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Abstract: We examined the reproductive cycle of a tropical bivalve, the fire scallop Lima (Ctenoides) scabra
(Born, 1778), over a 14 months period in the Golfo de Cariaco, Venezuela, and the association of gonadal growth
and spawning with environmental factors. Most small individuals were males and most large individuals
females, indicating the protandrous characteristic of this species. We documented three marked decreases in
gonadal mass, from late October to December 1992, from early June to early July 1993 and from late October
to early December 1993, and all were associated with drops in temperature related to renewed upwelling. This
suggested that major synchronized spawnings were stimulated by drops in temperature or other factors related
to the onset of upwelling. Multiple regression analyses indicated that the major environmental factor associated
with increases in gonadal mass was phytoplanktonic food availability. Analyses of regressions of mass of
somatic tissues to shell height suggested decreases in reserves in somatic tissues at the end of the November-
December spawnings, but not at the end of the June-July spawning. This may be because body reserves are used
for reproduction during November and December when phytoplanktonic food availability is low.
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The fire scallop Lima (Ctenoides) sca-
bra (Born, 1778) is found from North Caro-
lina in the United States to the northeastern
coast of Brazil (Abbott 1974, Diaz and Puya-
na 1994). Along the coast of the Golfo de
Cariaco, Venezuela, it is common in rocky
crevices and spaces among coral branches.
Although the biomass of this species can be
relatively high (11.3 g dry mass/m?2 in the
Golfo de Cariaco, Gémez et al. 1995), it is
not well suited for commercial exploitation
because of the difficulty in collecting it from
coral habitats. Also, harvesting would likely
damage coral communities. It likely has va-
lue as an ornamental species for aquaria, be-
cause of its beautiful shell with radiating
ribs, the long tentacles and the striking red
tissues (owing to their high carotenoid con-

tent; Lin and Pompa 1977). In fact, it is oc-
casionally collected commercially as an or-
namental species in the Golfo de Cariaco (J.
Belmonte-Valmore, ACUMAR Srl., Carrete-
ra Cumand-Marigtiitar, Venczuela, personal
communication).

Few studies have examined the repro-
ductive biology of species in the genus Lima.
Two studies by Gémez et al. (1990, 1995) re-
port on aspects of the population biology of
Lima scabra in the Golfo de Cariaco and in-
dicate it is a protandric hermaphroditic spe-
cies. No studies have described its reproduc-
tive cycle. The present study documents the
reproductive cycle over 14 months and at the
same time examines the relation between go-
nadal growth and spawning and environmen-
tal factors.
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MATERIALS AND METHODS

To document the reproductive cycle of L.
scabra, 30-35 individuals were colleted from
amongst coral branches (mainly Diploria stri-
gosa and Millepora alcicornis ) at 0.5-2.5 m
in depth at Turpialito (10° 26’ 56 N ; 64° 02’
00’ W), in the Golfo de Cariaco, Venezuela at
1-2 months intervals from October 1992 th-
rough December 1993. The bivalves were re-
moved from crevices using large tweezers.
The samples were transported to the labora-
tory in insulated containers at ~10 °C. For
each individual, we measured shell height
(dorsal-ventral axis) with an electronic cali-
per (0.01 precision) and then dissected it to
separate the gonad, shell, muscle and remai-
ning somatic tissues which were weighed to a
0.001 g precision (after draining for 5 min on
paper toweling). The sex of the gonad was de-
termined from observations of tissues with a
microscope and from gonadal color (brown
for females and gray for males).

In examining seasonal changes in gonadal
size we used gonadal mass as a percentage of
somatic tissue mass (muscle and remaining tis-
sues) as a gonadal index. An ANCOVA using
shell height as the covariate indicated that slo-
pes of the relationships of somatic tissue mass,
shell mass, and total mass to shell height were
similar (P>0.1).

Numerous environmental factors were
quantified to evaluate their possible influen-
ce on the reproductive cycle of L. scabra. A
Sealog electronic thermograph (Vemco Ltd.,
Halifax, Canada) was placed at ~1 m in depth
among the corals to continuously record tem-
perature.Other variables were determined
from water samples taken from 0.5-1 m in
depth with a 5-L Niskin bottle at weekly in-
tervals from a fixed station at the entry to the
cove. As soon as the bottles were removed
from the water, samples were taken for oxy-
gen determinations (Winkler method, Stric-
kland and Parsons 1972). We also took 400
mL samples for salinity determinations
(using an inductive salinometer and the cal-

culations described by Anomymous 1981)
and 500 mL samples were preserved in 10 %
formaldehyde for phytoplankton identifica-
tions and counts. The remaining water was
transferred to the laboratory in opaque con-
tainers for the analysis of seston. Within 2 h
in the laboratory, we removed macroplankton
using 153-um Nytex screens and then 500 or
1000 mL aliquots were passed through 0.7-
pum fiberglass MFSF filters. These samples
were frozen at -20 °C for subsequent analy-
ses. The masses of organic and inorganic ses-
ton were measured gravimetrically and chlo-
rophyll a was determined using the spectrop-
hotometic method as described by Strickland
and Parsons (1972). The energetic content of
the seston was estimated from measurements
of protein (Lowry et al. 1951) and carbohy-
drate (Dubois et al. 1956) content, using con-
version factors of 23.9 and 17.5 KJ g1, res-
pectively (Gnaiger and Bitterlich 1984). Af-
ter permitting the phytoplankton to settle
using Utermohl’s technique (1958), we iden-
tified and counted the species present using
an inverted microscope. Low magnification
(10X objective) was used for macrophyto-
plankton and high magnification (40X) for
micro- and nano-plankton. In the analysis,
the phytoplankton was separated into four
groups, diatoms, dinoflagellates, cocolithop-
hores and nanoflagellates (<20 um; we did
not distinguish between auto- and hetero-
trophic flagellates).

To evaluate the effect of environmental
factors on the gonadal development of L.
scabra, we examined the relation between in-
creases in the gonadal index and environ-
mental conditions (the mean values during
each period of gonadal increase) using a
stepwise multiple regression analysis
(P=0.05) applied to log-transformed data. All
of the recorded environmental parameters
were considered. Colinearity effects within
predictive models must be minimized (Hair
et al. 1992) and Pearson Correlation Analy-
ses indicated that the correlations among va-
riables were not high (r<0.7).
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RESULTS range of the gonadal indices for small to large in-
dividuals indicated that all sizes sampled, from
On most sampling dates, gonadal indices 25 to 75 mm in shell height, were reproductively

were highly variable suggesting varying stages active. However, during the period from 15 De-
of gonadal development (Fig. 1). The similar cember 1992 to 1 March 1993 and on 6 July
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Fig. 1. Lima scabra. Relation of testicular and ovarian indices to shell height for individuals collected at Turpialito on
different dates from November 1992 to December 1993.
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1993 and 6 December 1993 indices were consis-
tently low (generally <5 %, Fig. 1) and testes and
ovaries were translucent and flaccid suggesting
they were in spent condition.

The mean testicular and ovarian indices
showed decreases during the first sampling
dates, from late October to December 1992,
suggesting a synchronized spawning (Fig. 2).
Then the indices increased almost steadily
until 8 June 1993, after which a second de-
crease occurred by 6 July 1993. Following
this, a rapid gonadal growth occurred to a
peak in late August. High levels were sustai-
ned until 6 October and then a third decrease
occurred by early December 1993. Thus, L.
scabra appears to have two major spawnings
per year, one from June to early July and a se-
cond from November to December. Although
the pattern was almost the same for both se-
Xes, ovarian mass was greater than testicular
mass (paired Student t-test, P<0.001). The
proportion of females increased with shell
height which is indicative of a protandric spe-
cies (Fig. 3).

For muscle and remaining somatic tis-
sues, the intercept on the Y axis for regres-
sions of tissue mass to shell height showed no
marked variations over time (a=1.62-1.85 for
muscle and a=1.38-1.59 for remaining tis-
sues, Table 1). Also, the regression slopes did
not vary between males and females on any
sampling date, except for remaining somatic
tissue mass in January 1993 and muscle mass
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Fig. 2. Lima scabra. Mean testicular and ovarian indices
for individuals collected at Turpialito at 1-2 month
intervals from November 1992 to December 1993.

in August 1993 (Student t-tests of slopes,
P<0.05). The similarity in slopes may indica-
te that the quantity of reserves in the somatic
tissues, and possibly physiological condition,
was generally similar for the two sexes. For
both males and females, the slopes of mass of
the muscle and remaining somatic tissues to
shell height tended to be lower on 7 January
1993 and 6 December 1993, when the ani-
mals were in post spawning condition, than
prior to spawning, 22 October 1992 and 6
October 1993, respectively (P<0.05), sugges-
ting that these spawnings caused a depletion
of tissue reserves.

The stepwise multiple regression models
indicated that environmental factors could in
large part predict gonadal growth (Males =
2.77 chlorophyll a + 1.05 seston energy +
0.77, r2=0.51, P<0.017: females = 5.25 chlo-
rophyll a + 0.39 nanoflagellates + 3.67 oxy-
gen + 7.75, r2 0.82, P<0.002). Chlorophyll a
was the first factor integrated into the models
for both males and females indicating that the
phytoplanktonic biomass was the principally
factor influencing gonadal growth. Tempera-
ture did not appear to be critical for gonadal
growth, as it was not retained in the regres-
sion models. Nevertheless, temperature may
have had an effect on spawning as each of the
three major spawning events were associated
with a temperature decrease (Fig. 4).

DISCUSSION
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Fig. 3. Lima scabra. Percentage of females in relation to
shell height. Numbers above the bars indicate the numbers
of scallops sampled for each size class.
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TABLE 1

Regression relationships between somatic tissues (muscle and remaining somatic tissues) and shell height for male and
female Lima scabra collected on different dates between October 1992 and December 1993 t Turpialito in the Golfo de
Cariaco, Venezuela

Muscle
Date a b
28-10-92 Male 1.70 0.27
Female 1.73 0.26
15-12-92 Male 1.71 0.32
Female 1.75 0.27
07-01-93 Male 1.67 0.19
Female 1.76 0.20
27-01-93 Male 1.67 0.27
Female 1.70 0.31
01-03-93 Male 1.63 0.30
Female 1.66 0.30
02-04-93 Male 1.63 0.26
Female 1.64 0.32
02-05-93 Male 1.64 0.27
Female 1.66 0.30
08-06-93 Male 1.67 0.30
Female 1.67 0.29
06-07-93 Male 1.67 0.30
Female 1.67 0.34
16-08-93 Male 1.66 0.32
Female 1.69 0.19
10-09-93 Male 1.67 0.26
Femaie 1.68 0.26
06-10-93 Male 1.62 0.40
Female 1.66 0.47
06-12-93 Male 1.85 0.34
Female 1.67 0.27

Remaining somatic tissue

2 a b 2
0.77 1.56 0.26 0.87
0.93 1.55 0.31 0.91
0.87 1.52 0.38 0.97
0.75 1.57 0.32 0.90
0.65 1.55 0.23 0.78
0.69 1.60 0.26 0.80
0.57 1.50 0.32 0.82
0.90 1.59 0.24 0.78
0.92 1.45 0.38 0.93
0.83 1.48 0.36 0.85
0.73 1.50 0.28 0.77
0.94 1.47 0.37 0.95
0.97 1.51 0.31 0.98
0.92 1.54 0.27 0.84
0.92 1.50 0.33 0.92
0.81 146 0.42 0.88
0.92 1.51 0.33 0.93
0.94 1.52 0.31 0.98
0.89 1.48 0.37 0.97
0.80 1.50 0.31 0.89
0.70 1.49 0.34 0.94
0.70 1.49 0.34 0.79
0.86 1.38 0.44 0.97
0.88 1.38 0.51 0.95
0.98 1.51 0.35 0.99
0.63 1.51 0.33 0.95

The parameters a and b correspond to the regression equation of the form a + bX and 12 is the coeficient of determination.

All regresions were signifiant with a P<0.006.

We observed 25-30 mm L. scabra with
testes in all stages of development, from deve-
loping to spent, suggesting that individuals of
this size reproduce. That most small indivi-
duals were males and most large individuals
females corroborates the protandrous characte-
ristic of L. scabra as reported by Gémez et al.

(1990, 1995). Separating production of sper-
matozoa and ovules over time in dioique spe-
cies may serve as a mechanisms to prevent self
fertilization. That L. scabra usually occurs in
aggregations amongst coral branches should
enhance fertilization success. An alternative
hypothesis for prodrandric hermadrophism is
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Fig. 4. Seasonal changes in temperature and chlorophyll a
concentration from October 1992 to December 1993 at the
study area at Turpialito in the Golfo de Cariaco,
Venezuela.

that it permits an initial period of more rapid
somatic growth, because of a lower energetic
cost of producing spermatozoa compared to
ovules. However, the similar slopes for male
and female L. scabra in regressions of somatic
tissues to shell height suggested that the costs
of producing male and female gametes were si-
milar. Studies monitoring the developing of
marked individuals over time are required to
further elucidate the prodrandous gonadal de-
velopment of L. scabra.

Our data on gonadal size indicates highly
variable gonadal development during most of
the year but at certain periods most individuals
have small spend gonads. This suggests that L.
scabra undergoes partial spawnings throug-
hout much of the year and more massive and
synchronized spawnings at other times. The
more massive spawnings may be coordinated
by an external cue. The association of the three
marked decreases in gonadal mass with drops
in temperature in our study indicates that tem-
perature decreases, or other factors related to
upwelling, may provoke spawning. Gémez et
al. (1995) reports high recruitment of juveniles

between January to April, 1-2 mo after the No-
vember to December spawning observed in our
study. Recruitment, juvenile growth and survi-
val may be enhanced during January to April as
this period corresponds to a period of strong
upwelling and low temperatures in our study
region (Mandelli and Ferraz-Reyes 1982, Lo-
deiros and Himmelman 1994, Lodeiros 1996).

Many studies consider temperature as an
important factor for both gametogenesis and
spawning in marine invertebrates (Loosanoff
and Davis 1963, Giese and Pearse, 1974,
Sastry 1979, Giese and Kanatami 1987, Barber
and Blake 1991). However, the association of
massive spawnings of L. scabra with drops in
temperature contrasts with most bivalves for
which spawning is associated with temperatu-
re increases (Sastry 1979, Giese and Kanatami
1987). Bivalves in the Golfo de Cariaco appa-
rently have various reproductive strategies, as
Nodipecten nodosus (Vélez et al. 1987) and
Pteria colymbus (Marquez 1996, Lodeiros et
al. 1997) spawn throughout the year, without
showing any relationship to temperature, and
Euvola ziczac (Vélez et al., 1993, Lodeiros and
Himmelman 1994) spawns during temperature
peaks. The mussel Perna perna (Vélez and
Epifanio 1981) is the only other species in
northeastern Venezuela for which spawning is
suggested to be associated with temperature
decreases.

The multiple regression analyses indicated
that the primary environmental factor influen-
cing gonadal growth is chlorophyll a concen-
tration, suggesting that production of gametes
is stimulated by increases in phytoplankton.
Phytopanktonic food availability is also indi-
cated as a major determinant of gonadal deve-
lopment in a number of other bivalves (Sastry
1979, Giese and Kanatami 1987, Barber and
Blake 1991).

The analyses of regression slopes for the re-
lationships of the mass of somatic tissues to shell
height for L. scabra (Table 1) suggested a reduc-
tion of energetic reserves in the somatic tissues
during the sharp gonadal decreases during No-
vember and December 1992 and October and
November 1993. In the Golfo de Cariaco, a drop
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in wind velocities, generally from August-Sep-
tember to November-December, causes a strati-
fication of the water column and decreased pri-
mary production as evidenced by reduced chlo-
rophyll a levels (Mandelli and Ferraz-Reyes
1982, Ferraz-Reyes 1989, Quintero and Lodei-
ros 1996, Lodeiros and Himmelman 1994, Lo-
deiros 1996, present study). The decreased food
availability associated with the period of gonadal
peak and spawning could explain the low level
of reserves after spawning. In contrast, no chan-
ge in regression slopes (which might indicate a
depletion of reserves) was detected during the
June and July 1993 spawning. This is likely be-
cause the second spawning period was preceded
by a period of abundant phytoplanktonic food
(Fig. 5), related to upwelling conditions. Histo-
logical studies of the gonadal, energetic determi-
nations of the different tissues, and labeling stu-
dies are needed to evaluate whether somatic tis-
sue reserves are only used for gamete production
when phytoplanktonic food availability is low.

The present study indicates that gonadal
growth of L. scabra in the Golfo de Cariaco is
strongly linked to increased phytoplanktonic
food availability. In this area, increases in
phytoplankton production resulting from up-
welling of nutrient-rich deeper water brought
about by strong and continuous northeast
winds. This upwelling causes a breakdown of
the thermocline and abrupt drop in temperatu-
re. The major spawnings are associated with
the initiation of upwelling and thus may be
stimulated by the drop in temperature or other
upwelling related factors. The increased pri-
mary production following such spawnings
may be advantageous as a food source for the
larvae or recruiting individuals.
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