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ABSTRACT

Seasonality of reproduction in Buccinanops cochlidium, including mating, oviposition and embryonic
development, was studied within a population in Patagonia. Mating was observed mainly during
autumn and winter (March to October). Females carrying egg capsules were found between July
and October when water temperature was 108C, while development of embryos continued until
February (the hatching peak) when water temperature was 188C. All egg capsule masses were found
attached to the shells of females 80–102 mm in length. The spawn consisted of 80 to 238 egg cap-
sules, attached to the apertural callus of the shell. Linear regression analysis showed no significant
relationship between female size and number of egg capsules. Each egg capsule contained 3100 eggs
on average, with a mean egg diameter before cleavage of 227.5 mm. One to 20 embryos completed
their development within each egg capsule by ingesting around 570 nurse eggs. The embryos fol-
lowed a typical holoblastic spiralian division until gastrulation. During the ‘veliger’ stage the embryo
consumed nurse eggs and formed a large rounded embryo up to 2 mm in diameter. After shell devel-
opment the embryos hatched as crawling juveniles of 4.0 mm shell length through an opening oppo-
site to the capsule stalk. There was an inverse relationship between the mean hatching shell size and
the number of embryos per egg capsule. Under laboratory conditions development was completed in
four months.

INTRODUCTION

The larval growth of the Neogastropoda includes a period
of intracapsular development, after which embryos hatch
either as free-swimming larvae or as crawling juveniles (Fretter
& Graham, 1994). The nutritional resources for intracapsular
development are provided by several means, including
numerous nurse eggs per capsule to be eaten by one or more
embryos (adelphophagy) (e.g. Fasciolaria tulipa hollisteri,
Penchaszadeh & Paredes, 1996; Trophon species, Penchaszadeh,
1976), a single large yolk-filled egg (.800 mm) in each egg
capsule (e.g. Prunum prunum, Penchaszadeh & Rincón, 1996;
Olivancillaria species, Borzone, 1995), and/or the provision of
nutrients in the intracapsular fluid (e.g. Buccinum sp.,
Miloslavich, 1996; Engoniopus unicinctus, Miloslavich, 1999). In
the Nassariidae both free larval and direct development occur,
as for example in Bullia (Brown, 1982) and Nassarius
(Pechenik, 1975) respectively, but neither produces large eggs.

With respect to nurse egg ingestion in neogastropods,
Fioroni (1967) suggested several possibilities, including degra-
dation by rotation of the nurse eggs, embryonic mechanical
destruction of the eggs and ingestion of particles, and the inges-
tion of entire nurse eggs.

The genus Buccinanops is widely distributed in shallow waters
of the southwestern Atlantic Ocean. Adult snails are medium
sized with a fusiform shell, typically inhabiting soft bottoms
(Pastorino, 1993; Rios, 1994). Species are gonochoristic with
internal fertilization. The production and attachment of egg
capsules implies a remarkable reproductive effort. A variable
number of triangular to rectangular, flattened and flexible egg
capsules are attached to the apertural callus of adult shells

(Penchaszadeh, 1971a, b, 1973), which provides both a suitable
hard substrate and care of the egg capsules. There is no pub-
lished evidence that the egg capsules are attached to the shell
by the same snail that carries them. Embryos complete their
development within the egg capsule by the ingestion of nurse
eggs, and then hatch as crawling juveniles through a distal
opening (Penchaszadeh, 1971a, b).

In general, intracapsular developmental times vary widely
between species depending on the hatching stage and environ-
mental conditions (Miloslavich, 1996). The developmental
time for embryos of Buccinanops species is unknown, and there
is no published information about size at reproductive maturity
or the gonadal cycle.

Buccinanops cochlidium is distributed from Rio de Janeiro in
Brazil (as B. gradatum sensu Rios, 1994) to Golfo Nuevo in
Argentina. In Patagonia B. cochlidium lives in temperate coastal
waters on soft bottoms of the subtidal zone, usually at depths
between 5 and 15 m. It is the largest species of the genus,
reaching 110 mm in length. A subtle sexual dimorphism is
present, with smaller maximum size in males than in females
(A. Averbuj, unpubl.). Buccinanops cochlidium is a potential
target for local fisheries (Ciocco, 1999), so improved knowledge
of its reproductive biology is required before sustainable fish-
eries policies are developed.

Penchaszadeh’s previous work on B. cochlidium was carried
out using four museum specimens from which the egg capsules
and the late stage embryos were described (as B. gradatum;
Penchaszadeh, 1971b, 1973). Commonly one embryo hatches
per egg capsule in Buccinanops species, but B. cochlidium is the
exception, with four to 10 embryos ingesting thousands of
nurse eggs and hatching as crawling juveniles (Penchaszadeh,
1971b, 1973). The present work is based on two years’
sampling of abundant live material.Correspondence: A. Averbuj; e-mail: averbuj@cenpat.edu.ar
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In this paper we describe the seasonality of reproduction,
mating, oviposition and embryonic development of B. cochlidium
from Playa Villarino, northern Patagonia. This site represents
an opportunity for studying a population that has not suffered
the effects of imposex associated with high marine traffic
(Penchaszadeh, Averbuj & Cledón, 2001; Goldberg et al., 2004;
Bigatti et al., 2009) or of commercial fishery.

MATERIAL AND METHODS

Samples and observations were made monthly from December
2004 to November 2007, in Playa Villarino, in Golfo San José
(428250S, 648310W; Fig. 1). Bottom water temperature was
obtained daily by an HOBO underwater data logger placed at
the sampling site for the complete period of study.

From December 2004 to November 2006, 20 individuals of
Buccinanops cochlidium (representing all sizes) were randomly col-
lected each month. Collection was performed by SCUBA diving
on muddy bottoms at depths between 5 and 15 m. Total shell
lengths (TSL) were measured with Vernier caliper (0.1 mm
precision) and the wet soft-body mass (WBM) weighed to the
nearest 0.1 g. The specimens were dissected immediately and
sexed by presence or absence of a vagina and accessory glands.

The study was supplemented by monthly field observations
during sampling. The presence of mating individuals and the
frequency of copulation were recorded. Monthly observations
(without collection of material) were made during the third
year of study, to confirm seasonality.

Oviposition

The proportion of breeding individuals per month was esti-
mated from the number of egg capsule masses and the total
number of individuals collected each month. The egg masses
were studied fresh; when this was not possible they were fixed
in 5% formalin. Egg capsules were counted in each spawn
mass. To study intracapsular development 50 individuals car-
rying egg masses were selected from the total capture, to rep-
resent the complete range of adult shell sizes, and excluding
incomplete or damaged egg masses. Five egg capsules were
randomly chosen from each of the 50 masses, detached from
the shells, measured (total length, maximum width and total
pedicle length) and dissected.

Development

The number of nurse eggs per capsule was counted under a
light microscope. The intracapsular egg diameter was

measured before cell division; for this purpose 50 eggs were
randomly chosen from each female.
Embryos within the egg capsules were classified into one of

nine developmental stages: 0, Egg: round, before cell cleavage;
1, Cell Cleavages: embryo with two to eight cells (macromeres
and micromeres); 2, Morula: multicellular (.16) roundish
embryo without a ciliated velum or other larval structure (this
stage is reached at different cell numbers depending on taxon,
Van den Biggelaar & Haszprunar, 2003); 3, Early ‘Veliger’:
ciliated velum, mouth and empty stomach; 4, Ingesting
‘Veliger’: increasing quantities of nurse eggs inside stomach,
with first shell matrix and foot; 5, Late ‘Veliger’: large embryo
with stomach full of eggs, with foot and thin calcified shell; 6,
Coiling Embryo: crawling stage, coiled shell, stomach is
reduced and velum resorbed; 7, Pre-hatching: white calcified
shell, stomach persists as an empty sac external to shell; 8,
Hatchling: juvenile is a miniature adult (Table 1).
Total length of the embryos was measured at each of the

developmental stages. At the hatching stage, the number of
juveniles per capsule was counted and measured in all intact
capsules. The mean hatching shell length (MHSL) was calcu-
lated. All measurements were made with stereoscopic micro-
scope with a 0.1-mm precision ocular micrometer.

Aquarium observations

During August 2005 (end of austral winter), four animals car-
rying egg masses were collected and maintained in separate
aquaria. These were the first egg masses to appear in the year
and were evidently recently laid (stage 0). Salinity was main-
tained at 35 in concordance with field measurements, tempera-
ture ranged between 12 and 148C (spring temperature) and a
12 : 12 h light: dark photoperiod was maintained. The animals
moved, fed and buried as observed in the field, but did not
mate or lay egg capsules. Each week five egg capsules were
detached from each shell and dissected to ascertain the stage of
development.

Statistical analysis

The relation between the TSL of the animal carrying the egg
capsules and the number of capsules was evaluated by linear
regression analysis. The residuals of a linear regression of
WBM on TSL were used to calculate the female body con-
dition (BC) index (Hargitai et al., 2005). Linear regressions of
BC on number of egg capsules, and number of embryos per
egg capsule and MHSL were calculated. All tests and statisti-
cal analyses were done with Statistica 7.0.

RESULTS

Bottom water temperature varied between 108C in September
(end of austral winter) and 188C in March (late summer)
(Fig. 2). Mating was observed in the field from March to
October (during decreasing water temperature; Fig. 2) in both
years (2005, 2006) (Fig. 2, Table 2). During mating the male
was usually buried or semi-buried, surrounding the buried
shell of the female with its foot. Male and female shells were
positioned side by side, oriented in the same direction
(Fig. 3A). The male introduced the flat, elongated penis into
the female’s mantle cavity to reach the vagina (Fig. 3B).
Mating frequency increased before the start of oviposition
(July to September). Stored sperm were found in the bursa
copulatrix of females captured from March to October
(Table 2).Figure 1. Location of Playa Villarino in Golfo San José, Argentina.
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Oviposition

All of the 88 adults carrying egg capsules that we examined
were females, with a size range between 80 and 102 mm shell
length.

The monthly percentages of females with egg capsules are
shown in Figure 4. We found intact egg capsule masses (with

eggs and/or living embryos) from July to February (rising
water temperature; Fig. 2) in both 2005 and 2006 (Table 2).
The number of spawn masses containing recently laid capsules
(embryo stages 0, 1) increased from July to October, and then
decreased abruptly in November (Fig. 4). The maximum fre-
quency of egg capsules masses occurred from October to
February. By March all females were free of egg masses or pos-
sessed only residual empty capsules. The same seasonal pattern
was confirmed by field observations made during 2007.

Egg masses consisted of 142.2+30.0 egg capsules (mean+
SD) (range ¼ 80–238; n ¼ 50) attached to the shell by means
of short stalks measuring 1.4+0.5 mm (n ¼ 250). Egg capsules
were elongated and flattened, and triangular to rectangular in
shape, measuring 14.3+ 1.2 mm (n ¼ 250; range 11.7–
17.7 mm) in length and 8.6+ 0.7 mm (n ¼ 250) in maximum
width. The egg capsules were attached in rows parallel to the
internal lip of the aperture of the shell, extending outwards
over the callus. Thus, the egg capsules from an incomplete
mass were always situated on the callus close to the columella,
and the outer capsules were thus the last to be laid; we photo-
graphed one oviposition event in situ (Fig. 3C). All capsules
were sculptured on the side facing the animal’s body, while the
other side was smooth (Fig. 3E). Reproductive parameters are
summarized in Table 3.

No linear relationship was found between TSL and the
number of egg capsules attached to the shell (F ¼ 1.82; P ¼
0.19; n ¼ 50). As a result, the linear regression of BC on number
of egg capsules could not be calculated; instead we analysed the
relation of WBM to the number of egg capsules, but no signifi-
cant relationship was found (F ¼ 1.304; P ¼ 0.37; n ¼ 29).

Development

The mean egg diameter prior to cleavage was 227.5+13.5 mm
(mean+SD) (n ¼ 2500). Each egg capsule contained 3101+
494 eggs (range ¼ 2005–4119; n ¼ 50 from 10 females)
(Fig. 5A). A few of the eggs developed completely and hatched
as miniature adults. These eggs followed a typical holoblastic
spiralian division. A conspicuous polar body appeared before
the first cellular division and a short morula stage was
observed (Fig. 5B–D); gastrula and ‘trochophore’ stages were
not observed. During the ‘veliger’ stage the embryo began
ingesting the nurse eggs, which were manipulated with ciliated
velar lobes before passing whole and into the oesophagus
(Fig. 5E, F). The eggs were found intact in the stomach, which
is a blind sac (Fig. 6A). Each embryo appeared to ingest as
many eggs as possible while they were available and after a
long period of egg ingestion (Table 1) their guts were filled
with 570+ 199 eggs. The digestion of the eggs occurred at the

Figure 2. Bottom water temperature (December 2004–January 2008).

Table 1. Embryonic intracapsular development of Buccinanops cochlidium.

Stage Description Mean embryos size (mm) Time*

(days)

0 (Egg) Round and whitish, before cellular cleavage 227.5+13.5 (160–280) n ¼ 2,500 0–1

1 (Cell cleavages) Embryo with 2–8 macromeres and micromeres 299.6+25.3 (200–340) n ¼ 53 7–10

2 (Morula) Roundish embryo with several cells (.16) 264.0+27.4 (230–320) n ¼ 38 1–3

3 (Early ‘veliger’) Embryo with ciliated velum, mouth and empty stomach 511.3+132.3 (320–800) n ¼ 30 5–9

4 (Ingesting ‘veliger’) Increasing quantities of nurse eggs inside stomach. First shell matrix and foot 2761.2+738.5 (1,076–5,075) n ¼ 88 40–45

5 (Late ‘veliger’) Large embryo; sac full of eggs, developed foot and thin calcified shell 2878.3+531.6 (1,800–4,100) n ¼ 39 3–7

6 (Coilied embryo) Crawling stage, with coiled shell, stomach is reduced and velum resorbed 3694.1+341.3 (2,922–4,306) n ¼ 54 45–50

7 (Pre-hatching) Juvenile with white calcified shell, stomach persists as an empty sac at apex

external to shell

3492.9+437.8 (2,768–4,614) n ¼ 38 5–10

8 (Hatchling) Juvenile hatches as miniature adult 4000.0+620.0 (2,400–7,000) n ¼ 626 0–1

Values represent mean size+SD and range (brackets). *Developmental time recorded in aquarium; total ¼ 106–135 days.

Table 2. Mating and oviposition observed in the field, and sperm held
in bursa copulatrix, during the period of study of Buccinanops cochlidium.

Months Mating Egg capsules Sperm in bursa

copulatrix

Jan No Yes No

Feb No Yes No

Mar Yes No Yes

Apr Yes No Yes

May Yes No Yes

Jun Yes No Yes

Jul Yes* Yes Yes

Aug Yes* Yes Yes

Sep Yes* Yes Yes

Oct Yes Yes* Yes

Nov No Yes* No

Dec No Yes No

*High frequency.
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same time that a translucent shell matrix developed (Fig. 6B).
Growth and coiling of the whitish shell occurred as the foot
developed and the velum disappeared (Fig. 6C, D). The crawl-
ing juvenile remained inside the egg capsule until the shell
apex (a region occupied by the residual stomach sac) was
closed. The shell was coloured with two purple bands, typical
of the genus (Fig. 6E, F).

Between one and 20 embryos hatched per egg capsule
(5.4+ 2.5; n ¼ 172) with a mean shell length of 4.0+ 0.6 mm
(2.4–7.0; n ¼ 626). The juveniles emerged from the capsule
through an apical ridge opposite to the stalk (Fig. 6E); this
opening is not a plug or operculum as in other caenogastro-
pods. The developmental stages within the egg capsules of
each female were always synchronous.

Figure 3. Mating and spawn of Buccinanops cochlidium. A, B. Pair of gastropods as observed in the field. A. Male’s foot applied to shell of female. B.
Pair separated; male’s elongated white penis is visible. C. Female while spawning, in dorsal view. D. Female with a complete spawn. E. Detail of
egg capsule shape and ornamentation. F. Crawling female with the residual egg capsules completely empty. Abbreviations: e, egg; ec, egg capsule;
ff, female foot; fs, female shell; mf, male foot; ms, male shell; p, penis; sc, sculpture; st, stalk. Scale bars: A–D, F ¼ 3 cm; E ¼ 0.5 cm.

Figure 4. Monthly proportion of females of Buccinanops cochlidium
carrying egg capsules in stage 0–1 (black bars) or later stages (gray
bars), and without egg capsules (unshaded).
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The relationship between the number of embryos per egg
capsule and the MHSL was highly significant (F ¼ 403.7; P ,
0.0001; r2 ¼ 0.5132; n ¼ 385) (Fig. 7).

Aquarium observations

Observations from the aquaria showed that the developmental
time ranged between 106 and 136 days, mostly represented

Figure 5. Embryological development of Buccinanops cochlidium. A. Egg capsule in stage 0. B. Eggs and cellular cleavage stage. C. 16-Cell stage.
D. Morula. E. ‘Veliger’ stage embryo eating an egg. F. ‘Veliger’ stage embryo full of eggs with velum and oesophagus visible by transparency.
Abbreviations: e, egg; m, mouth; ma, macromeres; mi, micromeres; oe, oesophagus; pl, polar body; ss, stomach sac; v, velum. Scale bars: A ¼
2 mm; B–F ¼ 500 mm.

Table 3. Reproductive parameters of Buccinanops cochlidium.

Spawning females

shell length (mm)

Egg capsules per female Eggs per capsule Egg diameter (mm) Hatchlings per capsule Hatchling length (mm)

90.8+4.8

(80–102) n ¼ 50

142.2+30.1

(80–238) n ¼ 50

3101.5+494.3

(2005–3898) n ¼ 50

227.5+13.5

(160–320) n ¼ 2500

5.4+2.5

(1–20) n ¼ 172

4.0+0.6

(2.4–7.00) n ¼ 626

Values represent mean size+SD and range (brackets).
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by the ingesting stage and the coiling (shell growth) stage
(Table 1).

DISCUSSION

The studied population of Buccinanops cochlidium showed one
reproductive cycle during the year. After mating (starting in
March), oviposition began in July and continued until
November, when both mating and oviposition stopped; intra-
capsular development then continued and hatchlings emerged
in February. Mating occurred mainly during autumn and
winter (18–108C), while oviposition stopped when water
temperature was lowest, and development occurred with
increasing water temperature during spring and summer (10–
188C). Spermatozoa were present in the bursa copulatrix of

females during the entire mating period, but not from one
reproductive season to the next.
Mating has not been described previously for Buccinanops

species. The copulatory mode described here resembles that
described for Bullia by Brown (1982), except that no group
aggregation was observed in the present study.
The minimum size of females carrying egg capsules was

80 mm and represents a measure of sexual maturity. All indi-
viduals carrying egg capsules were females. The act of ovipos-
ition was observed in the field only once; the semi-buried
female placed the gonopore in contact with the callus of the
shell, confirming our assumption that each female attached
their own egg capsules to their own shell. This assumption is
also supported by the synchronous development of each egg
capsule mass. A proper management of this species as a fishery

Figure 6. Embryological development of Buccinanops cochlidium (continued). A. ‘Veliger’ stage embryo full of entire eggs. B. Late ‘veliger’ stage
embryo with developing shell and foot. C. Coiled-shell embryo. D. Pre-hatching stage with shell almost completely closed. E. Juveniles hatching
from capsule. F. Hatchling. Abbreviations: e, egg; ec, egg capsule; f, foot; s, shell; ss, stomach sac; v, velum. Scale bars: A–F ¼ 500 mm.
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resource should exclude snails carrying egg capsules and estab-
lish the minimum oviposition size as the minimum for capture.

The embryos of B. cochlidium complete intracapsular develop-
ment under aquarium conditions in 121 days. This develop-
mental time may be overestimated because the aquarium
water temperature does not increase with time, as it does in
natural conditions. On the other hand, this period of approxi-
mately four months coincides with the time elapsed in nature
between the peak of oviposition (October) and the peak of
hatching (February). Each spawn represents a huge laying
event, with a mean fecundity per female of 450,000 eggs
(mean diameter ¼ 227 mm) and more than 800 hatchlings of
4.0 mm shell length. These numbers are comparable with the
490,000 eggs laid by Buccinum isaotakii in Japanese waters, in
which the number of hatching embryos is 8,000, with a shell
length of 2.5 mm (Ilano, Fujinaga & Nakao, 2004).

The number of egg capsules attached to the shell shows no
significant relationship to shell size (TSL) or body mass
(WBM). Possibly, the WBM or TSL could be more closely
related to the total investment made by each female (i.e. a
combination of the number of egg capsules and the number of
eggs in) (Chaparro et al., 1999; Ilano et al., 2004).
Furthermore, reproductive effort may vary throughout life
(Clutton-Brock, 1991), so that females of the same size or
weight class but of different ages may show different reproduc-
tive investment.

The embryos within an egg capsule do not start to develop
exactly simultaneously, although they arrive simultaneously at
the hatching stage, but with varying shell sizes (dependent
upon the amount of nurse eggs ingested). The regression of
MHSL on the number of embryos per capsule was significant,
but explained only 51% of the variance, suggesting the influ-
ence of other variables (e.g. amount of nurse eggs).

The developmental time of B. cochlidium can be compared
with that of Buccinum undatum and Buccinum cyaneum from tem-
perate waters, with a complete intracapsular developmental
period of up to nine months (Miloslavich, 1996). Buccinid
species with nurse eggs that inhabit tropical waters show
shorter developmental times, e.g. three months in Fusinus closter
and seven weeks in Fasciolaria tulipa hollisteri (with shelled
veliger hatchlings) (Miloslavich, 1996).

The intracapsular ‘veliger’ full of nurse eggs was incorrectly
interpreted as an ‘egg package’ within a membrane by
Penchaszadeh (1971a, b, 1973), based on the work of Ansell &
Trevallion (1970) and others (Crichton, 1943; Barnard, 1958).
These ‘egg packages’ are, in fact, the result of competition
between embryos for a limited amount of food. The intracap-
sular ‘veliger’ stage embryos of B. cochlidium ingested and

stored hundreds of entire nurse eggs. A discussion on the
advantages of ingesting more than an average number of nurse
eggs has been given by Spight (1976). The variety of hatching
sizes per egg capsule and the increase of the mean hatching
size when there is a lower number of embryos per capsule, are
evidence for this competition in B. cochlidium (Pechenik, 1986;
Chaparro et al., 1999). The nassariid genus Bullia includes
species such as Bullia digitalis (Brown, 1971) whose ingestion
mode resembles that of B. cochlidium, while in others, such as
Bullia melanoides and Bullia tenuis, there is evidence of embryo-
nic cannibalism (Ansell & Trevallion, 1970; Brown, 1985).
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