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ABSTRACT: The species composition, abundance, vertical distribution, biovolume and carbon content
of gelatinous nekton in the Antarctic Polar Frontal Zone are described from a series of RMT25 hauls
collected from a series of 200 m depth layers between 0 and 1000 m. In total, 13 species of medusa, 6
species of siphonophore, 3 species of ctenophore and 1 species of salp and nemertean were 1dentified.
On average gelatinous organisms contributed 69.3% to the biovolume and 30.3 % to the carbon content
of the samples, although the ranges were high (0 to 98.9% and 0 to 62.6% respectively). The most
important contributor to the biovolume and carbon content was the scyphomedusan Periphylla peri-
phylla. Some specific associations and restricted vertical distributions were related to trophic interac-
tions among ostracods, amphipods and cnidarians. Observations made near South Georgia showed that
medusae and ctenophores were preyed upon by albatrosses and notothenioid fish respectively. The
results support the premise that gelatinous organisms are a major and, at times, are the main compo-
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nent of the oceanic macroplankton/nekton community in the Southern Ocean.
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INTRODUCTION

The nekton communities in the Southern Ocean
comprise 4 main groups of organisms: crustaceans,
mesopelagic fish, squid and gelatinous forms. Their
relative importance in the pelagic ecosystem is usually
reported in terms of biomass (i.e. Everson & Miller
1994, Kock & Shimadzu 1994). Antarctic krill Euphau-
sia superba Dana is generally considered to be the key
organism in the marine Antarctic ecosystem. More crit-
ical studies have shown that krill abundances can vary
considerably; low biomass and total absence are some-
times reported from areas of the Southern Ocean
where it is normally abundant (Heywood et al. 1985)
During these conditions other organisms, for example
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suspension feeding pelagic tunicates (salps), become
dominant (Huntley et al. 1989)

Recently, the distribution and biology of gelatinous
organisms have received more attention in the Antarc-
tic (Pages et al. 1994, Piatkowski et al. 1994, Rodhouse
et al. 1994, Siegel & Loeb 1995) as it has become evi-
dent that this previously neglected group plays a sub-
stantial role in the Southern Ocean ecosystem. It is dif-
ficult to assess the role of gelatinous organisms using
conventional sampling methods, but observations from
manned submersibles have elucidated behaviours and
associations that are impossible to ascertain from net
collected material {e.g. Janssen et al. 1989). Data on
the distribution and biomass of the gelatinous
macroplankton and nekton from the Southern Ocean is
based mainly on information about salps. indicating
that these are strong filter-feeders and may compete
with krill for food resources (Reinke 1987, Huntley et
al. 1989). Quantitative data, based on number of spec-
imens (for medusae and ctenophores), number of poly-
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gastric stages and eudoxids (for calycophoran
siphonophores), number of colonies (for physonect
siphonophores) and sexual stages (for salps and
doliolids), are extremely sparse. In addition, the sys-
tematic data can be in doubt when the identifications
have been made by those unfamiliar with the taxa.

Nonetheless, from quantitative studies made in the
Southern Ocean, it is known that gelatinous organisms
show high species diversity, and relatively high abun-
dances and biovolumes (Pages & Kurbjeweit 1994,
Pages et al. 1994, Pugh et al. in press). These studies
are rare and more investigations are necessary to
demonstrate to biologists and modellers that gelati-
nous organisms have to be taken into account when
investigating the whole pelagic ecosystem.

The main objective during the second leg of the RRS
‘James Clark Ross’ Cruise JR06 (February-March
1994) was to carry out a closely integrated physical and
biological programme in order to investigate the
predator-prey interactions in an area shown to be fre-
quented by squid predators. Squid represent the high-
est trophic level in the epipelagic zone at the Antarctic
Polar Frontal Zone (APFZ) (Rodhouse & White 1995,
Rodhouse et al. 1996) but the biological collections
consisted predominantly of mesopelagic fishes and
gelatinous organisms (British Antarctic Survey 19958).

This paper describes the species composition, verti-
cal distribution and abundance of the gelatinous
macroplankton and nekton in the vicinity of the Polar
Frontal Zone in the South Georgia sector of the South-
ern Ocean (Fig. 1). Likewise its wet biovolume and car-
bon content were estimated and compared with those
of non-gelatinous nekton.
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(Netherlands) 2800 pelagic trawl (head rope 93.2 m); a
2 m? horizontal - Antarctic multiple plankton sampler
(H-AMPS); and a 1 m? rectangular frame neuston net
(F-net).

The wet biovolume of plankton and nekton was
measured by displacement soon after the samples
came onboard. The larger zooplankters were sorted
into major groups to characterise the size spectra, and
the gelatinous components segregated for more
detailed treatment. All gelatinous forms were pooled
to estimate biovolume and the percentage contribution
to the whole sample.

The medusae and siphonophores, both asexual and
sexual stages, from the RMT25 samples were identi-
fied to species level. Specific protocols were adopted in
order to estimate the actual number of specimens of
siphonophore present. Specimens of Rosacea sp. com-
prise an opposed pair of identical nectophores, so the
number of nectophores found was rounded up to an
even number and divided by 2. The numbers of bracts
and gonophores of this species were not included in
the analyses as they remain attached to the stem. In the
case of Vogtia serrata (Moser) the number of nec-
tophores present on each animal is approximately 8 to
15. Since these are of variable size, and the smallest
are likely to be lost through the meshes of the net, we
have assumed a standard value of 10 per animal.

The British Antarctic Survey down-wire net monitor
(DWNM) was used to control the sampling equipment
and monitor water conditions while the RMT25 and H-
AMPS nets were deployed. The volume of water fil-
tered by each net was calculated by averaging the flow
rate data over 2 s intervals and these values were aver-

MATERIAL AND METHODS

The samples were collected using an open-
ing-closing rectangular midwater trawl with
a 25 m? aperture (RMT25) (cf Platkowski et
al. 1994). The nekton community was sam-
pled from the surface to 1000 m in 200 m
depth strata during daylight and after dark.
In addition, target fishing was undertaken in
biomass r1ich layers (50-100, 300-350,
375-400 m) and at 50 and 600 m. To sample
a layer, the net was towed obliquely down
through the water column by slowly paying
out the warp, while maintaining the net
speed at ~3 kt (1.5 m s~

The RMT25 was the main net used to col-
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aged to give the mean flow for the duration of a tow.
The duration was derived from the ‘net-state’ signal
from the DWNM. Volume of water filtered by each net
was then calculated using the average flow data and
duration data, assuming a 25 m* mouth area (C. Swan-
son pers. comm.). Filtered volumes for the pelagic
trawl and F-net were estimated from swept area calcu-
lations.

RESULTS AND DISCUSSION
Hydrography

The sampling area was located in the Antarctic Cir-
cumpolar Current between the Polar Front and the
Subantarctic Front. Potential temperature decreased
from 6.0°C at the surface to 3.0°C at 250 m depth
(Fig. 2). Salinity was low (34.0 psu} at the surface
(Stn 334) and increased smoothly to 34.4 psu at 500 m
indicating the presence of Antarctic Intermediate
Water. Potential temperature was very stable between
300 and 1000 m depth (2.5 and 2.3°C respectively).

Distribution and abundance

The gelatinous organisms collected consisted of
hydroidomedusae (13 spp.). siphonophores (6 spp.),
scyphomedusae (3 spp.). ctenophores (3 spp.). salps
(1 sp.) and nemerteans (1 sp.) (Table 1). Scyphomedu-
sans were the most conspicuous component of the
RMT25 samples because of their large size and high
wet biovolume. Although their density was low, they
were present in almost all hauls and at all depths.

Fig. 3 shows the occurrence and depth distribution of
gelatinous zooplankton collected at the sampling area.
The scyphomedusan Periphylla periphylla (Péron &
Lesueur) (up to 35 cm in diameter), the anthomedusan
Calycopsis borchgrevinki (Browne) (maximum diame-
ter 27 mm) and the siphonophore Rosacea sp. (defini-
tive nectophore up to 19 mm in length) were the only
species collected in all depth ranges between 1000 m
and the surface. P. periphylia appeared to show a diel
vertical migration, with most of the specimens occur-
ring between 400 and 1000 m during the day, but large
ones were collected in the surface 200 m at night.

Other gelatinous organisms were mainly collected
below 200 m (Fig. 3). Atolla wyvillel Haeckel (up to
72 mm in diameter) and A. chuni Vanhoffen (maximum
diameter 61 mm) were always collected between 600
and 1000 m during the day, but they also occurred in
the 400-600 m depth range during the night, which
suggests these species also exhibit a diel upward
migration. The trachymedusae Halicreas minimum
Fewkes (25 mm in diameter) and Crossota brunnea
Vanhoffen (maximum width 43 mm) showed the same
vertical distribution, and both increased in abundance
from 400 m, their upper depth limit, to 1000 m. Rosacea
sp. was the only common siphonophore and most spec-
imens were collected between 200 and 600 m. The
remaining cnidarians occurred in very low densities
(Table 1), mostly between 400 and 1000 m. The num-
ber of cnidarian species tended to increase with depth
and reached the highest species diversity (19 spp.) in
the 600-800 m depth range (Fig. 3).

Some specimens of Salpa thompsoni Foxton were
collected but in much lower numbers than are usually
found in this area. For instance, they were extremely
abundant during the previous year (A. W A. Murray
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pers. comm.). A few specimens of o
the deep-water nemertean Pela-
gonemertes rollestoni Moseley
were captured in the 600-800 m
depth range.

Abundances near the APFZ
were lower when compared with
the gelatinous macro- and mega-
plankton collected by an RMT 1-
8M (mesh size 4.5 mm) in the ‘
Weddell Sea (Pages et al. 1994). 800

DEPTH (m)
&

3
]

However, we believe that bio-

mass estimates will be under-

estimales because only the e
gelatinous organisms larger than ﬁg
20 mm in diameter would be g 8
collected quantitatively by the %\90@ j\?

RMT25, as smaller or damaged
specimens would pass through
the 19 mm meshes in the anterior
third of the net. Another factor
that may influence the net effi-
ciency is bioluminescence. Many gelatinous zooplank-
ton are bioluminescent (Galt 1989) and Atolla, Peri-
phylla and Aequorea are known to be bioluminescent
medusae (Shimomura et al. 1962, Herring 1990). We
presume that these will emit bioluminescent responses
when disturbed or caught by the net since defense is
the cause of most mechanically stimulated biolumines-
cence {Widder et al. 1989). Because of this, the RMT25
is likely to be well illuminated by bioluminescent
organisms during its passage through the water. How-
ever, whether this illumination produces a neutral,
avoidance, or attractive effect is not presently known,
but the RMT25 is nonetheless an effective net for
catching large numbers of nektonic organisms.

Small-scale distributions

The distribution of the gelatinous organisms collec-
ted by the RMT25 and H-AMPS nets indicates that
some species were located in narrow depth ranges.
Specimens of the hippopodid siphonophore Vogtia ser-
rata were only collected in 4 hauls, 3 of them sampled
obliquely from the 400-600 m depth range and the
fourth horizontally at 600 m. This restricted vertical
distribution appears to be a trophic interaction. Pugh
(1991) described ostracods as being the main prey of
hippopodid siphonophores. In the nekton/zooplankton
samples taken during Cruise JRO06, the bulk of the
these crustaceans was observed in these layers, partic-
ularly at 600 m.

On the other hand, only 1 ctenophore was caught at
Stn 289 between 300 and 350 m, whereas they were
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Fig. 3. Schematic diagram of the vertical distribution range of gelatinous zooplankton
sampled during Cruise JR06. N: number of species collected in each depth range

the predominant zooplankters in the 375-400 m depth
range. This distinct vertical distribution may be associ-
ated with a discontinuity in the temperature (from 2.18
to 2.28°C) and salinity (34.25 to 34.35 psu) at 350 m.

Wet biovolume

Gelatinous organisms were present in most of the 22
RMT?25 hauls. They constituted the predominant com-
ponent (>50% wet biovolume) in 7 (31.8%) of these
hauls, which encompassed all the depth ranges sampled
(Fig. 4A) but were absent from 2 rather exceptional hauls
where only small volumes (7 and 35 ml) of zooplankton
were collected. When biovolume was greater than 21in
a sample, it was always the result of a large component
of gelatinous organisms (Fig. 4B). The most important
contributor was Periphylla periphylla, some specimens
of which measured more than 30 cm in diameter and 11
in wet biovolume. This species achieved a considerable
biomass in 2 pelagic trawl hauls made in the upper lay-
ers at night. The first (Stn 257) collected 8 specimens
with a volume of 2 1 with, in addition, an indeterminate
number of broken specimens measuring ca 8 1. The high-
est wet biovolume was collected by the pelagic trawl at
Stn 367, where 60 large specimens (30.32 + 7.75 cm in
diameter) were caught and their wet biovolume was
approximately 72 1.

Other species that contributed to the biovolume to a
lesser extent were the scyphomedusan Atolla wyville],
the trachymedusae Crossota brunnea and Halicreas
minimum (800-1000 m) and the siphonophore Rosacea
sp. Of note are 2 specimens of the hydroidomedusa
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Fig. 4. (A) Wet biovolume percentage from RMT25 catches
ranked in ascending order by proportion of gelatinous nekton.
(B) Wet biovolume. (C) Carbon content

Aequorea sp. (each 20 cm in diameter and 950 ml in
biovolume) and 1 specimen of Stygiomedusa gigantea
(Browne) (52 cm in diameter). The latter specimen had
a wet biovolume of 4 | despite the fact that the 4 thick,
ribbon-like oral arms were missing. Based on observa-
tions of S. gigantea given by Larson (1986a}, the oral
arms should have been at least 10 m in length and
therefore the biovolume of the intact organism would
have been considerably higher

The wet biovolume contributed by the remaining
gelatinous species could be considered negligible.
Nevertheless, large ctenophores (up to 15 cm length)

comprised most of the biovolume at Stn 289 (375-
400 m, Beroe sp.) and at Stns 422 and 423 (surface,
Beroe cucumis Fabricius). On average, gelatinous nek-
ton contributed 69.3 % to the biovolume of the RMT25
samples, although the range was high (0 to 98.9%].
These percentages were higher than those reported by
Pages et al. (1994) and Pugh et al. (in press) in the
Weddell Sea, indicating that the APFZ is a region with
a higher relative contribution of gelatinous nekton,
although both the larger mouth area and the larger
volume of water filtered by the RMT25 may have influ-
enced these increments.

The high water content {91 to 96.5%; Larson 1986b,
Clarke et al. 1992) strongly contributes to the wet
weight of gelatinous organisms, which has been often
considered as a reason to disregard the importance of
these organisms in the pelagic ecosystem. However,
recent studies show that excretion and respiration
rates of gelatinous zooplankton are in the samc range
as those produced by non-gelatinous zooplankton if
carbon content is used as body-mass unit (Schneider
1990, 1992).

Carbon content

In order to convert the biovolume data (ml 10* m3) to
mg C m~°, we used data from Larson (1986b) for the
gelatinous organisms and the corrected formula in
Wiebe (1988) for non-gelatinous nekton. We took Lar-
son's mean DW%WW (dry wt as a percentage of wet
wt) and Carbon%DW and assumed a density of 1.025,
to produce a conversion factor of 0.0003649. These
data (Fig. 4C) show that the gelatinous organisms
make a comparatively large contribution to the overall
biomass of the samples, averaging 30.3% of the total
carbon, although the range (0 to 62.6%) was large.
Also in this event, average carbon was 5.0% higher
than that estimated by Pugh et al. (in press) in the east-
ern Weddell Sea. Nevertheless, the 2 pelagic trawl
hauls made in the upper layers that collected mainly
Periphylla periphylla would have considerably
increased the contribution of gelatinous nekton to the
carbon content in such layers.

It is worth noting that the highest carbon content
showed by non-gelatinous nekton and the second
highest value for the gelatinous one were observed at
Stn 289-2 (Fig. 4C) where both the shortest depth
range (375-400 m) and the smallest volume of water
(11049 m’) were sampled. These points indicate the
ecological importance that organism aggregations at
discrete depth layers may have in the flux of carbon
throughout the water column.

Pelagic tunicates and coelenterates are voracious
consumers that feed heavily upon phyto- and zoo-
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plankton, respectively (Purcell 1992, Mills 1995, Madin
& Deibel in press). The carbon content of their tissues
is low, but the amount that passes through their guts as
food is high. Much of the carbon content of a salp prob-
ably resides in the phytoplankton and microzooplank-
ton packed into its nucleus (Kashkina 1987). Often this
1s poorly digested and later excreted as cohesive fast-
sinking fecal pellets (Caron et al. 1989). In the case of
siphonophores, they commonly have 5 to 150 feeding
polyps distributed along the stem, and the total tenta-
cle length can reach several metres (Biggs 1977). How-
ever, this part of the colony is rarely considered in esti-
mating carbon content as, due to its extreme fragility, it
is usually lost during sampling by nets. For instance,
the warm-water calycophoran Chelophyes appendicu-
lata (Eschscholtz) showed a high mean carbon content
(23.4% DW) and nitrogen content (6.8 % DW) in com-
parison with other gelatinous zooplankton when com-
plete specimens were used for the measurements
(Gorsky et al. 1988). In the Southern Ocean, the carbon
content (10.6 % DW) of the stem with cormidia of the
common epipelagic species Diphyes antarctica Moser
is similar to that of the nectophores (11.5% DW) (Ikeda
& Bruce 1986).

Biotic associations

A few associations were observed after each haul.
The large Periphylla periphylla specimen (40 cm in
diameter) collected at Stn 290 (50-100 m depth) held
in the subumbrella 3 adults (2 females and 1 male) of
the hypenid amphipod Cyllopus magellanicus Dana
and 1 juvenile female of Themisto gaudichaudii
Guérin. Surprisingly, no other gelatinous specimens
held hyperiid amphipods. Our observations agree with
Weigmann-Haass {1983), who suggested that C mag-
ellanicus could be a parasite of gelatinous organisms
because this species had some morphological adapta-
tions similar to those of other hyperiids which are
known to be parasitic. On the other hand, the 4460 ml
wet biovolume measured at Stn 270 (200-400 m depth)
was mostly due to 2 large specimens of P. periphylla
(30 and 35 cm in diameter) The only conspicuous
organism caught in the same haul was a single speci-
men of the rare centrolophid Icichthys australis Haed-
rich which measured 90 mm in total length. The family
Centrolophidae comprises several genera and species
of fishes associated with scyphozoans (Thiel 1970,
1978). Haedrich (1966) remarked, in the original
description of this species, that I. australis might not be
associated with jellyfish because no medusae were
reported in the haul that caught the holotype. How-
ever, [. australis and medusae co-occurred in other col-
lections at South Georgia (White & North 1980, M. G.

White pers. obs.) and the co-occurrence in this study
suggests that the general association between cen-
trolophids and medusae is also true for the Southern
Ocean species.

Predation

A few observations regarding some predators of
gelatinous nekton were made in the vicinity of South
Georgia. For instance, a group of almost 20 albatrosses
were observed foraging on a large reddish medusae
(R. R. Veit pers. comm.) which was probably a speci-
men belonging to one of the large medusan genera
Desmonema or Diplulmaris. Elsewhere, at the South
Orkney Islands, cape pigeons Daption capense Lin-
naeus have been observed feeding on the amphipods
associated with the large scyphomedusa Desmonema
gaudichaudii (Lesson) (M. G. White pers. obs.). Like-
wise, a great number of specimens of Notothenia rossii
collected by the MV ‘Cordella’ on the South Georgia
shelf at the same time as the JR06 cruise had numerous
ctenophores in their stomachs (C. Goss pers. comm.).
Ctenophores were the overwhelmingly predominant
zooplankters in some F-net hauls made in the area and
they have been reported as a common prey item for
nototheniids (Pakhomov 1993). Nonetheless, we pre-
sume that mesopelagic medusae are food sources for a
wide varlety of Antarctic mesopelagic crustaceans
such as has been reported in the North Atlantic, where
amphipods, shrimps and pycnogonids have been ob-
served in situ feeding on Periphylla and Atolla (Harbi-
son et al. 1977, Child & Harbison 1986, Moore et al.
1993).

Additional observations recorded near South Geor-
gia indicate that gelatinous nekton may also be impor-
tant in neritic waters. Some ctenophores and the large
scyphomedusa Desmonema occur in high densities
and biomass around this island (Ward 1989) where the
former are often very abundant in the fjords (M. G.
White pers. obs.). Ctenophores are known to be major
zooplankton predators in the northern hemisphere
(Swanberg & Bamstedt 1991) and observations that
they may occur in great number in the Southern Ocean
implies that sometimes they may also be important in
influencing the food web in Antarctic waters. Likewise
diving observations on Desmonema made at Signy
Island, South Orkney Islands, showed that this medusa
is common in neritic waters and 1s a benthopelagic
predator (White & Bone 1972) but there are few other
reports aboul its biology. Around South Georgia,
gelatinous nekton appear to be common prey for
seabirds and fish when krill populations are depleted,
as happened during summer 1994 (Brierley & Watkins
1995).
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CONCLUSIONS

The above results support the premise that gelati-
nous organisms are a major and, at times, the main
component of the oceanic macroplankton/nekton com-
munity in the Southern Ocean. Salps are not the only
dominant gelatinous group and this study has shown
that gelatinous carnivores, particularly medusae, can
be a predominant component of the nekton community
in terms of biovolume and carbon content. Species
diversity increases with depth, reaching the highest
values in mesopelagic layers where biotic associations
with fish, amphipods and probably other crustaceans
occur. However, little is known about important
aspects of their biology, particularly reproduction,
feeding and growth. Knowledge about abundance and
spatio-temporal distribution is restricted to some areas
of the Atlantic sector in summer. More information on
these matters over the year in other parts of the South-
ern Ocean would greatly contribute to our understand-
ing and allow us to evaluate the role played by these
organisms in the Antarctic pelagic ecosystem.
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