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ABSTRACT 

The morphology of the reproductive system of species of an ellobiid genus Cassidula 
FCrussac, 1821 (C. aurisfelis, C. labrella, C. decussata, C. plecotrematoides and C. 
schmackeriana) is described. The genus exhibits a constant pattern on the arrangement 
of the distal end of the pallial ducts of the genitalia, viz. connection of the oviduct with 
the distal portion of the bursa duct, the latter structure resulting in a functional vagina. 

Cassidula was included in the subfamily Cassidulinae Odhner, 1925 on the basis 
of radular characters; later, on account of anatomical similarities, this subfamily was 
merged with the Pythiinae Odhner, 1925. 

The morphology of the distal portion of the pallial gonoducts of Cassidula, although 
previously reported, was never attributed taxonomic significance above the generic level. 
However, the finding of a similar pattern in the Central American Creedonia Martins, 
1996 and in the American species of Leuconopsis Hutton, 1884, genera previously as- 
signed to the Pedipedinae Fischer and Crosse, 1880, justifies the existence of a discrete 
grouping of ellobiid genera, thus calling for the revival of Cassidulinae. 

The morphology of the radula, nervous system and apertural dentition of the shell 
is also discussed, to assert of the affinities with the Pythiinae and the Pedipedinae. 

INTRODUCTION 

The first reference to the internal anatomy of species of Cassidula was by Odhner (1925), 
who divided the Ellobiidae H. and A. Adams in Pfeiffer, 1854, into two large groups, 
on the basis of the aulic condition of the pallial gonoducts. For the subfamilial divi- 
sion, however, he used radular characteristics and, on that bases, added the Pythiinae 
and Cassidulinae. Morton (1955) studied the anatomical characters of the ellobiids and, 
on the basis of similarities in the reproductive system of species of Pythia and Cassidula 
angulifera Petit, 1841, synonymized the Cassidulinae with the Pythiinae. 
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The first description of the anatomy of a species of this genus was that of Cassidula 
labrella by Knipper and Meyer (1956). These authors pointed to the peculiarity of the 
muscular vagina, arising after the confluence of the bursa duct and, opposite to it, the 
beginning of the vas deferens. Berry et al. (1967), in their description of the genital 
system of Cassidula aurisfelis, and Martins (1996a, b) also highlighted this peculiar 
feature. Such an arrangement of the distal end of the pallial gonoducts, however, was 
never given taxonomic importance above the generic level. A study of the anatomy of 
the Cassidula species occurring in Hong Kong revealed variability in the pattern previ- 
ously observed and has allowed comparison with that observed in the Central American 
Creedonia and with species of Leuconopsis, genera previously assigned to the 
Pedipedinae (Martins 1996a, c). 

In this study, the reproductive anatomy of various species of Cassidula (C. aurisfelis, 
C. labrella, C. decussata, C. plecotrematoides and C. schmackeriana) will be described. 
A comparison will be made with the anatomy of species of Creedonia and Leuconopsis. 
The morphology of the radula, the central nervous system and the apertural dentition 
of the shell of the Cassidula will be considered, and subfamilial relationships will be 
established. The revival of the Cassidulinae, including Cassidula, Creedonia and 
Leuconopsis, will be discussed. 

MATERIALS AND METHODS 

The Hong Kong specimens used in this study were collected during April 1989; the 
remaining Cassidula material was kindly loaned. The West American species were col- 
lected mostly during a 1993 field trip (Table 1). 

The material was preserved in 70% ethanol after relaxation by drowning. The 
radulae were drawn from SEM photographs. The remaining structures and the shells 
were drawn using a camera lucida. 

ANATOMY AND MORPHOLOGY OF THE REPRODUCTIVE SYSTEM 

The visceral and the glandular portions of the pallial gonoducts of Cassidula are not 
significantly different from species to species. An ovotestis is located on the apex of 
the visceral mass, embedded in the posterior lobe of the digestive gland. A coiled her- 
maphroditic duct exits the centre of the lobe and immediately expands into a chamber 
with tightly convoluted walls; this structure continues as a narrow, straight, tube soon 
becoming a heavily coiled and dilated seminal vesicle and thinning again before enter- 
ing the fertilization chamber complex (Fig. 2 H). The albumen gland and the paired, 
loosely coiled posterior mucous glands are variable according to the reproductive state 
of the animal. The anterior mucous gland and prostate gland run side by side, envelop- 
ing the single, but functionally bisected, lumen of the spermoviduct. A short, 
non-glandular, spermoviduct follows. From this point on the species exhibit significant 
morphological variability and will be dealt with separately. 



Table 1 
Ellobiid material used in the present work. LACM= Los Angeles County Museum, California, USA. 

Species Locality Source/Collector 

Auriculastra duplicata (Pfeiffer, 1 855) 
Cassidula aurisfelis (Bruguiere, 1 789) 

Cassidula decussata H. & A. Adams, 1855 
Cassidula doliolum (Petit, 1843) 
Cassidula labrella (Deshayes, 1830) 
Cassidula plecotrematoides Moellendorff, 1885 
Cassidula schmackeriana Moellendorff, 1885 
Creedonia acuta (Orbigny, 1835) 
Creedonia concinna (C.B. Adams, 1852) 
Creedonia rohadsi (Pilsbry, 191 0) 
Creedonia succinea (Pfeiffer, 1854) 
Ellobium chinense (Pfeiffer, 1855) 
Leuconopsis novimundi (Pilsbry & McGinty, 1949) 
Leuconopsis sp. 
Pedipes pedipes (Bruguiere, 1789) 

Pedipes jouani Montrouzier, 1862 
Pythia cecillei (Philippi, 1847) 

Taipa, Macau 
Malaysia 
Ting Kok, Tolo Harbour, Hong Kong 
Sai Keng, Three Fathoms Cove, Hong Kong 
Australia 
Black River, Mauritius 
Sai Keng, Three Fathoms Cove, Hong Kong 
Sai Keng, Three Fathoms Cove, Hong Kong 
Guacallilo, Costa Rica 
Playa Bejuco, Parita, Punta Arenas, Costa Rica 
Estero de Cierro Prieto, Sonora, Mexico 
Long Key, Florida, U.S.A. 
Tsim Bei Tsui, Deep Bay, Hong Kong 
Morgan's Bluff, New Providence, Bahamas 
Playa Jaco, Costa Rica 
Calheta, SSo Miguel, Azores 
Alagoa da Fajgzinha, Terceira, Azores 
Hoi Ha, Sai Kung Peninsula, Hong Kong 
Tsim Bei Tsui, Deep Bay, Hong Kong 

A.M. Frias Martins 
A. Sasekumar g 
A.M. Frias Martins C 
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R.D. Turner 
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A.M. Frias Martins 5 
A.M. Frias Martins 2 
A.M. Frias Martins > 
A.M. Frias Martins " 
A.M. Frias Martins 
A.M. Frias Martins 
A.M. Frias Martins 
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Fig. 1. Reproductive system of species of Cassidula. A-E: C. aurisfelis, Malaysia; A- 
B, visceral and pallial organs; C, penis; D, internal morphology of the vagina; 
E, internal morphology of the penis. F-J: C. aurisfelis, Hong Kong; F-G, visceral 
and pallial organs; H, internal morphology of the vagina; I, penis; J, internal 
morphology of the penis. K-0: C. labrella; K-L, visceral and pallial organs; M, 
internal morphology of the vagina; N, penis; 0, internal morphology of the penis. 
Scale bars: 1 mm. 
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Fig. 2. Reproductive system of species of Cassidula. A-E: C. decussata; A-B, visceral 
and pallial organs; C, penis; D, internal morphology of the vagina; E, internal 
morphology of the penis. F-K: C. plecotrematoides; F-G, visceral and pallial 
organs; H, detail of the posterios mucous glands; I, penis; J, internal morphology 
of the vagina; K, internal morphology of the penis. L-P: C. schmackeriana; L- 
M, visceral and pallial organs; N, penis; 0, internal morphology of the vagina; 
P internal morphology of the penis. Scale bars: 1 mm. 
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Cassidula aurisfelis (Bruguike, 1789) (Fig. 1 A-J) 

The short, non-glandular, spermoviduct receives the narrow bursa duct and, opposite to 
it, the male portion separates as a free posterior vas deferens which enters the neck skin 
and runs forward to the penis; the female portion appears to enlarge into a muscular 
vagina (Fig. 1 A, B, F, G); the internal wall of the vagina is provided with strong, ba- 
sically longitudinal, folds coalescing at various points (Fig. 1 D, H). The sperm duct 
exits the neck skin into a free anterior vas deferens and enters the penis apically. The 
penis (penial complex, i.e., penial sheath and penial papilla) is long and narrow, bent 
in a right angle, the proximal portion being one third of the total length of the struc- 
ture; a moderately long and relatively thin penial retractor muscle inserts the penis 
apically, near the entrance of the anterior vas deferens and attaches to the floor of the 
lung (Fig. 1 C, I); the internal wall of the penial sheath is finely grooved proximally, 
the grooves gradually coalescing distally into only two; the penial papilla is less than 
one fourth of the total length of the penial complex, relatively narrow, pointed and finely 
striated longitudinally (Fig. 1 E, J). 

Cassidula labrella (Deshayes, 1830) (Fig. 1 K-0) 

The junction of the non-glandular spermoviduct, bursa duct, posterior vas deferens and 
vagina (Fig. 1 K, L) follow the general pattern of Cassidula aurisfelis. The folds cov- 
ering the internal wall of the vagina are stronger and longitudinal; a stiff mucous capsule 
coming from the confluence of the bursa duct with the vagina lines the entire length of 
the latter, mirroring its folds (Fig. 1 M). The penis is relatively short and dilated (Fig. 
1 N); the internal wall of the penial sheath is thin and smooth proximally, with but two 
grooves distally; the penial papilla is almost as long as the penial complex, smooth, 
with a nipple-like tip (Fig. 1 0). 

Cassidula decussata H. & A. Adams, 1855 (Fig. 2 A-E) 

The junction of the non-glandular spermoviduct, bursa duct, posterior vas deferens and 
vagina (Fig. 2 A, B) follow the general pattern of Cassidula aurisfelis. The vagina is 
pear-shaped; the internal wall of the vagina has many strong folds proximally, coalesc- 
ing distally into three (Fig. 2 D). The penis is composed of two, equally long, distinct 
portions, the proximal one dilated, harbouring the cylindrical, smooth, penial papilla, 
the distal one very narrow (Fig. 2 C); the internal wall of the penial sheath is smooth 
proximally, with three faint grooves distally (Fig. 2 E). 

Cassidula plecotrematoides Moellendorff, 1885 (Fig. 2 F-K) 

The non-glandular sperrnoviduct is short, giving off the posterior vas deferens just be- 
fore entering the bursa duct, as an oviduct. The bursa duct is composed of two portions, 
the proximal of these being narrow and thin, three times the length of the distal one 
which is dilated and muscular, functioning as a vagina and receiving the oviduct at its 
proximal end (Fig. 2 F, G); the internal wall of the vagina has strong, coalescing, lon- 
gitudinal folds (Fig. 2 J). The proximal portion of the penis is dilated, harbouring the 
elongate penial papilla, the distal one being very narrow (Fig. 2 I); the proximal por- 
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tion of the internal wall of the penial sheath is smooth with faint longitudinal grooves 
distally (Fig. 2 K). 

Cassidula schmackeriana Moellendorff, 1885 (Fig. 2 L-P) 

The relatively long and narrow non-glandular spermoviduct gives off the posterior vas 
deferens before entering the bursa duct, as an oviduct. The bursa duct is composed of 
two portions approximately of equal length, the proximal portion narrow and thin, the 
distal one dilated and muscular, functioning as a vagina and receiving the spermoviduct 
approximately at the half of its length (Fig. 2 L, M); the internal wall of the vagina has 
strong longitudinal folds (Fig. 2 0). The penis is composed of two, almost equally long, 
distinct portions, the proximal one slightly longer, dilated and harbouring the oval-elon- 
gate penial papilla, the distal one very narrow (Fig. 2 N); the proximal portion of the 
internal wall of the penial sheath is transversely finely striate, with three faint longitu- 
dinal grooves distally (Fig. 2 P). 

REMARKS 

In a study of the anatomy of Cassidula angulifera which was compared with that of 
species of Pythia, Morton (1955) did not find any peculiarity of the reproductive sys- 
tem by which both genera should be placed in separate subfamilies. The presence of an 
open spermatic groove, a feature exclusive to Pythia, was given only generic weight 
and, instead, attention was given to the structure of the pallial gonoducts. The peculiar 
arrangement of the distal portion of the pallial gonoducts of Cassidula, in which a 
muscular vagina is present, was not mentioned by that author. Although preserved 
material of Cassidula angulifera was not inspected during this research, the widespread 
existence of such a pattern in the species of Cassidula here reported upon suggests that 
it might also be present in Morton's species. Knipper and Meyer (1956: 110, fig. 13), 
on the other hand, illustrated this peculiarity in C. labrella but did not derive any taxo- 
nomic implication from it. Similarly, Berry et al. (1967: 327, fig. l), followed by Martins 
(1996a: 192; b: 186, fig. 24.1G), illustrated the muscular vagina of Cassidula aurisfelis. 
Since, however, a similar pattern was identified by Berry et al. (1967) for Ellobium 
aurisjudae (Linnaeus, 1758), these authors interpreted that feature in both species to be 
a result of convergent evolution and, in Ellobium aurisjudae, it would be related to the 
concurrent specialization of the penis. The same situation occurs in Ellobium chinense 
(Pfeiffer, 1855) (Fig. 4 A), in which a long, convoluted, vagina follows the separation 
of the thin, straight, anterior vas deferens. In any case, since the connection of the bursa 
duct and the root of the anterior vas deferens are opposite, the above mentioned spe- 
cies were assumed not to deviate fundamentally from the pattern existing in the Pythiinae 
(Fig. 3) and Ellobiinae; for that reason, this character was not awarded taxonomic sig- 
nificance above the generic level. 

The present study has revealed a different arrangement of the distal end of the pallial 
gonoducts for Cassidula plecotrematoides and C. schmackeriana in which the oviduct 
empties into the muscular, enlarged distal end of the bursa duct, which functions as a 
vagina (Fig. 2 G, M). These findings lead to a reinterpretation of that part of the anatomy 
in C. aurisfelis and C. labrella, but not necessarily in Ellobium aurisjudae and E. 
chinense, such a variation not having been seen in the Ellobiinae. 
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Martins (1996c), studying the anatomy of Eastern Pacific representatives of 
Creedonia, identified a pattern not clearly seen in the type species, the Caribbean 
Creedonia succinea (Pfeiffer, 1854) (see Fig. 4 B a). In Creedonia acuta and Creedonia 
rohadsi the oviduct empties into a dilated bursa duct (Fig. 4 C a; D a, d), in a fashion 
much like that in Cassidula plecotrematoides and Cassidula schmackeriana. A mucous 
capsule like the one shown for Cassidula labrella (Fig. 1 M) was also seen in Creedonia 
acuta. 

Such findings prompted a closer look at this part of the anatomy in other ellobiid 
genera. The reproductive system of Leuconopsis novimundi (Pilsbry & McGinty, 1949) 
presented in Martins (1996a: fig. 202; see this study, Fig. 4 E a) was shown to conform 
to the above mentioned pattern and a similar situation has been encountered in a new 
species of Leuconopsis from the Eastern Pacific. 

Creedonia and Leuconopsis have been included in the Pedipedinae (Martins 1996a, 
c). An inspection of the reproductive systems of species of the type genus was con- 
ducted, in order to assess the uniqueness of the characters herein discussed. The existence 
of a short atrium, resulting from the confluence of the oviduct and of the bursa duct, 
was shown for Pedipes jouani (Martins 1994: fig. 2; this study, Fig. 4 H a). A similar 
situation is seen in Pedipes mirabilis (Miihlfeld, 1816) (fig. 118) and P. ovalis C.B. 
Adams, 1849 (fig. 146) (Martins 1996a). Pedipes pedipes has an enlarged, strongly 
grooved distal portion of the bursa duct, however, the oviduct entering it at the distal 
end, some distance from the genital opening (Fig. 4 G a, d). This situation resembles 
the one herein discussed for Cassidula. 

ADDITIONAL CHARACTERS 

Examination of other characters is needed to obtain evidence that this pattern is not an 
accidental convergence, but reflects the reality of phylogenetic relationships. 

The internal morphology of the penis 

The Ellobiidae show a variable internal penis morphology and Martins (1995b; 1996b) 
has pointed out the relevance of this character for taxonomic purposes. 

The species of Cassidula researched in this work exhibit a relatively homogeneous 
pattern, in which a voluminous penial papilla is enveloped by a thin, faintly grooved, 
penial sheath (Figs. 1 and 2). Cassidula aurisfelis constitutes an exception in having a 
penial complex longer and narrower, the penial papilla being relatively much smaller 
and the penial sheath presenting marked longitudinal grooves (Fig. 1 E, J). The Cassidula 
pattern is comparable with that shown in the Pythiinae (Martins 1996b; this study: Fig. 
3 C). 

The internal morphology of the penis of Creedonia is unique among the Ellobiidae 
in having projecting structures like the sarcobella of some terrestrial pulmonates, armed 
with hooks (Fig. 4 B c, C c, D c); a penial papilla is absent. Also unique is the pres- 
ence of a long penial diverticulum (Fig. 4 B b, C b). 

The penis of Leuconopsis (Fig. 3 F) shows a pilaster descending from the short and 
narrow proximal portion, side by side with the anterior vas deferens, widening into a 
pad-like structure; a voluminous penial papilla occupies the enlarged, pear-shaped, distal 
portion. 
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Fig. 3. Reproductive system of Pythia cecillei. A, visceral and pallial organs; B, penis; 
C, internal morphology of the penis. Scale bars: 1 mm. 

In Pedipes pedipes (Martins 1996b: fig. 24.4 A) and P. jouani (Fig. 4 H c) there 
are discrete proximal and distal portions, externally marked by a constriction, partially 
separated internally by a perforated membrane; a penial papilla is absent. A spongy 
anterior vas deferens runs inside the otherwise smooth proximal half; a couple of long, 
leaflike, pilasters run along the distal portion. 




