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Anatomical studies of sibling species within Neotropical
lymnaeids, snail intermediate hosts of fascioliasis
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Several anatomical parameters of the reproductive system have been used to distinguish Lymnaea cubensis from
L. viatrix, the snail hosts of fascioliasisin South America and the Caribbean area. Three samples have been collected
inthetypelocalitiesof L. cubensis(Cuba), L. viatrix var. A ventricosa (Argentina, Rio Negro Lower Valley), and L.
viatrix var. B elongata (Peru, Lima), respectively. Only one parameter, the relative lengths of the penis sheath and
preputium, showed significant differences between L. viatrix var. ventricosa and the two other taxa. None of the
studied parameters separated L. cubensis from L. viatrix var. elongata.
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Eleven species of lymnaeid snails have been described
in the Caribbean area and South America. However, only
six species are considered as valid by Hubendick (1951)
and Paraense (1976, 1982a, 1983, 1984, 1986, 1994, 1995):
Lymnaea viatrix d’ Orbigny, 1835; L. diaphana King, 1830;
L. cubensisPfeiffer, 1839; L. cousini Jousseaume, 1887; L.
rupestris Paraense, 1982 and L. columella Say, 1817. This
last species has now avery large distribution in all tropi-
cal countriesparticularly inthe neotropical area(seeMalek
& Chrosciechowski 1964, Paraense 1982b, Gomez et al.
1986). Two other species may be added to that list (i) L.
truncatula (Muller, 1774) from Europe which recently in-
vaded several Andean countries (Oviedo et al. 1995,
Jabbour-Zahab et al. 1997, Mas-Comaet a. 2001, Durand
et al. 2002, Bargues & Mas-Coma 2005); (ii) L. plicata
Hylton-Scott, 1953 from Chubut Province, Argentinawhich
validity has not yet been confirmed.

The morphology of the shell and reproductive system
of five of those species has been well studied and allows
aclear identification (Paraense 1982a, 1984, 1986, 1995,
Samadi et al. 2000, Pointier et a. 2004). However, the case
of two taxa, L. viatrix and L. cubensis, remains unclear.
Regarding L. viatrix, d Orbigny (1835) described two va-
rieties (i) var. A ventricosa from the Rio Negro L ower Val-
ley, Patagonia, Argentina, and (ii) var. B elongata from
Lima, Peru. Afirst study carried out by Paraense (1976) on
topotypic specimensfrom Argentinaand Peru found them
anatomically identical. In asubsequent paper, this author
also considered L. cubensis from Soroa, Cuba, anatomi-
caly indistinguishable from L. viatrix (Paraense 1982b).
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Moreover, an analysis of the genetic variability based on
12 enzymeloci revealed different fixed alleles at nineloci
between two syntopic samples of L. viatrix var. elongata
at thetypelocality in Lima, Peru (Durand et al. 2002). The
absence of heterozygotes within this locality thus indi-
cated the presence of isolated populations or cryptic spe-
cieswithinthevariety elongata. Inthe same study, Durand
et a. (2002) aso found significant genetic differences
between the two taxa from Lima and another population
sampled in BahiaBlanca, Argentina, located about 350 km
tothenorth of thetypelocality for L. viatrix var. ventricosa.
Morerecently, the use of several molecular markers (PCR-
RLFP analysis of the ITS1 and ITS2 rDNA and 16S
rDNAmt using 12 restriction enzymes) in astudy of sev-
eral populations morphologically identified as L. viatrix
from Brazil, Uruguay, and Argentina showed ahigh level
of genetic polymorphism between popul ationswhich was
interpreted as an intra-specific variation (Carvalho et al.
2004).

A morphological comparison of several populations
of L. cubensisfrom the Caribbean areaand several popu-
lations of the introduced L. truncatula from Boliviawas
carried out by Samadi et al. (2000) using several con-
chological and anatomical characters of the reproductive
system. The conchological study showed the presence
of alarge amount of variability within and between popu-
lations that did not allow distinction between taxa. The
analysis of anatomical parameters of the reproductive
system also showed a high variability, but all these char-
acters clearly separated L. cubensis from L. truncatula
independently from their geographical origin. In the
present paper, we use these anatomical charactersin the
same way to see if it is possible to distinguish morpho-
logically L. cubensisfrom L. viatrix. Thematerial studied
included samples from the type localities of L. cubensis
(Cuba), L. viatrix var. A ventricosa (Argentina, Rio Negro
Lower Valley), and L. viatrix var. B el ongata (Peru, Lima).
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MATERIALS AND METHODS

Snailsfrom three populationswere sampledin thetype
localitiesof L. cubensis, L. viatrix, var. A ventricosa, and
L. viatrix, var. B elongata, respectively. Regarding the
type locality of L. cubensis, no specific region of Cuba
wasindicated by Pfeiffer (1839). A sampleof 32 snailswas
collectedin LaPamaarea, Cuba(N 22° 45’ ; W 83° 34').
Theoriginal locality of L. viatrix var. ventricosa was de-
scribed by d’ Orbigny asthe banks of the Rio Negro asfar
as 30-40 km beforeits mouth. In 1973, Paraense collected
asample from irrigation ditches at the city of Viedma (S
40° 49'; W 63° 00'), aplace within the area of Patagonia
indicated by d’ Orbigny as the type locality for this snail
(Paraense 1976). In 2004, these ditches did not exist any
more and careful searchesin thisarearesulted inthe dis-
covery of asinglelymnaeid populationin alocality named
Teniente General Frias(S40° 14’ 98; W 64° 10’ 85) on the
Rio Negro banks about 120 km to the west of Viedma. A
total of 36 snailswas sampled at thissite. The Rio Negro
Lower Valley is a geographical space that centers on an
ecologically homogeneous oasis subregion to the north
of the Somuncura plateau. Climate, physiography, soils,
and vegetation are quite uniform from Choele Choel (S
39° 17, W 65° 35", 132 m above sea level) towards the
east, through to the mouth of the Rio Negro River. Annual
rainfall is230-325 mm, while potential evapotranspiration
is 600-680 mm, so the hydric balance is always negative
(Cuevas-Acevedo 1981). Theoriginal locality of L. viatrix
var. elongata was described by d Orbigny as the sur-
roundings of Lima, Peru. A total of 65 snails was thus
collected along the banks of Rio Lurin in the suburbs of
Lima, Peru(S12°3 ;W 77° 4").

Snailscollected inthefield were allowed to relax over-
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night using menthol. They were thenimmersed for 40 sin
hot water (70°C), fromwhich they weretransferred to water
at room temperature. The soft parts (under water) were
drawn from the shells with forceps applied to the
cephalopedal mass, and fixed in dightly modified Railliet-
Henry’sfluid (distilled water 930 ml, sodium chloride6 g,
40% formalin 50 ml, glacial acetic acid 20 ml). In order to
compare the three samples without size/age bias, only
adult snailsof asimilar size (6.5to 7.8 mm) were used for
anatomical studies. Snailswere dissected under a stereo-
scopic microscope and drawings of the reproductive sys-
tem were made using a camera lucida attachment. The
pictures obtained were digitalized with an * Apple Scan-
ner’. The prostate surfaces (pr surf) were then measured
on 18 specimensfrom Lima, Peru, 14 specimensfrom La
Palma, Cuba and 10 specimens from Frias, Argentina. In
addition, two other characters were measured: the ratio
between preputium and penis lengths (pre/pen), and the
ratio between the anterior and posterior width of the pe-
nis sheath (ant/post; Fig. 1).

Anatomical dataweretested for normality and homo-
geneity of variances using Shapiro-WilksW statisticsand
Bartlett’stest respectively. Theanatomical parameterswere
then compared using an analysis of variance (ANOVA,
Sokal & Rohlf 1995) for thethree sites. When differences
were detected by ANOVA, Bonferroni’ tests were used
since the number of snails at each site were not the same.
Canonical discriminant-function analyses (Blackith &
Reyment 1971) were also used in support to the ANOVA
to determine differences between sites. For thislast analy-
siswe used a data array of ‘pre/pen’, ‘ant/post’, and ‘pr
surf’ asvariables. Thus, each site was described by three
variables.

Fig. 1: anatomy of the reproductive system of the three lymnaeid taxa studied. Left: Lymnaea viatrix var. ventricosa (Argentina); middle:
L. viatrix var. elongata (Peru); right: L. cubensis (Cuba). ag: albumen gland; ng: nidamental gland; od: ovispermiduct; ot: ovotestis; ov:
oviduct; pr: prostate; pp: preputium; ps: penis sheath; rm: retractor muscle; sd: spermiduct; sp: spermatheca; sv: seminal vesicle; va: vaging;
vd: vas deferens. Bar: 1 mm.



RESULTS

Whatever anatomical parameter studied, no departures
from normality and homogeneity of varianceswere found.
The ANOVA results showed significant differences be-
tween sites for only one anatomical character: the pre/
pen ratio (Table ). Multiple range test showed that the
significant differences were found between LaPalmaand
Friasand between Limaand Frias. No difference was ob-
served between LaPalmaand Lima(TableIl). Discrimi-
nant analysis showed differences between sites (Fig. 2).
Thefirst eigenvalue (92.1%) isvery large relative to the
second (7.89%), indicating that the first axis captures most
of the variance among sites. These two canonical dis-
criminant functions account for more than 99% of theto-
tal dispersion of the groups. The classification success
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of the discriminant analysis (Table I11) indicates a high
separation between Frias and the two other sites (Wilks'
statistic A =0.3048; p<0.0001). Overall, 71% of individu-
aswerecorrectly classified (Tablelll).

DISCUSSION

Conchological studies of lymnaeid snails carried out
by Samadi et al. (2000) showed the presence of a large
amount of variability that did not allow distinction be-

TABLE |

Comparison of anatomical parameters among collection sites
by ANOVA test. Differences between sites

Parameter Factors df F P
ant/post Between sites 2 3.07 0.056
pr surf Between sites 2 292 0.066
pre/pen Between sites 2 35.38 < 0.00001

The degree of freedom associated with the error termsisnoted as
df. Three siteswere included: La Palma, Cuba; Lima, Peru; and
Frias, Argentina. ant/post: ratios between the anterior and
posterior width of the penis sheath; pr surf: prostate surfaces;
pre/pen: ratios between preputium and penis lengths.

TABLE Il

Comparison of means ans standard deviations of the three
selected parameters by post-hoc Bonferroni’s test

Parameter  Sites Number Mean SD.
ant/post
LaPama 14 1.20786  0.1345750
Lima 18 113556  0.0819772
Frias 10 1.24100 0.1393200
pr surf
LaPalma 14 191779  4387.74
Lima 18 17225,5 3455.99
Frias 10 211274 4938.40
pre/pen
LaPalma 14 1.05357  0.130656
Lima 18 116111  0.174790
Frias 10 1.62600%  0.213292

Mean values (+ S.D.) of three parameters; ant/post: ratios
between the anterior and posterior width of the penis sheath; pr
surf: prostate surfaces, pre/pen: ratios between preputium and
penislengths; a: statistical difference between LaPalma, Lima,
and Frias (Bonferroni post-hoc test; p < 0.05).

Fig. 2: discriminant analysis of the genital system of topotypes of
Lymnaea viatrix var. A. ventricosa (Argentina), L. viatrix var. B.
elongata (Peru), and L. cubensis (Cuba).

TABLE Il

Classification matrices of the discriminant analysis of the
frequency of assigned casesin LaPalma, Lima, and Frias used
to differentiate lymnaeids samples

LaPama Lima Frias % correct
LaPama 10 4 0 71
Lima 6 11 1 61
Frias 0 1 9 0
Total 16 16 10 71

tween L. truncatula samples from the Old World and Bo-
livia on the one hand and L. cubensis samples from the
Caribbean area on the other hand. However, those au-
thors observed aclear anatomical distinction between the
two taxausing charaters of the male reproductive system.
All the selected anatomical parameters actually separated
the two groups of samples, and confirmed the two ge-
netic clustersthat were previoudly obtained using allozyme
electrophoresis (Jabbour-Zahab et al. 1997). Themost rel-
evant anatomical characters were the size of the prostate
and the relative lengths of the penis sheath and prepu-
tium. The choice of these parameters in our analysis on
topotypic specimens of L. cubensis and L. viatrix also
showed a great variability and only one parameter, the
relative lengths of the preputium and penis sheath, al-
lowed the distinction between L. viatrix var. ventricosa
on the one hand and L. viatrix var elongata and L.
cubensis on the other hand. This statement is supported
by the high classification success of the discriminant
analysis carried out on these samples. None of the stud-
ied parameters allowed a significant separation between
theviatrix var. elongata and cubensis samples. However,
it is noteworthy that the analysis of the genetic diversity
of the same samples has shown that L. viatrix var.
elongata and L. cubensis are quite distinct genetic enti-
ties(Durand et al. 2002).
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Theseresults point out the difficulty of correctly iden-
tifying the species belonging to this group of lymnaeids
using only anatomical characters and confirm the previ-
ous studies carried out by Paraense (1976, 1982b). The
relative lengths of the penis sheath and preputium appear
asarelevant character, which could be used to differenti-
ate some taxa but our study also showed that this charac-
terisof limited valuefor thisgroup of lymnaeids. Further
morphological and molecular studies carried out on much
more populations covering the whole distribution area of
these lymnaeids are necessary to a better understanding
of the taxonomy of this group.

Lymnaeid snails identified as viatrix or cubensis are
commonly cited in the literature as playing the role of
intermediate host for the liver fluke Fasciola hepatica
(Moraesé& Pino 1981, Pino & Morales 1982, Laraet al.
1988, Larreaet al 1993, Rangel-Ruiz 1993, Kleiman et al.
2004, Mas-Coma et al. 2005). Unfortunately, due to the
difficulty of aclear morphological identification, itisquite
impossible to know which speciesisactually involvedin
the transmission of the parasitein order to devel op effec-
tive measures of control. For example, Ueno et a (1975)
reported the occurrence of two intermediate hosts of F.
hepatica in the Bolivian Altiplano, L. viatrix, and L.
cubensis. As amatter of fact, subsequent studies showed
the role of asingle species, the introduced L. truncatula
(Oviedoet a. 1995, Jabbour-Zahab et al. 1997, Mas-Coma
et al.1999, Mas-Comaet a. 2001, Bargues & Mas-Coma
2005). Moreover, molecular studies using microsatellite
markers revealed the presence of asingle genotype of L.
truncatulainthe Bolivian Altiplano (Meunier et al. 2001).
This discovery has important epidemiological conse-
quences because the occurrence of a single species with
an absolute lack of genetic variability could greatly facili-
tate its control.
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