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It is well known that the oceanic circulation in the Southern Ocean plays an important role in the global climate changes.
For reconstruction of the past ocean circulation in the Southern Ocean, siliceous microfossils such as diatoms and radiolarians
preserved abundantly in deep-sea sediments are widely used as paleoceanographic proxies. Fossil assemblages of diatoms
(phytoplankton) indicate usually surface water environments, while radiolarians (zooplankton) can be used as indicator for not
only surface but also intermediate and deep water conditions because of their discrete habitat depths for each species. In this
study, quantitative analysis of radiolarians was conducted for two sediment cores COR-1bPC (54°S) from Conrad Rise and
LHB-3PC (66°S) from off Liitzow-Holm Bay in the Indian Ocean sector of the Southern Ocean. Past intermediate water
formation in the examined area is discussed based on relative and absolute abundances of Cycladophora davisiana, which is an
intermediate water species.

Relative abundance (%) of C. davisiana compared with the assemblage shows less than a few % during interglacial
periods, while it reaches more than 60 % during glacial periods. Such high % of C. davisiana is recognized between 200 and
500 m of the water depth in the modern Sea of Okhotsk (Okhotsk Sea Intermediate Water), which is formed by advection of
the brine rejection with sea-ice development at the northern shelf (e.g., Okazaki et al., 2004). Similarly, this species in the
Japan Sea predominates in the assemblage from deeper than 1,000 m water depth corresponding to the well-ventilated water
(Japan Sea Proper Water) (Itaki, 2003). For these modern distributions, the high abundance of C. davisiana in the sub-polar
region is interpreted as a result of the intermediate water formation (Itaki et al., 2004). Therefore, our results suggest that the
intermediate water formed by sea-ice development was widely distributed in the Southern Ocean.

The % of C. davisiana is relative value to the total radiolarian assemblage, whereas absolute abundance (# of specimens /
gram of dry sediment weight) reflects their productivity in the water column. In core COR-1bPC, the absolute abundance of C.
davisiana is characterized by high values greater than 5,000 specimens/g in the last glacial period during 37 kyr BP (kilo-years
before present) to 12 kyr BP, and recognized a maximum exceeded 80,000 specimens/g at 17 kyr BP. Such fluctuation of the C.
davisiana abundance shows synchrony with iron (Fe,O;) contents from the examined core. Generally, it is believed that the
iron, which is a characteristic lithogenic component, is transported into the Southern Ocean from the land as aeolian dust or
ice-rafted debris (IRD). However, maximum content of the iron in core COR-1bPC, which is recognized in the deglacial
period, is too late than that expected in the last glacial maximum (LGM) because of the most expanded dust transportation and
Antarctic ice-sheet. On the other hand, in the modern Sea of Okhotsk, it is known that the lithogenic and organic matters in the
northern shelf region are transported into the intermediate layer with advection of the brine origin dense water (Nakatsuka et
al., 2002). The C. davisiana productivity in the Sea of Okhotsk is closely related to such organic matter transported from the
shelf region (Okazaki et al., 2003). If similar process can be applied to the case in the glacial Southern Ocean, synchronized
maxima of the C. davisiana abundance and iron contents during the deglaciation are likely related to more expansion of the
intermediate water originated from the Antarctic shelf region.
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