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A multidisciplinary scientific expedition to the Southern sponse of Su.Ch proxies to modern enwronmental chang'es
Ocean (Pilot Expedition to the Southern Ocean — before carrying Qut any reconstructions. Due to .the uni-
PESO) onboardORV Sagar Kanyaduring the austral ~due characteristics of Southern Ocean, the mostimportant
summer of 2004 collected various physical, chemical, @nd predominant biogenic proxies preserved in the sedi-
biological and geological data/samples. From the sedi- mentary records of Southern Ocean are the siliceous micro-
ment cores collected during the expedition, six repre- fossils called ‘diatoms’.
sentative core-top samples were studied along a lati- Diatoms are unicellular algae made of siliceous skeleton
tudinal transect from 28° to 56° south to ascertain the called frustules and are found in almost every aquatic en-
modern yariation |nd|Str|bUt|0n of Sili'Ceous microfossils vironment inc|uding fresh and marine waters. Their useful-
called diatoms. This is the first Indian attempt to un-  ess jn Southern Ocean is because of its extreme
g?[jsig’;gg] tQF?elcailgtsu?r:ngtl)l]/t?lréﬁ:ogclga;heitgI?(terlgjtliglr?ghip sensiltivitydto cr?anges in salinityl, ftemperature, nutriﬁnt
: : . A supply and other environmental factors. Because their
with the changing nutrient availability and/or supply, cell wall is composed of hydrated silica [SiB).], they

and its utility in palaeoceanographic reconstruction. . . . .
In all, 24 diatom species were identified. The diatom '€ well preserved in the sediments. Diatoms contribute

population seems to be dominated by seven speciegnore than 70% of the primary production in Southern
namely Fragilariopsis kerguelensis Fragilariopsis Ocean and play a major role in global silica and carbon
separandaThalassionema nitzschioideFhalassiothrix ~ cycling®. Their size ranges from 2 to 2@@n and they

spp., Thalassiosira lentiginosa Eucampia antarctica exhibit a wide variety of shapes. The preservation and
and Azpeitia tabularis Of these F. kerguelensisand T.  abundance of diatoms in marine sedimentary records

lentiginosa dominate the diatom community in the find jts use in palaeoceanographic reconstruction, particu-

Southern Ocean sediments. The spatial distribution of larly in the reconstruction of past S&T and more re-
most of the diatoms in surface sediments seems to be

controlled by physicochemical parameters like sea sur- cently in the estimation of past sea ice extéfit The
face temperature, salinity, silicate, nitrate and phos- distribution of diatoms is chiefly influenced by the pres-

phate concentrations. ence of nutrients like silicate, nitrate, phosplfa@ST3**
and the stability of the water colurfin

. . ) In the present study, we identified the distribution patterns
Keywords:  Diatoms, nutrient, sediment, sea surface tempgs tossil diatoms in core-top samples recovered from the
rature, Southern Ocean. Indian sector of Southern Ocean between 28 afi8 &8.

. . ‘The relative abundances of seven relevant diatom species
THE Southern Ocean being a sink and source for majgiym the core-top samples were studied to document the
global oceanic water masses there is lot of attention G?Stribution patterns of diatoms with respect to various
study not only the modern changes, but also the past vagkaanic fronts prevalent in the Southern Ocean, its relation

ability using sedimentary records. The Indian sector ¢f the sST, salinity, nutrients as well as the extent of the
the Southern Ocean is yet to be studied in detail to undey;

€an | o 11h detali Winter sea-ice.

stand the past climatic oscillations and its implications for

the future changés’. For the last several decades, scien-

tists have extensively used faunal and floral records ©&fceanographic setting

Southern Ocean sediments to infer the past changes in

biological productivity as well as changes in sea surfadée dynamics of the Southern Ocean is governed by the
temperature (SST) and salirfify Since the accuracy of strong westerly winds resulting in the clockwise Antarctic
the climatic reconstructions greatly depends on the qudtircumpolar Current (ACCJ. The ACC, sometimes called

ity of proxy database, it isatessary to assess the rethe ‘great ocean conveyor’, connects the three major ocean
basins — Atlantic, Pacific and Indian — allowing water, heat,

*For correspondence. (e-mail: rahulmohan@ncaor.org) salt and other properties to ‘flow’ from one to the other.
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This region is characterized by several oceanic frontMaterials and methods
systems of various water masses that control the physical,
chemical and biological processes. Fronts are physidauring the expedition to the Southern Ocean (200th Ex-
boundaries that mark abrupt changes in water properties lpedition — January to March 2004), several piston/gravity
temperature and/or salinity as one move from latitdde sediment cores were recovered along thf&E4atitudinal
towards high latitude and are also known to be the regioitansect between 2&nd 58S within the Indian sector of
of high biological productivity/ Southern Ocean (Figure 1; Table 1). The sediments were
The variations in temperature and salinity obagons examined onboard for lithological variations. The sam-
along the 4% transect during the PESO reveal four major ples were brought to National Centre for Antarctic and
frontal systems (Figure 1, Table 1). They include: AgulhasOcean Research (NCAOR), Goa and were processed for
Return Front (ARF) between 406 and 4215S with a various sedimentological and microfossil (floral and fau-
width of ~110 km marked by a change in temperatureal) analysis. This study deals with the distribution of
from 19 to 17C and a change in salinity from 35.54 todiatoms along the 4% transect in the six representative
35.39%o at the surface; Subtropical Front (STF) betwearore-top (top 0—1 cm portion of the core) sediments of the
41°15 and 4215'S with a width of 410 km marked by a Indian sector. The water column samples were also collected
rapid decrease in surface temperature from 17 t6QG6Ad at different depths for nutrient concentration. This was
salinity from 35.35 to 34.05%0; Subantarctic Front (SAFJlone using the facility onboard ‘Autoanalyser’ (Skalar) and
between 4230 and 47S with a width of 500 km with a following standard methods for sea water analysis and
change in surface temperature from 9.7 t6®.8nd change other details of salinity and SST are published else-
in surface salinity from 34.0 to 33.85%. and Polar Fronwheré?.
(PF) between 48and 52S with a width of 440 km char- Diatom analysis, sediment treatment and slide prepara-
acterized by a fall in surface temperature from 5.5 t82.7 tion followed the method by Battart8eAbout 0.1 g of
the sample was taken in a 200 ml beaker and 20 ml hydrogen
peroxide (HO,) was added. All the organic matter was
removed by heating the contents on a hotplate. Few drops
of hydrochloric acid (50%) were added subsequently to
remove the remaining 4@, as well as any carbonates
present. After cooling, the contents were transferred to
centrifuge tubes and were centrifuged at 1500 rpm for
5 min. The supernatant solution was decanted and the
washing process repeated four times. Clay was removed
in the final wash by adding few drops of very weak am-
monia solution (1%) to the sample. The diatom suspen-
sion was diluted to a suitable concentration and a few drops

40°S e S of the above suspension weakowed to settle overnight
STF F 18 : in coverslips. Proper care was taken to avoid the con-
e SK:200/22a ST . X .
45°5 - BAF. P i tamination by dust and other foreign particles into the

o L

=k coverslips. Once the coverslips were dried, they were
50°S - —_— SHS00I7 be mounted on a glass slide with a drop of ZRAX (diatom
mountant — Refractive Index1>7) using toluene as solvent.

2 f " The slides were kept over a hotplate to dfifithe toluene
3 oo in the ZRAX and allowed to cool. All slides were analysed

Modern Winter Sea e Limit at 1000X under a Nikon Eclipse E600 POL microscope
o Endorby Basin for diatom identification and quantification.

Diatom counting followed the reference convention
developed by Schrader and Gersoiidend Armané.
Each slide was traversed horizontally until at least 300
valves were counted. In order to avoid overestimation, only
valves >50% intact were counted. For elongate species
(i.e. Thalassionemaitzschioidesand Thalassiothrixspp),

B5°S -

ANTARCTICA only end species (one end of the frustule) were counted.
| ' ' Diatoms were identified to species level. Girdle bands of
AYE E WE SrE S0E e Dactyliosolen antarcticusrere counted in all the samples

Fi 1 Locat howing th " d various front but were not used in the estimation of relative abundances
Igure 1. ocation map showing € core sites and various tron aé . . . . .

systems. STF, Subtropical Front; SAF, Subantarctic Front; PF, Pol He to constramts In eStlmatl_on of the total r_]umber of gir-

Front. dle bands making up a species. Many species observed do
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Table 1. Core location details along with water depth and oceanic regime

Location
Core no. Water depth (m) L&S Long.°E Oceanic regime
SK-200/5 2296 2819 48°44' Tropical region
SK-200/9 2256 36 44°52 Tropical region
SK-200/14 2730 307 44°50 Subtropical region, Agulhas Return Front
SK-200/22A 2720 442 45°04' Subantarctic region
SK-200/27 4389 490 45°13 Antarctic Polar Front
SK-200/33 4204 591 45°09 Polar region

not reach to the statistically required numbers and were noeéw that maximum abundance is observed between the
detailed in the present study. Taxonomic identificatiomaximum winter sea—ice edge and thé*PFhe tempera-
was followed after CastracafieMereschkowsky, Hustedt®,  ture falls gradually from 26°€ to 2.2C as we move from
Fryxel and Hasfé?’, Hasle and Semifg Priddleet al?®, mid to high latitudes. The occurrencefofkerguelensis
Fryxel and Prasdf, Armand and ZielinsRf. with respect to modern SST shows greatest abundance at
For scanning electron microscope (SEM) analysis of themperatures of 2°Z at 5501'S lat. (SK 200/33) where
diatoms, a small portion of the cover slip containing thie constitutes more than 71% of the total diatom population.
sample was placed on a double sided carbon tape whietrther, at higher temperatures, the abundance decreases
was mounted on a sample stub and coated with platinwgignificantly and it reaches zero at a temperature of
(100 A) in a sputter coater and were scanned, using24.1°C at 3607'S latitude (SK 200/14). kerguelensis
JEOL 6360 LV scanning electron microscope at théominates the diatom population between the sub tropical
SEM-EDS facility at NCAOR. front (STF) in the North and the PF in the south, thus register-
ing itself as an endemic species of Southern Ocean Waters
This increase ifr. kerguelensiglistribution is due to the
high silicate availability at 5®1'S lat. The low values of

sjlicate and phosphate concentrations at SK 200/22A and

The d_'atO”_‘S in the cpre-top sedlmen_ts ShO.W S|gn|f|ca5 may be due to large scale utilization of these nutrients
variations in distribution from low to high latitudes. Theduring the spring diatom bloonf. kerguelensisabun-

samples recovered betweerf P3S and 3607'S lat. before dance in sediments shows more or less similar relationshi
the Subtropical Front (STF) (SK 200/5, 9 and 14) were; . \ ; P
; : with the concentration of nitrates. As the concentration of
poorly represented by diatoms (Figura)20n the other . . . . .
\ nitrate increases from low to high latitudes, there is a
hand, the samples recovered betweerf42% and

oy . : relative increase in thE. kerguelensigpopulation. The
55°01'S lat. i.e. around Subantarctic Front (SAF) an%gundance OF. kerguelensibetween STF and PF may

Eoué:x/gr?ss ('?r‘fezr%(;/%f%iazéing 3e3c)i2srei(\jl\;>erl1ltirf?epdrﬁie?rt1§e related to dissolution of weakly silicified diatom spi-
y ' jor pec : cules resulting in the preservation of heavily silicified
core-top samples are listed and briefly discussed belqw g3

i ) . orm
whereas minor species are only listed.

Results and discussion

Fragilariopsis kerguelensis (O'Meara) Hu&t. Thalassiosira lentiginosa (JaniséA)Figures 3; 4a)
(Figure 3h; Figure 4h, i)

Thalassiosira lentiginosas a discoid diatom with flat
Fragilariopsis kerguelensisinder light microscope ap- and circular valve. The areolation is usually fasciculate
pears as solitary frustules with elliptical valves. Two rowand the marginal internal openings are slit-like, with radial
of alternating areolae within the heavily silicified valvegrientations. They are present in all the samples collected
and punctuate interstitial membranes are the chief featumgghin the frontal zones and show a decrease in abundance
that facilitate identification of the specids.kerguelensis from 17% within the STF to 11% near the winter sea—
has been described as the most abundant diatom in Aige edge. However, its abundance in sediments remains
arctic Sea¥, which is confirmed in the Indian sector ofobscure irrespective of its resistance to dissolution and
Southern Ocean as well. The distribution patterir.of increased presence in the sedim&hts Our study sup-
kerguelensishows inverse relationship with temperaturg@orts the earlier studies that reported highest abundances
and salinity. South of the STF, kerguelensisncreasein of T. lentiginosafrom sediments from the Permanent
abundance from 48.1% at4®'S (SK 200/22A) to 71.7% Open Ocean Zone (POOZ) to the Polar Front Zone
at 5501'S (SK 200/33). The present study supports th@Fz)"**2"~4?
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Figure 2. a, Latitudinal distribution of various diatom species; Note the break itv-dnds of all the species except feragilariopsis kerguel-
ensis b, Sea surface temperature, salinity and nutrient distribution in the study region.

Thalassionema nitzschioides (Grunow) Merest¢hk.bined group(Thalassiothrixspp). Moreover Thalassio-
(Figure 3k; Figure 4e and f) thrix spp. group specimens are very long and narrow and

the valves present in the sediments are generally broken
Thalassionema nitzschioidese linear, tapering diatom into many parts. They are typical of POOZ and BFz
with rounded apices and flat surfaces with marginal areolaghis study shows that maximum abundancé.%) of
They are widely distributed in Southern Ocean sedimeniBhalassiothrixspp. is encountered at @S (SK 200/27)
Several varieties of. nitzschioidefiave been identified latitude located within the PF. North of the PF, its abun-
namelyT. nitzschioidewvar. parva, T. nitzschioidevar. dance decreases gradually to zero north of STF. The same
lanceolataand T. nitzschioidesvar capitulata. T. nit- pattern of distribution is reported from the Pacific and At-
zschioidewar. lanceolatadominated in the subantarcticlantic sectors of the Southern Oc&it. Its abundance in
and subtropical zones. Their abundance varied from 8.2%e sediments of the Indian sector of Southern Ocean clearly
in SK 200/22A at mid latitude (432'S) to 1.1% in SK indicates the preferential preservation of strongly silici-
200/33 at high latitudes (861'S). fied diatom frustules.

Thalassiothrix spp. group Schimper ex Kardfen Eucampla antarctica (Castrac.) Mangin var. recta
(Figure 3lI; Figure 49) (Mangin)* (Figure 3e, f)

Thalassiothrixspp are needle-like, straight diatoms withEucampia antarcticappears as solitary cells with elliptical

a single marginal row of areolae. This group is representedives and has a solitary labiate process and two marginal
in the sediments byhalassiothrix antarcticaandThalas- areolaeE. antarcticais presentin the Antarctic and sub-
siothrix longissima Since these species are identical téntarctic regions of the Southern Ocedh.antarctica
each other and are difficult to differentiate under lighshows significant variations in abundaffc@he abundance
microscope, they have been counted in this study as a caleereases from 12.9% at°42'S (SK 200/22A) latitude
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Figure 3. Light microscope photomicrographs of the diatom species in the studyaarBaalassiosira lentiginosab,
Azpeitia abularis (the long ‘diatom’ is a broken piece Bhalassiothrixspp.);c, Thalassiosira gracilisd, Actinocyclus
actinochilus e, Eucampia antarcticgTerminal valve)f, Eucampia antarcticdintercalary valve)g, Asteromphalus par-
vulus h, Fragilariopsis kerguelensisi, Fragilariopsis ritscherj j, Fragilariopsis separandak, Thalassionema
nitzschioidesvar.lanceolata |, Thalassiothrixspp.

to 1.8% at 5801'S (SK 200/33) latitude. Our observationFragilariopsis separanda Hugf.

confirms tha€. antarcticashows significant fluctuations (Figure 3j; Figure 4j)

in their distribution in Southern Ocean sediments as reported

elsewher?'. E. antarcticais a widely used palaeo proxy These are solitary, elliptical to lanceolate species with inter-
and shows pronounced increase at the frontal boundatitial membranes perforated by one row of short tube-
which is marked by high productivity, indicating itslike poroids.Fragilariopsis separandandF. kerguelen-
preference for nutrient-rich waters. sisshow similar distribution pattern although the latter is
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Figure 4. SEM photomicrographsa, Thalassiosira lentiginosab, Thalassiosira gracilis Internal valve viewg, T.
gracilis, enlarged viewd, A part (girdle band) of the diatoBactyliosolen antarcticyse, Thalassionema nitzschioides
var. lanceolata f, T. nitzschioidesenlarged;g, Thalassiothrix (enlarged view);h, Fragilariopsis kerguelensisi, F.
kerguelensienlarged viewj, Fragilariopsis separandak, Fragilariopsis rhombica Internal valve view}, F. rhombica
enlarged showing two rows of poroides in between two transapical costae.

more abundant. They show an increase in abundanceAntabularisalso show significant variation in distribution
the PFZ where it constitutes 4% of the total diatom popat the fronts. At the frontal boundary, its abundance in-
lation. creasesto 3.1% at 28'S (SK 200/22A) latitude and fur-
ther south its abundance decreases marginally to 2.1% at
Azpeitia tabularis (Grunow) G. A. fFrell & P. A, 55°01'S (SK 200/33) latitude.
Simé?® (Figure 3b) In addition to the love, several other species were
identified and quantified for the present study. The relative
These are solitary discoid diatoms with flat, circular valvesbundances of these species were found to 2% and
having fasciculate areolae in radial rows. Like other diatomste listed belowAsteromphalus parvulusarster (Figure
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30); Actinocyclus actinochilugEhrenberg) Simonsen.
(Figure 3d); Chaetocerospp.;Dactyliosolen antaaticus
Castrac. (Figure d); Fragilariopsis rhombicgdO’Meara)
Hust. (Figure 4, 1); Fragilariopsis ritscheriHust. (Fig-
ure 3i); Fragilariopsis obliguecostatédvanHeurck) Hei-
den;Fragilariopsis curta(vanHeurck) Hust.Hemidiscus
karstenii Jouse Melosira spp; Nitzschia spp; Pseudo-
nitzchiastellata;Roperia tessalatéRoper) GrunowSyn-
edropsis fragilis (Manguin) Hasle;Trichotoxon spp.;
Thalassiosira trifultaG.A. Fryxell;T. gracilis(G. Karst.)
Hust. var.gracilis (Figure 3c; Figure 4b, c).

the nitrate and silicate concentrations are extremely low
and therefore, the diatoms are nearly absent in the surface
sediments collected from these waters.

Summary and conclusions

Preliminary study on the modern geographic distributions
of major diatom species in six core-top samples collected
along a transect from the Indian sector of the Southern
Ocean, revealed the dominancd-okerguelensisT. lenti-
ginosa T. nitzschioidesand Thalassiothrixspp within

In order to understand the controlling factors, the distrthe diatom community. The spatial distribution of diatoms

bution of diatoms within the modern sediments was conin surface sediments is well correlated with respect to the
pared with the various physicochemical parameters measufiethtal changes and related nutrient availability. The
during the expedition (Figure 2). Ideally, one shouldtudy indicates that the distribution of diatoms does not
compare the sea-floor diatom relative abundances wistolely depend on nutrient distribution and/or concentra-
annual nutrient concentrations and not with the seasortain, but depends a lot on physical parameters like the SST
data. However, there is complete lack of annual or evemd salinity conditions. The extent of silicification of the
seasonal nutrient data within the proximity of our corediatom frustules seems to play a major role in the preser-

and even the World Ocean Circulation Experiment (WOCHgtion with the heavily silicified forms dominating the diatom
tracks have not covered this region. From our preliminagommunity compared to the less silicified diatoms.

data, it is evident that the latitudinal distribution of dia=
toms within the study area is controlled by the variations™
in SST, salinity, as well as the dissolved nutrients like

silicate, phosphate and nitrates. Diatoms normally domi-

nate the phytoplankton community, accounting for 70%2.
or more in the community, given sufficient nutrients and

silicate concentration higher than a threshold concentra;
tion of approximately 1M silicate.

The silicate concentration in the study area varied from
1.7 to 3.2uM north of the PF and shows abrupt increase
to about 52.81M towards south in the polar waters, indicat- 4-
ing that the water south of the frontal region is conducive
for the growth of diatoms. The effect of such high con-
centration of silicate in surface waters on the growth ok,
diatom communities is reflected by the dominance of highly
silicified diatoms likeF. kerguelensigndT. lentiginosa
in silica-rich waters of high latitude oceans. Nitrate re-
veals a steady increase in concentration from low to high’
latitudes, varying from 0.7{dM at 2819'S (SK 200/5) to
31.81uM at 5501'S (SK 200/33) latitude. Significantin- 7.
crease in nitrate concentration is observed between
36°07'S (SK 200/14) and 432'S (SK 200/22A) latitudes
that shows an increase in concentration from 2o g
22.97uM, respectively. The phosphate concentration de-
creases gradually from 1.24M at 28°19'S (SK 200/5) to
0.25uM at 4200'S (SK 200/27) and again increases to®:
0.72uM at 5501'S (SK 200/33) latitude. These variations 0
in the concentrations of phosphate may be due to enhanced
utilization of nutrients by the phytoplankton during the
preceding spring bloom. Théadom abundance at these
locations may be attributed to higher concentration of ni!:
trate and silicate. Studies also suggested that the silicate,
nitrate and phosphate concentration of the water mass
play an important role in the growth of diats¥é®pro- 12
vided there is enough supply of iféfi® In lower latitudes,
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