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ABSTRACT

The cercaria of Lepidapedon elongatum develops in rediae in Onoba aculeus (Gould) (Prosobranchia,
Rissoidae). The cercaria differs from all known lepocreadiid cercariae in being non-ocellate and in
having a small, nearly spherical tail. The cercaria has penetration glands but no stylet. Encysted meta-
cercariae of L. elongatum were found in polychaetes and molluscs from the northern Oresund,
Denmark. Under experimental conditions cercariae encysted in brittle stars too. Metacercariae develop
to infectivity during four weeks in polychaetes, whereas they never or rarely become infective in
molluscs and echinoderms. The Atlantic cod Gadus morhua L. is the final host in Danish waters, in
Greenland waters it also occurs in G. ogac Richardson.

Rediae, cercariae, metacercariae and adults of L. elongatum were examined by means of light micro-
scopy and stereoscan electron microscopy. The tegument of undeveloped extraredial cercariae is
covered by short microvillus-like structures. The long microvilli which encircle the oral and ventral
suckers of fully developed cercariae are lost a few days after encystment. The metacercariae do not
grow, but the shape of the spines changes gradually from being pointed to being flattened and multi-
pointed.

The larval stages and the life-cycle of L. elongatum are compared with those of other lepocreadiids.

L. microcotyleum Odhner is regarded as a synonym of L. elongatum. L. elongatum has been re-
corded from several families of littoral and deep-water fishes from throughout the world, but more

than one species are obviously involved.

INTRODUCTION

Lepidapedon elongatum (Lebour, 1908) Nicoli, 1910 (Trematoda, Lepocreadii-
dae) is the most abundant digenetic trematode in the Atlantic cod Gadus morhua
L. from Danish and adjacent waters (Koie 1984). In Greenland waters it occurs in
G. ogac Richardson as well.

This is the first known life-cycle of a species of Lepidapedon, a genus within
which there is considerable taxonomic confusion, which is rich in species, and has
a world-wide distribution. The life-cycle and larval stages are compared with those
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of other lepocreadiids. The different developmental stages are described using the
stereoscan electron microscope.

Appreciation is due to Dr A. Warén, University of Goteborg, Sweden, for information on the geo-
graphical distribution of Onoba aculeus. The interference contrast microscope used in this study was

financed by the Danish Natural Science Research Council.

MATERIAL AND METHODS

The snail host Onoba aculeus (Gould) (Prosobranchia, Rissoidae) was dredged in
the northern Oresund, 18 m. Other invertebrates from the same dredge hauls were
examined to detect naturally infested second intermediate hosts. The snails were
crushed and various invertebrates were exposed to the freed cercariae. The ma-
terial intended for examination in the stereoscan electron microscope was treated

as described previously (e.g. Koie 1975).

RESULTS
The snail host

24% of 300 (Sep. 1984) and 20% of 140 (May 1985) Onoba aculeus (Gould)
from the northern Oresund, 18 m, were infested with rediae and cercariae of L.
elongatum. Infective cercariae were found in both September and May. Most
infested snails harboured 10-20 rediae and approx. 10-100 extraredial cercariae at
different developmental stages.

The redia

The rediae occur in the tissue between the tubules of the digestive gland. Only one
redial generation was found. The rather inactive, nearly cylindrical rediae are
slightly pointed posteriorly. The terminal mouth is often surrounded by an annular
thickening (Figs IA, 2A). In infestations with extraredial cercariae also, the rediae
measured (based on 20 randomly selected slightly flattened specimens) 480-1000
/xm (mean: 570 /xm) in length and 150-300 /xm (mean: 200 /xm) in width. The
pharynx is 50-90 /xm (mean: 65 /xm) in diameter. The redia has a short wide
caecum. The birth pore is situated anteriorly in the brood chamber. The flame cell
formula is 2(2 + 2).

The tegument covering the external surface is highly increased by closely ar-
ranged irregular inter-related ridges or folds. Irregular bodies are often found on
the top of the folds (Fig. IB). The tegument of the buccal cavity is provided with
closely arranged short microvillus-like structures (Fig. ID).
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Fig. 1. Stereoscan micrographs of rediae of Lepidapedon elongatum. A, anterior end showing the
mouth and uniciliate sensory structures (Cl) and non-ciliated, presumed sensory structures (arrows).
B, the external surface. Irregular bodies occur on some of the folds. C, presumed sensory structures

close to the mouth opening. D, detail of buccal cavity (left) with short microvilli.

Two types of presumed sensory structures surround the mouth. One type forms
an irregular tegumental projection and has no protruding cilium (Fig. 1C). The
other type is of the simple uniciliate type (Fig. 1A).

The cercaria

The cercariae leave the rediae while still undeveloped and complete the development
in the snail tissue. The most developed cercariae (Figs 2B, SA) from crushed snails
measured (based on 20 slightly flattened specimens) 180-240 /xm (mean: 210 /xm)
in length and 90-130 /xm (mean: 115 /xm) in greatest width. The oral sucker is
44-52 /xm (mean: 50 /xm) in diameter, and the ventral sucker, which occurs just
posterior to the middle ofthe body, measures 44-50 /xm (mean: 46 /xm) in diameter.

There is a long prepharynx. The pharynx, which is pyriform and widest pos-
teriorly, is 18-24 /xm (mean: 20 /xm) long and 15-20 /xm (mean: 18 /xm) at the
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Fig. 2. The redia and cercaria of Lepidapedon elongatum. Drawn after living, slightly flattened

specimens. A, a fully developed redia. B, ventral view of cercaria.

greatest width. The oesophagus divides into the caeca about halfway between the
pharynx and the ventral sucker. The caeca end close to the posterior extremity.

Two groups of long gland ducts occur on each side of the cercarial body. The
ducts open anteriorly to the oral sucker. Laterally there are five openings and more
medially three openings. The gland cell bodies occupy the area from the posterior
limit of the pharynx to the midacetabular level.

The wall ofthe spherical to pyriform excretory vesicle is composed of large cells.
Numerous small spherical bodies, probably lipid droplets, occur throughout the
body of fully developed cercariae. On each side the flame cells are apparently
arranged in four groups each with three cells, but the unravelling of the flame cell
formula is complicated because the ciliated ducts may be misinterpreted as flame
cells.
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The tail, which measured 25-30 /xm (mean: 28 /xm) in length and 30-40 /xm
(mean: 36 /xm) in width, is filled with large, presumed glandular cells. The tail
surface of extraredial cercariae is covered with small microvillus-like projections
(Fig. 3F).

The external surface of non-infective extraredial cercariae is increased by nu-
merous knobs or short microvillus-like projections (Figs 3C, 4A). They disappear

Fig. 3. Stereoscan micrographs of extraredial cercariae of Lepidapedon elongatum. Anterior end of all
specimens towards the left. A, an undeveloped cercaria. B, a fully developed infective cercaria.
C, detail of external surface and ventral sucker of young cercaria showing short microvillus-like pro-
jections and spines (S). D, as C, but of older cercaria with short microvilli on the rim of the ventral
sucker. E, detail of infective cercaria showing part of the ventral sucker whose rim carries long micro-
villi. Different kinds of uniciliate sensory structures (Cl) are seen. F, the tail of an infective cercaria.
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Fig. 4. Details of the anterior ends of extraredial cercariae of Lepidapedon elongatum. A, the oral
sucker of a non-infective cercaria showing different kinds of sensory structures (Cl) and spines (S).
The surface is covered by short microvilli. B, the anterior end of an infective cercaria. C, the extreme
anterior end of an infective cercaria. D, area just posterior to oral sucker of an infective cercaria

showing different kinds of uniciliate sensory structures (C1l) and spines (S).

before the cercariae are infective except those which occur on the rim of the
suckers. The latter grow to a length of about 4 /xm (Figs 3D, E, 4B-D).

Different types of uniciliate sensory structures are common in association with
the suckers, but are also found ventro-laterally on the forebody (Figs 3E, 4A-D)
and on the tail (Fig. 3F). The base of some cilia are surrounded by an annular
collar. The length of these cilia ranges from less than 0.5 /xm to about 10 /xm. In
other cases the cilia, apart from the apical ends, are surrounded by an about 1/xm
long tube-like tegumental collar. Nine, slightly domed, large papillac without
protruding cilia occur on the rim of the ventral sucker (Fig. 3A, C, D).

Small regularly arranged pointed spines, which are most numerous and longest
anteriorly, protrude through the tegument throughout the body.

The cercaria has a superficial resemblance with cotylomicrocercous (opecoelid)
cercariae, with a short tail specialized for adhesion, and they behave in the same
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way (Koie 1981). They crawl, using the tail and the suckers, especially the anterior
one, and attached by the tail they stretch out the body and swing from side to side
in search of a suitable second intermediate host.

The second intermediate hosts

Various invertebrates from the same dredge hauls as the snail host were examined
for metacercariae of L. elongatum. Metacercariae were found in the foot and
mantle of small specimens of the bivalve Astarte sp., in the snails Onoba aculeus
and Odostomia sp., but only about 1% of these molluscs were infested and no
infested molluscs contained more than one metacercaria.

The polychaetes Lumbrineris fragilis (Miiller), Anobothrus gracilis (Malmgren)
and members of Polynoidae, Hesionidae and Phyllodocidae were found infested.
Only about 20 metacercariae were found in the most heavily infested polychaete
(L. fragilis). M etacercariae were found in the head region only, and especially in
the muscular pharynx. No metacercariaec of L. elongatum were found in brittle
stars or other members of the invertebrate groups examined.

In some of the bivalves, polychaetes and brittle stars examined, the encysted
metacercariae of Zoogonoides viviparus (Olsson, 1868) were found, which dif-

Fig. 5. Cercaria and metacercariae of Lepidapedon elongatum from experimentally infected Nereis
diversicolor. Interference contrast. All to the same scale. A, an infective cercaria. B, an excysted two-
week old metacercaria. C, two four-week old metacercariae in parapodium. D, part of two living
(left) and one dead eight-week old metacercariae. The small dark body probably represents the remains

of a dead metacercaria.
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fered from those of L. elongatum by being larger, and by having the ventral sucker
larger than the oral one (Koie 1976).

Various invertebrates belonging to different phyla were exposed in small glass
containers without sediment to hundreds of cercariae from crushed snails for 24 to
48 h (10°C). Encysted metacercariae were found in the foot or mantle of all the
exposed bivalves, e.g. Spisula subtruncata (da Costa), Cardium spp., Astarte spp.
and Abra spp. The cercariae also encysted in the brittle star Ophiura albida Forbes.
Both bivalves and brittle stars are apparently unsuitable hosts as all the meta-
cercariae died within two weeks. A few host cells adhered to the cyst wall, but the
host tissue réponse was so weak that it may not have caused the death of the
metacercariae.

To avoid a possible natural infestation Nereis diversicolor Miiller, Nephtys sp. and
Pectinaria sp. from shallow sandy bottoms, where the snail host does not occur,
were used as experimental hosts. The cercariae encysted less than six hours after
penetration. The encysted metacercariae were found in the muscles throughout the
body including the parapodia (Fig. 5C), but most were found in the head region
especially the pharynx. In N. diversicolor about one third died within eight weeks,
and both living and dead metacercariae were surrounded by several layers of host
cells (Fig. 5D). A similar host reaction was not found in naturally infested poly-
chaetes, which indicates that N. diversicolor is a more susceptible host than the

remaining polychaetes examined.

The metacercaria

The following descriptions are based on metacercariae from experimentally in-
fected Pectinaria sp., Nephtys sp. and N. diversicolor. The diameter of slightly
flattened recently encysted metacercariae is 110-140 /xm (mean: 120 /xm). No
growth takes place during the metacercarial stage.

Small refractive globules appear in the excretory vesicle a few days after en-
cystment. The excretory vesicle of two-week old metacercariae is filled with these
refractive globules (Fig. 5B). Most of the contents of the penetration glands dis-
appear after penetration and encystment, but traces of the ducts and cell bodies
were still visible in two-week old metacercariae. M ost of the presumed lipid drop-
lets in the body had disappeared or decreased in size. At this age small unicellular
glands appear under the tegument of the forebody. The number of these glands
had increased and the excretory globules had slightly increased in size in 4- and 8-
week old metacercariae. The flame cell formula is the same as that of the cercaria.
No development of the reproductive system had apparently taken place.

The longest cilia of the uniciliate sensory structures and most of those sur-
rounded by a tube-like collar had disappeared less than three days after penetra-
tion (Fig. 6A, B). Only uniciliate structures with a short cilium remained in four-
week old metacercariae (Fig. 6E). The microvilli which encircle the suckers of the
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Fig. 6. Metacercariae of Lepidapedon elongatum from experimentally infected Nereis diversicolor.
A-C, three-day old specimens. D & E, four-week old metacercariae. A, partly excysted metacercaria.
B, the oral sucker of A. C, part of the ventral sucker of another metacercaria. D, spines on the
anterior end. E, the anterior end showing the flattened serrated spines.

cercaria are lost a few days after encystment (Fig. 6A-C). The spines gradually
change from being single pointed to being multipointed and flattened (Fig. 6).

The metacercariae found in naturally infested polychaetes all fall within the
range of the above description.

The final hosts

L. elongatum is the most abundant adult digenean in the cod from Danish and
adjacent waters (Koie 1984). In Greenland waters it occurs in G. ogac as well
(unpubl. obs., July 1978, September 1984). G. ogac is a new host for L. elongatum.

Even though several hundred specimens of L. elongatum occurred in the pyloric
caeca of a cod, most often no host tissue reaction was observed. However, in some
cases, the apical ends of the pyloric caeca were red due to haemorrhage caused by
the parasites. The haemorrhage was apparently not directly, dependent on the
number of parasites as caeca, each with less than 10 adult L. elongatum, were
occasionally red, whereas sometimes up to about 30 adult specimens in a caecum
did not cause any haemorrhage.
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The cod used for experimental infections had been kept in tanks for 12 months
and fed on frozen food only. Individual cod were given pieces of N. diversicolor
harbouring one-week, four-week and eight-week old metacercariae of L. elonga-
tum. Only the four-week and eight-week old metacercariae were infective. The
two experimentally infected cod, which were examined 6 and 40 days after infec-
tion, harboured between 50 and 100 immature L. elongatum.

Fig. 7. Adult Lepidapedon elongatum. A & B, living flattened worms from experimentally infected

cod. Interference contrast. C & D, living flattened specimens from natural infestations. Arrows indi-
cate the intestinal bifurcation. A, six-day old worm. B, 40-day old worm. C, anterior end of im-

mature specimen. D, mature worm.
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The adult

The specimens found in the pyloric caeca of cod six days after ingestion of the
metacercariae did not differ from excysted four- or eight-week old metacercariae,
apart from that most of the refractive globules in the excretory vesicle had dis-
appeared, and the number of unicellular glands of the forebody had increased
(Fig. 7A).

The 40-day old specimens (Fig. 7B) measured (based on 20 living slightly
flattened specimens) 600-1100 /xm (mean: 800 /xm) in length and 200-300 /xm
(mean: 250 /xm) at the greatest width. The diameter of the oral sucker was 76-82
/xm (mean: 80 /xm), and that of the ventral sucker 65-72 /xm (mean: 70 /xm). The
sucker ratio was 1: 0.81-0.95 (mean: 1:0.88). The number of unicellular glands
had increased. These glands are especially common in the anterior part of the
forebody, and most open ventrally and laterally. The testes and ovary were dis-
tinct, but eggs had not developed.

Mature specimens from naturally infested cod have a similar sucker ratio, and in
no case was the ventral sucker larger than the oral one. The intestinal bifurcation is
about midway between the suckers (Fig. 7). The length of the pharynx is identical

100, vm

Fig. 8. Adult Lepidapedon elongatum. A, C & D, mature specimens from naturally infested cod.
A, whole specimen. B, six-day old worm from experimentally infected cod. C, anterior end with

extended spines. Different kinds of sensory structures are seen. D, as C, but with retracted spines.
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Fig. 9. Details of six-day old (A) and mature Lepidapedon elongatum (B-E). A, detail of anterior end
with spherical bodies on the flattened serrated spines. B, spines with detached bodies (arrows) and
presumed opening of unicellular gland. C, spine during division and spherical bodies (arrows).
D, spines, some of which have the tips retracted into the tegument and spherical bodies (arrows).
E, ventral sucker showing spines, cilia (Cl) ofsensory structures and large domed papillae on rim ofthe

sucker. Genital opening in upper left corner.

to, or slightly smaller than, the diameter ofthe ventral sucker. The testes of mature
worms occur in the posterior half of the hindbody (Fig. 7D).

The sensory structures appear as those of infective metacercariae. All specimens
in the final host have multipointed flattened spines anteriorly (Fig. 9). The spines
become more scattered and have fewer points towards the posterior end (Fig. 8B).
The number of spines increases with increasing size of the worm (Fig. 9C). The tips
of the serrated spines may be completely withdrawn into the tegument (Figs 8D,
9D). Small spherical bodies are apparently released from the tips of the spines,
especially of young specimens (Fig. 9A, D). Similar bodies are common on the
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general surface or occur in rows just anterior to the spines of mature worms (Fig.
9B-D). The function of these bodies is unknown. Openings in the tegument be-
tween the spines may be the apertures of the unicellular glands (Fig. 9B).

DISCUSSION

Zelikman (1966) found a cercaria twice, which he suggested belonged to Zoogo-
nidae, among an unmentioned number of Onoba aculeus from the littoral W hite
Sea. Although the description and figures are inadequate, the measurements, the
position of the suckers, the shape of the cercarial tail, and the morphology of the
redia (described as a sporocyst) indicate that these larval stages probably belonged
to L. elongatum.

L. elongatum has been found in cod living in Lake Mogilnoe on the Kildin Island
(Dogiel 1936). Lake Mogilnoe has been separated from the Barents Sea for at least
five hundred years. Some marine animals have survived in the lake, but compared
with the fauna of the surrounding Barents Sea the marine invertebrate fauna in the
lake is poor. Only four prosobranchs have been found: Margarites helicinus
(Fabricius), Littorina littorea (L.), O. aculeus and Skeneopsis planorbis (Fabricius).
O. aculeus may thus also there act as first intermediate host of L. elongatum.

However, nearly 1400 O. aculeus from the littoral and upper sublittoral zone of
the Barents Sea have been examined by Chubrik (1966) and Podlipaev (1979), but
only well known cercariae were found.

Cercaria bistilosa Chubrik, 1966, which is extremely common in the Barents Sea
littoral trochid snails (Chubrik 1966) is, apart from the two stylets (?), very similar
to the cercaria of L. elongatum. However, the more detailed redescription of C.
bistilosa by Marasaev (1984) shows that this cercaria is not identical with the
cercaria of L. elongatum. It is unlikely that C. bistilosa belongs to another species
of Lepidapedon. Apart from L. rachion (Cobbold, 1858), which is rare in the
Barents Sea, the remaining Lepidapedon species in the Barents and White Seas
are alternately mentioned as L. elongatum and L. gadi (Yamaguti, 1934) (see Koie
1984, and Timofeeva & Marasaeva 1984). The descriptions and figures of these
specimens do not justify a separation into two species. L. gadi, which is described
from Gadus macrocephalus Tilesius from the Sea of Japan (Yamaguti 1934), is
considered a synonym of L. elongatum by Hanson (1950).

Amosova (1955) found up to more than one thousand metacercariae of L. gadi
in individual Nereis pelagica L. from the Barents Sea. 88% of the littoral N.
pelagica were infested, whereas all sublittoral worms were uninfested. The meta-
cercariae occurred in the body wall, especially at the basis of the parapodia, but
most were found in the first segments. The morphology of the metacercaria is
identical with that of the metacercaria of L. elongatum.

O. aculeus, which is the only arctic Atlantic species of the genus (Warén 1974),

is common in Danish waters (Warén, pers. comm., see Koie 1984). It is found on
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the Norwegian west coast, the Kola Peninsula, Svalbard, Iceland, East Greenland
from Frans Joseph Fjord and southward, the west coast of Greenland from God-
havn and southward, the east coast of Canada and the Maine and Massachusetts
coasts of the north-east United States (Warén 1974). It is a shallow-water species
living at depths of 0-20 m (W arén, pers. comm.), probably deeper in the Baltic Sea.
In British waters, it has not been found south of the Northumberland coast in
north-east England (Seaward 1982), which is the type-locality of L. elongatum. It
is unknown whether O. aculeus occurs in the Pacific Ocean (W arén, pers. comm.).

In the Atlantic Ocean and adjacent seas the geographical distribution of L.
elongatum in the type-host G. morhua apparently coincides with that of O. aculeus.
This species is common in the littoral Barents Sea, but it is unknown why it has not
been found infested there, especially since N. pelagica from this area is highly
infested with metacercariae of L. gadi (a supposed synonym of L. elongatum).

The distribution of L. elongatum is difficult to define as several other species
apparently have been wrongly assigned to this species. The question of distribution
is additionally complicated by the description of apparently identical species under
other names, e.g. L. microcotyleum (Odhner), L. gadi, and others (see e.g. Bray
1973, 1979).

The specimens found in G. morhua and G. ogac from the North Sea, the Ore-
sund, and Greenland waters mostly agree with L. elongatum as described by
Lebour (1908), Dogiel (1936) and Linton (1940) from the type-host G. morhua.
The specimen illustrated by Lebour (1908) differs by its lack of intergenital and
post-testicular vitellaria. However, the distribution of the vitellaria is variable and
not a good feature to use for differentiating species in this group. The unicellular
glands of the forebody have been overlooked by all authors except Linton (1940),
although they, especially in living specimens, are very conspicuous.

Apart from L. elongatum, only L. microcotyleum (and L. rachion which may
not be confused with L. elongatum) has been described from Danish and adjacent
waters. Odhner (1905) mentioned the findings of a new species of Lepodora in the
pyloric caeca and anterior part of the intestine of G. morhua from Kristineberg,
western Sweden. The specimens were not described. Odhner’s slides, some of
which were labelled Lepodora microcotylea were studied by Dollfus (1953), who
described Lepidapedon microcotyleum based on Odhner’s specimens and own
material from G. morhua from the Faroes and Iceland. L. microcotyleum differs
according to Dollfus (1953) from L. elongatum in the greater separation of the
ovary and testes by invasion of vitellaria between them and across the preovarian
area, and in having fewer and larger eggs. Dollfus (1953) also considered that L.
elongatum of Linton (1940) from G. morhua and other hosts from Woods Hole,
USA, and of Dogiel (1936) from the cod from the Barents Sea, belonged to L. micro-
cotyleum. Polyanski (1955) suggested that the latter belonged to L. gadi. However,
the specimens assigned to L. microcotyleum by Dollfus (1953) show great morpho-
logical variation, apparently mostly due to various methods oftreatment and fixa-
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tion, and there is no justification to describe them as a separate species. I conclude,
that L. microcotyleum is not a valid species but a synonym of L. elongatum, in
accordance with the opinion of Thulin (1971).

There is considerable taxonomic confusion within the genus Lepidapedon, and
Hanson (1950), Skrjabin & Koval (1960), Srivastava (1966), and McCauley
(1968) have all prepared keys to the species of this genus. Hanson (1950) did not
include L. microcotyleum in her key. As mentioned above she regards L. gadi as a
synonym of L. elongatum. Srivastava (1966) considered L. microcotyleum as a
synonym of L. gadi, which was regarded as a valid species. Skrjabin & Koval
(1960), McCauley (1968) and Yamaguti (1971) considered L. elongatum, L. gadi
and L. microcotyleum as all being valid species.

In Danish and adjacent waters, including the Faroese waters, L. elongatum was
most common at stations at depths of 40 m or less (Koie 1984). In other areas L.
elongatum has been found at depths between 300 and 650 m (Manter 1934, Bray
1973, 1979). However, these deep-water lepocreadiids probably belong to other
species. M anter (1954) regarded, in accordance with Dollfus (1953), his previous
description of L. elongatum from the Florida coast (M anter 1934) not to belong to
this species as the bifurcation of the intestine was too near the acetabulum. Bray
(1973, 1979) found L. elongatum in Lepidion eques (Giinther) from the Bay of
Biscay and Canadian Atlantic waters. The specimens (1973) differ from L. elonga-
tum from the type-host G. morhua, in that the diameter of the pharynx is of
similar size, or larger than the ventral sucker, and that the testes occur close
together in the middle of the hindbody. L. elongatum from Canadian waters (Bray
1979) has an oral sucker which is much smaller than the ventral sucker, and the
bifurcation of the intestine is too close to the ventral sucker.

The family Lepocreadiidae comprises an enormous number of species, which
occur nearly exclusively in the digestive tract of marine fishes. L. elongatum, L.
rachion and Opechona bacillaris (Molin, 1859) are common in Danish gadoid
fishes (Koie 1984). The known life-cycles of lepocreadiid trematodes have been
reviewed by e.g., Yamaguti (1975), Koie (1975) and Stunkard (1979), and lepo-
creadiid life-cycles have later been described by Stunkard (1980a, b) and W atson
(1984). Unencysted metacercariae of Neopechona pyriforme (Linton, 1900), N.
cablei Stunkard, 1980, Lepocreadium areolatum (Linton, 1900), and O. bacillaris
occur in medusae and ctenophores. The genus Lepocreadium harbour in addition
apparently one metacercaria which encysts and one which occurs unencysted in
molluscs (see Yamaguti 1975). The metacercaria of Lepidauchen stenostoma
Nicoli, 1913 occurs unencysted in prosobranchs (Prévét 1968), that of Holorchis
pycnoporus Stossich, 1901 encysts in bivalves (Bartoli & Prévot 1978), and en-
cysted metacercariae of Paralepidapedon hoplognathi (Yamaguti, 1938) have been
found in sea urchins. The cercaria of the latter is unknown (Shimazu & Shimura
1984). The above-mentioned lepocreadiids, which together with the genus Lepida-
pedon are placed by most authors in Lepocreadiinae, harbour thus both unen-
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cysted and encysted metacercariae. Three species belonging to Sphincterostoma-
tinae encyst in freshwater fishes (Yamaguti 1975, Watson 1984). All previously
described lepocreadiid cercariae are ophthalmotrichocercous.

The cercaria of L. elongatum differs from all known lepocreadiid cercariae by
the absence of eyespots and by the shape of the tail. L. elongatum is the only
species with known life-cycle within the large genus Lepidapedon, which has a
world-wide distribution. The cercaria of L. elongatum and that of H. pycnoporus
develop in snails belonging to Rissoacea, whereas the remaining known lepocrea-
diin cercariae develop in snails belonging to Buccinacea, and most have members
of the genus Nassarius as first intermediate host (see also Koie 1975). One lepo-
creadiid cercaria with unknown adult stage develops in a snail belonging to Cona-
cea (see Bartoli 1984).

The tegument of the redia of L. elongatum is very similar to that of Cryptocotyle
lingua (Creplin, 1825) (Irwin et al. 1978). The redial structure presumed to be a
sensory organ which forms an irregular projection and is without a cilium, is most
similar to a spiral-shaped projection described by Bennett (1975). The uniciliate
sensory structure without a tube-like collar is extremely common in all develop-
mental stages of digeneans and has previously been described from other redial
species examined by means ofthe stereoscan or transmission electron microscopes
(Koie 1971a, Koie et al. 1977, Hoskin 1975, Irwin et al. 1978, Page et al. 1980,
and Rees 1980, 1981). Sensory cilia surrounded by a tube-like tegumental collar
have previously been found in an opecoelid cercaria (Koie 1981). The large, slight-
ly domed papillaec on the rim of the ventral suckers of the cercaria, and on both
suckers of later developmental stages are apparently similar to the contact recep-
tors described by Bennett (1975) and the button papillae described by Hoole &
Mitchell (1981).

The change from simple pointed spines in cercariae to scale-like multipointed
spines in later developmental stages has been found in several families. The single
pointed spines are found in migratory developmental stages and the scale-like
serrated spines in more stationary stages where they may have an abrasive effect on
the host tissue for feeding purposes, and help in anchoring the parasite to the host
tissue (Koie 1977, Davies 1979, see also Shoop & Corkum 1984). The spherical
bodies which apparently are expelled from the tips of the spines have not been
observed previously, and neither has the phenomenon that the tips of the spines
may be withdrawn into the tegument.

The unicellular glands which are most frequent anteriorly and laterally in in-
fective metacercariae and adult L. elongatum may be comparable with the unicel-
lular glands of M. similis (see Davies 1979). In both parasites the glands occur in
the forebody only, and the openings of the glands were found between the scale-
like serrated spines. Davies (1979) found that the glands secrete cholinesterase,
which may serve to compensate for the irritating effect of the toothed spines by

neutralizing host acetylcholine and so reducing the movement of the villi in the
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immediate vicinity of the fluke thereby reducing the likelihood of dislodgement
and expulsion. As the chemical nature of the secretion of the glands of L. elonga-
tum is not known, it is also unknown whether they may have a similar function in
this species.

The possible functions of the microvilli which encircle one or both suckers of
some cercariae were discussed by Koie (1981). Higo & Ishii (1983) observed
microvilli around the mouth opening of cercariaec of Paragonimus. These and the
present observations show that the microvilli occur in several digenean families
whose cercariae encyst in a second intermediate host.

The short microvillus-like structures found on the surface of undeveloped extra-
redial cercariae may increase the absorptive surface of the growing cercariae,
which at this developmental stage probably only absorp nutrients through the
external surface. The microvilli found throughout the body surface of undeveloped
intrasporocyst cercariae of Zoogonoides viviparus (Olsson, 1868) were suggested

to have a similar function (Koie 1971b).
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