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dN/dt=~(a P) N + (No-N) 6 [t-n]/t, (n=1,2- - ) (1)
dP/dt=—~(a,Z) P+ (e ,N)P -8 P (2)

dz/dt = ~(aF) Z+ («,P) Z-8,Z (3)

dF/dt = (@,2) F-BF (4)

ZZT, aldFlow (EfL) FE, Bldloss (kL) X%ZRL, O[tn]/tIFIEDEFITIN—LERRY 2H
HThD,

3. 4-Level BYESH DR

FlowkzfB8{D7HRE (a=a =a=a) , 0=1%REL, ElevelDFH (EH) &
N*, P* Z* F*%XKk&Hd&
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Level-1 N*=(B,+8 )/

Level-2 P*=(N,/(B;+ 8 )-1/a)/t,

Level-3 Z*=B,/a

Level-4 F*=P*—8 /a
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loss &,p 8.1 B, F

Fig. 1. Diagram of the dynamics of our food-chain model
with four stock levels: N (nutrient), P (phytoplan-
kton), £ (zooplankion), and F (fish).
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tide-induced vertical mixing
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Bi-decadal variability is one of the prominent features of the decadal to multi-decadal ocean and climate
variability in the North Pacific. This has received considerable attention, because this is seen in many
societally important variables such as air temperature, precipitation, and even fishery resources. However,
while several possible mechanisms underlying this variability have been proposed, it has not been fully
understood. The 18.6-year nodal tidal cycle related to the precession of the moon’ s ascending node is a
possible one. It is known that the diurnal tides induce strong vertical mixing around steep topographies
like sills in the Kuril Straits and the Aleutian Passes, and this strong mixing is thought to play important
roles in water-mass modification. The 18.6-year cycle largely modulates the amplitudes of the major
diurnal tidal constituents by 11% and 19% for K, and O,, respectively. Thus, it is hypothesized that the
modulation of mixing contributes to the bi-decadal variability in water-masses in the North Pacific and its
marginal seas. Using the historical ocean observation data, | found various bi-decadal variations
downstream of the strong mixing regions, which can be explained qualitatively by the modulation of
vertical mixing, although it is difficult to prove whether those are really the 18.6-year period signals by
using only the limited observation data.
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Holocene changes of the Japan Sea Proper Water (JSPW) inferred from
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The Sea of Japan has its own deep-circulation system, with its deeper parts occupied by cold and highly
oxygenated water formed by winter convection in the northwestern part of the sea. According to recent
observations, such deep convection has been weakened with the global warming. How was in the past
warming before the historical period? For example, it is well known the warmer climate during the Jomon
period (ca. 7,300 years ago) in the mid-Holocene. Here, we will discuss about the deep-circulation
changes in the Japan Sea during the past 12,000 years (Holocene) based on marine plankton (radiolarian)
fossil records.

Radiolarians are planktonic Protozoans widely distributed in the world ocean, and their skeletons
composed of opal are preserved in marine sediments. Many radiolarian species are restricted to discrete
depth intervals and the depths at which they dwell are closely related to the vertical water structure. As a
result, radiolarian fossils prove to be useful indicators not only in the reconstruction of the surface water
conditions, but also for the conditions of the water masses at intermediate and deeper depths. In the Sea
of Japan, investigations based on plankton tows and surface sediments revealed that Cycladophora
davisiana occurs in a depth interval between 1,000 m and 2,000 m (deep layer of JSPW = Japan Sea
Proper Water), and Actinomma boreale group in depths below 2,000 m (bottom layer of JSPW).

The study of six sediment cores located in water depths ranging from 300 to 3,600 m show that the
radiolarian assemblages have varied during Holocene, indicating changes in water-ventilation strength in
this marginal sea. Bottom-water ventilation has been dependent on high-salinity inflow through the
Tsushima Strait in the south and winter cooling in the northwestern part of the Sea of Japan. Deep water
was being actively formed in the early Holocene. This bottom-water formation has resulted in relatively
constant water composition since 9 cal ka BP, with the overall increase in high-salinity oceanic-water
inflow, although the latter decreased transiently from 7,000 to 5,000 years ago in concert with climatic
warming.
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BABIIBE T 2BI5 & B2 BIOKEN R WNMGDETH S0, BEDBKELZHHIGRCFEEZITT
Xt 2P ERDORCKEARER (LGM) (ICIZKREKEDARE S HZL, BKEHNIRELY 5130 miE
MNo7z. ZTHIRREOH BBV REEIROIEE FZIZFARETH DD, YEBEOAREITIMILLREICH
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Y, ZOBNEBROBANMGEWN I ENREBINT WS, WEDN BB TN EBEA & R ERE OEE
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TIVEETEREROHNEH BB EICRALKEAREGEDOR WVEREF2DIEH L VLY, EHABRROY
TaL—2avEaERRETE. IOV EAEEORHEZLFCENLABWVED CETHAEABARAEOLNE Z
EEHFT S, AEETIE, ERLAABBERBOTICHRSIN I EEFZEBFYEZOIZI AL —Ya Vi
DWTHEBREZEBNT 3.
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The East China Sea (ECS) is a marginal sea, located in western edge of the Pacific and the Kuroshio is one
of the major current systems in the ECS and has a crucial impact on water properties in the ECS (Chen et
al., 2010; Guo et al., 2012). Because the position of the Kuroshio in the ECS is relatively stable (standard
deviation is “10 km) compared with the outside ECS (Andres et al., 2008), it is suitable to investigate
long-term variations in the Kuroshio without the consideration of meandering of the main axis. However,
there has been ongoing debate about the variability of the Kuroshio in the past in the East China Sea. One
argument is, like the Ryukyu Current today, the Kuroshio main axis migrated to be outside of the Okinawa
Trough during the last glacial maximum (LGM)(e.g., Ujiié et al., 1991; Ujiié and Ujiié, 1999; Diekmann et
al., 2008). Another argument is that the Kuroshio main axis remained located in the Okinawa Trough even
at the lowest sea level stand (e.g., Kawahata and Ohshima, 2004; Lee et al., 2013). Based on a
comparison of planktic foraminifera assemblages inside and outside the Okinawa Trough, Ujiie et al.
(2003) advocated “outside Okinawa Trough” . Their comparison revealed the appearance of cold water
species inside the Okinawa Trough during LGM, despite only minimal variation in assemblage-derived sea
surface temperature (SST) outside the Okinawa Trough. However, a recent study based on comparison of
Mg/Ca-derived SST records demonstrated that there was no significant difference in SST between inside
and outside the Okinawa Trough, suggesting the entrance of the Kuroshio inside the Okinawa Trough
during the LGM (Lee et al., 2013). Although there are many studies focusing on reconstruction of surface
hydrology in the Okinawa Trough since the MIS 3 or LGM using planktic foraminifera assemblages (Li et
al., 2007; Ujiie et al., 2003; Xu and Oda, 1999) and alkenon-derived SST (ljiri et al., 2005; Yu et al.,
2009), and Mg/Ca-based SST (Chen et al., 2010; Kubota et al., 2010; Sun et al., 2005), information
concerning water properties at subsurface and intermediate depth is sparse, which is important as
variations in the Kuroshio velocity and transport have a greater impact on temperature and salinities at
subsurface and intermediate depths rather than those at surface (Oka and Kawabe, 1998). In this study,
we reveal temperature structure in the Okinawa Trough since the late MIS 3 and discuss how we
understand the Kuroshio variability in the past.
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