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Abstract

Larval trematodes infecting the snail Heleobia australis (Cochliopidae) from the Bahia Blanca estuary, Argentina were surveyed
for two years. A total of 7,504 snail specimens was dissected and the larval stages of 15 different trematodes were recovered
and examined morphologically. These larvae included four species that had previously been reported from H. australis in Brazil,
Uruguay, and Argentina: the heterophyid Ascocotyle (Phagicola) longa and the microphallids, Maritrema bonaerense,
Maritrema orensense, and Microphallus simillimus. Three other species, the echinostomatid Stephanoprora uruguayensis, the
microphallid Levinseniella cruzi, and the psilostomid Psilochasmus oxyurus are reported here for the first time as parasites of
H. australis. Eight other trematodes found in H. australis are described and placed in the appropriate superfamilies, families
or genera (Cryptogonimidae, Apocreadiidae, Aporocotylidae, Notocotylidae, Haploporidae, Renicolidae, Himasthla, and Reni-
cola). The prevalence of the trematode taxa infecting H. australis in the Bahia Blanca estuary was low (<3%) with a single
exception (M. simillimus; >20%). Microphallidae were the richest and the most prevalent family, probably because of the high
abundance of crabs — the second-intermediate hosts of certain microphallid species — and the considerable diversity of gulls.
Here we compare the parasite assemblage found in the H. australis from Bahia Blanca estuary with other parasite assemblages

infecting Heleobia spp. and other rissooids from the rest of the world.
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Introduction

Heleobia australis (d’Orbigny, 1835) is a small marine snail
that comprises a major biotic component of the fauna in estu-
aries (De Francesco and Isla 2003) from Rio de Janeiro
(Brazil) to San Antonio Oeste (Argentina) (Gaillard and
Castellanos 1976). The genus Heleobia Stimpson, 1865, a
member of the family Cochliopidae Tryon, 1866, is phyloge-
netically close to the cosmopolitan family Hydrobiidae Stimp-
son, 1865 (Wilke et al. 2001). Both families resemble each
other in anatomical features as well as in ecology and biology
in general (De Francesco and Isla 2004) and have been re-
ported as intermediate hosts of many species of trematodes
(Deblock 1980, Etchegoin 1997).

Larval trematodes infecting H. australis have been reported
in Brazil, Uruguay, and Argentina. To date, seven trematode
species have been recorded (Etchegoin 1997, Etchegoin and
Martorelli 1997, Carnevia et al. 2004, Simdes et al. 2008,
2009, 2010, Alda et al. 2010, 2013): four microphallids [Mi-

crophallus simillimus (Travassos, 1920); Microphallus szidati
Martorelli, 1986; Maritrema bonaerense Etchegoin et Mar-
torelli, 1997; and Maritrema orensense Cremonte et Martorelli,
1998], two heterophyids [4scocotyle (Phagicola) longa Ran-
som, 1920 and Pygidiopsis macrostomum Travassos, 1928],
and a cryptogonimid (A4canthocollaritrema umbilicatum
Travassos, Freitas et Biihrnheim, 1965). Eleven other trema-
todes have been described but not identified to the species level
(Etchegoin 1997). Castro et al. (2006) found larval trematodes
parasitizing H. australis in Uruguay but provided no formal
descriptions or species assignments.

Our aim was to study the larval trematodes that infect
H. australis in the Bahia Blanca estuary (Argentina); where
H. australis, the most abundant benthic species, is the only
cochliopid snail present (Elias et al. 2004). We provide here
the first description of previously uncharacterized larval
trematodes and place them in taxonomic superfamilies or fam-
ilies and sometimes genera. We also provide the redescription
of the sporocyst and metacercaria of M. simillimus and add
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prevalence data along with comments on the diagnoses and
life cycles of all the trematodes reported for H. australis.

Materials and Methods

Snails were collected at low tide on 16 sampling dates from
May 2006 through July 2008 from the intertidal of the Bahia
Blanca estuary, Argentina. In total, 7,504 specimens were re-
covered from three sites within the estuary (Site 1: 38°44°S,
62°22"W; Site 2: 38°46'S, 62°18°W; and Site 3: 38°51°S,
62°07 "W). The snails were kept in an aquarium in the labora-
tory until parasitological examination. We kept the snails in-
dividually in 2-ml vials under an 8-h-light to 16-h-dark
lighting regime for three consecutive days at room tempera-
ture to promote cercarial emergence. Cercariae were studied
alive under a compound microscope before being fixed in hot
10% (v/v) formaldehyde. For microphallids and heterophyids,
we used neutral red to stain the penetration gland cells.

All snails were dissected to check for the presence of
prepatent infections and examine the intramolluscan stages
and metacercariae. However, the first intramolluscan stage —
the mother sporocyst — was never observed.

The metacercariac were placed in small Petri dishes
containing saline solution for 48 h at 39-40°C to facilitate
excystment. Metacercariae of M. simillimus excysted without
external manipulation, whereas the renicolid metacercariae
could be excysted only through the use of dissection needles.
The metacercariae belonging to the families Notocotylidae
and Haploporidae and those of the species Psilochasmus oxyu-
rus (Creplin, 1835) could not be excysted. Cysts and excysted
metacercariac were fixed in 10% (v/v) formaldehyde.

Drawings were made with the aid of a camera lucida. For
each larval trematode described, measurements were based on
specimens fixed in hot 10% (v/v) formaldehyde solution and
are expressed in micrometres as the range followed by the
mean + sd and the number of specimens in parentheses. Over-
all prevalence (i.e., over all sites and through all dates) was
calculated following Bush et al. (1997) for each trematode
taxon except for M. orensense, M. bonaerense, and L. cruzi
where the prevalence was estimated for all three together be-
cause the similarity between those larval stages did not allow
us to differentiate them until later experimental infections and
further studies were done (Alda et al. 2013). Voucher material
of the larval trematodes described here for the first time was
deposited in the Helminthological Collection of La Plata Mu-
seum (MPHC) and voucher specimens of H. australis in that
museum’s Malacological Collection (MPMC 13532).

For scanning electron microscopy, larval trematodes were
fixed in hot 10% (v/v) formaldehyde without pressure, dehy-
drated through a series of ethanol concentrations, immersed
in hexamethyldisilazane for 1 min, and air dried at room tem-
perature. The trematodes were mounted and coated with gold
and micrographs were obtained with a Philips SEM 505 scan-
ning electron microscope.

To locate the site of infection within the snail, some of the
infected snails with patent infections were fixed in Bouin’s
fluid for at least 10 days. The decalcified shells were then re-
moved and the soft tissues embedded in paraffin for slicing at
a thickness of 4 micrometres. The serial sections obtained
were stained with hematoxylin and eosin. The sites of infec-
tion of Himasthla sp., P. oxyurus, and the apocreadiid were
not determined by the procedure described above because
these taxa were rare and therefore dissected in order to study
the intramolluscan stages. We did not compare the larval
trematodes described here with those from snails other than
Heleobia. Trematodes are frequently highly specific towards
their first intermediate snail host (Cribb et al. 2001), though
we do assume that a single trematode species would infect
snails that belong to the same genus (Hechinger 2007).

Results

Of the 7,504 specimens dissected 2,126 were infected (28%).
Table I lists the 15 different larval trematodes found in H. aus-
tralis in the Bahia Blanca estuary including the type of
intramolluscan stage present, the second intermediate host, the
definitive host, and the prevalence.

Family Heterophyidae Leiper, 1909
Ascocotyle (Phagicola) longa Ransom, 1920
Prevalence: 0.9%

Remarks

The morphologic features of the redia and cercaria were con-
sistent with the characteristics of Ascocotyle (Phagicola) longa.
The most distinctive features of this species are the lack of
setae and the possession of a cercaria with a tail with small
ventro-terminal fin fold and small spine-like structure at cau-
dal extremity; two rows of acicular spines on its anterior bor-
der and small papillae on its lateral and posterior border; seven
pairs of penetration gland cells; 16 flame cells; a V-shaped ex-
cretory vesicle; and a caudal excretory duct extending into tail,
bifurcating at base of tail, and opening as lateral excretory
pores (Simdes et al. 2010). Simdes et al. (2010) first described
the redia and the cercaria of 4. (P.) longa from H. australis in
Brazil, the only difference with the one found in this study
being the shorter rediae (258443 vs 470-500). This difference
could be a result of different degrees of development of the re-
diae. Simdes et al. (2010) found A. (P.) longa parasitizing the
gonad and digestive gland, whereas we detected this species in
only the gonad. Martorelli and Etchegoin (1996) and Etchegoin
(1997) reported a similar larval stage in H. australis and Heleo-
bia conexa (Gaillard, 1974), which stage they named Pleu-
rolophocercaria III. Their material, however, differs from A.
(P.) longa in having a single row of acicular spines instead of
two. Carnevia et al. (2004) and Castro ef al. (2006) found A.
(P.) longa parasitizing H. australis in Uruguay but provided
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Table I. Larval trematodes infecting the snail Heleobia australis from the Bahia Blanca estuary in Argentina. Prevalence was calculated over
all sites and dates. tPrevalence for Maritrema orensense, Maritrema bonaerense, and Levinseniella cruzi was estimated for all three together

Taxon Intramolluscan Second Definitive Prevalence (%)
stage intermediate host host N =17,504

Heterophyidae

Ascocotyle (Phagicola) longa redia mullets birds, mammals 0.9
Cryptogonimidae

Cryptogonimidae gen. sp. redia fish fish, reptiles, amphibians 0.3
Apocreadiidae

Apocreadiidae gen. sp. redia snails, bivalves, annelids fish, chameleons 0.1
Aporocotylidae

Aporocotylidae gen. sp. sporocyst - fish 0.1
Notocotylidae

Notocotylidae gen. sp. redia - birds, mammals 0.2
Haploporidae

Haploporidae gen. sp. redia - fish 0.3
Psilostomidae

Psilochasmus oxyurus redia, metacercaria Heleobia spp. birds redia: 0 1.;

metacercaria: 0.2

Echinostomatidae

Himasthla sp. redia molluscs, Polychaeta birds 0.1

Stephanoprora uruguayensis redia fish birds 0.1
Microphallidae

Maritrema orensense sporocyst crabs gulls 1.7%

Maritrema bonaerense sporocyst crabs gulls 1.7%

Levinseniella cruzi sporocyst crabs birds (including gulls) 1.7%

Microphallus simillimus sporocyst, metacercaria - birds 242
Renicolidae

Renicola sp. sporocyst bivalves, fish birds 1.3

Renicolidae gen. sp. metacercaria Heleobia australis birds 2.3

no formal description. Simdes et al. (2010) elucidated the life
cycle of this widespread species; which uses mullets as sec-
ond-intermediate hosts and birds and mammals, including man,
as definitive hosts. Ascocotyle (P.) longa is one of the causative
agents of heterophyiosis, an emerging fish-borne disease of hu-
mans, contracted by the consumption of raw mullet (Martorelli
et al. 2012). Recently, metacercariae of 4. (P.) longa were
found in mullets from Samborombén Bay, located 550 km
northeast of the Bahia Blanca estuary (Martorelli et al. 2012).
The present study, along with the reports of Martorelli ez al.
(2012) and Santos et al. (2013), represents a warning about the
potentially major impact of this parasite on public health in
South America. We assume that the life cycle of 4. (P.) longa
in the Bahia Blanca estuary would be as described in Brazil
since mullets have been reported in the estuary (Lopez Cazorla
2004). This record is the southernmost one of 4. (P.) longa.

Family Cryptogonimidae Ward, 1917
Cryptogonimidae gen. sp.

Voucher material: MPHC 6555.
Prevalence: 0.3%

Redia (Fig. 1A)

Found in gonad of H. australis. Body sac-like, without ap-
pendages, 240-597 (379 + 138, n= 11) long and 87153 (124 +
24, n = 10) wide, filled with germinal balls and up to 20 devel-
oping cercariae. Pharynx 12-37 (29 + 6, n = 12) long and
20-40 (27 £ 6, n = 20) wide, short caecum with colorless matter.

Cercaria (Figs 1B-C; 2A)

Body pyriform, 153-214 (187 + 17, n = 20) long and 51—
110 (83 £ 17, n = 20) wide. Tegument around oral sucker
covered with spines. Tail longer than body, 331-450 (398 +
35,n= 11) long and 23-36 (30 £ 4, n= 13) wide, deeply at-
tached into pronounced subterminal socket, with many mus-
cular fibres and a dorsoventral fin covering entire anterior
extension and the two posterior thirds of ventral extension
of tail. Pair of eyespots located posterior to oral sucker,
7-15 (12 £2,n = 20) long and 6-29 (19 £ 6, n = 20) wide.
Oral sucker terminal, with 7 acicular spines on its anterior
border (Fig. 2A), 19-38 (31 £ 5, n = 17) long and 24-33
(28 £ 3, n = 17) wide. Ventral sucker, pharynx, and intes-
tinal caeca not developed. Seven pairs of penetration gland
cells at mid-body arranged in 2 pairs of rows (3 + 4); ducts
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Fig.
D-E: Apocreadiidae gen. sp. (D: redia, E: cercaria); F-G: Aporocotylidae gen. sp. (F: daughter sporocyst, G: cercaria). Scale bars: A, 20 pum;
B-F, 100 pm; G, 50 um

1. Line drawings of the larval trematodes. A—C: Cryptogonimidae gen. sp. (A: redia, B: cercaria, C: anterior part of cercaria in detail);
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Fig. 2. Larval trematodes under scanning electron microscopy. A: Cryptogonimidae gen. sp., anterior part of cercaria showing acicular spines
and tegument covered with spines; B: Haploporidae gen. sp., cercaria showing socket where tail is attached and dorsal groove of tail; C:
metacercaria showing lateral filaments of the outermost wall; D: Himasthla sp., tegument with small spines located in holes; E-F:
Stephanoprora uruguayensis (E: ventral sucker showing flattened spines around opening, F: oral sucker showing the flattened spines on an-

terior border)

group at eyespot level, pass oral sucker in 2 groups, and
open via 4 groups of 3, 4, 4, and 3 outlets on anterior ex-
tremity (Fig. 1C). Excretory vesicle V-shaped, with thick
epithelial wall. Flame-cell formula 2[(2 + 2) + (2 + 2)] =
16. Cercariae very motile, alternate periods of swimming
and resting; during latter sink to bottom with body and tail
forming a right angle.

Remarks

According to Schell (1970), a cercaria with a bilobed, thick-
walled, and epithelial excretory vesicle and a dorsoventral
fin and without a ventral sucker and lateral fins (pleurolopho-
cercaria) belongs to the superfamily Opisthorchioidea Looss,
1899 comprised of the families Cryptogonimidae, Opisthor-
chiidae Looss, 1899, and Heterophyidae. The presence of a
well developed dorsoventral fin, however, is characteristic of
cryptogonimids. Three cryptogonimid species have been de-
scribed from Heleobia spp. from South America: Acanthocol-

laritrema umbilicatum Travassos, Freitas et Bithrnheim,
1965 in H. australis from Brazil (Simdes et al. 2008), Acan-
thostomum brauni Mafie Garzon et Gil, 1961 in Heleobia
castellanosae (Gaillard, 1974) (Ostrowski de Nufez 1987),
and Acanthostomum gnerii Szidat, 1954 in Heleobia
parchappii (d’Orbigny, 1835) (Ostrowski de Nunez 1974,
Ostrowski de Nufiez and Gil de Pertierra 1991). The larval
trematode described here differs from A. umbilicatum in
having a longer body (153-214 vs 115-126), a longer tail
(331-450 vs 251-294), and a larger oral sucker (19-38 x
24-33 vs 18-23 x 18-23) and from A. brauni and A. gnerii
in lacking setae in the cercaria and redia and in having fewer
flame cells (16 vs 36) along with a tail lacking a thick tegu-
ment but with a dorsoventral fin attached to the anterior end.
Our description agrees with that of Pleurolophocercaria I by
Martorelli and Etchegoin (1996) and Etchegoin (1997)
based on materials from H. conexa and H. australis. Cryp-
togonimids encyst in fish and mature in fish as well, but also
in reptiles and, though only rarely, in amphibians (Miller
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and Cribb 2008). This trematode family has not yet been re-
ported in marine and estuarine fish from Argentina. The lar-
val stage characterized here presumably belongs to an
undescribed species that parasitizes fish in the Bahia Blanca
estuary.

Family Apocreadiidae Skrjabin, 1942
Apocreadiidae gen. sp.

Voucher material: MPHC 6554.
Prevalence: 0.1%.

Redia (Fig. 1D)

Found in upper coils of snail body, specific organ not deter-
mined because of a lack of serial sections. Body sac-like, with-
out appendages, 308—666 (442 + 126, n = 10) long and
130-179 (157 £ 16, n = 10) wide, filled with germinal balls
and developing cercariae. Pharynx 39-58 (53 £ 6, n = 10)
long and 45-58 (53 £4, n = 10) wide; short and round caccum
with dark matter, 88—185 (107 =31, n = 9) long and 58-133
(97 £ 24, n = 9) wide, located in first body third.

Cercaria (Fig. 1E)

Body oval, 203-327 (226 + 31, n = 14) long and 110-143
(129 £ 11, n = 14) wide. Tegument covered with setae from
mid-level of oral sucker to mid-level of excretory vesicle. Tail
long, 303-350 (325 + 14, n = 14) long and 3040 (34 + 3,
n = 14) wide, armed with 3 pairs of setae at mid-length. Pair
of eyespots posterior to oral sucker, 13—18 (17 £2,n= 14) in
diameter, 20-33 (26 + 4, n = 14) apart. Oral sucker subtermi-
nal, 47-63 (52 + 4, n = 14) long and 43-50 (47 + 3, n = 14)
wide. Ventral sucker equatorial, 37-50 (43 + 4, n = 14) long
and 43-57 (50 + 4, n= 14) wide. Mouth subterminal; prephar-
ynx long; pharynx 27-37 (30 + 3, n = 13) long and 17-23
(18 +2, n= 13) wide; oesophagus short; intestinal bifurcation
anterior to ventral sucker; caeca extending to anterior end of
excretory vesicle. Five pairs of penetration gland cells located
laterally to pharynx; ducts pass oral sucker in 2 groups, and
open anterior to oral sucker in 4 groups of 2, 3, 3, and 2 out-
lets. Excretory vesicle round, with thick epithelial wall.
Flame-cell pattern not observed. Cercariae alternate periods
of swimming and resting.

Remarks

According to Schell (1970), a distome cercaria with setae on
the tail and body, eyespots, and an epithelial excretory vesi-
cle belongs to the genus Homalometron Stafford, 1904
within the Family Apocreadiidae Skrjabin, 1942 (Cribb
2005). Three apocreadiid cercariae have been described from
Heleobia spp.: Homalometron pseudopallidum Martorelli,
1986, a parasite of H. castellanosae (Martorelli 1986a); Cer-
caria heleobicola 11, a parasite of H. conexa and H. australis
(Martorelli 1989, Etchegoin 1997); and Cercaria ophtalmo-

gymnocephala, a parasite of Heleobia hatcheri (Pilsbry,
1911) (Flores 2004). The larval trematode described here dif-
fers from H. pseudopallidum in having larger eyespots (13—
18 vs 8—12), fewer penetration gland cells (5 vs 6), and a
smaller redia (308—666 x 130-179 vs 700—1,300 x 200-
400); from Cercaria heleobicola 11 in having a narrower
body (110-143 vs 162), a larger tail (303-350 x 30—40 vs
225 x 5), and fewer penetration gland cells (5 vs 6); and from
Cercaria ophtalmogymnocephala in having a larger tail
(303-350 x 30-40 vs 226-228 x 17-24), a longer pharynx
(27-37 vs 17-24), and more penetration gland cells (5 vs 4).
The life cycles of the apocreadiids include cercariae with
eyespots and setae that parasitize prosobranchs, as the form
described here; these cercariae encyst in invertebrates such
as snails, bivalves, and annelids (Stunkard 1964a, Martorelli
1986a, Scholz et al. 1995). The adults have been found in
both marine and freshwater fish and also chameleons (Olson
et al. 2003). No reports describing this family in the Argen-
tine Sea or in the estuaries have been published. The larval
stage recorded by us could belong to an undescribed species
that parasitizes fish in the Bahia Blanca estuary.

Family Aporocotylidae Odhner, 1912
Aporocotylidae gen. sp.

Voucher material: MPHC 6556
Prevalence: 0.1%

Sporocyst (Fig. 1F)

Found in gonad and digestive gland of H. australis. Daugh-
ter sporocyst sac-like, small, 83—178 (139 £ 41, n = 6) long
and 50-122 (84 =27, n = 6) wide, containing 2-3 developing
cercariae.

Cercaria (Fig. 1G)

Body ventrally curved, cylindrical, slender, translucent,
small, 76-115 (88 £ 12, n= 10) long and 24-34 (29+3,n=
10) wide, without a dorsal fin. First anterior fifth densely cov-
ered with spines, arranged in several rows; first 2 rows con-
sisting of conspicuous spines, remaining diminishing
gradually in size. Tail stem muscular, striated, 159-187 (169
+9,n=9) long and 14-17 (14 + 1, n = 9) wide; furcae 53—
80 (62 + 8, n=9) long and 9-12 (11 + 1, n = 9) wide, bear-
ing dorsoventral fin folds. Oral sucker, ventral sucker, and
digestive system absent. Eight pairs of penetration gland
cells; 7 arranged in 2 groups on each side of body, ducts run-
ning forward in 2 groups and opening in groups of 3, 4, 4,
and 3 outlets at anterior extremity; an additional pair of pen-
etration gland cells located between ducts of the 7 pairs of
gland cells, ducts open posterior to the 7 outlets. Excretory
vesicle rounded; caudal excretory duct extends into tail, bi-
furcating and opening at the end of the furcae. Flame-cell pat-
tern not observed. Cercaria very motile, alternating periods
of swimming and resting.
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Remarks

The absence of suckers, eyespots, and digestive system and
the presence of tail with furcae bearing fin folds, eight pairs
of penetration gland cells, and two excretory pores at the end
of the furcae, places this trematode in the family Sanguini-
colidae von Graff, 1907 (Combes 1980), now considered
Aporocotylidae (Bullard et al. 2009). Representatives of this
family possess a cercaria with a well developed dorsal fin
fold on the body. In some species the latter is missing e.g., in
Sanguinicola davisi Wales, 1958, a parasite of snails in the
USA (Combes 1980) and in Cardicola forsteri Cribb, Dain-
tith and Munday, 2000, a parasite of polychaetes in Australia
(Cribb et al. 2011). Etchegoin (1997) found a similar trema-
tode parasitizing H. australis and H. conexa that differs from
the present description in having an opaque cercarial body,
three pairs of penetration gland cells, a triangular refractile
structure near the anterior extremity, a shorter tail stem
(30-36 vs 159-187), and shorter and narrower tail furcae
(17-18 x 7-8 vs 53-80 x 9—12). The present example con-
stitutes the second formal description of a larval trematode
of the family Aporocotylidae in Argentina. Aporocotylids
emerge from an invertebrate host and actively penetrate fish
to mature in the vascular system (Cribb et al. 2011). All
known marine aporocotylid cercariae emerge from bivalves
and polychaetes, whereas freshwater species emerge from
gastropods (Cribb ef al. 2011). We suspect that the defini-
tive host of the form described here may thus be more in the
freshwater than in the marine portion of the estuary. In
Argentina a single species, Sanguinicola coelomica (Szidat,
1951), has been reported in siluriform fishes from the Rio
de La Plata estuary (Szidat 1951, Lunaschi 1985, Avendafo
de Mac Intosh and Ostrowski de Nufiez 1998). The last au-
thors also mentioned the presence of an aporocotylid para-
sitizing H. parchappii but provided no description of this
form. The larval stage described here may belong to
S. coelomica or to some as-yet-undescribed aporocotylid.

Notocotylidae Liihe, 1909
Notocotylidae gen. sp.
Voucher material: MPHC 6553.
Prevalence: 0.2%.

Redia (Fig. 3A)

Found in digestive gland and gonad of H. australis. Body sac-
like, without appendages, 295-660 (503 + 129, n = 13) long
and 110-240 (186 £ 47, n = 13) wide; pharynx 25-67 (49 +
13, n= 13) long and 20-57 (40 £+ 10, n = 13) wide; intestinal
caecum located in first half of body, contains dark matter.

Cercaria (Fig. 3B)

Monostome, triocellate cercaria. Body oval, strongly pig-
mented, brownish, with abundant cystogenous gland cells,

347483 (419+39,n= 11) long and 137-213 (176 + 24, n=
11) wide. Tail simple, cylindrical, with blunt end and with 2
rows of caudal bodies, 270—417 (334 + 48, n = 10) long and
37-70 (62 + 9, n = 10) wide. Three eyespots arranged in tri-
angle present near anterior extremity; lateral eyespots with
pigment dispersed nearby, 12-27 (17 £ 4, n = 9) in diameter,
anterior to intestinal bifurcation; median eyespot posterior to
oral sucker, smaller, not developed in younger cercariae. Pair
of adhesive pockets situated at posterior extremity. Oral sucker
subterminal, 33-63 (42 £ 9, n = 10) long and 2747 (41 £ 5,
n= 10) wide. Ventral sucker absent. Mouth subterminal, phar-
ynx absent, oesophagus bifurcates at level of lateral eyespots
into 2 intestinal caeca reaching close to anterior border of ex-
cretory vesicle. Two primary excretory ducts, anteriorly pass-
ing between lateral-eyespots, expanding anterolaterally, and
uniting at level of median eye, posteriorly opening into small,
round excretory vesicle. Primary ducts filled with dense spher-
ical granules. Caudal excretory duct enters tail. Excretory
pore, flame-cell pattern, and genital primordia not observed.
Cercaria matures outside redia inside snail. Once emerged,
cercaria swims and encysts on hard substrates (found on shell
and operculum of snails).

Metacercaria (Fig. 3C)

Cyst opaque, sub-spherical, 153-190 (169 = 11, n= 10) in di-
ameter, with 2 layers, inner layer 3—7 (5 + 2, n = 9) thick, outer
layer 7-13 (10 £ 3, n = 9) thick.

Remarks

The absence of a ventral sucker and the presence of abun-
dant cystogenous gland cells, eyespots, adhesive pockets,
and primary excretory ducts united anteriorly indicate
that this form may belong to the families Notocotylidae or
Pronocephalidae Looss, 1899 (Schell 1970). According to
Yamaguti (1975), however, the cercariae of the latter family
possess a head collar. Three notocotylid cercariac have been
described from Heleobia spp.: Catatropis hatcheri Flores et
Brugni, 2006, a parasite of H. hatcheri (Flores and Brugni
2006); Cercaria littoridinae, a parasite of H. parchappii
(Szidat and Szidat 1961); and Cercaria notocotylidae sp. 1,
a parasite of H. australis and H. conexa (Etchegoin 1997).
Only the last two forms have the primary excretory ducts as
described above. Cercaria littoridinae differs from the pres-
ent material in having a smaller cercarial body (250 x 110
vs 347-483 x 137-213) and a smaller oral sucker (28 x 15 vs
33-63 x 27-47), while Cercaria notocotylidae sp. 1 differs
in having a shorter cercarial body (290-330 vs 347—483) and
a smaller metacercarial cyst (55 vs 153—190). Notocotylids
encyst predominantly on molluscan shells or on vegetation
and mature in birds and mammals (Barton and Blair 2005).
The notocotylid stages described here may belong to a
recorded species whose life cycle has not yet been eluci-
dated, or to an unrecorded species.
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A

Fig. 3. Line drawings of the larval trematodes. A—C: Notocotylidae gen. sp. (A: redia, B: cercaria, cystogenous gland cells illustrated in de-
tail in the left part of body, C: metacercaria); D-E: Haploporidae gen. sp. (D: redia, E: cercaria, cystogenous gland cells and penetration-gland

cells not shown). Scale bars: A—E, 100 pm

Haploporidae Nicoll, 1914
Haploporidae gen. sp.
Voucher material: MPHC 6552.
Prevalence: 0.3%.

Redia (Fig. 3D)

Found in digestive gland and gonad of H. australis. Body sac-
like, without appendages, 417-627 (523 £ 70, n = 10) long
and 90-210 (161 + 38, n = 10) wide, filled with germinal balls
and developing cercariae. Pharynx 43-57 (50 + 5, n = 10)
long and 33—47 (39 £ 4, n = 10) wide; caecum dark, located
in first third of body.

Cercaria (Figs 2B, 3E)

Biocellate, distomate cercaria with simple, slender tail. Body
oval, 364-579 (479 + 66, n = 13) long and 133-186 (160 = 18,
n = 13) wide. Tegument covered with minute spines. Tail at-
tached to pronounced terminal socket, 363-543 (467 £ 64,
n=9) long and 36-57 (44 + 8, n = 11), wide near base, with
dorsal groove almost reaching posterior extremity (only visi-
ble in SEM micrographs, Fig. 2B). Oral sucker subterminal,
53-100 (86 £ 17, n = 14) long and 67-114 (95 + 14, n = 14)
wide. Ventral sucker protruded, slightly postequatorial, 64—93
(76 £9,n= 12) long and 57-107 (81 £ 13, n= 12) wide. Eye-
spots located between oral sucker and pharynx. Prepharynx
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long; pharynx 50-57 (54 £ 3, n = 8) long and 33-50 (44 £+ 6,
n = 8) wide; oesophagus long, bifurcation anterior to ventral
sucker; caeca extending close to posterior extremity of body,
first half of caeca narrow, second half wide. Excretory vesicle
Y-shaped, continues in small chamber that divides into 2 short
ducts opening laterally in first quarter of tail. Flame-cell pat-
tern and genital primordium not observed. Cercariae mature
outside rediae, inside snail. After emerging, cercariae lose tails
and encyst free in water column, probably becoming entan-
gled in algal filaments.

Metacercaria (Fig. 2C)

Cyst oval, 160-233 (200 =26, n= 11) x 130-230 (179 + 35,
n= 11). Wall bi-layered; inner layer hard, 3—-19 (8 + 5,n=9)
thick; outer layer thin, consists of 2 caps attached to inner cyst
wall on both polar sides of cyst, each with 12—14 lateral fila-
ments (only visible in SEM micrograph, Fig. 2C); filaments
not attached to inner cyst wall and joined to each other at the
ends.

Remarks
Characters such as the presence of eyespots, a stenostomate

excretory system, oral and ventral suckers, a long tail in the
cercaria, the lack of collar and stylet (gymnocephalous cer-

caria), and the metacercaria encysting in aquatic environment
place this trematode in the family Haploporidae (Overstreet
and Curran 2005). Within this family, only three species have
metacercariac with lateral extensions on the cyst wall: Sacco-
coelioides martini Madhavi, 1979 from Stenothyra blanfor-
diana Nevill, 1880 in India (Shameem and Madhavi 1991);
Saccocoelioides pearsoni Martin, 1973 from Posticobia bra-
zieri (Smith, 1882) in Australia (Martin 1973); and Culuwiya
tilapiae Nasir et Gomez, 1976 from Pyrgophorus cf. spiralis
(Guppy, 1864) in Venezuela (Diaz et al. 2009). The larval
stage described here differs from all three species in the shape
of the excretory vesicle. Many haploporid cercariae have been
described parasitizing Heleobia spp.: Saccocoelioides octavus
Szidat, 1970 in H. parchappii (Szidat 1970), Saccocoelioides
sp. in Heleobia piscium (d’Orbigny, 1835) (Ostrowski de
Nuiiez 1975), Saccocoelioides carolae Lunaschi, 1984 in
H. parchappii (Martorelli 1986b), cercaria Haploporidae sp. 1
and cercaria Haploporidae sp. 2 in H. australis and H. conexa
(Etchegoin 1997), Cercaria heleobicola 111 in H. australis and
H. conexa (Martorelli 1989, Etchegoin 1997), and Dicrogaster
fastigata Thatcher et Sparks, 1958 in H. conexa (Lado 2011).
None of these haploporids, however, have a metacercaria with
lateral extensions on the cyst wall. Haploporid cercariae en-
cyst freely in the water column or in association with algae,
and mature in marine and freshwater fish (Overstreet and
Curran 2005). According to Shameem and Madhavi (1991),

Table II. Cercaria and redia of Psilochasmus oxyurus in the present study, in Szidat (1957), and in Etchegoin (1997). H: host; L: locality. Meas-

urements in micrometers

Present study
H: Heleobia australis
L: Bahia Blanca estuary

Szidat, 1957
H: Heleobia parchappii
L: Chascomus lagoon

Etchegoin, 1997
H: Heleobia conexa
L: Mar Chiquita coastal lagoon

Cercaria

Body length 382 (350-423)
Body width 132 (107-150)
Oral sucker length 59 (57-60)
Oral sucker width 46 (37-50)
Pharynx length 34 (30-37)
Pharynx width 27 (23-30)
Oesophagus length 83 (73-97)
Oesophagus width 32 (27-40)
Intestinal caeca length 188 (157-207)
Intestinal caeca width 10 (8-13)
Ventral sucker length 63 (53-73)
Ventral sucker width 77 (67-83)
Tail length 336 (307-357)
Tail width 32 (27-37)
Redia

Body length 1,538
Body width 308
Pharynx length 69
Pharynx width 92

580 1,150 (1,050-1,220)
220 480 (440-540)
70 (diameter) 145 (140-150)
- 130 (120-150)
50 (diameter) 62 (60—68)
- 47 (45-53)
150 (diameter) 300 (270-330)
- 220 (180-240)
- 750 (690-830)
- 120 (90-150)
950 1,890 (1,540-2,210)
100 360 (320-410)
30 (diameter) 34 (30-38)
- 42 (38-45)
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the long filaments of the metacercarial cyst of S. pearsoni and
S. martini probably help them to become entangled in the algal
filaments, the favorite food of mullets, thus aiding transmis-
sion. Such an entanglement could occur in the example of the
metacercarial cyst described above. The larval trematode char-
acterised here may be some undescribed haploporid species
that parasitized mullets or other fish.

Psilostomidae Looss, 1900

Psilochasmus oxyurus (Creplin, 1825)

Prevalence: 0.1% (snail as first intermediate host); 0.2%
(snails as second intermediate host).

Remarks

The morphology of the redia, cercaria, and metacercaria is
consistent with those of Psilochasmus oxyurus. The most
representative characteristics of the cercaria of this species
are its having a body with numerous cystogenous gland cells
and papillac with short setae, a tail with a dorsoventral fin
fold covering the entire dorsal extension and the posterior
third of ventral extension of tail, a wide oesophagus and
caeca, an intestinal bifurcation anterior to ventral sucker,
a large and protruded ventral sucker, a small excretory vesi-
cle, and dark primary excretory ducts (Szidat 1957). The
metacercariae of P. oxyurus is encysted in a large and round
cyst with hard wall and the body has a large and protruded
ventral sucker (Szidat 1957). The larval stages of Psilochas-
mus oxyurus were first described from H. parchappii by
Szidat (1957). Etchegoin (1997) and Ostrowski de Nufez
(2007) found P. oxyurus in H. conexa in the Mar Chiquita
coastal lagoon and in a pond in the Zoological Garden in
Buenos Aires City (Argentina), respectively; the latter au-
thor did not provide a description. The cercaria found in this
study, however, was smaller (Table II) than the ones de-
scribed by Szidat (1957) and Etchegoin (1997). This in-
traspecific variability could be related to the ability of the
parasite to infect different species of Heleobia. Another pos-
sible explanation of the variability observed in the measure-
ments could be the existence of different species of
Psilochasmus infecting different species of Heleobia. Fur-
ther molecular-genetic and morphological studies are re-
quired to test these hypotheses. Szidat (1957) investigated
the life cycle of P. oxyurus and found the metacercaria to be
encysted in the visceral sac of H. parchappii in Chascomus
lagoon. In the present study, we found the metacercaria en-
cysted between the mantle and the shell of H. australis.
Psilochasmus oxyurus is a cosmopolitan and widespread par-
asite species—or possibly a species complex—of birds (Fer-
nandes et al. 2007). Psilochasmus oxyurus was first
described as Distoma oxyurum Creplin, 1825 in Anas spp.
from the Baltic Sea (Creplin 1825), and many other reports
have followed since then (Fernandes et al. 2007). In the
Bahia Blanca estuary, other birds could be parasitized with
P. oxyurus apart from the one reported, the white-backed stilt

Himantopus melanurus Vieillot, 1817 (Alda et al. 2011b).
This report constitutes the first record of P. oxyurus para-
sitizing H. australis.

Echinostomatidae Looss, 1899
Himasthla sp.

Voucher material: MPHC 6551.
Prevalence: 0.1%.

Redia (Figs 4A-B)

Body elongate, 792-2,114 (1,543 + 48, n = 10) long and
185-300 (247 + 36, n = 10) wide, contains up to 7 develop-
ing cercariae. Pharynx 47—69 (60 + 8, n = 8) long and 31-53
(44 £+ 8, n = 8) wide; intestine short, dark. Cercarial develop-
ment is completed outside redia in host tissues. Immature re-
diae with posterior appendage and collar posterior to pharynx.

Cercaria (Figs 2D, 4C-D)

Body elongate, 407-743 (511 £ 110, n= 10) long and 140—
207 (177 £ 21, n = 10) wide at level of ventral sucker. Tegu-
ment with small spines located in holes only visible in SEM
(Fig. 2D). Numerous cystogenous gland cells containing rod-
like inclusions. Head collar with 2629 (28) spines: 2 angle
spines, 4-5 lateral spines and 14—15 dorsal spines in single
dorsally uninterrupted row, 14—19 (16 = 2, n = 9) long and
3-5(4+£1,n=9) wide (Fig. 4D). Tail inserted terminally, al-
most as long as body when extended, 293—477 (359 + 58,
n = 10) long and 23-43 (36 £ 6, n = 10) wide at anterior
level. No fin folds or setae present. Oral sucker subterminal,
43-57 (49+5,n= 11) long and 47-63 (56 £ 5, n= 10) wide.
Ventral sucker round, protruded, postequatorial, 87-103 (95
+ 6, n = 10) long and 80-110 (96 + 10, n = 10) wide.
Prepharynx, 3-33 (11 £ 9, n = 9) long; pharynx, 30—63
(43 + 10 n = 10) long and 13-20 (16 + 3, n = 10) wide;
oesophagus, 127-267 (161 + 43, n = 9) long, bifurcates an-
terior to ventral sucker; caeca extending to posterior end of
body, 3—13 (8 £ 3, n = 9) wide. Five pairs of penetration
gland cells lateral to anterior half of oesophagus arranged in
a pair of rows; ducts run in 2 groups and open via 2 groups
of 5 outlets on dorsal lip of oral sucker. Flame cells abun-
dant (total number not determined): 7 flame cells in prepha-
ryngeal area and 3 lateral to pharynx more distinct. Excretory
vesicle small and transverse-oval; primary excretory ducts
dilated, each with 17-20 pairs of single and double bilateral
branches between mid-level of ventral sucker and collar;
primary ducts and branches filled with large spherical
refractive granules from excretory vesicle to level of phar-
ynx; primary ducts reach to level of oral sucker, forming
anterior loop, secondary ducts narrow, give rise to ciliated
collecting ducts and flame-cells posterior to ventral sucker.
Caudal excretory duct divided into 2 short ducts opening lat-
erally at 1/4 of tail length. Cercariae very motile, beating tail
from side to side with body contracted.
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Fig. 4. Line drawings of the larval trematodes. A-D: Himasthla sp. (A: mature redia, B: immature redia, C: cercaria, D: anterior part of
cercaria in detail); E-G: Renicola sp. (E: daughter sporocyst, F: cercaria, G: anterior part of cercaria in detail); H: Renicolidae gen. sp. Scale
bars: A-B, D-E, H: 100 um; C, G, 500 pm; F: 10 um
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Remarks

The presence of a head collar with spines places this larval
stage in the family Echinostomatidae (Schell 1970). Species of
the genera Acanthoparyphium Dietz, 1909 and Himasthla
Dietz, 1909 (Subfamily Himasthlinae Odhner, 1910) possess
cercariae with excretory ducts with lateral branches. All
species of Acanthoparyphium, however, have 23 collar spines
with no angle spines (Kostadinova 2005). Cercaria heleobi-
cola V reported as parasitizing H. conexa is the only cercaria
with excretory ducts having lateral branches that has been de-
scribed as a parasite of Heleobia spp. up to the present (Mar-
torelli 1990, Etchegoin 1997). The cercaria described above
differs from Cercaria heleobicola V in having a tegument with
spines, an excretory chamber in the tail, a smaller body (407—
743 x 140-207 vs 883 x 300), a smaller oral sucker (43—-57 x
47-63 vs 96), a smaller ventral sucker (87—103 x 80—110 vs
130), a narrower pharynx (13-20 vs 40), a narrower tail (23—
43 vs 85), and smaller collar spines (14—19 x 3—5 vs 65 x 20).
Molluscs and polychaetes have been reported as second in-
termediate hosts of the species within the genus Himasthla
(Kostadinova 2005). Himasthla sp. parasitizing H. australis
in the Bahia Blanca estuary may be Himasthla escamosa Diaz
et Cremonte, 2004, a recently reported parasite of gulls in this
estuary (La Sala et al. 2009) whose life cycle is still not elu-
cidated.

Stephanoprora uruguayensis Holecman-Spector et Olagiie,
1989
Prevalence: 0.1%.

Remarks

The morphologic features of the redia from the digestive
gland and gonad of H. australis and the cercaria examined
by us are consistent with the characteristics of the larval
stages of S. uruguayensis as described by Ostrowski de
Nuifiez (2007). The cercaria of this species has a head collar
poorly developed without spines, a tail with brownish pig-
ment on posterior fourth, longitudinal and circular muscle
fibers, flattened spines on oral and ventral sucker (Figs 2E-
F), a prepharyngeal body present, cystogenous cells with
bar-shaped contents between pharynx and end of body, pri-
mary excretory ducts narrow without refractile granules,
16 flame cells, and a caudal excretory duct extending into
the tail and bifurcating at the base of the tail into unequal
branches ending blindly (Ostrowski de Nufiez 2007).
The cercariae of this species seem to exhibit a wide toler-
ance to salinity since the trematode has been recorded in the
freshwater snail, H. parchappii, and for the first time in an
estuarine snail, H. australis in our study. Ostrowski de
Nuifiez (2007) elucidated the life cycle of S. uruguayensis
using the fish Cnesterodon decemmaculatus (Jenyns, 1842)
and chicks as second-intermediate and definitive host,
respectively.

Microphallidae Ward, 1901

Maritrema orensense Cremonte et Martorelli, 1998
Combined prevalence of M. orensense, M. bonaerense, and
L. cruzi: 1.7%

Remarks

The sporocyst and cercaria of M. orensense from the diges-
tive gland and gonad of H. australis were described by Alda
et al. (2013). The cercaria of M. orensense has a small body
without ventral sucker, a stylet with a pointed anterior mar-
gin, large and undulating penetration glands with no dis-
cernible nuclei and posterior extent just over 3/4 way from
anterior to posterior body margin, and a V-shaped excretory
vesicle (Alda et al. 2013). The life cycle of this species in-
cludes the grapsid crabs Neohelice granulata (Dana, 1851)
and Cyrtograpsus angulatus Dana, 1851 and the gulls Larus
atlanticus Olrog, 1958 and Larus dominicanus Lichtenstein,
1823 as second-intermediate and definitive hosts, respectively
(see Alda et al. 2013).

Maritrema bonaerense Etchegoin et Martorelli, 1997
Combined prevalence of M. orensense, M. bonaerense, and
L. cruzi: 1.7%

Remarks

The sporocyst and cercaria of M. bonaerense from the diges-
tive gland and gonad of H. australis were described by
Etchegoin and Martorelli (1997) and redescribed by Alda et al.
(2013). The cercaria of M. bonaerense has a small body with-
out ventral sucker; a stylet with pointed anterior margin; small
and rounded penetration glands with visible nuclei, posterior
extent just over 2/3 way from anterior to posterior body mar-
gin, and ventral pairs staining lighter with neutral red than dor-
sal pairs; and a V-shaped excretory vesicle (Etchegoin and
Martorelli 1997, Alda et al. 2013). The life cycle of this
species includes grapsid crabs N. granulata and C. angulatus
and the gulls L. atlanticus, L. dominicanus, and Larus mac-
ulipennis Lichtenstein, 1823 as second-intermediate and de-
finitive host, respectively (see Alda et al. 2013).

Levinseniella cruzi Travassos, 1920
Combined prevalence of M. orensense, M. bonaerense, and L.
cruzi: 1.7%

Remarks

The sporocyst and cercaria of L. cruzi from the digestive gland
and gonad of H. australis were described in H. conexa and
H. parchappii (Martorelli 1988, Etchegoin 1997). The cercaria
of L. cruzi has a small body without ventral sucker; a stylet
with pointed anterior margin; small and constricted penetra-
tion glands with visible nuclei, posterior extent just over 2/3
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way from anterior to posterior body margin, and ventral pairs
staining lighter with neutral red than dorsal pairs; and a
V-shaped excretory vesicle (Martorelli 1988). The present
record is the first of the species from H. australis. The shrimp
Palaemonetes argentinus Nobili, 1901 and the crabs N. gran-
ulata and C. angulatus have been reported as second-inter-
mediate (Martorelli 1988, Alda et al. 2011a) and Rollandia
rolland chilensis (Lesson, 1828), Himantopus melanurus,
Vanellus chilensis (Molina, 1782), and L. atlanticus as defin-
itive (Martorelli 1988, Martorelli and Ivanov 1996) hosts.

Microphallus simillimus (Travassos, 1920)
Prevalence: 24.2%.

Sporocyst

Found in digestive gland and gonad of H. australis. Body sac-
like, 158-277 (211 + 39, n = 6) long and 53-107 (72 £ 19,
n = 6) wide with thin wall very difficult to differentiate and
2-5 metacercariae inside.

Metacercaria (Figs SA-C)

Cyst rounded to oval 5885 (75 £ 8, n= 10) x 78-119 (98 +
13, n = 10), wall bi-layered. Inner layer 2-5 (3 £ 1, n = 10)
thick, outer layer thin and easy to remove. Body pyriform with
extremities ventrally curved (Fig. 5A), 159-192 (178 £ 11,
n= 10) long and 103-139 (116 £+ 12, n= 10) wide at testicu-
lar level. Entire body covered with numerous spines being
ventrally ~1.5 um long, situated close to each other, and scale-
like with 5—6 indentations projecting posteriorly (Fig. 5B)
while dorsally being ~0.7 pm long, situated one spine width
from each other, and scale-like with 3—5 indentations project-
ing posteriorly (Fig. 5C). Oral sucker subterminal, round, 22—
34 (30+4,n=9)long and 2447 (33 +7,n= 9) wide. Ventral

—20 um—

sucker round, postequatorial, 22—34 (30 £ 4, n = 9) long and
25-34 (31 + 3, n = 9) wide. Prepharynx not observed; phar-
ynx 12-17 (14 £ 2, n = 8) long and 12-17 (13 + 2, n = )
wide; oesophagus, 29—46 (38 = 5, n = 8) long; caeca almost
reaching posterior end of ovary, 53-90 (67 = 10, n = 9) long
and 5-12 (8 + 2, n = 9) wide. Testicules rounded to oval, lat-
eral and posterior to caeca; right testicule 22-36 (27 + 6,
n= 5)longand 17-31 (23 £ 5, n = 5) wide; left testicule 20—
42 (27+£8,n= 6) long and 15-36 (26 £ 7, n = 6) wide. Ovary
right of ventral sucker, 19-39 (30 + 8, n= 7) long and 25-41
(35 +5,n=7) wide. Seminal vesicle immediately posterior to
intestinal bifurcation. Male papilla round, left of ventral sucker
(Fig. SA). Vitellarium translucent to brown, arranged in 2 large
masses located at posterior part of body, joined posteriorly to
ventral sucker, covering interior half of testes, 2047 (33 £ 11,
n = 6) long and 22-51 (35 + 12, n = 6) wide. Eggs 15-31
(22+£5,n= 8) long and 8-14 (11 + 2, n = 8) wide developed
in encysted metacercariae and those excysted after incubation
in saline solution facilitating excystment.

Remarks

The sporocyst and metacercaria of M. simillimus from H. aus-
tralis has been previously reported as a parasite of H. conexa
by Martorelli (1991) and of H. australis by Alda et al. (2010).
The most distinctive features of M. simillimus are its having a
metacercariae that encyst inside the snail and with a round
male papilla located left to ventral sucker, vitellarium arranged
in 2 large masses located at posterior part of body, and large
eggs compared to other species of Microphallus (Martorelli
1991). Microphallus simillimus described by Martorelli (1991)
differs from the present material in having a cercaria (not ob-
served in this study), a larger sporocyst (500—1,100 x 125-350
vs 158-277 x 53-107) with more metacercariae inside (10—
40 vs 2-5), and a metacercaria with a short prepharynx (not

Fig. 5. Larval trematodes under scanning electron microscopy. A—C: Microphallus simillimus (A: metacercaria excysted, B: ventral tegument

of metacercaria, C: dorsal tegument of metacercaria).
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observed in this study). Microphallus simillimus has an
abbreviated life cycle involving two hosts (Martorelli 1991).
Sporocysts, cercariae, and metacercariae encysted within the
sporocysts in the gonad and digestive gland of the snail inter-
mediate host. The adult stage of M. simillimus has been found
in the white-backed stilt Himantopus melanurus (Martorelli
1991).

Renicolidae Dollfus, 1939
Renicola sp.

Voucher material: MPHC 6550.
Prevalence: 1.3%.

Sporocyst (Fig. 4E)

Daughter sporocyst elongate, 623—1,485 (1,109 £317,n= 11)
long and 135-346 (223 £ 72, n = 11) wide, with blunt anterior
and posterior extremities, containing up to 8 cercariae. Sporo-
cysts infect digestive gland of H. australis.

Cercaria (Figs 4F-G)

Body elongate, 220—447 (352 £ 52, n= 20) long and 110-180
(145 + 19, n = 20) wide, covered with tiny spines. Abundant
acicular spines arranged in 3 rows on anterior border (Fig.
4G). Stylet small, triangular, lateral sides deeply sclerotised,
concave base not sclerotised, 7-11 (10 £ 2, n = 15) long and
5-7(6+1,n= 15) wide (Fig. 4G). Tail simple, 147-267 (218
+35,n=17) long and 27-53 (38 + 7, n = 16) wide at base.
Oral sucker subterminal, spherical, 37-70 (54 £ 9, n = 20)
long and 40-60 (53 + 6, n = 20) wide. Ventral sucker spheri-
cal, protuberant, equatorial, 37—60 (50 = 6, n = 18) long and
4067 (55 £ 7, n = 18) wide. Prepharynx not observed; phar-
ynx spherical, 13-27 (19 +3,n= 17) long and 12-23 (19 + 3,
n= 17) wide; oesophagus and intestine not observed (masked
by abundant cystogenous gland cells). Four pairs of penetra-
tion gland cells located laterally to pharynx, ducts open later-
ally to stylet. Genital primordium not observed. Excretory
vesicle Y-shaped with lateral branches that surpass ventral
sucker, excretory pore at tail tip, flame-cell formula not de-
termined (flame cells obscured by cystogenous gland cells).
Cercaria swims bending posterior extremity downward and
vibrating tail laterally. On bottom, cercaria moves by alter-
nately extending anterior extremity and stretching and con-
tracting tail.

Remarks

The features of this cercaria—distome with stylet and tail
shorter than body, sinuous tegument, and Y-shaped excretory
vesicle—are consistent with the characteristics of the 3° group
of cercariae Renicolidae reported by Martin (1971): cercariae
with short tails and with or without stylet. This morphology is
similar to those of the cercariae of the genus Renicola Cohn,
1904 (Renicolidae) (Stunkard 1964b). According to Martorelli

et al. (2008), ten cercariae with stylet and short tail have been
described. Cercariae of two trematodes with stylets similar to
those described here and short tails have been reported as par-
asites of H. conexa: Xiphidiocercaria sp. 1 and Xiphidiocer-
caria sp. 2 (Etchegoin 1997, Etchegoin and Martorelli 1998).
The cercaria described here differs from Xiphidiocercaria sp.
1 in having an excretory vesicle with lateral branches that sur-
pass the ventral sucker, a larger body (220—447 x 110—180 vs
80-98 x 30—41), a larger tail (147-267 x 27-53 vs 58-70 x 8—
11), a larger oral sucker (37-70 x 40—60 vs 14—19 x 12—-17),
a larger ventral sucker (37-60 x 40—67 vs 20-25 x 18-23),
and a larger pharynx (13-27 x 12-23 vs 7-8 x 6-7). The cer-
caria described above, though, is similar to Xiphidiocercaria
sp. 2, the only difference being the wider stylet (5-7 vs 3-4).
Renicolids are parasites of birds that feed on bivalves or fish
(Gibson 2008). No adult trematodes of this family have been
recorded from the southwestern Atlantic coasts to date. The
cercaria described here may belong to an as-yet-undescribed
species of Renicola.

Renicolidae gen. sp.
Voucher material: MPHC 6549
Prevalence: 2.3%

Metacercaria (Fig. 4H)

Cyst 169-269 (202 + 33, n = 9) in diameter, wall bi-layered.
Inner layer hard, 3-8 (6 £ 2, n = 9) thick, outer layer 8-19
(14 £4, n= 9) thick. Body of excysted metacercaria elongate,
251-603 (400 = 107, n = 9) long and 78-167 (114 + 25,
n = 9) wide at level of ventral sucker, densely covered with
spines. Oral sucker subterminal, 24-80 (60 + 15, n = 10) long
and 31-73 (54 = 12, n= 10) wide. Ventral sucker protuberant,
44-87 (61 £ 15, n=9) long and 36-81 (60 + 5, n = 9) wide,
with small spines on inner lip. Prepharynx not observed; phar-
ynx 15-28 (22 £ 5, n = 5) long, 15-25 (20 + 4, n = 5) wide;
oesophagus and intestinal caeca not observed (masked by
abundant cystogenous gland cells). Two pairs of gland cells
located posterior to pharynx and between lateral branches of
excretory vesicle, ducts run in 2 groups and open anteriorly to
oral sucker; 6 pairs of lateral gland cells, ducts run laterally
and open in 3 groups of 2 posterior to pharynx, anterior to
pharynx, and anterior to mouth. Excretory vesicle Y-shaped,
with lateral branches and numerous granules excretory pore
terminal; flame-cell formula 2[(2 + 2) + (2 + 2)] = 16 (not
illustrated). Metacercariae encysted in head of H. australis.

Remarks

This metacercaria resembles the metacercariae of trematodes
of the family Renicolidae found in bivalves and fish (Gibson
2008). We tentatively place this metacercaria in that family
and, to the best of our knowledge, this assignment would mark
the first example of a renicolid metacercaria parasitizing a
snail. We suspect that this metacercaria may belong to the
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same species of Renicola described above, but experimental
infections or molecular studies are needed to confirm this sug-
gestion and to elucidate the life cycle of this trematode.

Discussion

In a two-year sampling, we found 15 different trematodes that
infect H. australis in the Bahia Blanca estuary (Argentina). The
intertidal mud snail H. australis plays a key role in the life cy-
cles of trematodes that infect fish, birds, and probably mam-
mals in the Bahia Blanca estuary (Table I)—very likely also in
other south-Atlantic estuaries as well since the snail is a major
biotic component. In the Bahia Blanca estuary, H. australis
would be the most relevant first intermediate host among the
gastropods, but also other species of snails could also be play-
ing this role for some of the larval-trematodes species described
in this study. Elias et al. (2004) reported—in addition to H. aus-
tralis but in much lower abundance — other species of gas-
tropods inhabiting the estuary: Buccinanops globulosus (Kiener,
1834) (Nassariidae), Anachis peassleri Strebel, 1905 (Colum-
bellidae), and Olivella tehuelcha (Duclos, 1835) (Olivellidae).

Of the 15 trematodes found in H. australis in the Bahia
Blanca estuary, four species—A4. (P.) longa, M. bonaerense,
M. orensense, and M. simillimus—have been previously found
in this host (Etchegoin 1997, Etchegoin and Martorelli 1997,
Simdes et al. 2010, Alda et al. 2010, 2013), three species—
S. uruguayensis, L. cruzi, and P. oxyurus —have been reported
in other species of Heleobia (Szidat 1957, Martorelli 1988,
Etchegoin 1997, Ostrowski de Ntifiez 2007), and eight trema-
tode species still remain unidentified until experimental in-
fections or molecular-genetic studies have been done. Finding
such a high species richness of trematodes is not uncommon
among Heleobia spp. In the Mar Chiquita coastal lagoon,
some 260 km northeast of the Bahia Blanca estuary, Merlo
and Etchegoin (2010) found 22 species of larval trematodes
parasitizing H. conexa, while Etchegoin (1997) found 13
species of larval trematodes parasitizing H. australis. Crypto-
gonimidae gen. sp., P. oxyurus, and the microphallids
M. bonaerense, L. cruzi, and M. simillimus were present in
both environments.

Heterophyids are the richest taxon among the trematodes
that infect Heleobia conexa from the Mar Chiquita coastal la-
goon and Heleobia parchappii from freshwater environments
of the Buenos Aires Province, Argentina (cf. references in Os-
trowski de Nufiez 2001, Merlo and Etchegoin 2010). In
Heleobia australis from Bahia Blanca estuary, however, we
found only one species of heterophyid: 4. (P.) longa. Even
though heterophyid species inhabit marine and freshwater en-
vironments, in Argentina they would be more frequent in
freshwater habitats (cf. references in Ostrowski de Nufiez
2001). Thus we think that the rarity of heterophyids observed
in Bahia Blanca estuary could be a result of the marine con-
dition of the estuary (Freije and Marcovecchio 2004). In the
Bahia Blanca estuary, microphallids are the richest and the

most prevalent taxon. This finding could be explained by the
high abundance of grapsid crabs—the second-intermediate
hosts of the microphallid species (Alda ef al. 2011a), except
for M. simillimus—along with the high diversity of gulls
(Petracci and Delhey 2005). Microphallids also prevail in the
intertidal gastropods from the Patagonian coast in Argentina
(Gilardoni et al. 2011) and in the rissooids of the European
coast (Deblock 1980, Kube et al. 2002, Skirnisoon et al.
2004, Thieltges et al. 2009).

In spite of a high overall prevalence (28%), the individual
prevalence of trematodes that infect H. australis in the Bahia
Blanca estuary was low (<3%), as in H. australis from the Mar
Chiquita coastal lagoon (Etchegoin 1997), except for the high
prevalence of M. simillimus (at >20%). This elevated preva-
lence could be the result of the high abundance of the defini-
tive host of this parasite, H. melanurus, and perhaps other
birds too in the Bahia Blanca estuary (Alda ez al. 2010). This
kind of larval trematode assemblage—i. e. with most trematode
species showing low prevalence except for one or two species
with a high abundance—is in fact, common in larval trematode
assemblages of the rissooids from Europe, Oceania, and
America (Deblock 1980, Jokela and Lively 1995, Kube ef al.
2002, Skirnisoon et al. 2004, Thieltges et al. 2009, Merlo and
Etchegoin 2010).

In H. conexa from the Mar Chiquita coastal lagoon, the in-
dividual prevalences were also low, except for those of a no-
tocotylid, a heterophyid, and two microphallids (Microphallus
szidati and M. simillimus); but none of them present at higher
levels than 9% (Merlo and Etchegoin 2010). Microphallus szi-
dati was not found in the Bahia Blanca estuary—where, as
mentioned previously, marine conditions prevail (Freije and
Marcovecchio 2004)—probably because this species is, rather,
a brackish and freshwater trematode, having been described
as a parasite of H. conexa in the Mar Chiquita coastal lagoon
and of H. parchappii in a freshwater environment from
Buenos Aires province. Microphallus simillimus was more
prevalent in Bahia Blanca estuary (24%) than in the Mar Chiq-
uita coastal lagoon (1-8.6%). As mentioned earlier, this ele-
vated prevalence could be explained by the higher abundance
of the definitive host of this parasite in the Bahia Blanca es-
tuary; but also by the lower prevalence of dominant trematode
species in that estuary than in the Mar Chiquita coastal lagoon.
Dominant species—generally trematodes with rediae as in-
tramoluscan stages—compete with and replace subordinate
species-generally trematodes with sporocysts as intramollu-
can stages (Lafferty ef al. 1994). Dominant species, such as
echinostomatids, notocotilids, and heterophyids, feed on sub-
ordinate species, such as microphallids, causing a decrease in
the prevalence of the latter. These last authors reported that
competition among trematodes displaces 16% of those infect-
ing Cerithidea californica (Haldeman, 1840). In the Bahia
Blanca estuary the prevalence of dominant species—although
a dominance hierarchy has not yet been constructed — would
be low, thus allowing a higher prevalence of subordinate
species such as M. simillimus.
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