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ABSTRACT.•The relationships between the seven families in the Ptenoglossa and the relationships be- 
tween the Ptenoglossa and other gastropod groups have been based on anatomical features associated with 
feeding, and on developmental characters. However the embryonic development of several of these families 
remains undescribed. Here I describe the development of Cerithiopsis gemmulosum from Bocas del Toro 
Province, Panama. This species lives on and lays its thin-walled egg capsules in Halichondria melanadocia 
sponges. The 79 yira eggs have equal cleavage with a polar lobe. The ciliated "trochophore" stage is followed 
by an encapsulated veliger which has distinct embryonic kidneys and large granular cells that cover the head 
vesicle. The black eyes are large and develop early, but there is no pigmented mantle organ. At hatching the 
brown larval shell is a single whorl and 127 yim long, and each semicircular velar lobe is unpigmented. The 
velar lobes are equal in size at hatching, but as the shell grows and becomes high-spired the right lobe grows 
to twice the size of the left lobe. The late larval shell is smooth but has a prominent beak flanked by two 
distinct notches that fit the velar lobes. After 3 weeks in culture the velum begins to shrink, and larvae with 
500 yan shell length metamorphose when exposed to host sponge. 
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INTRODUCTION 

The biology of the seven gastropod fami- 
lies placed in the Ptenoglossa is not well- 
known. The Eulimidae, Janthinidae, Epito- 
niidae, Triphoridae, Triforidae, Aclididae 
and Cerithiopsidae have been linked by 
several features of the alimentry tract (e.g., 
ptenoglossate radula, and 2 pairs of sali- 
vary glands). However none of the pro- 
posed shared characters occur in all seven 
families (see Collin [2000] for a brief discus- 
sion) and Ponder and Lindberg (1997) 
stated that the Ptenoglossa is "an almost 
certainly paraphyletic or polyphyletic 
tax on." 

Development and larval morphology 
have been suggested as useful sources of 
characters to further inform the discussion 
of ptenoglassate relationships. Various fea- 
tures of development have been used to ar- 
gue for heterobranch affinities of epitoniids 
(Robertson 1985) and the epitoniid Nitidis- 
cala tincta has been shown to possess devel- 
opmental characters that have previously 
been thought to characterize only hetero- 

branchs or only caenogastropods (Collin 
2000). General larval morphology has been 
used to argue for the close relationship be- 
tween the cerithiopsids and triphorids (Le- 
bour 1933), which is also supported by 
adult shell morphology. 

Despite the use of development in high- 
level systematic discussions of ptenoglos- 
sans, little is known about the embryology 
of most groups. Larval morphology has 
been described for several species, but em- 
bryology has been described only for a 
single epitoniid, Nitidiscala tincta (Collin 
2000). Variation of developmental features 
both within and among the ptenoglossan 
families must be examined before their util- 
ity in systematics can be fully assessed. 
Here I describe the embryology and larval 
development of Cerithiopsis gemmulosum as 
a step towards this goal. 

MATERIALS AND METHODS 

Twelve adult Cerithiopsis gemmulosum (C. 
B. Adams, 1850) (Figure lA) were collected 
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FIG. 1. Adult C. gemmulosum. A. crawling on the host sponge; B. feeding on the sponge. The proboscis 
excavates tissue forming a depression in the sponge. Shell length = 6.3 mm. 

with a section of host Halichondria melanado- 
cia sponge from red mangrove roots fring- 
ing Isla San Cristobal, Bocas del Toro Prov- 
ince, Panama (9°13.375'N, 82°12.555'W). 
The snails were identified with a review of 
Caribbean cerithiopsids (Rolan and Espina 
1995), and consultation with Dr. E. Rolan. 
The taxonomy of cerithiopsids is very dif- 
ficult and this identification should be con- 
sidered provisional. Ethanol preserved 
adults and juveniles were deposited at the 

Swedish Natural History Museum (lot 
number SMNH 55977). 

The snails and some host sponge were 
kept in a custard dish at 21-23 C. The water 
was changed every day, and both the snails 
and the sponge survived for over a month 
under these conditions. 

After hatching the larvae were trans- 
ferred to finger bowls with 1 (xm filtered 
water. The water was changed every 2-3 
days and larvae were fed Isochrysis galbana. 

FIG. 2. Egg capsules of C. gemmulosum embedded in the sponge. A. several capsules in the sponge; B. An early 
stage capsule excavated from the sponge; C. Capsule of C. gemmulosum near hatching, the brown larval shells 
are clearly visible. 
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After 3 weeks in culture, the largest larvae 
were placed in a dish with a 3 mm frag- 
ment of sponge host to test for competence 
to metamorphose. After metamorphosis 
they were kept on the sponge fragment for 
a month, until the sponge died. 

RESULTS 

In the laboratory, the adult Cerithiopsis 
gemmulosum remained closely associated 
with the sponge and were frequently ob- 
served feeding on the sponge (Figure IB). 
Immediately after collection it was clear 
that the sponge had numerous egg capsules 
embedded in it (Figure 2A). The capsules 
were completely surrounded by the sponge 
tissue and did not appear to be deposited in 
natural chambers in the sponge. No con- 
nection was visible from the egg capsules 
to the surface of the sponge. The adult 
snails continued to deposit egg capsules in 
the sponge in the laboratory. 

The thin-walled, transparent capsules 
were 500-650 (xm across and were not con- 
nected to each other. Capsules could not be 
separated from the sponge without ruptur- 
ing them and therefore development could 
not be observed without removing the em- 
bryos from the capsule, which arrests fur- 
ther development. Each capsule contained 
30-60 eggs which are pale early in develop- 
ment (Figure 2B). Later in development 
brown pigment from embryonic shells 
show through the capsule wall (Figure 2C). 

The 78.7 (xm (n = 21, s. d. = 3.1) eggs are 
cream colored. The polar bodies remain as- 
sociated with the eggs and the first polar 
body is cone-shaped (Figure 3A). The first 
two cleavages are equal and synchronous 
and there is a small but distinct polar lobe 
(Figure 3B). Later, cleavage becomes asyn- 
chronous and one macromere can clearly 
be seen rounding up out of synch with the 
other three macromeres. Gastrulation is by 
epiboly. A trochophore-like stage with a 

FIG. 3. Developmental stages of C. gemmulosum. A. Uncleaved egg showing polar bodies at the top; B. First 
cleavage with polar lobe visible belovi; C. "Trochophore" stage; D. pre-veliger stage showing the larval kidneys 
(Ik) below the velum; E. Pre-hatching veliger stage with large opaque cells on head vesicle; F. 3-day old larva, 
showing the large eyes and well-developed right tentacle. A-D are the to the same scale: scale bar = 20\L\xjn\; E: 
scale bar = 50 \i.rs\; F: scale bar = 50 (xm. 
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distinct unraised ring of cilia towards the 
anterior end (Figure 3C) follows gastrula- 
tion. As the velum Anlagen extend out 
from the body, a single small round embry- 
onic kidney can be seen below the velum 
(Figure 3D) on each side and the ciliated 
head vesicle begins to develop. The pre- 
hatching veliger shows a well developed 
foot with an operculum and pair of stato- 
cysts, dark eyes, and a distinct round head 
vesicle covered with opaque granular cells 
(Figure 3E). All of these features are well- 
developed before the velum reaches its 
hatching size. 

At hatching the larvae have a round, 
brown shell about 127.5 (xm (n = 12; s. d. = 
7.0) across with a single right-handed 
whorl. With the light microscope the shells 
appears smooth. The head vesicle is still 
distinct, although somewhat smaller, and 
the large cells are no longer visible. The em- 
bryonic kidneys also disappear before 
hatching. The velum is unpigmented and 
consists of two small, equal, semicircular 
lobes (Figure 3F). The right tentacle, just 
medial to the eye, is well-developed but the 
left tentacle is not visible (Figure 3F). 

Within 3 or 4 days of hatching the larval 
shell begins to show high-spired coiling but 
continues to appear smooth. The beak be- 
gins as a point on the outer aperture of the 
shell and develops distinct flanges as it 
grows (Figure 4A). The velum gradually 
becomes more asymmetrical until the right 
lobe is at least twice the size of the left lobe. 
The velar lobes remain round and un- 
pigmented throughout development (Fig- 
ure 4B). The large diamond-shaped foot re- 
tains the operculum. 

After 3 weeks in culture, larvae with a 
shell length of 500 (xm metamorphose 
when placed in a dish with a fragment of 
host sponge. Three weeks after metamor- 
phosis the juvenile shell reaches a length of 
2 mm with 6-7 whorls (3 of which are the 
protoconch). After a month the juveniles 
reach 2.6-2.8 mm. 

DISCUSSION 

As previously noted by Robertson (1985), 
developmental features have the potential 

FIG. 4. Three-week old larva of C. gemmulosum A. A 
larva retracted into the shell showing the beaked ap- 
erture; B. The same larva extended showing the asym- 
metrical velum and large foot tj^pical of a larva that is 
near metamorphosis. The beak of the shell is visible 
directly above the eyes. Shell length = 500 [LTCI. 

to contribute useful data to understand 
high-level gastropod relationships. The 
main drawback to using developmental 
features is that few data are available on the 
development of many groups. Previous de- 
scriptions of cerithiopsid development in- 
clude the following observations. Cerithiop- 
sis tubercularis, C. barleei and C. flavum 
deposit egg capsules in sponges (Lebour 
1933, 1936; Cipriani et al. 1994). Cipriani et 
al. (1994) did not describe the embryology 
of C. flavum but did note that embryonic 
kidneys are present. The larvae of cerithi- 
opsids are relatively well known, with pub- 
lished descriptions of C. tubercularis, and C. 
barleei (Lebour 1933,1936,1937) and several 
un-identified species (Lebour 1944). In all 
cases the larvae have highspired, beaked 
shells, and asymmetric, circular velar lobes. 
These larvae are similar to the larvae of 
triphorids (Lebour 1933; Richter and 
Thorson 1975) except that triphorid larval 
bodies and shells are left-handed while cer- 
ithiopsid larvae are right handed. 

Among the Ptenoglossa, cerithiopsid. 
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TABLE 1. Developmental characters of cerithiopsids and epitoniids in comparison to other caenogastropods 
and heterobranchs. 

Epitoniidae Cerithiopsidae Caenogastropoda Heterobranch 

Species Nitidiscala tincta Cerithiopsis gemmulosum 
Reference CoUin (2000) This study 
Cleavage polar lobe polar lobe polar lobe unequal 
Gastrulation epiboly epiboly epiboly invagination 
Embryonic kidney yes yes yes no 
Head vesicle no yes common no 
Larval PMO yes no no yes 
Hydrophobie larval shell yes no no yes 
Left handed larval shell no no no yes 
Well-developed larvae no yes yes no 

at hatching 
Beaked larval shell yes yes sometimes no 

triphorid, and aclid larvae all have a beak 
on the high spired shell, and a colorless bi- 
lobed velum which is usually reported as 
asymmetrical (Lebour 1933; Throson 1946; 
Fretter and Pilkington 1970; Richter and 
Thorson 1975). Eulimid veligers lack the 
beak on the larval shells but are otherwise 
also similar. The protoconchs of Janthina 
and epitoniids show that the larvae have 
high-spired shells, but the shells are not 
beaked and are much smoother than larval 
shells of cerithiopsids or triphorids (Richter 
and Thorson 1975). Late stage larvae of Epi- 
tonium clathrus and Eulima polita are figured 
in Richter and Thorson (1975) and also 
show an asymmetrical bilobed velum. As 
far as I know the larvae of triforids have not 
been described. 

This is the first published account of the 
embryology of a cerithiopsid species. Com- 
parisons of developmental features ob- 
served during this study with a description 
of the embryology of the epitoniid Nitidis- 
cala tincta show few similarities. Both spe- 
cies have equal cleavage with a polar lobe, 
gastrulation by epiboloy, embryonic kid- 
neys, and a right-handed larval shell (Table 
1). These features are all characteristic of 
caenogastropods and therefore do not ad- 
dress the idea that these families are closely 
related beyond both being caenogastro- 
pods. The three typically heterobranch 
characters of N. tincta (absence of head 
vesicle, larval pigmented mantle organ, 
and hydrophobic larval shell) are not 
shared by C. gemmulosum, which show the 

typical caenogastropod states of these char- 
acters (Table 1). Overall, these observation 
of embryology and larval morphology do 
not offer additional strong support for the 
monophyly of the "Ptenoglossa", but ob- 
servations of the embryology of other 
ptenogloassan families are necessary before 
firm conclusions are reached. 
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