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Geochemical cycles and climate change
studied chiefly in the ocean

Shizuo TSUNOGAT*
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I have obtained following results written in my 209 scientific papers. 1. The tropospheric
aerosols having the residence time of about 5 days are sporadically transported with a few % of
long lived stratospheric aerosols. 2. The air-sea gas exchange at the sea surface is highly con-
trolled by air bubbles taken into the depths sometimes more than 20 m, inducing the fact that
the gas exchange rate of CO: is a few tens % at least larger than that of O.. 3. The Pacific Deep
Water can absorb the largest amount of CO. when its nutrients are used by photosynthesis, due
to the facts that (i) it dissolved much CaCO; test during its stay in the deep, (ii) it was formed
before the industrial revolution, and (iii) it expelled CO. from the surface during winter in the
Antarctic Ocean. 4. The continental shelf zone shallower than 200 m occupying only 8 % of area
of world seas is contributing about a half of the oceans’ atmospheric CO; absorption. 5. Chemical
tracers reveal one order of magnitude slower northward flow of the Pacific Deep Water than the
current meter, its vertical eddy diffusivity of 1.2 cm*/sec and its oldest age of 2000 years as well
as 3 % renewal of the Japan Sea deep water in winter 2000-2001. 6. Analyzing the oceanic be-
havior of radiochemical isotopes of insoluble metals, most of which cannot be collected on filter
paper but settle down with great speeds, I submitted the train-passengers model for their re-
moval from the ocean. 7. Sediment trap experiments gave the results that the organic C/carbon-
ate C ratio is large in the western North Pacific, but it decreases with depth, indicating that the
biological pump in the eastern Pacific and the Atlantic deeper than 1 km is helpless. 8. In the
Cenozoic era, diatoms are the strongest phytoplankton in the ocean, but their superiority disap-
pears by reducing the concentration of dissolved silica below a threshold value due to their ex-
clusive propagation during, for example, spring blooming, introducing the community of flagel-
lates. 9. Mn in seawater is oxidized and removed forming particles, but it is remobilized by re-
ducing in sediments. Repeating the processes, Mn is transported to the pelagic ocean and ferro-
manganese nodules are made slowly. 10. The low atmospheric CO. during the glacial ages is not
due to the active biological production, but due to the bottom water flowing into the Atlantic and
dissolving CaCO:s followed by absorbing CO: at the surface as well as stronger stratification by
making the bottom water dense.

Key words: aerosols, air-sea interface, Pacific Deep Water, CO., continental shelf pump,
chemical tracers, radioactivity, particulate removal, sediment traps, diatoms,
early diagenesis, biogenic silica
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1. (3 U & (B ORERIRIZAT1vY

I E o TILEWE I, HBREEST 2 TR o7
D, WMANSZE) PZolzblFTlde v, TOEICA-
TEFARTOITHREZWY L1728, ThidH
725720 WD S D75 (Miyake and Tsunogai,
1963) , I HEAL F v OLEEEE (=2 - M, 1966;
Tsunogai and Sase, 1969), % #7#: (Tsunogai,
1971a), FKME/K (Tsunogai and Henmi, 1971) X%
JEAKH (Tsunogai, 1971b) TOHA 2 W78 L7z, T4
AL AH TR RS, FEREERD LR T2
B, FAERT, OEEOHEMICR Y, WD
B0, ERRNEREO R WIFEE TEEO¥EE
RS20, LEELROHETHL TELHANLT
BEETATATTHAN=T LRI EPREN
o7z,

FEPAED, KRARWE, FISBFEOREIE, Ik
DY, {1k, AW, WEOTRTOREIREG L7
RYVRT 4 v 7 RFHEETH Y, [LFZTTHIRTE L
WALV, WIS, LR FEPRD R REFC
o TWAHWALRIEOMIIZOLDBLE DL\,
F72, YK, WHEORMEIL, OB THRITE
T, LIEUIETCRICIIZIA DS > T o HIERBRBE I
TFXCENTH A,

X5, FHO72DDFETH 2 M5 & HEH T
U, EFOMHKETH B KEFIHMICHEZ N T, W
[« DB Z2BHRSEONT, T, KEFHRO
R0 W 0 e 5 SRR S I SRR D SEMG & & 1T
74—V FTOMFEZWERRICL TSN, €L T, #
T ORI L S Ex 52 TNz,

BT, ML, B aER LD S, B
Wb oBEE, 79y 7R, HEREXERLZ. £
T, BRFIME LI, FERDPSTHEIE SIS
Ronhs iz EH L7,

2. XRPEDLZIMERER

2.1 RENERPEATIATEZEL TOYE
LTBES
# oW (Miyake and Tsunogai, 1965; Tsunogai,
1966) %7 1)V (Tsunogai et al., 1972) DL
&, RT3 PRSI o 138 %o NG B)
EEIROGRIBRIE R EDMb o 72 D57z 2 Ol
AR R & e fx# % R7- LT 55 (Tsunogai,
1966), H O R & % i3 O i 2% % (Tsunogai,

[

1975a), &% O L EK F TdH 5 B O Wk
(Tsunogai and Kondo, 1982; Uematsu et al., 1985)
GEFEBWITEID, BRORKEY IIAES TR
W,

Z T, WL & DITAEERDPE D B SR % £
ALCTHEAZIRDLZ &L L, BERRE (Miyake
et al., 1963) RFHMEN (Tokieda et al., 1996b)
OBFEL R L7z, FIPBHORL2 T F Ul
Bt x MlAa G bETHW/: (Tsunogai and Fukuda,
1974; Fukuda and Tsunogai, 1975; Tsunogai, 1975b;
Tsunogai, 1979a; Tsunogai et al., 1988; ##H - fHF,
1991; Tokieda et al., 1996b), i 5 6 X iiE T 7
TV OFE R RIS HRE T, ZhiEmok
WG T 1 VA ERL12%, 2%, V-3I6%48
by, FITKEKIC K > THIHRLHERICHETLTW2
CERHLMIT L7,

F72, B2 TR L TRE R2EENEH 2 Pt
L7z 1M CEL LM L (Tsunogai et al., 1985a,
b), K (Tsunogai, 1975a) K TF D1 (Kurata
and Tsunogai, 1986) »HDEMEFIMH L7 €L
T, IAFE VA=V IZE > TRENSEIETN S
WEIZEH L7 (Fukuda and Tsunogai, 1975;
Tsunogai et al., 1975; fi « §)ll, 1977; Okita et al.,
1986; Suzuki and Tsunogai, 1988a, b; Tsunogai et
al., 1988; Tsunogai, 2002a), ZDiEHE, KB
HORKHRERETRIZT V7 KEOH A 5500
~700 km IR L, BLEOW % &R T O R
TEOKRE ZHBAMEIEED SACITENR, *Pb Tiddb
MOMICENDLZ L R EDbYr oz, TRHITHKA DS
ETNVERTHERTROAOMEFETLHDDE S
72 (Duceet al.,1991)

2.2 ®XT, —H#IEZ3ARBFEHRORMAEZHE

MK OBEAEER L ZOMAMK (Tsunogai
Tanaka, 1980; Yoshihara et al., 1997; Nakayama
et al., 2000, 2002) %7 N (Tsunogai, 2002b;
Kawabata et al., 2003) % V> T3 72 1 T D 5K 2E
BAEEEL, THETOWREM L Y KE IEAE KL
LCwi (E#ED2~3%), 2% 0, M TORMEE
#lx, BRI TIEHE VR ST, HRIFII %
IZHEZ 5> T b,

BB, HRDODEBZR " TLITVE»L, KA
BRECAEOBEHSBIREIEEZHL2ICL

(Nakayama et al., 2002), W{KET CO.DHHSE
DFH 04 D 1.4~2.1f5K &\ (Nakayama et al.,

and
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2000) DHFRIBORRTH 5 L#Efm L7z (Tsunogai,
2002b)o T bbb, WL ET (RICKE20m BLL)
WY A FN7-FILAVKIETHEG, KT OREEA
YWEERD, $58, SAMARZHITTEBIBIN I P12
L DT, WEROTKIIETFEHILDTIKE
%5,

BRRLA T TEEW DUEED S KA DR # X
LW HEE S 5 O T, fl 4 Il dka Bk L

(Gl - fHe, 1978; M I37, 1978), Bl L TA
7278, WEISOWHEIZHN, BHTE28/7257

(Tsunogai and Ikeuchi, 1968; Tsunogai, 1971c,
do

EZFE% LKA ORNTIER S L5 2

12 H L (Watanabe et al., 1992), WEXEIZ

B U%J%Ji’%‘ﬁiﬂ%ﬁiﬂﬂ L, f#MT L7z (Watanabe et al.,
1994) . KF## (Watanabe et al., 1995a; Tsurushima
et al., 1997) ¥ Fifi (Tsurushima et al., 1996,
1999a) THA 2B L, KREREDO X ¥ ¥ 25
720 F7z, MR N T 7 OWIKAHS S O E (Watanabe
et al., 1995b) RHHH D _BALIKFER X 5 Dk
HEE AAD o7 Kim et al., 1996), Zofl,
W12 # (Watanabe et al, 1997) % ALK F

(Tsurushima et al., 1999b) DHIE b KA 7z0

BICRLLVOTIE R W LEE->T, e Ahs:
DR, i 2 S HEECT 5 DMS, HibY X FvEo
7oo OONTEZME. L (EEIEA, 1987), AMEEICH
¥ %54 (Watanabe et al, 1992, 1995c¢, 1995d;
Uzuka et al., 1995, 1997) B X ORI T ifEE I

%4545 (Uzuka et al., 1996; Tsunogai et al.,

1997a; Yang et al., 2005a) Z#IHIL, %L ORK
i D LICRELEEZ RN L7: (Aranami et al.,
2001, 2002; Aranami and Tsunogai, 2004), * 7z,
Kk (Yang et al., 2001, 2005a, b; Yang and
Tsunogai, 2005) R#EAEH (Yang et al., 2006) (2
biFEH L7,

. BAHPEDZYERIR

3.1 {EZMFEHICL BBKOYPENE)E
BEBAESERE D 515728 AT R REWRFE
TR K O SR I PEHOAR BIE,  F SN B Rl 72 -
720 “C % H \» T1.2 cm¥sec &£ 4.4 m/yr @ & - & &
(54, 1972a), #F - TH 5 OWM, F (A,
1981) %7, LA L, THIEKREDOF—¥ 72572
DT, BIZBDGTHTHC 2HMEL TINEHENIDT
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(Tsunogai et al., 1995) . 7z, fbd b L —H—, st
HD*H (Watanabe et al., 1991a) #*°Ra (Tsunogai
and Harada, 1980), ¥ A rRh VI Ak L4
&, A Fe R, BAARE, REFE, CFCs
(k13 %>, 1994a; Tokieda et al., 1996a, 1997) b
HOW TR PFFEKOHEERLTHRB ORI ZH S, L
720 B2, PHEBALRTFHEARME T OKE2km &3
km ® & ZAIIRERMASH 5 Z & (Tsunogai et al.,
1973a), €O FTHOEEKIZ T B HiHWIZIL L
REWw O 2> 5 WO K FHEICAL Z &
(Tsunogai, 1987a) % EWbo7z, &k, KTt
NGBHREY, WKROEEIIH S 5 72K IFITAN
F¥TH B DY, KPEZIE LT 5E 3L, mEE°R
LN L D H/A S v, N TWDERE DLW
KEOKBHIZD A7) LTWENLTH S,
MR P ER G OR TRIER SR D RE S LHT
ANy MZEHR Lo WERMED30.1%0 55 1
#: (Tsunogai et al., 1968a) Z{EV, VHILK ik
(Tsunogai et al., 1968b), MM (Tsunogai et al.,
1971), KP4 (Tsunogai et al., 1973b) DK
WIS L7ze ZEDSRE DA I1X1C O HEIEITH WEIRIC
HY, FNERBHLTHNT Y L08 (R HEE
139 gCa/m’yr & 15720 LIEAKDH N T A-T VA
Y O EILFRE O HIP] T0.572 5 72 (Tsunogai
and Watanabe, 1981) o
JERFEEP AL, ANERGENEIE O BRIk FE o T
BB THAI DL, TOREE, FH
T KRR DORELELL EDBICEHL
(Watanabe et al., 1995;
Tokieda et al., 1996a, 1997), ¥7-, ZNIZHb S %
R—y 7 HEORED Bk v, ZhT, IhbiEl
WEOREERLREOMHIZ DL P L —F—Z2EHL
T2 R=1) ¥ FHRHIIREWECEEE (Tsunogai et al.,
1979a), * & — v 7 I IEFEF A (Yamamoto
et al., 2001, 2002) % CFCs (Yamamoto-Kawai et al.,
2004), W F#IIE TNV Y E (Tsunogai et al.,
1997b) 7Eo 7
H MK IZD W T, *Ra (Harada and Tsunogai,
1986a) *°*H (Watanabe et al., 1991b) % b L ——
ZHAEDLETHW: (Tsunogai et al., 1993c), <
DGR, HARUGREMEKIZ1004FEF K CRImICHHN TR
FrMifml, T3 CH5. —H, MERRAKDKE
FEZDEFWITLDT, Vo ZZARBIZAST:
KA H AR S I TIT < £ TIZ10004EFE L 220 B 2

1991a; Tsunogai et al.,
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LR EWbholz, LITAHD, Kk, TOERBKOE

WAIEE ), BRFEAY 20 d b L b TWzas,

20014E DA LRI, HEEKIZ T TREAKIED ,

R KDI%DEH S N7z LA CFCs Thho iz
(Tsunogai et al., 2003b) o

3.2 BEN CORNBTERKDKFEREK

19894EIC 7 —a X — & — WAL, KP4 RIR
WZHLD fhv7z, BlEd: (Ono et al., 1992; /1N - £
¥, 1995), @M (Tsunogai et al., 1992) %<
D, 72, 6"CHEOFMEH%E 27 (Okuda et al.,
1995), sz L, WELKFETIE, 2018
AER10 gC/m’fyr DFRTEREEAEM L 72 & v ) R
%#1%7z (Tsunogai et al., 1993a), ZNSHFROWED
P &AL, AR ALk RN 23364 T~
C L7y, IPCC #HEHFHITH 5 OWINE D2R5
WEIZ % %

Ono et al. (1995) 25K PSR TARIRO RS
EZ BT H—J, Tsunogai (1995) i¥, Missing Sink
FALRTFED K UMb K72 @ L, Ehid, K
FERREAKDSEA L, REEITRTERICRSLE, K
PEEERIEAK & D 2.4 gClton (fF7K) &%\ R LIk K
EWINTEX B0 56T, ZOWNRIL, mEMiETERL
KEERDBL, BEEXZB»LAAI I L TO0.6gC/
ton, KD RMIEZED L7722 & TL1gClon, #
RGN - 722 £ T0.7gClon TH b, Zh%
RN R ALk SFRINE & Potential Sink Capacity
LA 72 (Tsunogai, 1997, 2000a), b L, KFiE
WREARPKIGED H15Sv (10°m?/sec) THALAA T
WaETE, ZORBESTRTHBRWICE DS 72
LE, FMIUE S Y CORRBALRFELBRILL 9
5o

LRz HERIDOET L7202, ThFEFTORKEE
5B L (Chen and Tsunogai, 1998), S~ Hil
RA7KI% (Ono et al., 1998), PEER% H(MI AL %
AL K FEE4ai) (Watanabe et al., 1999), f ¥ F
# (Goyet et al., 1999) THIMIL, =% ZEML
720 #iR, ALRTFEOBRAKR ALK i L
O#EEIE-> TS (Tsunogai, 2002a, b). F72, &
B 22 gEm 2 oL EM b i Tw b (Wakita
et al., 2005)

3.3 KEMKR> T EES%DKEMHSRING B

TERERF I E2BEDEMEN

B b @ K5 COLDME P e e R AR 7297 K B Al 4k

OBREEPS 2T L2012, TIEAKETHML

[

(Sato et al., 1997), K& R KEMZFRFOW D HiEIC
BINEMZ R, BECDLZLBNE Lz TORE
ZIENTT 5 &, WY FilETIE35 gC/myr D KA _1H
ILIRFZINL TWB Z Edbh o7 (Tsunogai et
al., 1997b, 1999), MFRDOEKEME T 2 & [k
KRR LR #F 2 WL L Twitid, FIC1GtC

(10f& + ¥ DK, TPCC A5\ ) HEEE D R 0 -
FITEVE) [R5, ZO#E% D &I Continental
Shelf Pump (KEEHIR > 7)) ZIME L7z, R
BB FlPMROKENOTFHER LR LTHKRE
RERN 121X 7% 5 %\ (Tsunogai and Watanabe, 1999;
Tsunogai, 2003a) .

KEEMIAR > 7%, 5, B2 lEiih S E D,
BT HEIANHIET L. TOME, T KEMK
OFRE Dz, IVEL 22 (CEBILKRZ IR
WHAOKICELBITBRRLD L), T2, KEMO
MR DRI, Lo TELARME LT
ERBBIRIEDFH . TORIVINEKRERED L, HW
KEMARKDFT TR, ZHAbRFZINEDO TREIC
HLALZEICR b, KREMAKDOFFERICESLE
3, BEBRENEELTCLETREZT, ZOoTHT
FAEAN D ED N TV B,

WEKAST & B EREEERCIIHARAIZ L E S h TS
DE) & 2T 5, HARMG TR S Nz Wb FEDS
F R = 7 R TR ISR A TR T (Otsuki
et al., 2003) %, EEFFAMAK (Yamamoto et al.,
2001, 2002) % CFCs (Yamamoto-Kawai et al.,
2004) 2 X BHIEAKEEREHEF CTH Y, LA
FCTORBAREEBEE QR LTH b, 7272, 74—
W2 BHRAT 2RKDEEDE L, WHIMED
T, KFFRREAKDOTIZETIIAD AD RV, AL
Hupig 7 EEIROERIER TIE AT X - TEIES D
HEEAKRPEEN, MLI LT 5,

3.4 HERMHHMEEOEE D, SIKBEET IV

196644, FAXEIEE O ILKAKEAER IR L, W
BFEHER, HEE—, PHRE, REEAERS <Y ¥
A —, KO RBIEE R TR0 R EA L
720 FL T, FAD3HMMA SEKRFOK T 2T 5
TEiZLl7e ZOUIMAKEF#® L TR T2 HED, K
SRR T EERN A2 LT, PEEEMRET L
I, 1978), T 7O Y RAIZ K BRERBREL

(GAITA, 1980), L7z ZD2FKFIT% Y
RT VG OWKPERELZ RN T 52 &, €031
WK 2T AR 2RO TR FREZMNT5 LY
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AV BTy TERE ST WY BT 2 B 3
BAGAER 3 & AEAE R & B AN & A AR 72 -
720

BRI, WKICRERA AV E LTHITT
W 5 EHaOBBM, *°U, *U, ®U, *Ra &R M
W¥Ra & E NS ORUFELE TH PR, **Th,
#Pa, *Th, *Pp (& 5 |Z*™Bi, *Po & 7% %), *Th
RELDOXTORMIES T TS ORT ISV
W2%259H 3505 b LNTHFIMNTERINAD,
KABIZEF L7220 7L, D5 DBREFEDRS o
ZOERPHLPRBMORIERE LR Ebr5, LaL,
BB EZ R L72< T, Fik#ETH), Wit
TIZZ L L, MERSN 2V, 2o L BIFHEEE T
AN, Ny 2775y FOBRIARER o BETREZ M
% Z 81T L7ze FII224E T pHEA§ 57 Pb O FRUR
BT a 2T 5™Po (CEWII188H) OB E%Z K-
TOWETH %o HADOIREHIHRHEEDF T BALIS &
%110 H [ > KH-68-4fil if: T K-V-¥ O i K % W}
BOLONT IZIY, EIZL THLM- 725 D
2otz

ZORKERITT CITHmXIT L 72 (Tsunogai and
Nozaki, 1971), *Pb &*°Po ® 5 #7 ¥ id Bl 123 &

(Nozaki and Tsunogai, 1973a), JbAEEEFKRIEAK

(Nozaki and Tsunogai, 1973b), HZAiE/K (Nozaki
et al., 1973) NS L7zo N5 OGRS & HE IR
MM OLREEEZ RAEd ), MEZRENT 2L, P
DIFEDL0RE L FA 72 2 DIFR 5 HIAE TENC i 72 7%
Vo F7z, IO OB RISV D B
NZZD LT RWEFHPATE L VWHENNTEL

(Tsunogai et al., 1974a, b; Nozaki and Tsunogai,
1976) . ENT, WHEIZBIT LS OB FAERE &
LT, WCKDOWIZEHE DEAFWE O — KRG, A0
B2 THMAT 24 (£9 Lx) €7V (Scaveng-
ing Model) (Zxt L, KFRETHAEL, KA WY
ThbELIEREET IV (Settling Model) Z#2H L

(Tsunogai and Minagawa, 1978), TN & $TXTD
AR 1295 L7z (Tsunogai, 1978) 6

3.5 VA PMIIYTERR IFIEEREFET IV

HARPOR TP OE 2T 5 304 MR,
PR EICHE 2 KR T, 8 IR D v s Eais
kL, RFREZH ERR 755 5, 19744 5 D
COERKTFERRTHRZ LI AL+ T v THEER
gDz b Ty TOIR, BiEHI R &84 oA
EEECHRLZLIIFTEV D GEA - M,

1986a), & b2 ABEPBRM I Nz ZOFR, E
HF 28T (Tsunogai et al., 1980) BT 2 4
T (Tsunogai et al., 1982b) 7% &—H3 5 & FHITH
A5 EDVBHIE NIz,

Z OO 7280, TRIEKH T O*Pb O BLAL
D Rah & O I E D W o 72 (Nozaki and
Tsunogai, 1976; Tsunogai and Harada, 1980), &5
2, INREOIEKE TIE*U-Th 2 %Mz (Minagawa
and Tsunogai, 1980), Z#rikd R L (Harada and
Tsunogai, 1985), FHHEH DO Be b2 (Tanaka
and Tsunogai, 1983), FHIZLE) % b & IZIE PR L
WY & OB Bk % IEEH T\ /- (Tanaka
et al., 1983; Tsunogai et al., 1986b) o

ELRKL T DAFTE & 1585 % P 9 L 72 D A3 e AifE
HIZKH1.5 L 3.8 km D2 (210 H 370 I i 29 1l 5
5 N7y TR40HHERE L THZHER?Z 572 (Noriki
et al., 1985c¢; Tsunogai et al., 1986a; Harada et al.,
1986a) o KL HOKE M AMHAS LTI & b2 H I
HHA, bFPIAWH D LB D15%I3 LA F D3
WHICEB 72X 91T N T 57211 T, 1km/day LA
LRSS THHEL TV, ThiZE#EIERWD, 72
FFEHIRTFEICKEL Tho7c b Ty TidF =
VI TA)EFHRRGEOBRGFEEZRZ TV

(Kusakabe et al., 1988), N ThROEKEET V%
[FIH L FHETIV] LIERT LU (EHIZD,
1986b; fi4, 1987b)o

TR IO [FIHEEFEETIV] ZHIET 5720
DFRAIEHEN 720 2 Pb LD DOV TIE, 7747
B0 R (Narita et al., 1989; Tokieda et al., 1994b)
PR T HOFEH (Harada and Tsunogai, 1986b;
Harada et al., 1992) %1T-72. 72, KHFmoOBM
ZHWTPa®D)iH Th L D RWBIAEW TR TH S 2
L #ROlF (Taguchi et al., 1989; Narita et al.,
2003), Th AR TIEFRMI K & %13 R AED
MEL B2 Ex ADIF7: (Tsunogaiet al., 1994) .

3.6 BAKPHRFOKFEBR WFROMBEE(LE

(ver)

ARSI T 2E RN T2 56—, ik
FELZzwnTke & EBUMITH 5, £ LT,
BEET VD B \WIFHIHE & R ETIVIE, R
BThbHEHE, FH OV IZ80 m/yr

(Tsunogai and Minagawa, 1978) T, Ki#lkm &
7o) ORFROSEZALER (VCD &, HHWIE27%
DA UKL km % i@ L 724 Kk 3% D43%7%%4 km
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DWIKICET %), KEBIERII5%DBA, 71 BiE
W1X3% DA, MBI O 13 R 513 20% 0 1
m, oK THE F NS RO B IALTE & K 5
W~ o H U i350% D872 - 72 (Tsunogai et
al., 1990b) .

ML, KPR TENLEZVT IV =T A8y
R I D 33K T B 55 D VCI D20% D HM T 5.
AU IR T AN ) S ACER R THMEN, W
FANEHENTVD I EZ2ERT S, 2F 1, TR
TRTHICLET 720 TRLE, KFEHFMICLH,
ZLT, 7VI=Zw 2D VCLIZ NS5 7 (Naritaet al.,
1990) RiEi% (Noriki et al., 1993) HTHid TR X
Y, ERPEREESHTO VCI oA, TIVI=
7 AR OBARIR K ER RO R E G- 2 T N3
(Saito et al., 1992; Noriki et al., 1995), 72, 5 K
WUERE ORLTH A 6 HRE D HAMEIT T g
FT-OREA D5 (Kim et al., 1997) -

FRH FI T AR EEBBERO VCIIE, EBEHIC
BAELZD, BRI Y, RTEL22D
TLRME KT %, ZNERFBOEKE (Noriki
et al., 1985a, b) K U418 (Noriki and Tsunogai,
1992; Noriki et al., 1997;1998) Tl L7z,
Masuzawa et al. (1989) X, HARETLZHEDILED
VCI % b oA c3ko, #KkFoItHRE2 5L 72

4. £YrEHL L HERER

4.1 BEKBRAMNE2EDEBOEEL

MC ERIEEHICL, K, 34y, MR, RBEEOT—
7 2R ET N, —RIGEHBBRET NV, FHETIV
e W AN TRFEERICBIT 2 A REORE X2 /]
b, FlziE, KET50 m DR K% E K
THRINA Y=L L T5gC/m*yr (Tsunogai,
1972b), 5km O ¥ iff & I T0.5 gC/m*yr #2 FE (ff
#, 1980) 7257z

VAT TEBRZIRD TI04EI2 7% 5 H,
WAWALRTF— 0T o TEL, 7, AKBES
AW DORIICH #1372 (Noriki and Tsunogai,
1986b) o KIZH B F DR HRITH AN & B @S
KEWZ EZIDY L1F7 (Tsunogai and Noriki,
1987). B, AR FLX WL HLEE T RLZ

(Noriki et al., 1990)

ERERL T HRICHEN R O HEOEV I, F o3t
MENTREEORE EHMBDOE NI DL o 2RO
EWTH 72 (Tsunogai, 2002a)., ThbbH, HiE

[

IRKIGEROEHTH B RVEHETIE, Bl & S
R E, REEOREIME, FABROFHEI/NI WV
DO TRIBIEZR ZHOEW R ER L 5, MIFE60E L
O MR TIE, 7 A BRI (Tsunogai et al.,
1986a) 2%\ 4%, ERAMHIBRIN - & 7 o THEH O —
HLAEDbN VDT, FEHRTFREZNIIESL R
Vo 51T, AR RESEIEES & LD ITEAT
LDT, WIEE» OB T 5 ARBRDEL L G
RARVEHEDKFEL km DR T, HHRERE IRBRIE
BIRFHIZII O KRELS LD, BETOEYEEI,
RIS REA R ZBRALKFEEZ WIS 525, F72K
LTwbZ&iZ% % (Tsunogai and Noriki, 1991;
Tsunogai, 2002a), Z I L, RiTH b AR HRE
S PEMERIRTEHEFIL b R E WIEE AL AR, KA
BBALIRFEDOKRE LRFIHTH 5,

BOBALEHRIZODLD, I AN NT VT
(2 & 2 IRERHIEIN 2 PHEBAL KSR CRIGA L 7245, Hhlr
LCL % »7: (Noriki et al., 1999) o KA AL HE
D*Th 7 &% F\CHEEIZ B 2 £ Wi 8o 5F 2
RALNTVWEL B ZOMBELS 2/ L (44,
2003b) o X7z, REALGERME CHER I FKI KT O R
fLRFRE L2 D, ZOMOEWAEE R Ak
b - 72 (Sugiura and Tsunogai, 2005) o

4.2 FHBEERRICETZ51FRDKRE

FAEMRIZAD, KEXSTARSL L, BBREN/NS L,
ARSI RE T A BTk D AEENFHZ L
Tolee LM LEERZTMZ S LLITHERT A BOH
WY 5o &I THEIEHE [EEORY Tl EEE R
HIWD, T A MRRESBREL TR 5 &, Lokl
Wb D, ZOBRIAMREHESL LTS, MiHIZIIHEE
RS ] 238 L (5, 1979b). £ L TH
DTN —=LHBZOMY RS 2 2 L ZWHKE THEDD
72 (Tsunogai and Watanabe, 1983). ARIiG&EIC
LoT) UREFLEWIMZ LD, FAEBIESZ R
WS, BRBILIEDIZEDITE, Mo hhg 2
5T LB, F7, HENOIEE S AWEHIIAR
BICE LD, AEaE, B BEEY, 7975%L
T ARBD MO AR T E/2Z LMD
D, JVOMMERT AL T X, HENHZ TR
ZENHED S,

Tsunogai et al. (1993b) X4 % 7 HOHAIZ L -
TAYC AR B L FEL72DY, Sugaetal (1997)
ZZNZE®HE L7, Shin et al. (1998) 1, W T DIk
WEMALR O S 4E AL B) 2 AT L, Shin et al. (1999)
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13, R EANA =S —L LCTHBRRZEOF X %
Borze EHIWMEIIEBENA A —H—L LT, O
T — 2 HNCAE N R T (Shin et al., 2000), H
Ak % LS 5 RT (Shin et al., 2002) OEjX %

B 720
5. BEIEDLIYERIR

5.1 #ERfEEETE

HRICEVTRTE, 2o IHBEWICREbIFT
E7ve HAREMIZOWTREMOEEIZET 525,
FNU L T NXBETR S, EWEEO 7 1
it CF28—v) (3D S i & ALEBAL A
TR A 25, MOBEER TIZHERIBOSPETTLE
I o HERIERR ORI IKIE & pH IIKFET 5 DT,
KFETEIARERZRITIE, BITLEHI. TOHK
B, KFEIFRM OB E 25 L 2AD% v, i
R, 7 A BRIDR RIS OMWREWIE, 3D A
Ay FREETHWL D, HEMEZATHEDOT,
HERR R\ CHIBRK TP OEER Z ) LR —ET 5, &
9 LTIk GBS 2 %,

B A RBT 2OR YV TH B,
S, Wish e & DY LU (Tsunogai et al.,
1979b) s ¥ ¥ A V2DV T, FHIKJRH T D5
Mo, HERE L 2230 SIoCiE i & AL 28 0 K9k
% fiv72 (Tsunogai and Kusakabe, 1982), i
SiE, < A Y HAB ORI R TEIR D Hsgi i & v 12
3% (Tsunogai et al., 1982a), & HIZ, FFBOIE
KEWEROM % EE L A S EHE (Tsunogai
and Uematsu, 1978; Uematsu and Tsunogai, 1983,
Noriki and Tsunogai, 1995), ¥ F{ (Minakawa
et al, 1996) °~X—1 v 7 (Minakawa et al.,
1998) 2B 5 EH & oMk GeARlEs, 1990) &
& HITHIgEL 72

WHRTHO T Iy A0WHREERED Y, Th
BN = ¥ TR 3BT B HERR U P (R T
RZIFEINSnwZ L2 /o, 6l L7 (Tsunogai
and Yamada, 1979; IIH - M4, 1981), 7, Y
I AFNAEEHCTY YA Y7 5 BRAS A
MWL o727 4 U ¥ ViAW (Tsunogai and
Yamada, 1980) RRERIZEGICH 5 H ARMEE OHERE Y O
KA EZP SN L7 (Yamada et al., 1983) -

R EICEAE LR EE 74—V FIZLT,
KIEHR DY) > D RACERSE TG, HEITEBRIE THi&
T AHJELETSHZ L (Watanabe and Tsunogai,

1984), #EICERIEIZH HIEPRHF THABE T TWDHH L
WwZ & (Harada and Tsunogai, 1988), #EICERBE T
DOEBAKFTY Y7y EPHHBELTWEZ 2R
D\F7z (Sasaki et al., 2001) . KEEMIIR AT &I
BrH5 2 5 KEWAR Y 7UMNOMEE LT, FHE2S
BIENTECREAET ST v 0H 5 (Tsunogai et
al, 1990a; Nagao et al., 1992), X 5 IZAbERIL A
TR0 EFIC 7 R BIN 2. Zhid
el 3 %107 4F J& 1] o0 S A5 2 Bl T AR W A E S AL )
L, #fho~ 7 oBEiEE L0k
Zxbhbd (M- Rk, 1983), < v HBLOE
WIZXBE NS YT OBEILED LT S L8
WCERLTWAZ LS AT L7 (Tsunogai et al.,
1982a) .

WRHRZZAS, MALBREE CRAE Sz b IocERE
THEI X721 (Watanabe and Tsunogai, 1984; Sasaki
et al., 2001), HEE TIEHEAKIZHET ZHETKE
VO (FEARIZA, 1994), ST T L IXRICEREE T HER
WICHi £ 5725, HRROBREESKELETFOL) TH
% (Yamada and Tsunogai, 1984; Tsunogai et al.,
1990a; Nagao et al., 1992) .

5.2 BEFICH T BKE KD BN EY

WHRYIHELZHBELZBEREOL I 2D TH
bo BRI IUENANWAR I LEESTND, T
BZDOHTRI 5722 LIRS R, fBlZI1E, HAW
ORI, HESETHSTE2bDTHY, 1l
BTHHNS, TN o 72258 TENITHE
DORMEFME L T<ND (Yamada et al.,, 1983). &
T OB ERAR 2 LA G b Tl o A4

(Mohamed and Tsunogai, 1995; Mohamed et al.,
1996; Yunus and Tsunogai, 1998) < KFe#Ha T
B (Mohamed and Tsunogai, 1998) %15 Z &
BRARTD, HFY IWERIIESN 2o 7,

b HE R, RKIBEDKI o — #1075 4 %
HN=F 5 F K= 7 TORS12m OHERBAEIR
AEPSHONT Lem BHOWE) D IZ L2 B D
IN) T AR S VR BRI IR , RO
WA ETR B DMK > 72 & v ) AR & 1572 (Sato et
al., 2002; Narita et al., 2002; Shigemitsu et al.,
2007) . ZOHMIE, KMICIZHEKIL L TE, Kk
EIETORAKANE L E S, WAREEEL, &
BB TR L7205 TH b, £72, KA
TR FE DMK 2 A FREZ, KB R VU TR
JE KA H AL, DKy 60 A A 720K O i R %
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WL, RBA T VIREOEGKNET BN TRA
TEbRFZEZWRINL 205 TH Y, KoK EE L
REWEILLBIF BN o7, ZLC, RKHAMHD
SERETICNY w A3Z WA, 83— id%E L v
i, FIAKEE D OAILLHRMAEL EH 2 TK
[oMLRFEC L, ENTREAPLF>TET
FIR= VB L7 6TH b,

6. bV IZ:KRIFERDHERLS

FZ, 19604, HHHRFHAIMBILFH O =%
REHIZOW SR GEEAITERLS) TBWwT [
ENLOIATEDOHEIE] L) 7 —< THELF OB
Je% B L7z & L C20024F (2 b i 8 K 22 Kk = B
IRERBERL E T ZE R R S B BR R . GEIE 44 13
LW ENGER) % wEBR L7z, oM, —EL Tt
S FEE VTR % 8 L COWEMEERL &
MEEZBNCE T, Zhor T b L, RO
RVAT 4 v 7RI B EED

Foxiz, HcxDFEEHRLEDRITFZLIDOTH S
A, DTRENSDOHLE5a T Ld72bDTH S,
fE (2000b) 1, fEF - ok (1983) DHHEE IR
s, 21 O HERRHEO R T ORI EEZ R L,
WERBRBEZALICH D 2 MBI R O & E & B L 7
(Tsunogai et al., 2003a). HIIRA LI VEHRAL KT
WMo EZEWNEDY LI (Tsunogai, 2002a, b;
Tsunogai, 2005), 3 F{% BB O BE % 17
E D12 L7z (Tsunogai et al., 2003b)
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