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Tadpoles act as intermediate hosts for a great number of para-
sitic helminth species. The metamorphosing tadpole can serve as
an efficient link between aguatic and terrestrial ecosystems by
transporting larvae of helminthsto terrestrial vertebrates. Accord-
ing to Alford (1999), parasites and commensals of tadpoles have
not been studied extensively. Until recently, few studies have ad-
dressed parasites of different larval stages of amphibiansin South
America(Hamann and Kehr 1997, 1999; K ehr and Hamann 1995).
In North America, to determine the effects of parasitism on per-
formance of amphibians (growth, survival, locomotion), studies
have been carried out under experimental conditions. These stud-

ies have addressed parasitic infection in different amphibian lar-
val stages, juveniles, and adults (Goater 1994; Goater and
Vandenbos 1997; Johnson et al. 1999).

There are very few ecologica studies that examine the interac-
tion between parasitism and other environmental factorsin anurans.
Parasitism may affect anindividual’s growth and survival. Indeed,
ecol ogists have becomeincreasingly interested in determining the
effects of parasitism on their hosts (Minchella and Scott 1991),
especially since theoreticians have shown that parasites can regu-
late host population size (Anderson and May 1979; May and Ander-
son 1979; Thiemann and Wassersug 2000a, b).

Wewereinterested in examining the interaction of parasitism +
environment on amodel anuran species, Pseudis paradoxa, from
the family Pseudidae. This speciesis endemic to South America,
and in Argentina the family is represented by three species:
Lysapsus limellus Cope 1862, Pseudis minuta Gunther, 1859
“1858,” and Pseudis paradoxa (Linnaeus 1758) (Kehr and Basso
1990). Thethree speciesarelargely sympatricin the northern prov-
inces of Formosa, Chaco, Santa Fé, Corrientes, and Entre Rios
(24°00'S—33°00' S; and 56°00' W —62°00' W) (Cei 1980; Gallardo
1987). Pseudis paradoxa uses permanent ponds with floating veg-
etation (Duré and Kehr 2001). Thetadpole of P. paradoxa is char-
acterized by its large size (maximum length = 230 mm; Kenny
1969) particularly compared to the size of the metamorphosed
adult. This gigantism appears to be the result of extended expo-
sure to prolactin in the tadpoles (e.g., during overwintering)
(Emerson 1988). Size variability in P. paradoxa tadpoles from
Argentinean popul ations has been reported by Dixon et al. (1995).

The main goals of this study were: 1) to record and analyze
morphological measurements of tadpoles for different stages; 2)
to determine how many helminth taxainfest P. paradoxa tadpoles
under natural conditions; and 3) to examine the co-occurrence of
parasitetaxa, and the rel ationship between co-occurrence and tad-
pole morphology.

Materials and Methods.—The tadpoles studied were collected
in two ponds located ca. 25 km from Corrientes City, Corrientes
province, Argentina (27°30'S, 58°45'W). Thedistance between the
pondswas 5 km. Pond 1 isasemi-permanent circular pond, ca. 60
m diameter, with a maximum depth at center of ca. 1.5 m. During
the study period, the dominant vegetation was Cyperus spp.,
Salvinia sp., Ludwigia peploides, Nymphoides sp., and Paspalum
sp. Pond surface vegetative cover was 20-30%. Pond 2 is a per-
manent circular pond, ca. 110 m diameter, with amaximum depth
at center of 2 m. During the study period the dominant vegetation
was Salvinia rotundifolia, Pistia stratiotes, and Eichornia
crassipes. The pond contained a wide range of aquatic inverte-
brate organismsincluding abundant snailsbelonging to the family
Planorbidae.

Eight tadpole samples (four per pond) were taken between 28
February and 20 March 1997. The tadpoles were captured with a
45 cm diameter dip net and maintained aivein the laboratory un-
til they were studied (for up to two days after capture). All tad-
poles were anesthetized with ether for study. The developmental
stages (Gosner 1960), body length (i.e., distances from the oral
disc to the beginning of the cloacal tube), oral disc width, intes-
tine length, maximum body height, maximum tail height, maxi-
mum tail muscle height, and maximum body width were recorded
for each tadpole.
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The intestine, kidney, coelomic cavity, muscu-
lature, integument, brain, and eyes of each tadpole
were examined for parasites by dissection. Meta-
cercariae were observed in vivo after anesthetiz-
ing the tadpoles. Parametric tests were used to es-
tablish the relationship between the morphologi-
cal variablesand parasite presence (Kehr 1994; Zar
1996).

We used Principal Component Analysisto 1) ex-
amine the relationship between the tadpoles’ mor-
phometric variables and the variation explained by
the different combinations of them (principal com-
ponents); and 2) to analyze the association among
parasite taxathrough acorrelation matrix based on
the parasite counts. Rel ationships between two sets
of variableswereinvestigated by performing aCa
nonical Correlation Analysis, one independent set
composed of tadpole morphol ogical measurements
and other dependent set formed by abundance of
parasites by taxa.

Statistical tests were carried out using SY STAT
7.0 software. In order for all variablesto have the
sameinfluence on the distance cal cul ation, the vari-
ableswere standardized, subtracting the variable's
sample mean from each value and dividing the dif-
ference by the sampl e standard deviation. The stan-
dardized values have amean of 0 and avariance of
1.

We defined parasite prevalence as the number
of hosts infected with one or more parasite taxa
divided by the total number of hosts examined and
expressed as a percentage. Mean intensity was de-
fined asthe average intensity of aparasitetaxonin
the host infected with that parasite. Bush et al.
(1997) detailed moreinformation on these and other
aspectsof parasiteterminology. Therelation of vari-
ance/mean was used for determining the spatial
distribution of parasites inside the host.

Results—Twenty-seven tadpol eswere collected
(Pond 1: N = 14; Pond 2: N = 13). Thetotal length
of tadpoles ranged from 26.5 to 167.9 mm. Maxi-
mum body length recorded (58.3 mm) was for a
stage 38 tadpole captured in Pond 2 (Table 1).

The principa components and the percentages
of variation accounted for by the morphometric
variables are shown in Table 2. All tadpoles col-
lected (N = 27) wereincluded in thisanalysis. The
first component mainly reflects the sum of body
length, body height, body width, and tail height.
The second component mainly reflects the influ-
enceof oral discwidth variation and thetail muscle
height. The third component mainly reflectsacon-
trast between thetotal length and tail muscle height.

Ten helminth parasite taxa (larvae and adults)
were recorded—ninetrematodes and one nematode
(Table 1). The prevalence, mean intensity, mini-
mum and maximum parasite numbers, and local-
ization aredetailedin Table3and 4. In pond 1 (low
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TaBLE 2. Results of a principal component analysis of morphometric
variables of Pseudis paradoxa tadpoles (N = 27): coefficients of stan-
dardized measurements (each variable: mean = 0 and = 1), and the
percentage of variation explained. Tadpoles analyzed from pond 1 + pond
2 pooled.

Coefficients PC1 pPC2 PC3
Total length 0.726 -0.180 -0.625
Body length 0.959 0.022 0.072
Oral disc width 0.169 -0.923 -0.057
Body height 0.945 0.262 0.082
Body width 0.950 0.131 0.114
Tail height 0.945 0.241 -0.005
Tail muscle height 0.596 -0.561 0.359
Percent of total variance 64.567 19.195 7.831
explained

Cumulative 64.567 83.762 91.593

snail abundance, pers. obs.) the more representative hel minth taxa
infecting the tadpoles, in decreasing order, were: 1) Gyrinicola
sp. (localized in the intestine), 2) Diplostomidae gen. sp. 2 (local-
ized inthe kidneys) and, 3) Diplostomidae gen. sp. 1 (localized in
the kidneys). In pond 2 (high snail abundance, pers. obs.) the hel-
minth taxamore numerous, in decreasing order, were: 1) Gyrinicola
sp. (localized in the intesting), 2) Catadiscus sp. (localized in the
intestine) and, 3) Diplostomidae gen. sp. 1 (localized in the kid-
neys).

The P. paradoxa tadpoles of the two ponds shared four of the
ten parasite taxarecorded. In the kidneys of tadpoles three taxa of
trematodes were recorded from both ponds (Diplostomidae sp. 1,
2 and Digenea gen. sp. 2), and one taxon was observed in the
intestine of tadpolesin thetwo ponds (Glypthelminssp.). Thenema
tode, Gyrinicola sp. was recorded from the intestine of tadpoles
from both ponds.

The principal components and the percentages of variation ac-
counted for by the totality of helminths (pond 1 + pond 2) are
shown in Table 5. The first component mainly reflects a contrast
among the counts of Glypthelmins sp. against the sum of the counts
of Diplostomidae gen. sp. 1, Diplostomidae gen. sp. 2 and
Gyrinicola sp. The second component is mainly a contrast be-
tween the sum of the counts of Catadiscus sp. and Gyrinicola sp.
against Glypthelmins sp. The third component mainly reflectsthe
contrast between the counts of Digenea gen. sp. 2. against
Catadiscus sp. The fourth component is mainly the sum of the
counts of Glypthelmins sp. and Gyrinicola sp. The fifth compo-
nent is mainly the sum of the counts of Diplostomidae gen. sp. 2
and Catadiscus sp.

Canonical correlation analysis (CCA) showed avery strong as-
sociation between the two data sets, one set formed by parasite
taxa (dependent variables) and another by tadpoles morphometric
variables (independent variables) (R?= 0.977; RAO F=2.027, df=
42, 69.1, P= 0.004; Table 6). In Table 6, are summarized the ca-
nonical correlations and the Bartlett test of residual correlations.
Thetwo first canonical correlations were significant, demonstrat-
ing the good associations between the two variables sets.
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Discussion.—Our data agree with the observation of Dixon et
al. (1995) that populations of P. paradoxa tadpolesare highly poly-
morphic. In our tadpole samples we a so recorded great variabil-
ity in the measurements. About 65% of the variation observed in
the tadpoles morphological features were mainly related to body
features differences. Approximately 19% of the tadpole variation
was produced mainly by the oral disc width. Nevertheless, only
about 8% of the variation was attributed to tadpole total length.

Overall, Gyrinicola sp. (Nematodes) and Catadiscus sp. (Trema-
todes) showed the highest abundance and a constant frequency
and, in both cases, infecting the intestine. Amphibians are the de-
finitive host for these parasites (Baker 1987; Prudhoe and Bray
1982). For both cases, theinfection depends directly upon tadpole
feeding behavior because the transmission is through oral inges-
tion of eggs and larvae for the first taxon and metacercariae for
the second. A positive correlation with the tadpole body charac-
teristics was observed for both taxa (Table 6), probably becauseit
isrelated to intestine length.

Gyrinicola sp. had the greatest infestation intensity, prevalence,
and formed big nematode schools in the intestine of tadpoles in
both ponds. These were the only adult helminth parasites encoun-
tered because tadpoles are their definitive host. The oxyurids
(Gyrinicola sp.) belong to a group of parasites with simple life
cycles(SL C) becausethey requireasingle host individual for their
development (i.e., the eggs are directly infective to the host).
Oxyurids are the only nematodes found in both vertebrates and
invertebrates (Baker 1987). They commonly parasitize fishes,
amphibians and reptiles.

Catadiscus sp. were only recorded in the tadpoles captured in
the pond that possessed a great abundance of snails (Planorbidae)
because snails are the intermediary host. Their metacercariae en-
cyst on the substrate (e.g., roots, aquatic vegetation) and they are
ingested when the tadpol es eat. According to Yamaguti (1973) the
life cycle of Catadiscus sp. resembles that of trematodes in the
genus Megalodiscus. Thelife cyclesof Catadiscus sp. can be con-
sidered autogenic because they complete their cycles within the
pond and use definitive hosts which are amost permanently re-
stricted to the pond (e.g., frogs, turtles, snakes). Thislifecycleis
also simple (SLC).

Two other taxa well represented in abundance in both of the
ponds studied were Diplostomidae gen sp. 1 and Diplostomidae
gen sp. 2. These taxa were not as well represented as Gyrinicola
sp. and Catadiscus sp. For Diplostomidae gen sp. 1 and sp. 2 birds
and mammals are the definitive host and inside tadpoles they are
localized in the kidney (Table 4). In both parasite taxa the infec-
tion depends upon either tadpole feeding behavior and cercariae
activity. The parasite penetration is through the skin and cloacae
of tadpoles. The abundance of Diplostomidae gen sp. 1 and sp. 2
was positively correlated with variables related to the tail of tad-
poles (swimming features) (Table 6).

The results suggest that in P. paradoxa tadpoles parasite infes-
tation may be either constant or sporadic in occurrence. These
results agree with Aho (1990) who suggests that communities of
amphibian parasites are generally poor either from the standpoint
of number of speciesor density of individualsthat compose them.
In our study theinfluence of pond type and tadpole morphometric
features were both important factors regulating the helminth
infracommunity. Catadiscus sp., one dominant species, was only
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TaBLE 5. Results of a principal component analysis of helminth parasites: coefficients of parasites
numbers standardized (each variable: mean= 0 and $= 1), and the percentage of variation explained. Hosts
species: tadpoles of Pseudis paradoxa (N= 27) from pond 1 + pond 2 pooled. The only taxa considered

were those with more than 1 parasite in total.

Coefficients PC1 PC2 PC3 PC4 PC5
Diplostomidae gen. sp. 1 -0.798 -0.354 -0.012 0.159 0.238
Diplostomidae gen. sp. 2 -0.672 -0.377 0.188 -0.046 -0.594
Digeneagen. sp. 2 0.051 0.396 0.909 -0.038 0.030
Glypthelmins sp. 0.526 -0.484 0.153 0.674 -0.103
Catadiscus sp. 0.039 0.814 -0.269 0.215 -0.383
Gyrinicola sp. -0.655 0.508 -0.000 0.405 0.217
Percent of total variance

explained 29.962 26.315 15.965 11.559 10.239
Cumulative 29.965 56.277 72.242 83.801 94.040

TaBLE 6. Results of a canonical correlation analysis between two sets of variables: one set formed by six parasite taxa
(dependent variables: Y) and the other set formed by seven tadpole morphometric variables (independent variables: X). Vari-
ables of thetwo setswere standardized (each variable: mean = 0 and §*= 1). The Pseudis paradoxa tadpoles considered (N = 27)
were pooled (Pond 1 + Pond 2). The only taxa considered were those with more than 1 parasite in total. Parasite’s names: Dipl.
1: Diplostomidae gen. sp. 1; Dipl. 2: Diplostomidae gen. sp. 2; Dig. 2: Digenea gen. sp. 2; Glypt.: Glypthelmins sp.; Catad.:

Catadiscus sp., and Gyrin.: Gyrinicola sp.

Parasite taxa
Tadpole variables Dipl. 1 Dipl. 2 Dig. 2 Glypt. Catad. Gyrin.
Tota length 0.136 0.142 0.020 -0.390 0.004 0.288
Body length 0.078 0.120 -0.006 -0.149 0.337 0.651
Oral disc width -0.198 -0.123 -0.167 0.487 0.038 -0.245
Body maximum height 0.242 0.170 0.071 -0.368 0.400 0.770
Body maximum width 0.116 0.057 0.043 -0.256 0.439 0.702
Tail maximum height 0.312 0.260 0.044 -0.411 0.212 0.731
Tail maximum muscle height 0.353 0.333 -0.011 0.044 0.225 0.156
Overall association: R?=0.977; RAO F = 2.027, df = 42, 69.1; P = 0.004
Canonical correlations 1 2 3 4 5 6
0.867 0.802 0.752 0.581 0.297 0.074

Bartlett test of residua correlations

Corrélations 1 through 6: x?= 71551 df= 42 prob = 0.003 *

Corrélations 2 through 6: x?= 45.091 df= 30 prob = 0.038 *

Corrélations 3 through 6: x?= 25551 df= 20 prob= 0.181

Corrélations 4 through 6: x?= 9.698 df= 12 prob = 0.642

Corrélations 5 through 6: x?= 181 df= 6 prob = 0.932

Corrélations 6 through 6: x?= 0105 df= 2 prob = 0.949

* Significant (P < 0.05)

present in the pond where snailswere abundant. Recently, Kehr et
al. (2000) demonstrated the relationship between biotic (parasite
coexistence) and abiotic factors (pond type) on helminth
infracommunity structure in populations of the frog Lysapsus
limellus. The rate at which the host can be infected and the persis-
tence of infection depends strongly on habitat variation, host size,
and diet (Kehr et a. 2000).

Johnson et. a. (1999, 2001), under field and experimenta con-
ditions, identified atrematode parasite (Ribeiroia ondatrae) asthe

340

probable cause of malformations in some species of frog from
North America. In our study, we did not see malformations or ab-
normalities in the P. paradoxa tadpoles.
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