THE NAUTILUS 115(21:39—44, 2001

Page 39

Adelphophagy and cannibalism during early development of
Crucibulum auricula (Gmelin, 1791) (Gastropoda:
Calyptraeidae) from the Venezuelan Caribbean

Patricia Miloslavich

Universidad Simdn Bolivar

Departamento de Estudios
Ambientales

Apartado Postal 88.000, Caracas 1080

Pablo E. Penchaszadeh

Museo Argentino de Ciencias
Naturales-CONICET-UBA

Av, Angel Gallardo 470

C1405 DJR Buenos Aires

VENEZULELA ARGCENTINA
and
Universidad Simén Bolivar
Departamento de Estudios
Ambientales
Apartado Postal 89,000, Caracas 1080
VENEZUELA
ABSTRACT brooded between the neck and propodium of the fe-

Cructbulum auricula (Gmelin, 1791) was found living attached
to rocky substrates at lsla Caribe, Estado Sucre, Venezuela,
between 0.5 and L m depth. The shell of sexually mature fe-
males ranged [rom 12 to 23 mm in diameter and 6 to 10 mym
in height. These females brooded between 4 and 20 egg cap-
sules in the mantle cavity. Tach egg capsule had a stalk and
the stalks were joined at the point ol attachment to the sub-
strate. Each egg capsule measured between 1.6 and 3.5 mm
in length (without the stall) and between 1.0 and 2.8 mm in
width. The number of uncleaved eggs per capsule varied be-
tween 55 and 305 and measured approximately 220 pm in
diameter. All eggs started development and completed the first
four divisions, but only 7 = 4 % (between 3 and 24 eggs per
capsule) continued Lo develop. The remainder was ingested by
the embryos as nurse eggs. At the end of this period of adel-
phophagy, the embryos started to canml)allze each other, alter
which only 1 to 11 emblyo‘; were lelt in each capsule. Juveniles
with a well- -tleveloped foot and shert cephalic tentacles crawled
out of the capsule. Ciliary movement was observed in the re-
gion where the velum had been resorbed. The shells are
brown, calcified, and measure about 730 pm in length. Both
intracapsular feeding strategies, adeiphophagy and canmba]lsm
have been previougly repmted in the family Calyptracidae.
Both strategies are here reported for the first time in a species
of the genus Crucibulum.

Additional key words: Caenogastropoda, egg capsules, embry-
onjc nutrition, reproduction, nurse egos, Venezuela.

INTRODUCTION

Castropods of the family Calyptraeidae are characterized
by the production of eggs contained in membranous egg
capsules that are attached to hard substrates and are

male. The spawn is composed of several sac-shaped egg
capsules joined to each other at the base of a stalk. Each
sac is composed of a thin membrane and the stalk is a
continuation ol this membrane. Within genera, some
species produce large eggs with large amounts of yolk
that hatch as crawling juveniles. Othel species produce
smaller eggs that bateh as planktonic veliger larvae and
others complete intracapsular development by feeding
on nurse eggs (Hoagland, 1986).

The genus Crepidula Lamarck, 1799, is the best stud-
ied in the family. Hoagland {1986} reviewed encapsula-
tion patterns and brooding of about 20 species of Cre-
pidula and found that egg diameter is very variable,
ranging from 130 to 440 pum. Hatchlings can be plank-
lotrophic veligers, pediveligers or crawl ing juveniles. Ex-
tra-embryonic nutrition, when present, can be in the
form of nurse eggs or cannibalism among sibling em-
bryos. Adelphophagy has been reported in at least 7 Cre-
pidula species and cannibalism of damaged or abnormal
embryos is widespread in the genus (Hoagland, 1956).

The genus Crucibulum Schumacher, 1817, is charac-
terized by cap-shaped shells with a complete cup-like
support, which is attached by its base or along one side.
Abbott (1974) reported 12 American species, 10 in the
Pacific from California to Chile and 2 Atlantic species,
Crucibulum guricula from South Carolina to Texas and
West Indies to DBrazil and Crucihulum striatum Say,
1824, from Nova Scotia to both sides of Florida. Diaz
and Puyana (1994) reported 3 species in the Colombian
Caribbean, C. auricula, C. marense Weisbord, 1962, and

planuem Schumacher, 1817, Reproduction of species
in the genus Cricibulum is less known. Coe (1938) stud-
jed the sexual phases of Crucibulum spinosum Sowerby,
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Adult shell of Crucibulum euricula. Dorsal and
ventral view. Scale bar = 13 wm.

Figure 1.

1824, from the coast of Seuthern Calitornia. Develop-
ment of Crucibulum scutellatum Wood, 1828, from the
Persian. Gulf was studied by Thorson (1940). Bandel
(1975) described the protoconch of Crucibulum auricule
(Gmelin, 1791) from the Colombian Caribbean. Pen-
chaszadeh (1984) studied some aspects of the intracap-
sular development of Crucibulum marense Weisbord,
1962, from Venezuela. IHoagland (1986) gave informa-
tion on some reproductive aspects of Crucibulum per-
sonatum Keen, 1958, Crucibulum scutellatum, Cruci-
bulum spinosum, and Crucibulum umbrella Deshayes,
1830, from the Pacific coast of Central America.

Most Crucibulum species mentioned above have
planktonic development and hatch as veliger larvae (C.
personatum, C. scutellatum, C. spinosum and C. wm-
brefla reviewed by Hoagland, 1986} or veliconch (C. au-
ricula, according to Bandel, 1975). Up to now, the only
species Jnown to have non-planktonic direct develop-
ment is C. marense (Penchaszadeh, 1984). Neither nurse
eggs nor cannibalism among embryos have been report-
ed in any of the Crucibulum species.

Herein we describe the egg capsules, intracapsular
development of the embrycs, and hatching mode of C.
auricula from Tsla Caribe, located on the northeastern
coast of Venezuela. The relationship between female
size and the number and size of egg capsules, size of
the eggs and size of hatchlings was also determined.

MATERIALS AND METHODS
SPECIMENS

Brooding specimens were collected in March 1994 and
February 1995 at Isla Caribe, Chacopata, northern Araya
Peninsula, Estado Sucre, Venezuela (10°42°11"N,
63°5257“W) between 0.5 and 1 m depth. There, indi-
viduals of Crucibulum auricula were found attached to
large flat rocks set in a patchy habitat of sand and turtle
grass (Thalassia testudinum). They were easily identified
by the edge of the inner cup, which is entively free (fig-
ure 1) and the outer shell, which is beige with coarse
ribbons (descriptions in Abbott, 1974, Diaz and Puyana,
1994). Some of the individuals were fixed in a glucami-
ne-acetate (GA) bulfer containing 4-6 % formalin (Mil-

Table 1. Crucibulum auricule. Characteristics of embryos
during intracapsular development. Values represent mean =

SD, numbers in parentheses indicale range.

Stage Characteristics Size (pm)
1 Uncleaved yellow egg. 2181 = 16.0
Egg (195-236)
=99
2 Developing embiryos begin lo 3624 % 824
Ermbyro ingest nurse eggs. (236-472)
n = 99
3 Nurse egg ingestion ends. 6157 = 82,9
Embryo Cannibalism ameng sibling (472-786)
embryos begins, n= 105
4 Cannibalism ends. Early 701.0 = 78.5
Early veliger veliger with round velum, (511-786)
small [oct, eyes, short and n =69

thick cephalic tentacles,
organic matrix of shell.

5 Veliger with velum measuring  726.1 = 61.2

Veliger 250 pm in diameter, (629-825)
pigmented with white n = 64
spots, nem-caleified proto-
conch, enlargement of {eot.

6 Prehatehling with reduced 7405 * 69.6

Pediveliger velum (less than 200 pm), (629-823)
long and thin cephalic no=13

tentacles, long foot with
edge pigmented (measures
1 mm), caleification ol shell
(yellowish} begins. Packed
yolk in the posterior region
of the animal.

7 Crawling juvenile, absence of

Hatching velum, cilia remain, foot
with two lobes in the
anterior part, calcified
brown shell, httle to no yolk
reserves.

728.0 £ 70.0
{630-840)
n =10

oslavich and Penchaszadeh, 1997) and others were kept
alive in tanks at 25-27° C and 35 %o salinity with aer-
ated, non-circulating seawater.

Voucher adult material of C. quricula {entire individ-
uals fixed in formalin and preserved in ethanol) has been
deposited in the Museum of Comparative Zoology, Har-
vard University, Cambridge, Massachusetts, catalogue
number MCZ 304128,

DEvELCPMENT

We studied 30 females of C. auricula. In each spawn we
observed: (1) the number and size of egg capsules
brooded per female, (2) the number and size of eggs
and developing embryos within the capsule, (3) the dif-
ferent stages of development, and (4) the hatching
mode. The 30 females produced a total of 373 egg cap-
sules; of these we randomly chose 125 egg capsules (be-
hween 1 and 10 from each female). Egg capsules were
separated from the cluster, classified according to stage
of development, and kept in 30 ml beakers inside tanks
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with aerated and Millipore-filtered (Whatman GEF 13)
seawater. Filtered seawater was renewed daily. Egg cap-
sules were incubated in the dark at 26 °C in a Precision
{818) incubator.

Observations of live and preserved waterial was done
with a ZEISS dissecting microscope and a ZEISS com-
pound microscope; measurements were taken with an
ocular micrometer. Results are reported as mean % stan-
dard deviation.

RESULTS

The shell diameter and height of sexually matare fe-
males of C. auricula vanged from 12 to 23 mm {184 =
26 mm, n = 30} and from 6 and 10 mm (76 = 1.4
myo, 1 = 16) respectively. A significant correlation was
found between female shell diameter and capsule size
(Pearson correlation coelficient r = 0.54, p < 0.01}, that
is, larger females brooded larger egg capsules. However,
no significant correlation was found between female di-
ameter and the number of capsules, eggs per capsule,
number of hatchlings, nor hatchling size,

DFVELOPMENT

Females brooded between 4 and 20 egg capsules in the
maptle cavity (12.4 * 4.4, n = 30. Egg capsules had a
triangular shape, with one corner extending to form a
stalk, and were attached to the substrate at the base of
this short stalk. The stalks are flattened only at the base
of the capsule and the vest is thread-like. The capsule
walls were thin, fragile, transparent (figure 2), and the
egg capsule was turgid. No exit plug was observed. gg
capsules measured between 1.6 and 3.5 mm lengthwise
{without the stalk) (2.5 = 0.3 mm, n = 123) and L0 to
2.8 mm wide (2.1 + 0.3 mm, n = 125).

The number of eggs per capsule varied from 35 to
305 (161 = 56, n = 36). Uncleaved eggs were yellow
and measured approximately 220 pn in diameter (figure
2). All eggs underwent the first four cleavages, 93% ar-
vested development at this stage and were ingested by
the remaining developing embryos (between 3 and 24
per egg capsule, 1.0 £ 6.0, n = 21) as nurse eggs.
Within the capsules (rom a single female, embryos de-
veloped  synchronously, Gastrulation is accomplished
when the ectoderm undergoes epiboly from the animal
pole and envelops the other cells of the embyyo. De-
veloping embiryos measured about 362 pm when they
started to ingest the whole nurse eggs, they were oval-
shaped, yellow, with no velar lobes nor shell (figure 3).
At the end of the ingestion stage, these embryos mea-
sured about 616 pm in length; they were yellow and the
nurse eggs were tightly packed in their interior. At this
point of their development, the embryos started to can-
nibalize each other. It was common to find two embryos
feeding upon a third one (figure 4). Alter the cannibal-
ism stage, 1 to 11 embryos remained in each capsule
(7.0 £ 3.0, n = 21) and developed the velar lobes, The
early intracapsular veliger measured about 700 pm and

was characterized by a small round velum, a simall foot,
eyes, very short and thick cephalic tentacles and sur-
rounded by an organic matrix {figure 5). A {ragile shell
measuring around 726 pm developed from the organic
matrix. The developed velum measured 250 pm in di-
ameter and had white spots (figure 6). The intracapsular
pediveliger stage had a reduced velum measuring less
than 200 wm in diwneter, bad elongated and thin ce-
phalic tentacles, and a long foot (about 1 mm) with
brown lines along the edges. When calcification started
(Bgure 7), the pediveliger shell measured about 740 pum.
Pediveligers were not able to swim when excapsulated
into seawater. A few days prior to hatching (6 to 7 days),
yolk was observed inside of the pediveligers. These yolk
reserves disappeared albmost completely by hatching, and
only a small yellow spot in the posterior region of the
animal remained. Hatching occurred as crawling juve-
niles with a brown calcified shell measuring 730 um in
length, the shell was relatively smoath with thin hori-
zontal lines separated 20 pm from each other, juveniles
had a well-developed foot with a small and transparent
operculum, short cephalic tentacles and no velum. How-
ever, ciliary movement was observed in the region where
the velum had been resorbed (table 1).

DISCUSSION

The relationship between female size and some repro-
ductive parameters such as capsule size, number of eggs
and developing embryos within each capsule, and hatch-
ing size of the juveniles has been reported in several
families of marine gastropods (Spight e al, 1974, in
Muricidae; Robertson, 1983, in Epitoniidae; Miloslavich
andd Dufresne. 1994, in Buccinidae). These studies in-
dicate that larger females produce bigger egg capsules
that contain more eggs and more and bigger hatchlings
than smaller females. In Crucibulian auricula we found
that larger females brood larger egg capsules than small
{emales; however, these egg capsules do nol contain
more eggs nor produce more or bigger hatchlings, there-
fore the reproductive outcome of both small and large
females is the same. Chaparro et al. (1999) [ound no
relationship between {emale size and the number of de-
veloping embryos of Crepidida dilutata Lamarck, 1822,
however, the mean size of the juveniles at hatching did
increase with the shell length of the female, because
MOTe NUISE egEs were available to an embryo from a
larger female than to an embryo from a smaller ope.
[ calyptraeids, the number ol egg capsules per brood
is usually related to lemale size (see table 3 in Hoagland,
1986). Cructbulum auwricuda is one of the smallest spe-
cies of Crucibuluin. The number of egg capsules (mean
12 egg capsules per brood) in this species is one of the
lowest among the five species of the genus for which
there is intormation on reproduction published. It js
similar to that of C. marense (about 14 egg capsules} but
it is lower than C. seutelletion, C. spinoswm (both with
a mean of 20 capsules), and C. personatum (30 cap-
sules). The production of hatchlings of C. auricula is also
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Figures 2-7. TIntracapsular development of Crucibulim auricula. 2. General view of the egg capsules with uncleaved eggs (stage
1). Seale bar = L5 mm. 3. Egg capsule contuining both developing embryos (large] and nurse eggs (simall) (stage 2: adelphophagy;.
Scale bar = 600 wm. 4. Cannibalism among sibling embryos (stage 3). Scale har = 200 wmn. 5. Early veliger inside egg capsule
{stage 4). Scale bar = 650 . 6. Veliger with non-calcified protoconch (stage 3. Scale bar = 250 pm. 7. Prebatching (stage 6},

Scale bar = 150 pm.
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Table 2. Brood characteristics and total production of hatehlings within the genus Crcibudum. (NA = not available)

No. hatchling/ Total hatchling

Hatchling size

Species Lgg size {um)  No. capsules capsule production (wn)/m{?ode Sonrce

C. marense NA 14 14.5 2033 1620-1.060 Penchaszadeh, 1984
Crawler

C. personatum NA 39 275 8250 320 Hoagland, 19356
Veliger

C. scutellmum NA 20 200 4000 NA Heoagland, 1956
Veliger

C. spinosum NA 20 200 4000 ‘760 Hoagland. 1986
Veliger

C. umbrella NA 31 150 46G30) 440 Hougland, 1956
Veliger

C. auricula 218 12 7 54 728 This work

Crawler

very low (about 84 crawling juveniles), followed by C
marense with a tetal production of 200 crawling juve-
niles. The other Crucibulim species produce veliger lar-
vae in numbers over 4000 (Hoagland, 1986) (table 2).
The size of the uncleaved egg is very important be-
cause it determines the amount 01 yolk available for the
embryo to develop when other extraembryonic food
sources such as nurse eggs, cannibalism among siblings,
or intracapsular fluid, are not available. The egg of Cru-
cibulum auricula is within the size range ol calyptraeid
species in the genus Crepidula, which vary between 150
and 420 wm (Hoagland, 1986). Within the genus Ciu-
cibulum, the egg size has been previously reported only
for C. spinosum ([rom 170 to 190 pm; Coe, 1938).
Within calyptraeids and particularly in the genus Cre-
pidula, two feeding modes dwing intracapsular devel-
opment have been described: adelphophagy, or nurse
egg ingestion, and cannibalism: both were observed in
C. auricula. Hoagland {1986) reviewed the patterns of
encapsulation and breoding in calyptreids and reported
no nuise eggs in the five Crucibulum species for which
we have data (C. personatum, C. scutellatum, C. spinos-
um, C. umbrellg, and C. marense). However, Coe {1938)
reported that a considerable proportion of the eggs of
C. spinosum fail to complete development, as the num-
ber of veliger larvae that hatch is much lower than the
original number of eggs. This difference between num-
ber of eggs and number of hatching veligers could be
due not only to nurse eggs but also to embryos ingested.
Thorsen (1940) reported that the large size of the em-
bryos at hatching (0.7 mm} in C. scutellatum from the
Persian Gult was probably due to cannibalism and that
nurse eggs do not seem to occur. I properly identified
by Thorson, this species would have a very wide geo-
graphic range even for a species with planktonic devel-
opment (Hoagland, 1986), since Keen (1971} and Abbott
and Dance (1982) reported it as a tropical western
American species ranging from Mexico to Ecuador, Pen-
chaszadel (1984) stated, for C. marense, that presum-
ably neither nurse eggs nor cannibalism are involved
during development given the uniformity of shell size at

hatching and because undeveloped eggs were not ob-
served.

Bandlel (1973; 1976) reported that C. auricula from
the Colombian Caribbean produces 10 to 12 vellowish
eggs and that all develop into a veliconch possessing a
functional foot and a large velum. His observations were
probably carried out after the developing embryos fin-
ished eating the nurse eggs, which could have fed him
to mmmte;plet the embryos as eggs and to not ohserve
the 150 nurse eggs per capsule we observed (93 % nurse
eggs). Another possibility is that he worked with a dif-
ferent species. In the Colombian Caribbean, Diaz and
Puyana (1994) have reported three Crucibulum species:
C. auwricule, C. marense, and C. planwin, the first two
are relatively common and the third one is uncommon.
The shell of C. marense is similar in size to €. auricula
(15 wm in diameter) but is characterized by a curved
apes; the shell of C. planum is much larger (40 mm in
diameter) and is characterized by bvown reddish spots.
Given that the taxonomy of all calyptraeids, especially
Calyptraca Lamarck, 1799, and Crucibulum is on need
of major revision, Bandel plobably misidentified the spe-
cies. However, il Bandel’s observations are correct and
he properly identified the species, this would be a
unique case of poecilogony among gastr 0})0( s, which, we
suggest, is unlikely to happen (se(, reviews by Bouchel,
1989, and Hoagland and Robertson, 1988).

Embryos of C. anricula develop synchronously within
the capsules of a single female. However, they reach
variahle sizes (between 650 and 840 wm), probably de-
pending on the number of nurse eggs and embryos in-
gested. Hoagland (1986) reported that, for most Calyp-
tracidae, larvae develop sync]n'onous]y except in those
speucs with nurse eggs; and in Crucihulum spinosum,
there is asynchrony between ege capsules, implying that
the brood does not hateh all at once.

Most Crucibubim species herein mentioned (C. per-
sonatwm, C. sewtellatwn, C. spinosum, C. umbrella)
hatch s tree-swinming veligers (Hoagland, 1986; Coe,
1949}, Penchaszadeh (1984) reported crawling juveniles
for C. marense and Bandel (1575; 1976) reported veli-
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conchs for C. auricula in the Colombian Caribbean. In
this study, we found that C. auricisla hatches as crawling
juveniles, with some velar (ciliar) remains but are unable
to swim. Even in the absence of a free-swimming stage,
this species has a wide geographic distribution in the
western Atlantic, from the coast of South Carclina south
to the Caribbean to tropical Brazil (Abbott, 1974; Diaz
and Puyana, 1994).
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