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ABSTRACT. Antarctic Coastal regions are thought to be characterized by high productivity usually dominated by
diatoms. Considering their prime importance in global carbon biological pump, diatom distribution and abundance
studies are sparse especially in coastal regions of Antarctica. Biogenic silica is considered to be severely affected by
dissolution in the undersaturated ocean water, therefore, combined study of diatom assemblages from water column and
those found in the sediments is important. Therefore, we conducted a combined study of sediment diatoms along with
surface water diatoms collected from Coastal Antarctica. When the modern assemblages are compared to the fossil
record, it is clear the most of the important diatoms from the summer assemblages are not preserved in the underlying
sediments. The studies reveal that only F. kerguelensis is common abundant species in both water and sediment which
suggests that coastal Antarctic region could be having more open ocean influence. In contrast, the presence of sea ice
related diatom species from surface sediment indicate for expansion of sea ice or ice edge adjacent to the water column,
however such species were not found in the overlying water samples which could be due to less sea-ice extent.
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Romero et al., 2000; Koning et al., 2001). The Antarctic

The wunderstanding of diatom abundance and
assemblage composition found in the water column and
sediments are helpful to figure out how diatoms are
preserved in the sediments and how modern
environmental conditions have modulated their abundance
and distributions (Pokras and Molfino, 1986; van Iperen et
al., 1987; Abrantes and Moita, 1999). Biogenic silica is
thought to be severely affected by dissolution in the
undersaturated ocean water (Nelson et al., 1995;
Ragueneau et al., 2000), therefore, combined study of
diatom assemblages from water column and those found
in the sediments is essential (Sancetta and Calvert, 1988;

Coastal and continental shelf zones are characterized by
high degree of phytoplankton growth dominated by
diatoms, therefore, account for 76% and 3.5% of the total
primary productivity of the marginal ice zone and
Southern Ocean (SO) respectively, as a result considered
among the most productive regions of SO (Smith and
Gordon, 1997; Arrigo et al., 2008). Instead of their prime
importance in the global carbon biological pump (i.€., the
amount of carbon removed from the atmosphere and
permanently buried in the sediment) and related
atmospheric pCO, modulations (Longhurst and Harrison,
1989; Nelson et al., 1995), combined studies on fossil and
modern diatom assemblages are rare and carried out from
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Fig. 1. Sampling locations of surface water and surface sediment

samples. (Figure adopted from Mohan et al., 2011)

Ross Sea (Truesdale and Kellogg, 1979; Cunningham and
Leventer, 1998), Atlantic Sector of SO (Zielinski and
Gersonde, 1997), Southwest Atlantic Ocean (Olguin et al.,
2006) and western Antarctic Peninsula shelf (Pike et al.,
2008). To date very few attempts have been made to
understand the distribution of phytoplankton (diatoms) in
Indian Sector of the SO (Fiala et al., 1998a,b, 2002; Gomi
et al., 2005, 2007, 2010) but these studies were mainly
from open ocean not from coastal regions. Recently
Mohan et al.,, 2011 have described surface sediment
diatoms from enderby basin of Indian Sector of SO,
hence, our attempt is to compare those sediment diatoms
with surface water diatoms to asses how diatoms are
incorporated on the seabed and how environmental
conditions regulated their abundance, distribution and
preservation in coastal Antarctica.

2. Regional Settings

The Indian Sector of SO comprises different
oceanographic fronts (Orsi et al. 1995; Anilkumar et al.

2005). The coastal Antarctic region in Indian Sector of SO
named as Enderby Basin which starts from 60°S onwards
to Antarctica just after the Winter Sea Ice Limit. The
detailed oceanography has been described by Park et al.
(1991, 1998), Park and Gambéroni (1995, 1997),
Charrassin et al. (2004) and Park et al. (2008a,b).
Antarctic surface water is characterized by an irregular
spatial distribution of mixed layer with a number of low
and high salinity patches (Park et al., 1998). During late
austral summer, melting/freezing processes are more
predominent in Indian Sector of the Southern Ocean,
from 63°S onwards towards Antarctica (Archambeau et
al. 1998).

3. Materials and methods

Sampling was performed during third Indian
Scientific Expedition to Southern Ocean during March
2009 onboard R/V Akademik Boris Petrov. Surface
sediment samples were collected using (Petterson grab
sampler whereas surface water samples particularly for
diatoms were collected (Fig. 1 for location) using 10 um
multiple plankton net (Hydrobios, Kiel, Germany) and the
samples were preserved in 10% buffered formaldehyde
solution. Assemblage composition of diatoms were
determined using a Nikon microscope following the
technique described by Uthermohl (1958). Sediment
treatment, slide preparations and diatom analysis were
carried out following the method proposed by Schrader
and Gersonde (1978).

4. Results
4.1. Diatom assemblages in the surface water

On an average diatom abundance varies between
14 x 10° to 59 x 10° cells L'. The maximum
concentration of 5.9 x 10° cells L™ was recorded at station
2 while minimum concentration of 1.4 x 10° L™ was at
station 6. Diatoms were represented by Fragilariopsis
kerguelensis, Corethron pennatum, Rhizosolenia group,
Trichotoxon reinboldii, Thalassiosira group, Actinocyclus
group, Eucampia Antarctica group and Azpeitia tabularis
been the most abundant species or species groups.

F. kerguelensis was most dominant taxa accounting
in range of 0.8 x 10° to 3.8 x 10° cells L. Its maximum
abundance of 3.8 x 10° cells L™ (64.41%) was reported at
station 2 whereas minimum abundance of 0.8 x 10° cells
L' (42.11%) was at station 3. [Fig. 2(a)].

Corethron pennatum  was  second  most
abundant diatom which was present at all stations
after F. Kkerguelensis. 1Its concentration ranged
between 0.2 x 10°to 0.8 x 10° cells L. The maximum
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Figs. 2(a-h). Concentration of diatom assemblages in cells L™ from surface waters: (a) Fragilariopsis kerguelensis (b) Corethron

pennatum (c) Rhizosolenia group (d) Trichotoxon reinboldii (¢) Thalassiosira group (f) Actinocyclus group (g) Eucampia

antarctica group and (h) Azpeitia tabularis

TABLE1

Relative abundance of fossil diatom species marked with their presence at stations (1-6)

S. No. Diatom species Relative abundance Minimum Maximum
1. Fragilariopsis rhombica 6.25% - Station 1
2. Fragilariopsis separanda 12.5% - Station 1
3. Fragilariopsis curta 10.53 - 13.33% Station 2 Station 3
4. Fragilariopsis ritscheri 9.09 - 12.5% Station 6 Station 1
5. Actinochilus actinochilus 9.38-13.33% Station 1 Station 3
6. Thalassiosira tumida 3.13% - Station 1
7. F. kerguelensis 6.25 - 63.64% Station 1 Station 6

concentration of 0.8 x 10° cells L™ (42.11%) was at station
3 while minimum concentration of 0.2 x 10° cells L was
at stations 1 and 2 (4.17% and 3.39% respectively).

[Fig. 2(b)].

Rhizosolenia group and Thalassiosira group were
present only at 3 stations and their concentrations were
0.5 x 10° to 1.6 x 10° cells L and 0.4 x 10° to 1.2 x 10°
cells L respectively [Figs. 2(c&e)]. The maximum
concentration (1.6 x 10° cells L', 33.33%) of
Rhizosolenia group was at station 1 while its minimum
concentration (0.5 x 10° cells L, 13.51%) was at
station 5. Thalassiosira group was maximum (1.2 x 10’

cells L', 25%) at station 1 whereas minimum 0.4 x 10°
cells L' at station 2 and 5 (6.78% and 10.81%
respectively).

Trichotoxon reinboldii was encountered only at three
stations and its concentration ranged between 0.3 x 10’ to
0.7 x 10° cells L' with a maximum concentration at
station 2 (11.86%) while minimum at station 1 and 5
(6.25% and 7.69% respectively). [Fig. 2(d)].

Actinocyclus group was present only at station 5 and
its concentration was 0.2 x 10° cells L (5.12%).

[Fig. 2(D)].
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Figs. 2(a-g). Relative abundances of diatom assemblages from surface
sediment: (a) Thalassiosira tumida (b) Fragilariopsis
rhombica (¢) Fragilariopsis separanda (d)
Fragilariopsis curta (e) Actinocyclus actinochilus (f)
Fragilariopsis ritscheri (2) Fragilariopsis
kerguelensis. (adopted from Mohan et al., 2011)

Eucampia antarctica group was present only at
station 1 and 5 with concentration of 0.2 x 10° cells L
[Fig. 2(g)] (4.17% and 5.13% respectively) whereas
Azpeitia tabularis was only present at station 3 with
concentration of 0.3 x 10° cells L' [Fig. 2(h)] (15.79%).

4.2. Diatom assemblages in the surface sediment

The distribution pattern of diatom abundance in
surface sediments ranged between 1.1 x 10* (station 6)
and 3.2 x 10* (station 1) valves/g. Diatom community
comprised Fragilariopsis rhombica, Fragilariopsis
separanda, Fragilariopsis curta, Fragilariopsis ritscheri,
Actinochilus actinochilus, Thalassiosira tumida and F.

kerguelensis as described by Mohan et al., 2011. The
relative abundance of these diatom species were
calculated and shown in Fig. 3 and Table 1.

5. Discussion

This study compares one set of summer surface
water diatoms with the diatom fossil records. Mohan et
al., (2011) investigated the diatom assemblages retrieved
from surface sediment samples. From the same sample
location we investigated surface water diatom distribution
and abundance which allowed comparison of surface
water versus sedimentary diatom data. They identified
seven diatom species of which six species were sea-ice
related species (F. rhombica, F. separanda, F. curta, F.
ritscheri, A. actinochilus and T. tumida) and only F.
kerguelensis was open ocean species, however, our
plankton diatoms are much different from those species
except for the presence of F. kerguelensis, genera
Thalassiosira and Actinocyclus (for these genera we have
considered species groups due to their lower abundances).

F. kerguelensis was dominant taxa in both water and
sediments which indicates that studied area is under the
influence of more open ocean conditions as F.
kerguelensis is an indicator of open water production and
negatively correlated with sea ice concentration (Burckle
and Cirilli, 1987). Other species of Fragilariopsis (F.
curta, F. rhombica, F. separanda, and F. ritscheri), A.
actinochilus and T. tumida are sea ice related species and
associated with melting sea ice and surface water
stratification, therefore, their high abundances reported in
the water column next to the ice edge. The presence of
these species in the surface sediments indicates that
studied area was under the influence of long sea ice
season and significant expansion of stratified water at the
ice edge (Armand et al., 2005). However, these species
were absent from surface water diatoms and characterized
by typical coastal Antarctic diatom species. The presence
of Eucampia antarctica in surface water diatom
community which is a neritic diatom (Froneman et al.,
1995), occurring in association with sea ice and ice berg
melt areas (Burckle, 1984) further argue for presence of
ice edge which was close to water column. Although,
there are marked differences in surface water diatoms and
surface sediment diatom assemblages, but sedimentary
diatom are mainly characterized by summer diatom
assemblages rather than the spring assemblages. Our
results are consistent with the findings of other workers
(e.g., Zielinski and Gersonde, 1997; Olguin, et al., 2006;
Pike et al., 2008).

The comparison of surface water diatoms and
surface sedimentary diatom assemblages allowed us to
infer that there is complete disagreement between the
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species of diatoms except for F. kerguelensis which is the
most abundant species in both planktonic and sedimentary
material as this species is heavily silicified and having
high preservation potential (Crosta et al., 2005). The other
diatom which are present in the surface water but not in
the sediments might have undergone selective dissolution
as also reported earlier (Romero and Hensen, 2002). The
other reasons could lateral advection of water masses,
sediment redistribution and spatial variations in the
preservation of silica frustules which affected the siliceous
signal produced in overlying water and its burial in
underlying sediments (Nelson et al., 1995). On the other
hand, diatoms those were present in the sediments but not
in the water column can be explained in such a way that
sediment deposition is an average of many years including
several time seasons rather than seasonal and seasonal
variability plays important role in mismatching patterns
(Boltovskoy, 1970).

6. Conclusions

The investigations show that diatom assemblages
from surface water and surface sediment collected from
coastal Antarctic region are much different. Only F.
kerguelensis is common abundant species among both
type of samples (water and sediment) which suggests the
coastal region could be having more open ocean influence
rather than sea-ice extent. Contrary to it, presence of sea
ice related species from surface sediment argue for
expansion of sea ice or ice edge adjacent to the water
column, however those were absent from water samples.
In order to establish the open ocean influence it is
essential to deploy moorings with sediment traps for time
series data and sample collection, which would be the first
such attempt in the coastal Antarctic region within the
Indian Sector of the Southern Ocean. Such a long term
data collection would be useful to investigate into the
boundary conditions of sea-ice extent during austral
summer and winter seasons which may also provide clues
to understand the influence of climate change in coastal
Antarctica and Southern Ocean.
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