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Abstract. Twenty one surface sediment samples (comprising Peterson Grab, Piston, Gravity and
Spade core top samples) were collected along a north-south transect (between 9.69°N and 55.01°S
latitude and 80°E and 40°E longitude). These samples were used to study 8“C values in the
calcareous shells of planktic foraminiferal species Globigerina bulloides and the variations were
compared with the latitudinal changes in the overall size of the planktic foraminiferal population
obtained from earlier published data along similar transect. The results establish an interdependence
of 8C values of planktic species Globigerina bulloides and the overall size of planktic foraminiferal
population. The region where the §"*C values of planktic species Globigerina bulloides decrease the
overall size of planktic foraminiferal population increases. Such a distinct pattern may be ascribed to
the generation of food/nutritive material. It is suggested that similar studies to understand variations
in 8"C values in foraminiferal shells and its population size in geographically distinct latitudinal
corridors covering distinct marine regime of physico-chemical conditions be undertaken to further
strengthen the argument proposed in the present study.
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1 Introduction

The stable carbon isotopes of planktic foraminiferal tests have been used for paleooceanographic
reconstructions [1-9]. A number of factors have been proposed to have control over the §"*C values of
the calcareous foraminiferal shells such as, vertical movement of foraminifera during their life cycles,
changes in symbiont photosynthetic and respiratory rates, productivity and/or food/nutrient availability
[10-17].

A north-south transect from lower to higher latitudes in the Indian Ocean sector of the Southern
Ocean, encompasses characteristic oceanographic conditions with distinct watermasses, productivity,
current systems, nutrient/food availability due to different photosynthetic rates, besides other
hydrographic properties. These varied physico-chemical properties call for a detailed study along such a
north-south transect to study the response and inter-dependence of §"C values of calcareous shells of
planktic foraminifera retrieved from the surface sediment samples from varied watermasses of different
latitudinal corridors. Accordingly in the present paper we have attempted to study the interdependence
of 8"C values of planktic foraminiferal species Globigerina bulloides with food availability expressed in
terms of size variations of entire planktic foraminiferal population along said north-south transect.

2 The Study Area

The oceanographic region through which the present north-south transect passes is characterized by the
poleward Agulhas current lying to its west, the east ward flowing Antarctic Circumpolar Current (ACC)
on its south and equator ward flowing west Australian current on its east. The Sub-tropical Front (STF)
is located at approximately 42-43° South latitude in Central South Indian Ocean [18]. The region is
characterized by sub-tropical anti-cyclonic gyres [19]. Details on various physical properties of the water
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column along the study area are already discussed in previous study [20-21]. The north Indian Ocean
experiences several reversals [19, 22]. The westward flowing North Equatorial Current (NEC) is
prominent in January and March. The South Equatorial Current (SEC) occupies the region south of 8°
South. Between these westward flow runs the Equatorial Counter Current (ECC). The STF separates
the warmer and saltier watermasses of the sub-tropics from the cold, fresh, nutrient rich sub- Antarctic
awtermasses.

3 Materials and Methods

A total of 21 recent sea surficial sediment samples (comprising Peterson grab, gravity and piston core-
top samples), collected during the 199C and 200™ (also known as Pilot expedition to Southern Ocean)
cruises of ORV Sagar Kanya, were used for the present study. Geographically this study area covers
transect between 9.69°N and 55.01°S latitude and 80°E and 40°E longitude in the Indian Ocean Sector
of the Southern Ocean (South western Indian Ocean). The locations of various stations are given in
Figure 1. The calcium carbonate compensation depth and the lysocline in and around the study area lie
below 4,400-4,700 meters water depth [23]. All samples were collected well above this water depth to
avoid any dissolution effects on the tests of planktic foraminifers.
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Figure 1. Map showing the locations of grab and core top samples.
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Immediately after recovery, the entire sediment samples (top 1 cm of the sediment core/grab) were
stained with Rose Bengal and preserved in 10% formalin to differentiate living specimen of benthic
foraminifera. In the absence of exact age date for the sediment samples, the stained benthic foraminifers
collected at various stations are considered to reflect modern ambient conditions at the seabed. About 5-
10 g of sediments from each sample was first dried overnight at 45-50°C. The dried samples were then
soaked with water, which was decanted several times, and lastly filled with distilled water. 10 ml of 10%
sodium hexa-metaphosphate [Na (PO,),] was added to each of the samples to remove the clay materials.
After that, the samples were processed over 63um sieve with distilled water. The >631um material was
dried at 45-50°C. The > 63 pm fraction was dry sieved to get >150 pm fraction. From the >150 pm
fraction an aliquot was taken by coning and quartering. The representative samples were weighed and
hence used for picking of minimum 10-12 specimen of the planktic indicator species Globigerina bulloides
from each sample to measure the carbon isotopic composition (8§"C) at the Alfred Wegner Institute for
Polar and Marine Research, Germany, with a Finnigan MAT 251 Isotope Ratio Gas Mass Spectrometer
coupled to an automatic carbonate preparation device (Kiel I) and calibrated via NBS 19 to the PDB
scale. The values are given in d-notation versus VPDB (Vienna Pee Dee Belemnite). Precision of carbon
isotope measurements based on repeated analyses of a laboratory standard over a one-year-period was
better than 0.06% for carbon.

4  Results and Discussion

Along the North-South transect in the Indian Ocean sector of Southern Ocean, the §“C values in
calcareous shells of planktic species Globigerina bulloides has varied from -1.97%0 (at station SK200/09)
to 0.673%o (at station SK200/27). Figure 2 shows that carbon isotopic values (8"C), exhibit a
decreasing trend up to 30°S latitude and south of 30°S the profile is showing a general increasing trend.
The profile of §"“C values considered in the present study looks interesting while compared with the
already published profile of number of >120 pm sized planktic foraminiferal specimen in one gram
sediments [24]. The comparison revealed a reverse pattern with a general increasing trend from 9.69°N
to 30°S latitude and subsequently further south of 30°S, it shows a general decreasing trend (Figures 2a-
b). It implies that there may be some common external factor for the ambient watermasses that could
be conducive to enhance 8"C further south of 30°S latitude compared to the region lying north of 30°S
latitudes. While the same factor is responsible towards general decrease in the population size south of
30°S compared to the shell size in the latitudinal corridor between 9.69°N and 30°S. The distinct
latitudinal changes in the profile of 8"*C values and size of the planktic foraminiferal population could be
explained in the light of the present oceanographic/hydrographic conditions of these latitudinal corridors.
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Figure 2a. Latitudinal changes in 8"*C values in calcareous shells of planktic species G.bulloides.
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Figure 2b. Latitudinal changes in number of >120 pm sized planktic foraminiferal specimen [24].

During photosynthetic carbon fixation, nutrients and preferentially the light carbon isotope are
utilized [25]. However due to decreased photosynthesis process® in the region close to higher latitudes
owing to low light intensity [26-27], the utilization of light carbon isotopes remain limited. This
situation contributes towards an increase of 8"C values in the latitudinal corridor south of 30°S
compared to the north of 30°S. Such circumstances, in the higher latitude regions prompt a gradual
reduction in the food availability giving rise to a continuous decrease in the overall size of the planktic
foraminiferal population (Figure 2b).

It has been opined that nutritive material (phytoplankton) may influence the size of the foraminiferal
tests and reduced phytoplankton may tend to result in under-sized specimen [28]. The organic matter
flux (OMF) is primarily controlled by the phytoplankton production [29] and any changes in the
production of phytoplankton affect the planktic foraminifer’s nutrition [27]. Prevailing currents vis-a-vis
availability of food (phytoplankton) for foraminiferal growth due to photosynthesis process, holds good
to explain this characteristic pattern of 8“C values and size of planktic foraminiferal population (Figures
2a-b). In the region between around 15°S and 40°S latitudes major current systems [30] exist giving rise
to increased size of planktic foraminiferal population with a decreasing trend of §"C values due to
consumption of lighter carbon isotope in the region north of 30°S latitude.

In conclusion the present results establish an interdependence of 8"™C values of planktic species
Globigerina bulloides and the overall size of planktic foraminiferal population linked with the generation
of food/nutritive material. Since the present data set is limited to a specific sector (Indian Ocean) in the
Southern Ocean and therefore, prior to comprehensively draw final inferences and establish proposed
interdependence it becomes imperative to take up detailed study of the variations in 8“C values in
foraminiferal shells and its population size in geographically distinct latitudinal corridors covering
distinct marine regime of physico-chemical conditions.
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