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Abstract. Radiolarians live in a depth range from the surface to the great depths in the modern
ocean, They, therefore, have much potential to reconstruct past vertical water structure as well as
surface layer environments. To reconstruct paleoceanographic changes in the Japan Sea during the
last 8 million years., we analyzed radiolarian assemblages in a deep-sea sedimentary sequence from the
central part of the sea. Our results revealed that the surface layer changed from a warm condition in the
late Miocene to a cooler one in the late Pliocene with some fluctuations and cooling steps that occurred
at 6.5, 3.5 and 2.5 Ma. Warm water inflows from the south do not seem to have existed before the mid-
Pliocene time. The signal of such inflow that can be comparable to the present-day Tsushima Current
first appeared at 2.2 Ma. Occurrence of the deep as well as intermediate water species indicates the
presence of deep and intermediate water masses comparable to those of the modern North Pacific before
2.5 Ma. The faunal composition of the deep and intermediate water species abruptly changed at 2.5
Ma, indicating that the formation of more oxygen-rich deep water initiated at that time in the sea. The
reconstructed history of vertical water masses suggests exchanges of the deep water between the Japan
Sea and the adjacent Pacific Ocean and, thus, deep channels are expected to have existed between them
before the mid-Pliocene. Diversity of radiolarian assemblages in the Japan Sea was constantly lower

than that of the North Pacific during the studied time interval.
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Fig. 1. Location map of Deep Sea Drilling Project/Ocean
Drilling Program Sites 302, 884 and 1151.
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Fig. 2. Age-depth model of Site 302. Geomagnetic polarity
time scale is after Berggren et al. (1995). FO, first occurrence;
LO, last occurrence; RI, rapid increase.
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Table 1. Depth ranges of radiolarian species in the modern oceans.

Water masses Species Depthrange  References”
(m)
Surface Subtropical  Collosphaera spp. Motoyama and Nishimura 0-150 58
(0-200m) Lophospyris pentagona (Ehrenberg) 0-200 1,3
Phorticium pylonium Haeckel 0-200 4,6
Tetrapyle octacantha Miiller 0-50 5,7
Dictyocoryne profunda Ehrenberg 0-50 5,7
Didymocyrtis tetrathalamus (Haeckel) 0-50 5,7
Temperate Actinomma medianum Nigrini 0-50 7,11
Lithelius minor Jorgensen 0-200 3,11
Subarctic Lophophaena spp. Motoyama and Nishimura 0-75 1,11
Pseudodictyophimus spp. Motoyama and Nishimura 100-200 2,11
Spongotrochus glacialis Popofsky 0-50 7,11
Stylochlamydium venustum (Bailey) 50-100 2,11
Stylodictya validispina Jergensen 0-200 7,11
Intermediate Axoprunum bispiculum (Popofsky) 400-500 7
(200-1000m) Ceratospyris borealis Bailey 200-500 9
Cladococcus pinetum Haeckel 750 7
Cycladophora cornutoides Kling 200-300 7
Dictyophimus hirundo (Haeckel) 500-1000 9
Gondwanaria campanulaeformis (Campbell and Clark) 200-1000 7
Larcopyle buetschlii Dreyer 300-1000 7
Spongopyle osculosa Dreyer 300-1000 7
Spongurus pylomaticus Riedel 400-1000 8
Spongurus sp. A Nigrini and Lombari 300-1000 7
Deep Japan Sea Actinomma boreale Cleve >1000- 10
(>1000m) Cycladophora davisiana Ehrenberg >1000- 10
Pacific Bathropyramis woodringi Campbell and Clark >1000- 7
Cornutella profunda Ehrenberg >1000- 7
Peripyramis circumtexta Haeckel >1000- 2

1, Renz (1976); 2, Kling (1979); 3, Nigrini and Moore (1979); 4, Nigrini and Lombari (1984);
5, Lombari and Boden (1985); 6, Casey (1993); 7, Kling and Boltovskoy (1995);
8, Abelmann and Gowing (1997); 9, Nimmergut and Abelman (2002); 10, Itaki (2003);

11, Motoyama and Nishimura (2005).
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Fig. 3. Radiolarian abundance, species diversity (species richness, Shannon-Wiener diversity, equitability) and relative abundance of the
characteristic species groups at Site 302. Vertical lines are values of abundance, species richness, diversity and equitability in the modern
Japan Sea (data from Itaki, 2003). Seven major faunal changes are indicated by horizontal thick lines.
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Fig. 4. Relative abundance changes of characteristic species at Site 302.
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Fig. 6. Comparison of species diversity between the Japan Sea
(Site 302) and the middle to high latitudes of the Northwest
Pacific (Sites 884 and 1151) since the late Miocene. Data from
ODP Sites 884 and 1151 are after Kamikuri e al. (in press).
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