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Abstract: During the 43rd Japanese Antarctic Research Expedition (JARE) cruise
on March 10-12 in 2002, NORPAC net samplings at three stations along a south-north
transect, ca. 140°E in the Indian sector were conducted to survey zooplankton commu-
nity structure and abundance in the seasonal ice zone (SIZ) of the Southern Ocean. A
total of fourteen species/taxa were identified from the three stations. While copepods
were numerically dominant at two stations (79.9% and 93.1% respectively of total
abundance), appendicularians were found to be numerically dominant (84.0% of total
abundance) at the southernmost station. This dominance of Appendicularia at this
station suggested that Appendicularia is possibly an integral part of the community
structure of the zooplankton in the SIZ. The Southern Boundary (SB) on the 140°E
transect was found to be located at ~64.30°S and the southernmost station was located
south of the SB while the two other stations were located north of the SB. Some species,
such as Rhincalanus gigas, Calanus simillimus, Amphipoda, Euphausiacea, and Poly-
chaeta, had distribution patterns that correlated with the position of the SB, therefore
the SB is considered important in influencing the distribution of the zooplankton and
its community structure in the SIZ.

key words: seasonal ice zone (SIZ), Southern Boundary (SB), Appendicularia, zoo-
plankton, Copepoda

Introduction

The Southern Ocean is characterized by a distinctive series of zones that separate a
distinguished zonal oceanographic feature and is divided into major current systems,
such as Antarctic Circumpolar Current (ACC) and Coastal Current (CC). The bound-
aries between the zones are usually circumpolar frontal systems (Orsi et al., 1995).
Within these biogeographic zones and between these fronts, the population of biological
communities tends to be distinct. Zooplankton communities have a well demonstrated
latitudinal gradient in structure and species composition. These suggested changes imply
a strong influence by the physical conditions of each zone (Deacon, 1982; Atkinson and
Sinclair, 2000; Takahashi et al., 2002). Such zooplankton communities reflect the

133



134 M. Tsujimoto, K.T. Takahashi, T. Hirawake and M. Fukuchi

physical conditions of the biogeographic zones and are recognizable as an important
element in detecting the impacts of environmental change on the Southern Ocean
ecosystem.

The Antarctic seasonal ice zone (SIZ) is recognized as an ecologically important
region in the Southern Ocean (Brierley and Thomas, 2002). Its significance is based on
a strong association between community composition and ice formation (Brierley and
Thomas, 2002). Sea-ice provides plankton with a suitable place to grow and rest, but
reported reductions in the sea-ice extent have clearly been removing this favorable
habitat (Loeb et al., 1997; Nicol et al., 2000; Atkinson et al., 2004). Alternately, Ant-
arctic krill, Euphausia superba, is widely recognized as a key species in the ecosystem of
the Southern Ocean and a krill-centered food web is broadly accepted (Marr, 1962;
Hempel, 1985). A study by Nicol (1994), however noted the importance of the entire
plankton including salps and copepods and suggested a more complex and unstable food
web existed in the Southern Ocean. Thus it is clear additional data on the structure and
distribution of the zooplankton community in the Southern Ocean is required to
understand the ecosystem of the Southern Ocean.

In addition to the key SIZ groups, such as krill, copepoda, and salpa, appen-
dicularians are known to be one of the important filter feeders which consume small
particles in the ocean. Few studies on the distribution of Appendicularia have been
previously reported from the Southern Ocean. A recent study by Hunt and Hosie
(2005), however, pointed out a significant occurrence of appendicularian in the SIZ in
the Southern Ocean. Further investigations on appendicularian are expected to substan-
tiate the character of the zooplankton communities as well as to quantify the role of
Appendicuaria in the community structure of the Southern Ocean.

Japanese Antarctic Research Expeditions (JARE) have been conducting zoo-
plankton samplings every austral summer since 1972 in the Indian Ocean sector of the
Antarctic Ocean, using a NORPAC standard net (Motoda, 1957). Fukuchi and Tani-
mura (1981), Watanabe et al. (1984) and Takahashi et al. (1997) have reported the
sampling data. Consequently, initial analyses of total zooplankton biomass have already
been reported and some 4-6 years of cyclic variation in abundance and its relationship
to physical processes such as sea-ice extent or the Antarctic Circumpolar Wave have
been reported (Takahashi et al., 1998). In summer 2001/2002, a time-series/multi-ship
surveys along the south-north transect on ca. 140°E from 66 to 60°S were carried out in
the Antarctic Ocean (Odate and Fukuchi, 2003). The present samples were collected on
the JARE-43 cruise abroad Shirase as a part of the time-series/multi-ship surveys. In this
note, we discuss distribution, abundance, and species composition of the zooplankton
communities along 140°E as well as the unusual abundance of appendicularian in
particular.

Materials and methods

The survey was conducted from March 10 to 12 in 2002 aboard the Japanese
icebreaker Shirase during the 43th Japanese Antarctic Research Expedition (JARE)
cruise. Zooplankton were collected at three stations along the south-north transect on
ca. 140°E from 66 to 61°S (Fig. 1, Table 1), using a NORPAC net (mouth diameter
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Fig. 1. Sampling stations abroad the icebreaker Shirase in March 2002.

Table 1. Sampling information and chlorophyll a concentration (0-150m) at 3 stations in JARE-43.

Station  Date Time Location Sampling  Vol. of water Chlorophyll a
(LT) Latitude (S) Longitude (E) depth (m) filtered (m®) (mg m'z)
15 Mar. 10 08:42  66°28.0°  140°00.7 0-150 24.10 299.87
16 Mar. 11 08:50 63°59.2/ 140° 01.6/ 0-150 50.09 20.09
17 Mar. 12 08:45  61°02.0' 139° 58.3’ 0-150 41.92 14.19

0.45m, side length 1.8 m, nylon mesh size 330um (Motoda, 1957)). The net was
equipped with a flow meter to estimate the volume of water filtered, and was vertically
hauled from approximately 150 m depth to the surface at a speed of ca. 1 m per second.
Soon after collection, samples from Stations 16 and 17 were preserved in a buffered 5%
formaldehyde and seawater solution. The sample from Station 15 was preserved in a
buffered 10% formaldehyde and seawater solution due to the large amount of phyto-
plankton cells entangled in the sample.

Zooplankton were identified to lowest possible taxa and counted. These included
Amphipoda, Appendicularia, Chaetognatha, Copepoda, Copepoda nauplii, Decapoda,
Euphasiid, Foraminifera, Gastropoda, Limacina spp., Ostracoda, Polychaeta, and
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Table 2. Zooplankton compositions at each station. Euphausiacea-C indicates clyptopis larvae stage while
Euphausiacea-F indicates furcilic larvae stage.

Category Station 15 Station 16 Station 17
individuals ind m® % individuals ind m? % individuals ind m? %
Amphipoda - - - 8 0.16 0.19 4 0.10 0.13
Appendicularia 7884 327.14 84.03 28 0.56 0.65 65 1.55 2.04
Chaetognatha 3 0.12 0.03 117 234 2.72 38 0.91 1.19
Copepoda 1406 5834 14.99 3433 68.54 79.91 2964 70.71 93.15
Copepoda nauplii 43 1.78 0.46 17 0.34 0.40 39 0.93 1.23
Decapoda - - - 1 0.02 0.02 - - -
Euphausiacea-C - - - 286 5.71 6.66 23 0.55 0.72
Euphausiacea-F - - - 87 1.74 2.03 46 1.10 1.45
Foraminifera 4 0.17 0.04 66 132 1.54 3 0.07 0.09
Gastropoda 2 0.08 0.02 56 1.12 130 - - -
Limacina spp. 16 0.66 0.17 184 3.67 4.28 - - -
Ostracoda - - - 12 0.24 0.28 - - -
Polychaeta 24 1.00 0.26 - - - - - -
Vibilia sp. - - - 1 0.02 0.02 - - -
Total 9382 389.29  100.00 4296 85.77 100.00 3182 75.91 100.00

Vibilia sp. (see Table 2). Euphausiid larvae were further identified to calyptopis and
furcilic stages while Copepoda were identified to copepodite and nauplius stages too.
Within the copepodite samples, Rhincalanus gigas, Calanoides acutus, Calanus pro-
pinquus, and Calanus simillimus were identified and counted as these large biomass-
dominant species have been well studied (Kawamura, 1986; Atkinson, 1998; Atkinson
and Sinclair, 2000). Vibilia sp. were clearly identified within Amphipoda and were thus
sorted separately from Amphipoda. Counts were converted into the number of individ-
uals per 1 m® for each station.

Along the south-north transect the oceanographic conditions were recorded by the
CTD (Falmouth Scientific Inc. TRITON ICTD) and XCTD casts (Kinoshita and No-
saka, 2005). A total of 3 CTD casts and 20 XCTD casts were taken and these data were
used to estimate the vertical profiles of the water temperature and salinity. While the
CTD data were obtained to the sea floor, only the information on the upper 1000 m of
the water column was applied in the study.

Results and discussion

There was quite a wide range of maximum and minimum temperatures at each
station in the vertical profile from 200 m depth to the surface (where the samples were
hauled). The maximum temperatures were all obtained at 200 m depth and these in-
creased from St.15 to St.17 (0.13°C, 1.65°C, 2.06°C in sequence). Likewise, the minimum
temperatures detected at approximately 100m depth increased from the south to the
north (—1.6°C, —0.24°C, 0.28°C in turn) (Fig. 2). Chlorophyll a concentration in-
creased slightly from 17.14 mg Chla m 2 at Station 17 to 20.09 mg Chla m ? at Station
15 (Table 1), but then changed dramatically by an order of magnitude at the southern
Station 15 (299.87 mg Chla m ?).
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Fig. 2. Vertical profiles of temperature (A) and salinity (B) through 1000 m along 140°E between 66.5°
and 61°S. The numbers on top of each V¥ indicate the corresponding stations where NORPAC
net hauls were conducted, and the symbol \/ along the top of each figure indicates CTD stations.
The location of the Southern Boundary (SB) is indicated. Areas exceeding the maximum ana-
lyzing capability of the program due to the limited numbers of applicable CTD casts obtained
show blank profiles in the figures.

In the Antarctic Ocean, there are two major current systems; the Antarctic Cir-
cumpolar Current (ACC) and the Coastal Current (CC). Additional circumpolar fron-
tal systems further sub-divide the major currents (Deacon, 1982; Orsi et al., 1995). The
Southern Boundary (SB) is one of these circumpolar frontal systems of ACC and rep-
resents the poleward limit of the circumpolar circulation, which corresponds to the
poleward limit of the oxygen minimum associated with the Upper Circumpolar Deep
Water. Sokolov and Rintoul (2002) found this feature to coincide with the southern
limit of maximum potential temperature (Oma,) Water warmer than 1.5°C along 140°E
(Fig. 2). In this study, the SB was found to be located at ~64.30°S. Therefore Station 15
was located south of SB while Station 16 and Station 17 were located north of SB.
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A total of fourteen species/taxa were classified from the three stations (Table 2).
The zooplankton composition at Station 16 was found to be the most diverse in terms of
numbers of species/taxa present, with thirteen species/taxa out of the fourteen present.
The total number of individuals per m*® was the largest at Station 15 (389.3indm ?),
followed by Station 16 (85.8indm *), and Station 17 (75.9indm *). At Station 15
appendicularians were numerically dominant (327.1ind m *), contributing to 84.0% of
total zooplankton abundance at the station. At Stations 16 and 17 copepods were numer-
ically dominant, accounting for 79.9% and 93.1% respectively of total zooplank-
ton abundance at each station (Table 2).

The copepoda dominance of the zooplankton communities found at two stations is
consistent with the findings from previous studies on the zooplankton community struc-
ture in the Indian sector of the Antarctic Ocean (Kawamura, 1987; Yamada et al., 1991,
1992; Hosie et al., 1997; Chiba et al., 2001). However, the high abundance of Appen-
dicularia, which is far larger than that of copepoda, has only previously been reported
once before in surveys of the zooplankton communities in the Seasonal Ice Zone (SIZ).
Although Appendicularia has been previously reported, in the relatively colder waters,
such as in southern ACC (Yamada and Kawamura, 1986; Chiba et al., 2001), this much
greater abundance of Appendicularia has not been reported until the recent study of
Hunt and Hosie (2005). They conducted a Continuous Plankton Recorder (CPR) sur-
vey of the same region (along 140°E) two weeks prior to this study and also reported the
dominance of Appendicularia in the zooplankton community south of the SB (192.9 ind
m *). Based on data presented above and our data, it is likely that further studies on the
distribution of Appendicularia in SIZ will substantiate the character of these zoo-
plankton communities in the Indian sector of the Antarctic Ocean, and quantify the role
Appendicularia may play in the community structure of the ecosystem of the Southern
Ocean.

Percentage abundance contributions without Appendicuralia are similar at all sta-
tions (Fig. 3). However, total abundance (indm *) at each station was relatively low
compared to those of previous studies in the Indian Ocean sector, although they fall into
the range of abundances of zooplankton previously reported from the same region
(Chiba et al., 2001). Copepoda was the dominant taxon of the zooplankton community
at the all stations, contributing more than 80% of the abundance. Of the four large,
biomass-dominating species of copepoda, Calanoides acutus was the most dominant
among other species at all stations (Fig. 4). While C. acutus and Calanus propinquus
occurred at all stations, their abundance appeared relatively low compared to those of
previous studies (Yamada et al., 1991, 1992; Chiba et al., 2001). This can largely be
explained by the differences in the sampling times. Later sampling, which occurred at the
end of the austral summer in this study probably resulted in the migration to great depth
for overwintering of C. acutus and C. propinquus. However, Rhincalanus gigas and
Calanus simillimus, species which prefer warm water, were observed at Station 16 and
Station 17, north of the SB.

The SB is associated with steep physical gradients in the SIZ and some species of
zooplankton show a strong correlation with this frontal system (Schnack-Schiel et al.,
1995). In this study as well, the distribution of some species other than copepods also
showed a correlation with the SB. Amphipoda and Euphausiacea (in larvae stages) were
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Fig. 3. Major dominant zooplankton taxa recorded on each station. TA: total abundance.
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Fig. 4. Abundance of four dominant copepod speices at each station.
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present at both stations north of the SB but did not appear to the south. Conversely,
Polychaeta appeared at the station south of the SB, but did not appear at two stations
north of the SB. Hence this study also suggests that the SB plays a major role in
influencing the distribution of zooplankton and thus the community structure in the SIZ.
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