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Abstract The occurrence, distribution and summer variation of pelagic larvae of benthic gastropods in the
shallow coastal area of Admiralty Bay were determined
for the summers of 1993/1994, 1994/1995 and 1996/1997
from plankton samples taken at 15- to 30-m depths in 12
stations. Signiﬁcant diﬀerences were found among years
at the end of January and February. Results of Principal
Component Analysis showed the inverse relation of high
wind speed and abundance of gastropod larvae in the
three austral summers sampled, and suggested that environmental conditions prevalent during 1994/1995 and
1995/1997 were similar and diﬀered from those of 1993/
1994, which may have inﬂuenced the number of larvae
observed.

Introduction
Marine invertebrates with a benthic-pelagic life history
are among the most well dispersed in oceans. Reproductive patterns may include indirect development with
planktotrophic or lecitotrophic larvae, or direct development with embryos incubated and hatching as juveniles
(Thorson 1950). The occurrence of planktonic larvae depends on the temporal reproductive pattern and the lifecycle characteristic of the species, associated with environmental parameters (Giese and Pearse 1977). In marine
gastropods, larval development may be direct or indirect.
Many prosobranch gastropods display indirect development where the embryo hatches as a free-swimming
planktonic larva whereas, in others, the gametes are discharged directly into the sea where fertilisation takes place
(Hyman 1967). In both cases, a veliger larva develops and
may be collected in plankton samples.

Despite numerous plankton-sampling programs in
Antarctica (reviewed in Shreeve and Peck 1995), data on
occurrence and distribution of larvae are incompatible
with patterns of diversity in benthic molluscs of the
Antarctic region (Perissinotto 1989; Nonato et al. 2000).
The uncommon occurrence of planktonic larvae in
Antarctic waters has been attributed to a predominance
of brooding or direct development in molluscs and other
Antarctic marine invertebrates (Thorson’s rule) (Mileikovsky 1971), rather than a lack of adequate plankton
sampling. However, numerous workers have argued that
Thorson’s rule should not be generalised to all Antarctic
marine invertebrates (Foster 1987; Bosch and Pearse
1990; Pearse et al. 1991; Pearse 1994; Shreeve and Peck
1995). Many Antarctic echinoderms did not conform to
the predictions of this rule (Bosch and Pearse 1990;
Pearse et al. 1991), and recent studies have revealed increasing numbers of pelagic larvae from many taxa in
Antarctic waters (Stanwell-Smith et al. 1997, 1999).
Zooplankton studies in Admiralty Bay, Antarctica
have concentrated on seasonal succession, abundance
and variability of holoplankton, and little attention has
been paid to the presence of meroplanktonic invertebrate larvae (Dera and Weglenska 1983; Chojnacki and
Weglenska 1984; Mensiienina and Rakusa-Suzczewski
1992; Freire et al. 1993; Santos 1995). In this paper, we
analyse patterns of abundance and distribution of pelagic larvae of benthic gastropods as they relate to seasonal (austral summer) variations in a shallow coastal
region of sheltered inlets of Admiralty Bay. We also
examine correlations between these patterns of larval
abundance and distribution with environmental factors,
including salinity, seawater temperature, transparency,
tidal cycles, and wind direction and speed.
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Situated on King George Island, Admiralty Bay is open to the
Bransﬁeld Strait at south-southeast, comprising an area of 122 km2
and a volume of 24.24 km3 (Rakusa-Suszczewski 1980), and is
divided into three inlets: Martel, Mackellar and Ezcurra. Depth
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increases rapidly from the shore to a maximum of 500 m in the
centre of the bay. Tides are semidiurnal with diurnal inequalities
(maximum range of 2.5 m) and play an important role in the bay’s
circulation (Pruszak 1980). Deep currents generated by tides, frequent upwellings, vertical mixing of the entire water column, and
current velocities of 30–100 cm s)1 in the 0- to 100-m surface layer
are characteristic of the bay (Pruszak 1980; Rakusa-Suszczewski
1980).
Plankton samples were collected at four locations: Martel,
Mackellar, and Ezcurra Inlets, and also in front of the Arctowski
Polish Station, at 6 stations (1–3, 6–8) during the summer 1993/
1994 (January to February) and at 12 stations (1–12) in summers
1994/1995 and 1996/1997 (December to February) (Fig. 1). A
plankton net (50 cm diameter and 150 lm mesh size) was towed
obliquely, from the sea bottom at 15–30 m depth, to the water
surface, for 10 min at 2 knots. Each tow was considered as a
sample. Plankton samples were preserved in 4% buﬀered formaldehyde. In the laboratory, the samples were concentrated, and
examined using a counting chamber with a stereomicroscope. Total
numbers of gastropod larvae in each net sample (=tow) were
counted and corrected to a standard 100 m3 collection tow. Data
on seawater temperature, salinity, water transparency (Secchi disk),

Fig. 1 Admiralty Bay, King
George Island. Location of the
12 stations on Martel Inlet,
Mackellar Inlet, Ezcurra Inlet
and Arctowski

wind intensity (mÆs)1) and direction and tidal cycles were also obtained. Data on wind direction and intensity were obtained from
the Weather Station at ‘‘Comandante Ferraz Antarctic Station’’.
An ANOVA was used to test for signiﬁcant diﬀerences (a=0.05) in
mean abundance and occurrence of gastropod larvae between years
and stations at peak occurrence of larvae (end of January to
February). A Least Signiﬁcant Diﬀerence (LSD) test was used to
verify signiﬁcant diﬀerences a posteriori. Principal component
analysis. (PCA), on a correlation matrix, was performed following
log (x+1) transformation of the larval abundance data, in the peak
period of each summer, combined with a suite of environmental
variables (seawater temperature, salinity, transparency, tidal phase,
wind direction and speed) likely to inﬂuence larval abundances at
the sampling stations.

Results
Of the 180 sampling tows collected, 47 (26%) contained
no gastropod larvae. In the remaining 133 (74%), a total
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Fig. 2 Log of total number of gastropod larvae collected in the
three austral summers 1993/1994, 1995/1996 and 1996/1997 in
December, January and February (mean±SE)

Fig. 3 Density of gastropod larvae over three austral summers:
1993/1994, 1994/1995 and 1996/1997 at 12 stations in Admiralty
Bay (mean±SE)

of 18,519 gastropod larvae were counted (mean of
84.98±15.05 (SE) larvae/100 m3) Gastropod larvae
were present in all three summers and at all stations at
the end of January and February, with signiﬁcant differences (P<0.05) among years (Fig. 2). LSD tests
indicated inter-annual abundance patterns of larvae at
the end of January and all February were 1993/
1994>1994/1995=1996/1997. Signiﬁcant diﬀerences
were also found among months in 1994/1995 and 1996/
1997. LSD tests indicated February>January=
December (Fig. 2). There was also a signiﬁcant diﬀerence (P<0.05) in larval abundances among stations
(Fig. 3). LSD analysis indicated station 2=6 and
8>remaining stations. In 2 consecutive tows, a total of
2,311 gastropod larvae (1,148 ﬁrst tow and 1,163 second
tow) were collected at station 6 (19/02/1994), while a
total of 3,003 gastropod larvae (1,538 ﬁrst tow and 1,465
second tow) were collected in consecutive tows at station
2 (22/02/1994), both located at Martel Inlet. Almost all
gastropod larvae sampled were of the same type
(99.15%); only 0.85% of the larvae were of two diﬀerent

Fig. 4a–c Number of gastropod larvae in 100 m3 under wind speed
(m/s) in the three austral summers (1993/1994, 1994/1995 and 1996/
1997)

kinds and started to appear at the end of February.
There was little variation among years in seawater
temperature or salinity. Values of salinity varied from
34.5 to 36.5 (1993/1994), and 33.0 to 36.0 (1994/1995
and 1996/1997), while water temperatures ranged from
)1.0 to 2.5°C (1993/1994), )1.0 to 1.5°C (1994/1995)
and )1 to 2.5°C (1996/1997). Water transparency, as
measured by Secchi disk, showed greater levels of
variation (3.1–6 m, 1993/1994; 1.2–8 m, 1994/1995; 0.6–
10 m, 1996/1997). At the period of peak larval abundance (end of January and all February), wind direction
during the 1993/1994 summer was predominantly from
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Fig. 5a–c Principal Component
Analysis: graphics of results of
1993/1994, 1994/1995 and 1996/
1997, during peak abundances
of gastropod larvae

the east, and in 50% of the days of sampling the wind
speed was above 4 m s)1 (Fig. 4a); the summer of 1994/
1995, the main wind direction was from the southeast
(76.30%) with speeds above 4 m s1 (69.12%) (Fig. 4b);
weak winds were observed in the 1996/1997 summer

with speeds less than 4 mÆs)1 (66.66%) from the south
(20.83%) (Fig. 4c).
PCA analyses, examining environmental factors and
peak densities of larvae over the three austral summers,
are shown in Fig. 5a–c. The ﬁrst component of the three
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biplots for the summers of 1993/1994, 1994/1995 and
1996/1997 shows the inﬂuence of wind speed and direction over larval abundance during the 1993/1994,
1994/1995 and 1996/1997 summers. High larval abundance was favoured in waters under the inﬂuence of
northeast winds with speed less than 4 m/s. The three
ﬁrst components of 1993/1994 accounted for 72% of the
variance, with the ﬁrst two components explaining 57%
(35% and 22% respectively) (Fig. 5a), and indicated
that environmental conditions prevalent during 1993/
1994 favoured higher larval abundance at ﬂood tide in
seawater less saline and of lower temperature.
The three ﬁrst components of the 1994/1995 summer
explained 60% of the total variance, with the ﬁrst two
components explaining 45% (factor I=27%; factor
II=18%) (Fig. 5b), and the ﬁrst two components of the
1996/1997 summer (Fig. 5c) explained 62.2% of the
variance (factor I=38.6%; factor II=23.6%). In both
summers, environmental conditions were such that
higher larval abundance were observed in seawater with
higher salinity, higher temperature and less transparent
waters.

Discussion
According to Santos (1995), planktonic polychaete larvae are present in Admiralty Bay at both the beginning
and end of austral summer. Similarly, Freire et al. (1993)
recorded polychaete larvae towards the end of the austral summer in Admiralty Bay. We found gastropod
larvae occurring at the end of the austral summer while
being almost completely absent at the beginning of the
summer. These results suggest that marine invertebrate
larvae may occur over diﬀerent periods of the summer,
probably due to species-speciﬁc reproductive patterns
selected by the most favourable environmental conditions.
Thorson’s rule (Mileikovsky 1971), of avoidance of a
pelagic larval phase in marine invertebrates, based
mainly on gastropod reproductive strategy for high latitudes, cannot be conﬁrmed, at least for one gastropod
species of Admiralty Bay, as our results showed almost
totality of gastropod larvae sampled in this study
(99.15%) belong to one species.
The present study was carried out only during the
austral summers, so the peak abundance of gastropod
veligers in the austral winter, reported by StanwellSmith et al. (1999), in a survey over 25 months (1993/
1994), could not be observed.
Inter-annual variation in larval abundance is a common phenomenon among marine invertebrates (Clancy
and Cobb 1997; Powell 2001). PCA results, mainly factor I formation, suggest that environmental conditions
prevalent during 1994/1995 and 1996/1997 were similar
and diﬀered from those of 1993/1994, likely inﬂuencing
the numbers of larvae observed. Factor I of PCA analysis of 1994/1995 and 1996/1997 revealed the same
pattern of larval abundance, with seawater temperature,

salinity, transparency and tide in opposition to wind
speed and direction. Among the physical factors likely to
aﬀect larval abundance, directly or indirectly, are tidal
currents, and wind speed and direction. Freire et al.
(1993) and Alder and Thompson (2000) emphasised the
role of hydrographic processes on plankton dispersal in
Antarctic waters. According to Pruszak (1980), the
surface circulation of water under wind speeds greater
than 4 m s)1 is dependent on the distribution of wind
direction in Admiralty Bay. Surface currents in Ezcurra,
Martel and Mackellar Inlets, under the inﬂuence of
strong winds (>4 m s)1) from the SW-W or N, ﬂow in
that same direction and have prevalence over tidal ﬂow.
Wind from the north with speeds above 4 m/s would
carry surface waters out of the inlets. The dynamics of
surface currents, as proposed by Pruszak (1980), are in
accordance with what we observed in both austral
summers 1994/1995 and 1996/1997. PCA-component II
of 1994/1995 revealed high abundances of larvae were
present under high wind speed from the north, at ebb
tide, with water ﬂowing out of the bay. Freire et al.
(1993) observed that surface waters, ﬂowing out of the
inlets towards Bransﬁeld Strait, under a NW wind,
contained higher plankton densities. The high densities
of gastropod larvae we observed at stations 2, 6 and 8,
situated in the inner portion of Martel and Mackellar
inlets, may be due to the geomorphology of the inlets,
which most probably determines the formation of eddies, and may contribute to larval retention in the area.
The dilution eﬀect observed by Stanwell-Smith et al.
(1999) was not veriﬁed in the present study but, rather, a
tendency for larval concentration in the innermost location of the inlets in Admiralty Bay, indicating the
importance of local water dynamics in the concentration
of larvae at those places.
The clear pulse of gastropod larvae veriﬁed in February of the three summers, together with the high
densities of gastropod larvae sampled in consecutive
tows in some days (19/02/1994; 22/02/1994) in the
present study, suggest a similarity with synchronous
reproductive strategy common in the tropics, contrary to
what was postulated by Stanwell-Smith et al. (1999) for
high latitudes. The stability of seawater temperature
throughout the year observed in both regions may be
responsible for this similarity, as seawater temperature
plays a major role in the reproductive process.
Planktonic gastropod larvae are diﬃcult to identify to
species level. Nonetheless, the high densities we observed
suggest they belong to a common gastropod species
occurring in the region which possesses a broadcasting
reproductive pattern. The most likely candidate is
Nacella concinna, a nearshore prosobranch gastropod
very abundant from shallow intertidal depths to ca.
80 m depth (Picken 1980; Rauschert 1991; Filcek 1993;
Nonato et al. 2000). According to Powell (2001)
N. concinna spawns in response to the spring phytoplankton bloom. In Admiralty Bay, primary production
peaks at the end of January and February may be
associated with the spawning events of N. concinna
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observed at that time of the year (Picken 1980). Ligowski and Kopczynska (1993) recorded peak phytoplankton numbers in Admiralty Bay at the end of
February, with two smaller blooms occurring in the
second half of January.
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