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Abstract The annual reproductive cycle of the Antarctic
soft-shelled clam, Laternula elliptica, in Marian Cove,
King George Island was studied over a 2-year period from
February 1998 to January 2000. Annual changes in the
gametogenesis were investigated by measuring the percent-
age of area occupied by oocytes in a follicle [follicle index
(FI)] and the oocyte size. In 1998, the monthly mean FI
increased signiWcantly from October to November, peaked
in December, and decreased rapidly from December to
January. In February and March 1999, degenerated eggs
were observed in the spent follicles. Degeneration and
resorption of residual eggs by phagocytosis occurred
mostly in February and March in both 1998 and 1999,
although the resorption process was observed year-round.
The histology indicated that complete vitellogenic growth
of L. ellpitica at Marian Cove takes at least a year and the
clams spawn annually during the austral summer. The rip-
ening and subsequent spawning of clams at Marian Cove in
1998 and 1999 coincided with the algal blooming (Septem-
ber–October 1998 and December and January 1999–2000)
suggesting that in coastal Antarctica food supply is a crucial

factor that governs gonad maturation and subsequent
spawning along with the water temperature.
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Introduction

The Antarctic soft-shelled clam, Laternula elliptica, is a
simultaneous hermaphrodite and produces unusually large
encapsulated eggs (Bosch and Pearse 1988). Like other
benthic animals in Antarctica, the clam exhibits slow
growth and slow gonad maturation (Pearse et al. 1991;
Ansell and Harvey 1997). The slow physiological processes
(Peck et al. 2000; Pearse and Lockhart 2004) and pelagic
non-feeding larval development (Bosch and Pearse 1988;
Pearse et al. 1991) of L. elliptica are considered as adapta-
tion to the harsh Antarctic environment. As with other
benthic Antarctic organisms, limited information is avail-
able on the growth and reproduction of L. elliptica because
of the technical diYculties involved in direct observation
and sampling. However, recent studies on reproduction of
L. elliptica have reported that the clam spawns during the
austral summer, although spawning may follow a latitudi-
nal cline: mid-December to February at Marian Cove, King
George Island (62°13�S, 58°45�W) (Ahn et al. 2000, 2003)
and February to mid-May at McMurdo Sound (77°51�S,
166°40�W) (Bosch and Pearse 1988; Pearse et al. 1991).
Urban and Mercuri (1998) histologically investigated
annual gametogenesis over 1 year in L. elliptica collected
from Potter Cove, King George Island, and reported spawn-
ing in February and March. Interestingly, they were unable
to observe any early developing gametes in the gonad,
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whereas they found full-grown oocytes in the follicle year-
round. Based on histological observations, they concluded
that the oocyte development cycle took longer than 1 year
(Urban and Mercuri 1998). Bigatti et al. (2001) measured
the size of oocytes in the same clams sampled from Potter
Cover by Urban and Mercuri (1998). Contrary to Urban
and Mercuri (1998), they concluded that a complete oocyte
growth cycle takes less than 7 months and that the clam
might be ready for spawning at any time during the year,
although intensive spawning is believed to occur in Febru-
ary. Interestingly, they were unable to observe any resorbed
oocytes in the gonad, whereas they found full-grown
oocytes in the follicles year-round.

Cyclic changes in gametogenesis are partly governed by
changes in environmental parameters, such as water tem-
perature, salinity, food availability, and photoperiod (Bayne
and Newell 1983; Soniat and Ray 1985; HeVernan et al.
1989; Hofmann et al. 1992; Kang et al. 2000; Pearse and
Bosch 2002). The amount of food in the water column
available for Wlter feeders often shows strong seasonality in
temperate regions, with water temperature playing a key
role (Mann 1979; Clarke 1987; HeVernan et al. 1989;
Hooker and Creese 1995; Saucedo et al. 2001). Numerous
studies have reported that gonad development and subse-
quent spawning in marine bivalves are synchronized with
seasonal changes in food availability in the water column
(Hofmann et al. 1992; Grant and Creese 1995; Kennedy
et al. 1996; Kang et al. 2000). Along with water tempera-
ture, the quantity of food in the water column determines
the number of gametes produced (i.e., reproductive output)
and the timing of spawning (Kang et al. 2000; Llodra 2002;
Park and Choi 2004). Primary production in coastal Antarc-
tic waters is extremely seasonal, and phytoplankton blooms
occur during a short period in the austral summer (Chang
et al. 1990; Rivkin 1990; Kang et al. 1997; Ahn et al.
2003). Therefore, food availability is important for the
reproduction of various Antarctic marine invertebrates,
including L. elliptica (Urban and Mercuri 1998; Peck et al.
2000; Ahn et al. 2003; Clarke et al. 2004).

Annual gametogensis of  L. elliptica in Marian Cove,
King George Island was monitored over a 2-year period dur-
ing 1998 and 2000. The present study reports seasonal varia-
tion in oocyte growth and the gametogenic cycle. We also
describe the process of resorption of relict eggs in specimens
collected from Marian Cove during the sampling period.

Materials and methods

Sample collection

Clams were collected by SCUBA divers from depths of
20–30 m near King Sejong Station (62°13�S, 58°47�W) in

Marian Cove, King George Island (Fig. 1). Clams were col-
lected on a monthly basis between February 1998 and Janu-
ary 2000, except in April, July, and September 1998, when
clams could not be collected because of inclement weather
(Table 1). A total number of 637 clams were collected and
Wxed in 10% buVered formalin in situ for histology. Daily
total chlorophyll concentration and water temperature data
were obtained from a long-term monitoring program con-
ducted at the station (KORDI 1999). The total chlorophyll
(chlorophyll a + phaeopigments) concentration in the water
column was determined in vivo using a Xuorometer (Turner
10-AU-005). Water temperature and salinity was measured
using a conductivity meter (YSI 610-D).

Histological preparation

Upon arrival at the laboratory, shell length and wet tissue
weight were measured to 0.01 mm and 0.01 g, respectively.
A longitudinal cross section of 1 cm thickness was made
along the central part of the soft body. After dehydration,
clearing, and embedding in paraYn, the block was sliced
into 5-�m sections and stained with Harris hematoxylin and
eosin Y. Degeneration of relict oocytes by hemocytes (i.e.,
phagocytosis) was examined using hemocyte-speciWc
Giemsa staining of paraYn sections.

Analysis of annual gametogenesis

The reproductive condition of L. elliptica was examined
under a light microscope equipped with a video camera
connected to a personal computer. Gonad and oocyte devel-
opment of the ovary was analyzed using a planimetric tech-
nique (Kang et al. 2003). From the digitized images of
gonadal tissue, oocyte diameter and follicle area were mea-
sured using image analyzing software. Oocyte diameter
was measured on a microscopic image of the ovary, and the
mean oocyte diameter (MOD, micrometer) was calculated
from 40 to 50 selected oocytes in each follicle. The fre-
quency distribution of the oocytes was then analyzed to
identify the monthly variation in oocyte size and growth.
The normality of the frequency distribution of oocytes was
tested using the Kolmogorov–Smirnov test (Sokal and
Rohlf 1981). One-way ANOVA and Pearson’s correlation
were used to compare the diVerences in the frequency
distributions over the sampling period. Various sizes of
oocytes were classiWed according to oogenic stage. The
percentage area occupied by oocytes in a follicle, or follicle
index (FI, %), was determined using three to six follicles
selected from the histological slide of each clam. The per-
centage of total follicle area occupied by oocytes was then
calculated. The average FI per month and standard devia-
tion for each clam were calculated to analyze the temporal
fecundity and spawning time of the clam. One-way
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ANOVA was used to analyze the annual and interannual
diVerences in FI. Two-sample t tests were used for compar-
isons following one-way ANOVA.

Results

Seawater temperature and total chlorophyll

Water temperature and total chlorophyll concentrations in
surface seawater varied monthly. Water temperature varied
from ¡1.8°C (August 1998) to 4.5°C (January 1999,
Fig. 2). Water temperature decreased from February to
August, and gradually increased from October to January.
Total chlorophyll concentrations recorded daily varied
widely (0.1–12.2 �g/L), with an irregular seasonal pattern
year-round. Unusually high levels of algal blooms (1.07–
12.2 �g/L) occurred from late September to early October
1998 in the early austral spring; such a spring algal bloom
was also considered unusual. In addition, another bloom

occurred from December 1999 to January 2000 in the aus-
tral summer. Blooms were most intense in early spring.

Microscopic observation of gonads

There were seasonal changes in the female part of the
gonadal tissues (Fig. 3). In the resting stage, shrunken or
vacated follicles were common (Fig. 3a); primary oocytes
(PO) and relic oocytes (RO) were infrequently observed
along the follicle walls. In the developing stage, large num-
bers of early vitellogenic oocytes (EVO), previtellogenic
oocytes (PVO), and vitellogenic oocytes (VO) were domi-
nant along the germinal epithelium, resulting in expansion
of the follicles (Fig. 3b). The developing stage was
observed from March to September, and a few ripe eggs
were often present in the follicles in this stage. The fully
developed stage was characterized by follicles that were
greatly expanded and completely Wlled with fully mature
eggs (Fig. 3c). The proportion of mature females increased
in December when the mature gonad enlarged into the

Fig. 1 Sampling location of 
Laternula elliptica at Marian 
Cove, King George Island, 
Antarctica
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connective tissues and occupied much of the gonadal space.
The outer margins of ripe eggs were covered with a gelati-
nous membrane 12–20 �m in thickness. A few PO were
often found along the germinal epithelium. Clams collected
in January 1999 were in the spawning stage (Fig. 3d).
Partly spawned ovaries were loosely packed with eggs in

the follicles. Spent ovaries were observed in late February–
March 1999 (Fig. 3e). Small numbers of RO and VO were
observed in the follicles, and the follicles tended to
decrease in size during this period. In the resorption stage,
ROs were resorbed by phagocytic activity in the follicles
(Fig. 3f). Some degenerating ova were surrounded by
hemocytes, indicating phagocytosis of eggs. Resorption of
eggs in the ovaries was observed throughout the year
(2–28%).

There were also seasonal changes in the male parts of the
gonadal tissues (Fig. 4). In the resting stage, most of the
follicle walls were thin and the lumens were empty
(Fig. 4a). In the developing stage, spermatocytes (SC)
began to proliferate in the center of the lumen, and matura-
tion of spermatozoa (SZ) progressed rapidly in the center of
the follicle. Thick diVerentiated bands between SC and SZ
were observed in the follicles (Fig. 4b). In mature sperma-
ries, the mass of mature SZ increased in volume (Fig. 4c).
Most of the SZ were observed in the center of the lumen. In
spawning spermaries, follicles had numerous gaps with
spawning SZ; relict spermatogenic cells still occupied the
lumen (Fig. 4d). In spent testes, the follicle walls were con-
stricted and the lumens were empty, except for relict SZ
(Fig. 4e). In the resorption stage, shrunken follicles were
observed with relict or degenerating spermatogenic cells
(Fig. 4f).

Annual variation in oocyte size and growth

The proportion of oocytes in each size class varied monthly
(Fig. 5). The class cohorts showed a clear growth pattern of
small oocytes. Small oocytes (<60 �m in diameter) were
dominant in March in both years. Oocytes in the 61- to 100-
�m diameter size class moved up to the 81- to 120-�m size
class from May to October 1998. A high frequency of
oocytes 81–150 �m in diameter was observed in October
and November 1998 (P < 0.05). The frequency of oocytes
121–150 �m in diameter peaked in December 1998 (48%).

Table 1 Summary of number of collected clams, shell length (SL)
and tissue wet weight (TWW) in each sampling date

Sampling period Number and size of clams

n SL 
(mm, mean § SD)

TWW 
(g, mean § SD)

1998

February 28 21 76.4 § 10.9 31.7 § 8.9

March 03 9 76.8 § 10.6 32.1 § 9.4

May 18 19 72.7 § 11.3 26.6 § 7.6

June 23 30 70.9 § 10.0 26.5 § 8.9

August 12 22 74.8 § 10.7 27.8 § 8.5

October 23 30 76.6 § 9.5 30.0 § 8.7

November 17 29 73.3 § 13.6 28.1 § 10.9

December 19 58 66.6 § 12.7 24.5 § 10.5

1999

January 11 19 72.3 § 7.1 30.7 § 7.8

February 22 35 67.9 § 10.9 24.9 § 8.8

March 10 34 73.8 § 8.6 36.5 § 10.3

April 09 25 71.8 § 7.6 28.8 § 8.7

May 11 19 78.5 § 10.8 32.8 § 9.3

June 10 21 75.1 § 10.5 29.4 § 8.0

July 09 48 70.7 § 9.2 25.6 § 6.2

August 19 36 69.3 § 7.9 23.2 § 7.3

September 16 25 71.8 § 7.7 25.0 § 8.7

October 27 26 66.6 § 8.6 21.3 § 5.3

November 17 19 73.2 § 9.0 30.2 § 10.6

December 29 59 65.9 § 11.9 26.3 § 9.7

2000

January 21 53 74.3 § 11.7 36.4 § 11.7

Fig. 2 Seasonal variations in 
water temperature and total 
chlorophyll a at Marian Cove
123



Polar Biol (2009) 32:517–528 521
The size of oocytes decreased in January 1999, whereas the
101- to 120-�m size class increased by about 20% in Febru-
ary 1999. A thick gelatinous membrane was associated with
the 81- to 100-�m size class (Fig. 6), indicating that the
membrane-covered oocytes were close to maximum growth
and ready to spawn. In March 1999, the female gonad
resumed oogenesis, and small oocytes 21–60 �m in diame-
ter were most frequent (65%). The 61- to 100-�m size class
began to increase from April to July 1999. The 81- to 120-
�m size class moved up to the 121- to 150-�m size class
from November 1999 to January 2000. The 120- to 150-�m
size class reached a peak (35%) in January 2000. Asymmet-
ric distributions of oocyte size were observed from Febru-
ary to June 1998 and from March to May 1999; small
oocytes developed mainly in these months. Symmetric or
less asymmetric distributions occurred in December 1998,
January–February 1999, and June 1999–January 2000. The
number of large oocytes (>121 �m) increased from October

to December 1998, whereas the number of large oocytes
decreased suddenly from December 1998 to January 1999.
In 1999, the number of large oocytes (101–120 �m)
decreased rapidly from February to March, indicating that
the clams spawned during this period.

There was seasonal variation in the monthly FI from
February 1998 to January 2000 (Fig. 7). The highest FI was
recorded in December 1998 (70%), and was similar to that
in December 1999 (68%). The minimum FI was estimated
in March of both years (19%), when the clams were in the
spent and resorption stages. The FI did not diVer from May
to August 1998 or from May to September 1999. The FI
increased signiWcantly from October (38%) 1998
(P < 0.01). The maximum FI was observed in December
1998 (70%), when the clams were sexually mature and
ready to spawn. The FI decreased signiWcantly to 35% in
January 1999, and also decreased by about 20% between
February and March 1999 (P < 0.01). The main spawning

Fig. 3 Photomicrographs of 
ovaries. a Resting stage: gonadal 
tissues are sparse or absent along 
the thin follicle wall. b Develop-
ing stage: a growing oocytesry 
with primary oocytes (PO), pre-
vitellogenic oocytes (PVO), and 
vitellogenic oocytes (VO) along 
the follicle wall (FW). c Fully 
developed stage: mature ovaries 
packed with oocytes (O) and a 
thin layer along the follicle wall. 
Very small PO are present in the 
germinal epithelium. d Spawn-
ing stage: partly spawned ova-
ries with loosely packed oocytes 
and vacated spaces in the lumen 
(LM). e Spent stage: ovaries 
shrinking and largely devoid of 
oocytes, with VO and relict 
oocytes (RO). f Resorbing stage: 
relict oocytes are degenerated 
and resorbed (RSO); follicle 
epithelium is thin. Scale bar 
100 �m
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period commenced from December 1998 to January 1999
and continued through February and March 1999; 90% of
the ripe eggs were released for spawning in two spawning
peaks. In addition, the variation in FI was strongly corre-
lated with the variation in total chlorophyll concentration in
the water column (P < 0.01).

Resorption of relict oocytes

The resorption stage was observed year-round, whereas
degeneration and resorption of residual eggs was observed
mainly in February–March 1999. Typical degenerating
ovaries of L. elliptica collected in February 1999 are shown
(Fig. 8). Invading hemocytes began phagocytic activity
toward the relict oocytes (RO) (Fig. 8a). The resorption
process began with the degeneration of the gelatinous
membranes. The membranes and germinal vesicle of
degenerative oocytes were phagocytosed by hemocytes,
although some RO remained in the follicular lumen.

Hemocytes invaded the follicular lumen and began phago-
cytosis of the remaining yolk granules (Fig. 8b). Hemo-
cytes were round in shape, with a biased basophilic oval
nucleus (Fig. 8c). After phagocytosis, resorption was com-
pleted in the inner membrane. Hemocytes were also
observed around the follicular epithelium (Fig. 8d). At the
end of the process, relics of the phagocytosed materials
were observed at the follicular epithelium as rounded,
opaque, eosinophilic corps (Fig. 8e, f).

Discussion

Large lecithotrophic eggs of L. elliptica

Laternula elliptica eggs, excluding the gelatinous layer,
varied from 120 to 150 �m in size, and were much larger
than eggs of the Antarctic scallop, Adamussium colbeki,
which exhibits planktotrophic larval development

Fig. 4 Photomicrographs of 
testes. a Resting stage: resting 
testes have a vacated LM and 
thin FW. b Developing stage: 
columns of spermatocytes (SC) 
present; spermatozoa (SZ) move 
to the central part of growing 
testes. c Fully developed stage: 
mature testes Wlled with SZ and 
largely devoid of nutritive tissue. 
d Spawning stage: partly 
spawned testes with spaces va-
cated by spawned SZ. e Spent 
stage: testes mostly devoid of 
content, although relict sperma-
tozoa (RSZ) may be present. 
f Resorbing stage: shrinking 
testes with thin follicle wall. 
Scale bar 100 �m
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Fig. 5 Proportion of oocytes in each size class by month from February 1998 to January 2000

Fig. 6 Photomicrographs 
of vitellogenic oocytes (VO) 
and mature oocytes (MO). 
a Oocytesry containing VO and 
MO in a histological section. 
b Intact oocytes extruded from a 
live clam. Thick arrows indicate 
the gelatinous layer in each 
oocyte developmental stage. 
Scale bar 100 �m
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(approximately 55 �m in diameter; Berkman et al. 1991).
The relatively large egg size of L. elliptica suggests that
these clams produce lecithotrophic eggs (Bosch and Pearse

1988; Berkman et al. 1991; Arntz et al. 1994; Ansell and
Harvey 1997). According to Pearse et al. (1991), the pelagic
lecithotrophy might be an adaptation during evolutionary

Fig. 7 Monthly changes in the 
percentage of area occupied 
by oocytes in a follicle (FI) 
in Laternula elliptica

Fig. 8 Photomicrographs 
showing the resorption process 
in degenerative ovaries of 
Laternula elliptica. a–b InWltra-
tion and encapsulation of 
oocytes. Hemocytes (H), relict 
oocytes (RO), nucleus (N), yolk 
granules (YG), gelatinous layer 
(GL). c Eosinophil granules 
(EG) transported by H and a 
wounded GL. d RO and phago-
cytosed oocytes (PHO) remain-
ing in the follicle; phagocytosed 
materials (PM) transported to 
the follicular epithelium (FE). 
e MagniWed image of PM 
transported by H. f MagniWed 
image of PM deposited 
in follicle. Scale bar 20 �m
123



Polar Biol (2009) 32:517–528 525
times to poor food availability in Antarctic waters. Poulin
et al. (2002) also suggested that the lecithotrophy com-
monly observed in the Antarctic water could be a result of
the selective extinction during the glacial maxima. Ansell
and Harvey (1997) reported that the encapsulated trocho-
phore embryos of the clam were observed 5 days after fer-
tilization, and that by 18 days after fertilization, they had
developed into shelled “larvae” within the egg capsules
about 200 �m in size. Juvenile settlement of L. elliptica has
been observed mainly in late April and May (Bosch and
Pearse 1988). The size of shelled embryos of L. elliptica
reported by Bosch and Pearse (1988) is somewhat larger
than the size of mature eggs (120–150 �m in diameter)
observed in this study, but as Ansell and Harvey (1997)
pointed out, that is probably because the capsule was
included in the measurement.

Food availability and clam reproduction

Microscopic examination of the gonads revealed that the
clams became sexually mature in 1998, just before the sum-
mer phytoplankton bloom. Gonad maturation rapidly
increased from October in both years, possibly as a conse-
quence of optimal nutritional conditions in the same
months. The phytoplankton blooms lead to high somatic
growth rates, and then a peak in gonad maturation occurs in
the austral summer (Ahn et al. 2003). In the present study,
most of the ripe eggs occur in December and January.
However, oocyte growth and gonad maturation were inten-
sive during October and December in both years studied
(P < 0.01). Ahn et al. (2003) reported that clam gonad mass
increased signiWcantly in October 1998 relative to the same
time in 1999, indicating that food availability is a key factor
regulating gonad growth. Thompson (1972) reported that
the energetic transfer of ingested food from the digestive
gland to the gonad in mussel occurred within approxi-
mately 7 days when adequate food was presented. This
rapid conversion could support the maintenance of gameto-
genesis. Gonad maturation in L. elliptica occurred rapidly,
within 3 months from October to December 1998, when
food levels in the water column became suYcient; the peak
of gamete production coincided with maximum food avail-
ability.

Several studies have estimated the spawning time of
L. elliptica by investigating the reproductive condition of
individuals collected from diVerent Antarctic nearshore
areas using direct and histological techniques (Table 2).
These studies reported that the major spawning of L. ellip-
tica occurred during the summer months. In Potter Cove, a
small bay only a few kilometers from Marian Cove, the
major spawning of L. elliptica occurred in January and
February; up to 75% of the clams collected in these
months exhibited spent gonads (Urban and Mercuri 1998).

At Marian Cove, spawning of the clam has been observed
in December, January, and February (Ahn et al. 2003).
However, south of Marian Cove in McMurdo Sound, the
spawning activity of L. elliptica was found to be highest in
late March to early April, and it continued to mid-May
(Bosch and Pearse 1988), indicating some latitudinal diVer-
ences in spawning times.

We found that intensive spawning of L. elliptica occurs
from December to February after phytoplankton blooms,
and about 90% of the mature eggs in follicles were dis-
charged at this time (Fig. 7). In addition, gonad mass also
decreases by about 50% at this time (Ahn et al. 2003).
Soniat and Ray (1985) reported that oyster fecundity was
closely correlated with food availability during the annual
gametogenic cycle. Park and Choi (2004) also suggested
that the fecundity and spawning frequency of Ruditapes
philippinarum tracks the frequency of plankton blooms. We
observed two spawning peaks: during December and Janu-
ary 1999, and January and February 1999 (Figs. 5, 7). Ahn
et al. (2003) also reported that the major spawning season
of L. elliptica occurred when proteins and lipids in the stor-
age tissues of clams were decreasing.

Kang et al. (2003) reported that FI measurement using a
planimetric technique provided reliable quantitative infor-
mation on L. elliptica reproduction. Seasonal variation in FI
indicates variation in the reproduction of L. elliptica.
Monthly changes in FI varied seasonally (Fig. 7), indicating
that gametogenesis has a seasonality within an annual
gonad growth pattern. Urban and Mercuri (1998) suggested
that cyclic oogenesis took more than 1 year. In contrast,
Bigatti et al. (2001) reported that complete growth of small
oocytes was possible in about 7 months. We found, how-
ever, that the FI increased signiWcantly from October in
1998 and 1999, and peaked in December in 1998 and 1999
(P < 0.01). The maximum FI was observed in December
1998, 3 months after the total chlorophyll maximum in the
water column, indicating that the chlorophyll maximum
caused rapid gonad growth in the clams. Our data suggest
that the time required for eggs to complete vitellogenesis
and be ready for spawning at Marian Cove is 3 months
under phytoplankton bloom conditions. Ahn et al. (2003)
reported that oocyte development and the increase in gonad
mass proceeded at a much slower rate from March to
August 1999. After October, however, gonad mass began to
increase rapidly, and the mass peaked in December 1999.
Laternula elliptica spawning occurred from December
1998 to March 1999 and coincided with the sudden
decrease in FI (90%) in this season.

Resorption of residual eggs

The annual gametogenic cycle in marine bivalves is often
categorized into several stages, according to the microscopic
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appearance of the ovary or testis. In brief, the cycle can be
summarized in four phases: a resting phase, when gonadal
tissues are nearly absent; the development and growth of
ovary or testis; spawning to discharge eggs or sperm; and a
resorption phase, when residual or relic gametes are degen-
erated and resorbed (LoosanoV 1942; Seed and Brown
1977; Sastry 1979). After major spawning periods, residual
eggs are often degenerated by hemocytes and resorbed to
recycle the nutrient-rich cells. Such resorption activity is
considered a reproductive strategy of bivalves (LoosanoV
1942; de Jong Brink et al. 1983; Dorange et al. 1989;
Ituarte 1997). We observed resorption in the gonad of
L. elliptica. Relict eggs rapidly shrunk and were degenerated
by hemocytes (Fig. 8); degenerating eggs were observed
throughout the year. Dorange et al. (1989) suggested that
the reuse of phagocytosed material from degenerated eggs
was important in regulating valuable nutrients in the scal-
lop, Pecten maximus, in which ripe eggs can be observed in
the gonads year-round (Poulet et al. 1988; Mackie and
Ansell 1993; Strohmeier et al. 2000) and the eggs are
resorbed at any time in the reproductive cycle (Dorange
et al. 1989). According to Thorson (1950) and Strathmann
(1990, 1993), these resorbed materials would allocate alter-
native energetic resources for gametogenesis.

Urban and Mercuri (1998) observed that 60–80% of ova-
ries were ripe throughout the year in clams collected from
Potter Cove, King George Island. Bigatti et al. (2001)
re-examined Urban and Mercuri (1998) histological data
and concluded that L. elliptica at Potter Cove were possibly
prepared to spawn at any time in suitable conditions
because mature eggs were observed all year round. Con-
trary to the observations of Urban and Mercuri (1998) and
Bigatti et al. (2001), the spawning activity of clams col-
lected from Marian Cove (Fig. 1) was rather conWned to
spring and summer (from October 1998 to February 1999
and from December 1999 to January 2000). We also found
a number of clams in the resorption stage that exhibited
degenerating ovaries. The resorption stage could be identi-
Wed year-round, although intensive degeneration and
resorption of relic or residual oocytes mostly occurred in
February and March. The degeneration and resorption pro-
cess was detected on serial sections of soft tissues after
observing some trace of phagocytic activity in the Wrst tis-
sue section. Phagocytic activity was further conWrmed
using the hemocyte-speciWc Giemsa staining technique, and
the degeneration of residual eggs was visualized (Fig. 8).

It is unclear why the resorption process was not observed
in previous studies at Potter Cove, located only a few kilo-
meters from Marian Cove. Because Potter Cove and Marian
Cove are in close proximity, it is unlikely that diVerent
environmental conditions between the two locations, such
as water temperature and food availability, resulted in the
reported diVerences. It is also unlikely that the resorptionT
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stage was absent in previous studies because of year to year
variation in gametogenesis in the clam, because the game-
togenic pattern in the reproductive strategy of marine
bivalves is thought to be a consequence of long-term evolu-
tionary adaptation (Clarke 1987; Pearse et al. 1991; Poulin
et al. 2002). Alternatively, the discrepancy could be the
result of diVerent processes used in the preparation of the
histological slides. Often, only a small part of the gonadal
tissue is taken from the body of marine bivalves for prepa-
ration of histological slides; thus, some cells or tissues may
be overlooked.

Because the eggs of L. elliptica are large and lecitho-
trophic, egg production may require abundant nutritional
energy to support vitelline synthesis. Thus, energy may be a
limited resource for adult L. elliptica. And it depends on the
time period of gametogenesis among other things. Our data
demonstrate that the phagocytic activity by hemocytes in
L. elliptica aVects only relict eggs, and phagocytosed mate-
rials derived from relict eggs should be deposited in follicu-
lar cells as was observed in other species (Dorange et al.
1989; Ituarte 1997). This process could beneWt the clam by
increasing energy availability in follicular cells after
spawning, for use in subsequent vitelline synthesis at a low
energetic cost.
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