ulceras na pele, com formacdo de muco na drea de fixacdo dos parasitas.

Palavras-chave: copépode, infeccdes, inflamagao, parasitismo, ra-touro norteamericana.

Introduction

Lernaea cyprinacea 1is an ectoparasitic
copepod of low host specificity (Kabata 1979,
Nagasawa et al. 2007, McAllister et al. 2011); it
has been reported to parasitize a variety of
freshwater fishes (Hoffman 1999, Mancini et al.
2008, Plaul et al. 2010), adult and larval anurans
(Martins and Souza 1996, Alcalde and Batistoni
2005, Kupferberg et al. 2009), and larval stages
of axolotls (Carnevia and Speranza 2003).
Infestations of these copepods can result in high
pathogenicity and mortality by causing hemor-
rhages, ulcerations (Carnevia and Speranza
2003, McAllister et al. 2011), blood loss (Silva-
Souza et al. 2000), and secondary infections
(Schéperclaus 1991). However, the severity and
significance of traumatic lesions and associated
effects depend on the parasite load (Densmore
and Green 2007), the host species, and the
characteristic of host-parasite system (Idris and
Amba 2011).

Lernaea cyprinacea occurs naturally in
Africa, central Asia, the southern region of
Siberia, and also has been reported in Europe,
Japan, and Israel (Schiperclaus 1991, Thatcher
and Williams 1998). Lernaea was introduced
into North and South America by importation of
tropical fishes (Figueira and Ceccarelli 1991);
the copepod is widely distributed in Argentina.
However, most reported findings of this parasite
are restricted almost exclusively fishes (Mancini

4

et al. 2008, Plaul et al. 2010). Copepod parasitism
by of anuran tadpoles is rarely documented, but
it has been reported on field-caught (Baldauf
1961) and laboratory-reared Lithobates cates-
beianus (Martins and Souza 1996), and on field-
caught Hylarana chalconota (Leong 2001). In
Argentina, Alcalde and Batistoni (2005) reported
parasitism of Lernaea sp. on larvae of the hylid
frog Hypsiboas cordobae from Tanti, Cérdoba
Province.

The American bullfrog, Lithobates cates-
beianus (Shaw 1802), is an exotic and invasive
species worldwide, and in the last decade, wild
populations of this species have been found in
Argentina (Sanabria er al. 2005, Pereyra et al.
2006, Barrasso et al. 2009, Akmentis and
Cardozo 2010, Sanabria et al. 2011), particularly
in Cérdoba Province (Akmentis et al. 2009, Nori
et al. 2011). This is the first report and description
of the parasitic infestation of Lernaea cyprina-
caea in early developmental stages of L.
catesbeianus in Argentina.

Materials and Methods

Our study area is located in the southwest of
Cordoba Province, Argentina, at two localities
from which Lithobates catesbeianus has been
recorded: Rio de los Sauces (32°31'53" S,
64°3527" W) and the Toledo Stream (32°27'8" S,
64°3321" W). The montane study area is
characterized by a humid, temperate climate that
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transitions to semi-wet or dry to the west (di
Tada and Bucher 1996). The maximum
temperature is 34°C with an average minimum
of 9°C. Maximum rainfall occurs from October—
March, with an annual average of 901 mm.

The sampling period was December 2013—
March 2014. A series of water quality parameters
(pH, temperature, conductivity, total dissolved
solids and salinity) were measured in sifu with a
digital instrument, Tests TM Multiparameter
35-Series 35425-10.

Tadpoles and recently metamorphosed (staged
fide Gosner 1960) were captured with a net. The
specimens were examined in the laboratory
under stereo microscope Zeiss SR to determine
the parasite presence, number, location, and
lesions produced by L. cyprinacea and then
deposited in the Herpetological Collection of
Ecology, Department of Natural Sciences,
Faculty of Exact, Physical-Chemical and Natural
Sciences, National University of Rio Cuarto,
Cérdoba Province, Argentina.

Parasites were dissected from the host tissue
with needles and preserved in 70% alcohol
(Mancini et al. 2008). Our identification of the
parasites is based on Kabata (1979), Huys and
Boxhall (1991), and Eiras et al. (2003). The
parasitological parameters applied were preva-
lence (P), calculated as proportion of individual
hosts infested in relation to the total sample
analyzed, and mean abundance (MA) calculated
as average number of parasites recorded across

all hosts examined (Margolis et al. 1982, Bush et
al. 1997). Snout-vent length (SVL) and weight
(W) of each individual L. catesbeianus were
recorded with a digital caliper Mahr 16 (0.01
mm) and an Ohaus digital balance (0.01 g),
respectively.

Results

A total of 15 tadpoles and 21 recently
metamorphosed individuals of L. catesbeianus
from the mountain town of Rio de los Sauces
and 12 tadpoles from the Toledo Stream were
collected from December 2013 to March 2014.
Rio de los Sauces had lower pH values than did
the Toledo Stream, but the water temperatures
were similar. Conductivity, total dissolved
solids, and salinity were higher in the Toledo
Stream. There were no statistically significant
differences in any variable between the sites
(Table 1).

Snout-vent length (SVL), weight (W) and
parasitological parameters of each specimen of
L. catesbeianus (tadpoles and recently meta-
morphosed) are shown in Tables 2 and 3.
Statistical comparison of the sites showed that
prevalence of the parasites did not differ signifi-
cantly (Test Binomial. Z ... = 0.05, P > 0.05).

Lernaea parasites (Figure 1A) were usually
found in the cloaca, with a maximum of two
parasites per individual (Figure 1C, D). We
observed clinical symptoms of inflammation,

Table 1. Water variables for the sampling sites (RR = Rio de los Sauces, TS = Toledo stream). Letters show results of
post-hoc tests. Mean values with the same letter are not significantly different (p > 0.05).
RR TS
pH 7.96 +0.38° 8.27 £0.06°
Temperature (°C) 18.34 £ 0.542 18.40 £ 0.69°
TDS (ppm) 138.64 + 54.287 192 + 23.64°

Conductivity (uS)

Salinity (ppm)

197.06 = 78.71°

93.78 £37.9°

257.67 £ 53.00°

133.67 £12.58°
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Table 2. Snout-vent length (SVL), weight (W) and larval stage of each L. catesbeianus individual (tadpoles and
recently metamorphosed). RR = Rio de los Sauces, TS = Toledo stream.

RR TS

Tadpoles SVL (mm) 90.53 + 8.47 53.55 £ 6.91

W (g.) 6.73 +1.67 1.33 £0.50

larval stage 31, 36, 37, 40, 41 27,28, 29, 30, 34

Recently metamorphosed SVL (mm) 49.90 + 12.39 =
W (g.) 4.77 +0.50 -
larval stage 43,44, 45, 46 -

Table 3. Parasitological parameters (P = prevalence, MA = mean abundance) of each L. catesbeianus individual
(tadpoles and recently metamorphosed). RR = Rio de los Sauces, TS = Toledo stream.

RR TS

Tadpoles P 53.33 58.33

MA 0.60 0.58

larval stage parasitized 31,36, 37,40 27,28
Recently metamorphosed P 38.10 -
MA 0.38 =

larval stage parasitized

43, 44, 45, 46, 47 -

hemorrhage, and ulcers in the skin with mucus
formation in the attachment area of the parasites
(Figure 1D). In some cases, only lesions
produced by the attachment of copepods were
observed (Figure 1B). Recently metamorphosed
frogs rarely had parasites, but when present, they
were attached to the cloaca (Figure 1E, F).

Discussion

The environmental conditions of sample sites
in our study seem suitable for Lernaea cypri-
nacea parasitism. Growth of Lernaea sp. is
negatively associated with salinity (Noga 1996,
Shepherd and Bromage 1999, Rodriguez-
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Gutiérrez et al. 2001, Klinger and Floyd 2002).
Both, Rio de los Sauces and Toledo Stream are
lotic environments with low salt concentrations,
thereby favoring parasite occurrence.

Reproduction of Lernaea cyprinacea 1is
affected by high water temperature (Schiperclaus
1991, Stoskopf 1993, Pavanelli et al. 1998).
According to Mancini et al. (2008), there is a
direct relationship between temperature and
parasitic intensity. Temperature values recorded
in this study were low for the season (summer).
However, according to Plaul et al. (2010), these
copepods are adapted to large variety of habitats
offered by different hosts and different
geographical locations.
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Figure 1. (A) Cefaloma of a female Lernaea cyprinacea. (B) Lesion with and without (arrow) the parasite. (C) Female
Lernaea cyprinacea with egg sacs (arrow). (D) Characteristic lesion. (E=F) Recent metamorph with parasites
attached to the cloaca. (A-D scale bar in mm, E-F scale bar in cm.)
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Lernaea cyprinacea shows a high affinity for
early larval stages of Lithobates catesbeianus.
Although host preferences for parasites are
complex, and in the case of generalists, exposure
to parasites depends on larval development
stages (Johnson and Hartson 2009). First, the
epithelial lining of larvae compared to adults is
more sensitive and wet, facilitating adhesion of
the parasite. Second, large host size favors more
parasitic infestation. Our work corroborated
these observations, because larvae of L. cates-
beianus are much larger than recent metamorphs
and have higher prevalence of parasites (Sears et
al. 2012).

We recorded a maximum of two parasites per
host and Alcalde and Batistoni (2005) reported a
maximum of four parasites on the hylid frog
Hypsiboas cordobae in natural conditions.
However, in wild fishes such as Cyphocharax
voga and Oligosarchus jenynsii, maximum
parasite loads of 19 and 16 parasites, respectively,
were reported by Mancini er al. 2008. In our
study, copepods were located preferentially near
the cloaca; this agrees with reports by Martins
and Souza (1996). The low rate of attachment in
other areas of tadpole body may reflect the
absence of structures that can act as physical
support for the parasites (Martins and Souza
1996).

Despite the low parasite load, previous
infestation by copepods was evident by scaring,
as reported by Mancini et al. (2008) and Martins
and Souza (1996). Lesions observed in the skin
of fishes are mainly caused by secondary
bacterial infections (Barson ez al. 2008) that
significantly affect survival of the hosts (Ming
2001, Kupferberg et al. 2009). Low survival
owing to parasite loads also may occur in
bullfrog tadpoles; however, further studies would
be needed to substantiate this. The presence of
hemorrhage and ulcers in the absence of
copepods may be the result of an immune host
reaction (Shariff and Roberts 1989).

Although little is known about the specificity
of Lernaea cyprinacea on bullfrog tadpoles,
copepods have a low host specificity according
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to Plaul er al. (2010). Lithobates catesbeianus is
considered one of the most invasive species in
the world (Lowe er al. 2000). Our study of
parasitism of L. catesbeianus by L. cyprinacea
suggests that copepod parasitism might act as a
natural biological control agent.
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