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Significance of Sea-level Variations over the Last 60 Years, Indicated by
Foraminiferal Assemblage Changes in Kumihama Bay,
Kyoto Prefecture, Southwest Japan

Ritsuo NOMURA*, Kiyotaka NINAGAWA ** and Hirotsugu NISHIDO ***

Abstract

Brackish foraminifera were investigated from surface sediments and cores collected in
Kumihama Bay, northern Kyoto Prefecture, to clarify the impact on brackish organisms of sea-
level changes and recent global warming. Foraminifera increased in the 1950s and the early
1970s, corresponding to periods of higher sea levels around the Japanese Islands. Despite con-
tinuous sea-level rises from the 1980s, however, they began to decrease and became eutrophic
fauna as represented by Trochammina hadai, preferring highly fertilized water. This change
may be related to annual changes in sea level and lake water circulation, which become more in-
tense during periods with wider annual ranges of sea-surface atmospheric pressure. Sea-level
changes observed in Maizuru Bay during the 1950s and 1970s are intimately related to long-
term changes in the Aleutian Low Pressure system called the Pacific Decadal Oscillation (PDO),
but this has not been the case since the late 1980s. Thus, the mechanism of modern sea-level
rises since the 1980s is probably not the same as that of the pre-1980s, and is caused by modern
lake water conditions with less circulation and an abundance of 7! hadai. In addition, the widen-
ing and deepening of the channel opening to the Sea of Japan between 1972 and 1975 are also
found to contribute to the modification of brackish foraminiferal fauna in the lake.
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Fig. 1 Locations of samples (Locs. 1-8) and hydrographic
observation stations (K1-K4) in Kumihama Bay.
Sediment core samples from Locs. 2 and 4.
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Fig. 2 Temperature, salinity, and dissolved oxygen content profiles at four stations
(Data reported by the government of Kyoto Prefecture in 2005.)
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Table 1 List of sample locations, water depths, and core length.

o s HUfE Jb K (m) FEARER e a7k
1 134°54'06.4" 35°36'29.3" 4.0
2 134°54'06.7" 35°36'49.4" 6.0 O 14 cm
3 134°54'12.8" 35°37'10.5" 10.0
4 134°54'31.6" 35°37'33.0" 13.0 O 13 cm
5 134°54'51.5" 35°37'57.6" 12.0
6 134°54'21.3" 35°38'14.4" 3.0
7 134°53'47.9" 35°38'08.0" 6.4
8 134°55'09.6" 35°38'06.8" 16.3
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Fig. 3 Downcore distribution of !°Pb and '*"Cs concentrations at Loc. 2.
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Fig.4 Downcore distribution of *!°Pb and '*’Cs concentrations at Loc. 4.
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Fig.5 Live foraminiferal occurrences and the distribution of the assemblage. Numerals

in parentheses indicating the relative abundance of the foraminiferal taxa.
A. beccarii =Ammonia “beccarii”, A. exiguus = Ammobaculites exiguus, B. frigida = Buc-
cella frigida, B. substriatula = Brizalina substriatula, B. marginata = Bulimina margi-
nata, Eg. advena = Eggerella advena, E. clavatum = Elphidium clavatum, E. excavatum
=Elphidium excavatum, E. jenseni = Elphidium jenseni, E. kusiroense = Elphidium
kusiroense, E. reticulosum = Elphidium reticulosum, E. subarcticum = Elphidium sub-
arcticum, M. circularis = Miliolinella circularis, M. globosa = Murrayinella globosa, P.
Japonicum = Pseudononoin japonicum, P. mediterranensis = Planorbulina mediterran-
ensis, P. pacifica = ParaTrochammina pacifica, Q. seminula = Quinqueloculina seminula,
Q. tubilocula = Quinqueloculina tubilocula, . sp = Quinqueloculoina sp., R. globularis =
Rosalina globularis, R. vilardeboana = Rosalina vilardeboana, T. hadai = Trochammina
hadai, T. tenuissima = Triloculina tenuissima, U. glabra = Uvigerinella glabra, V. fragilis
= Virgulinella fragilis, W. auriculata = Wiesnerella auriculata.
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#2), £ T, Ammonia “beccarii”, Ammobaculites

Trochammina hadai 3% @ BHEE, #T1 exiguus % Haplophragmoides canariensis 75 1}
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Table 2 Occurrence of live foraminifera from the surface sediments (ca. 10 g of wet sediments) at each location.
Foraminifera from Locs. 6 and 7 are indicated by statistically significant occurrence.

Loc. 1 Loc. 2 Loc. 3 Loc. 4 Loc. 5 Loc. 6 Loc. 7 Loc. 8

Ammobaculites exiguus 1

Ammonia “beccarii’ 1 1 1 4 2 4

Brizalina substriatula 10

Buccella frigida 1 1
Bulimina marginata

Cibicides refulgens 3 2
Cribroculina ? sp. 3

Eggerella advena 22 2
Elphidium clavatum 1 8
Elphidium excavatum 4 2
Elphidium jenseni 1 26

Elphidium kusiroense 14

Elphidium reticulosum 5
Elphidium subarcticum 16
Haplophragmoides sp. 1

Miliolinella circularis 48 23
Murrayinella globosa 1 4

Paratrochammina pacifica 1 15 2
Planorbulina mediterranensis 1 3

Pseudononion japonicum 5
Quinqueloculina seminulum 3 2
Quinqueloculina tubilocula 1 11 1
Quinqueloculina sp. 1 2 2 2 1
Rosalina globularis 5 2 17 3 1
Rosalina vilardeboana 17 5
Textularia tenuissima 2 7 1
Trochammina hadai 33 32 3 46 39 1 49
Uvigerinella glabra 1

Vertebralina sp. 4 2
Virgulinella fragilis 8 9 25 10
Wiesnerella auriculata 2 4

others 13 15

TOTAL 34 36 15 66 78 233 149 16
AR IR R (95% L V) 2.9 2.9 2.7 3.0 3.0 3.0 3.0 2.7

B3 %o ZHMEAME < PASAVE NE IR o IR B 0 3R CATHNCIEET A BELE T, Virgulinella fragilis
PN — A SN D BEREMB L D 2 56 & T hadai ST %0 KETIE 10-16.3m X

Virgulinella fragilis-Trochammina hadai TOMMTHER SN (WS, 4, 5, 8). F0D
BHE HIEMISEORRIBOREMRY LD 25 ffi, Rosalina, Quinqueloculina, A. “beccarii”
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Table 3 Foraminiferal occurrence from the core at Loc. 2.
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Table 4 Foraminiferal occurrence from the core at Loc. 4.
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2 | gls s o5 s88S2¥f 8858388 % R =& | -
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< 23 ST NTRNEPLTFLE T T2 E eI R || |8 #
2, ,5§§,S§§§g§§g.s.§gg§§gg§agngmm@
= T 2 2 % 3 3 S S N S 5 =
B | E|S<cERROCESEESScececdddd s S |e|w| | &
0-0.5 [0.25| 1 1 271 29| 28| 1.2| 25.22
0.5-1.0 | 0.75 1 1 1 6 9] 25|15 5.844
1.0-1.5|1.25 1 2 10| 13| 2.7| 1.7 7.471
1.5-2.0 | 1.75 1 15| 16| 2.7| 1.8| 8.840
2.0-2.5 [2.25 1 1 1 11| 14| 2.7|1.0| 13.73
2.5-3.0 | 2.75 1 1 1 3 10| 16| 2.7 1.0| 16.49
3.0-3.5 | 3.25 1 1 2 128|132 | 3.1 | 1.6 | 84.62
3.5-4.0 | 3.75 3 5 140|148 | 3.0| 1.8 | 83.15
4.0-4.5 [ 4.25 1 1 2 117 (121| 29| 1.3 | 93.80
4.5-5.0 [ 4.75 1 2 185(188| 3.0 | 2.3 | 81.74
5.0-55 5251 1 1 2 2701 275| 3.0| 2.0 [138.9
5.5-6.0 | 5.75 1 144|147 | 29| 1.7 | 85.96
6.0-6.5 | 6.25 1 1 160|162 | 3.1| 2.0 | 80.60
6.5-7.0 [6.75 52| 52| 29| 1.7| 30.40
7.0-7.5|7.25 2 132|134 | 3.1 | 1.8| 75.00
7.5-8.0 | 7.75 1 1 1 2291232| 3.1| 2.2|107.4
8.0-8.5 | 8.25 1 128|129 3.1| 2.1| 61.03
8.5-9.0 | 8.75 70| 70| 29| 23| 31.11
9.0-9.5 [9.25 1 1 1 1 94| 98|29 22| 43.75
9.5-10 [9.75 1 1 2 721 76| 3.0| 25| 30.77
B 1g 240 5-20 AARAER LT, a7 . ”
VI. & Ei]

ED 7.0-8.0em THRRXLELCER LTV, L
2L, MHE25em UETIEREZ->TBY, T
hadai 7°% { 2 5 DX} LT, M. circularis 1%
ML < %5 (K6). HiH 4 TlE, V. fragilis
OBEELZBELY 22, “HHAIIBT 5
95% CTOAEMII R WA, T hadai & Quinque-
loculina tubilocula 753 7 L3 ThHT0IER L
TWb, V fragilis 133 7T HRE® 3.0-8.0cm @
P THZBEHERTY 24 1) T3 80 (KA 5 5 75,
WES8.0cem L) EMTEMT S (KT

1) BLBEEOSHOFFH

ALHEEOBEHNTOHAEIL, SHIORE ST
TBBERNO AL L, JKH L BEAREIRHE
LTV, WHEHMERW L ) 25056 & 713,
M. circularis BEEP S 7 0, KEEIZEWEATT
bH DI LS HAMNRKDTRADHIKINE S
G TH %o EHHERY X U % 2 Z OAlod i i
TlX, Trochammina & Virgulinella |2 & - TH¥
BT 5N TS, K& Himd, 1FZKERIN
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Fig.6 Downcore distribution of foraminifera at Loc. 2, with reference to sea-level changes at Maizuru Tidal

Observatory. Foraminiferal occurrences indicated by individual number per one gram of dried sediment.
Sediment *'°Pb ages are also shown.
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Fig. 7 Downcore distribution of foraminifera at Loc. 4, with reference to sea-level changes at Maizuru Tidal

Observatory. Foraminiferal occurrences indicated by individual number per one gram of dried sediment.
Sediment ?'°Pb ages are also shown.
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L7221 b2 R L THY, I EoZiid %
Vo L2 L, WBAMEIIANT X o TRIERE
PELZSTEY, HILROS % BT 5 EHIZ
RoTW2EHIldAzE (M2, 14EDIES
HEBOWTABEIREICR ) R T WEREE T
Trochammina 25 BLT %o 4ZE 20 A H AL
S, MO MBFIRGE I 7213 MRFRIRE
2% 5> TWABEOHRIO L IZHTIE Virgulinella
MWL\ BEBE RIS 5 Pk T b MO E
DHEREN TS (Takata et al., 2005) , B s it
TlX, T hadai EMBHESLIT LIRS NEH
B FIREDOYHNCE <, Virgulinella (X4 % 18
L CTHBEOMIEDIZ L WIGHTIC S v, HBEE RV
LR K BR B39 % 4 A7 RE ) 1S Trochammina
I EVwE V) SISOV TIEHE
W75 DXMERZ KD B Z L 1L TE BV,
BARFBIREI» Y TR, BRI TYT L
DR M E L CoOREWAEIIT S 2 gL
D RLoTVWDH I LLEETLLENDH L. B
1%, Topping et al. (2006) 2k %L, AT
5 R o M 5 Ammonia & Haynesina 1&
BN T T EAMT 525 & 52 Ammo-
nia IHUNERR (RESE, Y7 /20N 707, i
BHH) 2FHLTWDZ &2 EBRIICKHGEEL T
Wb, TOXHIT, EWESICBITAMEDTR
BEEMRE Vo RAMILRPLETH L, LD
KN BERFHMOEEZHELTWDHIZb2hbb
9, Virgulinella 25K E DEWHE S (> 10m)
RO TWD Z EiL, ENOKROIEEMRIEE b
BRI L TN 7)) 7RMyNER & oA b 2B L
TWa b LNk, EEOHRFEAILIRERED
BRPCTEEMORMRIMEZ - 72 & ZITIFEBRIC
LRELGEAZESTVWDEIEDNEL, BlZIEKR
WETIET T > 7 b RS EEREREE D & AR R
DOEFERE L MR A~ LML T
WA Z L, IhsEWESOELAHELIIC
WEELZTwEb0EALNS (Tsujimoto et
al., 2006) .

2) JKERIRNE S S HKIRIE

ARBEONI TR - 72 BREER AL L
RO%NT, BNOKBEEEANEES 5 R kR

£ 5 AWRE AL TORBN R ARIEDR
Fh & E A NBWIED) DTk

Table 5 Major disasters and human activities in
and around Kumihama Bay.

T4 Ea THRONE

1905-1913 Hioki (BUKEOEIE) B
1922-1925 Hokis BUKEO BRI O kg
1932-1935 HioK D 2 53k R 7K % o> BRI
1941-1949 IR 3 (1941) 5 HEEY O 2
1972-1975 KEE DY T & phiE g

FEEBIRL,

1905-1913 4F I B D K EE D JE T ALK S v
% E T, ERN R BRKEDPBUEDOFEE O—F
Y > THARMAIERE L TWwz (P, 1976).
C OKBIIFHANENL LR T o 72720, BT
LIRS KBTI TH o722 TSN D
PS5, AILHEHEIIRE B L T ozl b
MEEH SN E R 572 LA L, 1972-1975 4
T T b N KBEOIEIRE I ) TP, B
AL fEo TV LR TE D, HikD X9
2, KEOERWH L 2 TIX, T hadai 7% L
W3 sEH12%0, 1970 F#MFTEHR LTV
Miliolinella 7% 70 fEAC O R 1 12 28 L T LR,
BHEZFTHRAL TS (M6). KIFEOTVH L
412BWTIZ, V. fragilis DD T L,
B T, hadai B3 B EIE A 70\ 2% 60 4EAR
B S 10T THML TS (K7,
BARICD, ZoR, B9 2 X9 ISHFRIAKAAS
—HICE L 2o T WA 2 & D IELLO BRI
HoTwWb, 20X %70 ERLEED T hadai
& V. fragilis DENIRBIYTH 5, L7zd5o
T, THOHOAILIRBEEDEROZIIE, #iEK
REDZEF & NI KD THIZ X - TENOK
PEEBRIPZALEZT - e BRI 2D %
AoNb, KX THERR L - REHER Y h o A1k
BT T hadai EZEMTH B ENHLHBAR
EEOBEORESIT 1972-1975 FICHU L %%
F, BUEE THERIICRBLTE 8 WA b,

3) BEKGOZTEN G > HMKIRE

bl U2z A2 s, 1970 4ERTEB
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Fig. 8 Downcore distribution of TOC and C/N ratios at Locs. 2 and 4. Sediment ?'°Pb

ages are also shown.

L Z N DRI K AL OB & 3% B
FRAIH BN Do 1970 HEAHT - i K Az L5
MR 34 FEMoZ L THY, 70 FREBPITIE
577K T34, ZO—HWAR EAIHFELT
BRFCIE LA LA ILEAE (Trochammina,
Miliolinella) 25 IMEARE Z 3N S € T 5,
Z M, 1972-1975 O KEE O I & PLIE O R
B &AL 72 RN O EFIE - TR RHEAD
BNNDTRAPRES NG o 7efiREZEZ S
N5, BRE L B O EEAE S 2 75K O
R CIHRSIE O @B It > TREZRICT S
LI RXA VPN IT Y TOHRNBRICART S
Quinqueloculina AT 5 Z L DRI LT W
% (A4S, 2008) o IR A L CTRAA FLI
DERH SN2 b D EE R SN, KO A DFEH
Lo TWwbd, 2OLH) RHIEBEICTIE, B
O JLER (Hpi 4, 5) TEHERIEEEISER I
R WEFFCT O Quingueloculina X° Planorbuli-
na mediterranensis, Wiesnerella auriculata,
Rosalina globularis ® X 9 % i mMA LR O E
HORBEAIEHTELL NV LI,

1970 FEARHTE O Z 0 X 9 % A FLI & i K AL
EOBIRIE, 1950 RIS AR BIS & L THE

REND, 1950 SEMROUEHIKA O FFIL, B
TIZZENLIHTOKRN & DRED DA > TV iz
DR TIZ R WA, EEOKMEILE —HL T,
BOIZEE L TWb, Trochammina X miliolids
ORI —FREIZ A7 L Tnb 2 Enn, Fi
Wa &Ll RKOWMAFEML Tz E 2 oh
5o WMARKNTOEEEN—FNICHE 228D
FHENL, HE 2 TIE, IT7HEE4.0cm T
TCNEIERH LTS (M8, &b, AT
J¥ 3.0-4.0 cm (1960 4E1t) 12A H L5 TOC O
WA, M2 TIZAILR OO TIT
THILLE—HLTEY, MoropBEZITi:
bDERLNBEY, TITIEAWTH B, C/N
R TCOAEM O 2 K252 bdH D
(Tyson, 1995; Sampei and Matsumoto, 2001),
7727 b VRBEOEEY OMIMAL AT
KT 5. 72721, Hipi4 TiE 1900 40 %# U
TCNEPFI0HBET—ELTWAED, AR
BEARE LTIE, EEEEOHINEELVDLOT
3 aho/zbEZbNA,

4) 1980 ERBELIEDBEEKGEE

WA LR EEEIL, 1950 4E4L% 1970 SEL D
T KL ZE B 20 L TR ed TR SO LT\ 7z
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ZEDHO NI o 720 FAEDOREMTEKIH T
B % HifERe W TR R B CRERE L 7 i R AL B
(Nomura, 2003; Nomura et al., 2006) & 3t L
BB EWETHAIENTEREVR D, 1277
L, EHEOERROEIIANB B L HRES)
ZYDEELTERZ B LD TE RV, ANAK
BRICOWTHEETALENDH S, AREED
KE (kMRS E (COD), &Y v - &%
Fu L) WKL TIE, FEFIERL TV, €
NCksL, CODD X % RFEREIL 1996
EPERE L TWD EIFv 2T, MK
EHO L) R EEIN L AL LAFTE
v (AR, 2005), L7225~ C, 2 TRE
HALRDFERIZDO W T ANB R R B O RHEEK
MENTVDLEEEVWENLZVIRLTH 5,
CZCHIMBEE T 5013, 1980 4E# 1 LI 0 il
HRAL D F5-25 1970 F£ACHT - & 1950 FER D
FELLDIPISTBRE & e 5 TV A M TH Do Hilk
L7z X912, 1950 4£48B X O 1970 4% o i1
AL B A LB o MR A ORI E b 72
LLTEICd2hb 5T, 1980 ELED EN
A FLRB D WA LA FL R o i IR A D
BFICLo THEOT NG, T4abb, 1980
SERLLFED — 2 L7z KA O 15 & Trocham-
mina OS5 EHIZEE L -4 EEZRL
TWwbewnz s (EICHE2: K6), 2k
W (1980 4EAC LR & LURT) o) i i KA 0 25 BY
WELST-WHEOL LI LTW5E I L Z2RIE
T 5, RAEFILHFEENSA S L, 1950 FEM/ R
1970 ER O FWINY 2 1R A3 ORI, Al L
72 Trochammina & miliolids ® IR 2 5K D
PEBRAE AL L 72 2 L Sl S 5 4%, 1980 4F
R ST E L EA1E, DFoME» S0
FTLOWAMERZIERIL S & TV, 1970 4
RBAV-LUEIZZ £ 72 B Trochammina 3B SATER
I BT 2 B RFEACERT I #IG L 72 M T h
55, AREREKMN TH % HilED Trochammina
(Nomura, 2003) D ERZZEI12§ 5 & AN
LR o BB TOMEEZRIRT 5, L7z
H¥o T, 1980 4ELLBEDFHEIARNM O L%, AR
EBICBWTENOKE RREKE O L il S

W5 LD BIEBRDORA N Z AL ZFRLEE TR
WHDLEZLND,

T KA. D BEMIZE B0 LT, N 4RER
DOIIE 2 AFLIRMBFEIC X o THEFL TE 7225, &K
T AR E B OUARIZOVWTE R T 5, Yasu-
naka and Hanawa (2002) B X "% - fb &
(2007) 12X % &, 20 AL 5 8] O g P &5 O
LY —2av7 b (1925/26, 1942/43, 1957/58,
1970/71, 1976/77) FHEREINTWb, BHh T
b 1976/TTHED L TV — 23 7 MIILKRFEHEICB
T AHEPERSE (Wb L) oEmoZsib: —HL
THERI->TWDLZ EAEH S, #EAE &K
e Vo R R AVER RN AT Lz & L
T#EmsnTws (JIIg, 2007) 2TOL Y —2A
T 7 M, AR S AR P RIS B B
B REDAEDZELE LTHEEEH SR TWD
(KF# 10 4EH W12 ) (PDO: Pacific Decadal
Ocsillation) ; Mantua et al., 1997; Mantua and
Hare, 2002; %% T, 2005; RLIE, 2007), LAk
FEOT) 2= v VMERREIEEIIMICEH LB
D, TOREORER, LFOHARIBORMBEC
WEBELZTChBLIEPWHLNPIIhoTER, 2
Z Ciftam LT & 72 1950 4R & 1970 FR 0 B4k
ZAGIE, B T OWEIKM DSBS L2 TH
D, 7V a2—Yx VIKKENE T - - Z B
(PDO #8#UE~ A4 F AZNL) & —FHLTWwb,
T ARBLAMR TN L 72 1950 fEACH%F 2 5 1960 4FAX
&, BT 2=y VERAENRE > T b
(M9oe ZOEHI BTV 22— x VMEREDIE
OREPHARHLOWH KM E b L —FK L2
BiEaRL, TORMEILOERE LTI FEFR
BOF IR B & OB R S L Cw 5 (Latif and
Barnett, 1994; Trenberth and Hurrell, 1994;
Deser et al., 1999), 10a IZIXFEEICBIT 5
T KAV % i T AUE & O BIFR TR L 720 1950-
1960 AU, W OBRIZIEATINE L EZRL T
WA, 1970 4RI % B & BB ICHIAIAY e 22 1L
ZRT LR D, BH (2005) ICXBE, Z
D & 9 7% 1950-1970 A DR HEIAK AL D ZE B i,
A 75 B3 Bl 0> Wl 7 oD i BE 40 BEAT S B B
1 7% B AL R ) <2 1 V5 JEL o JAH O 3R EF D ZALIC X -
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Fig.9 Sea-level changes in Maizuru Bay over the
last 60 years and the North Pacific Decadal
Oscillation (PDO index). Positive PDO
values indicating the strengthened Aleutian
Low and negative PDO values indicating the
weakened Aleutian Low. Stineman function
is applied for curve fitting.

THHMDTE, L LITHRED L) BRKFEED
LU AY —WAHEEVER LI Wil TN
LRTWVEWIREDH D, T D L9 iR
DEBAHANDOERERIEET 2 E LTHE R
bNbZ e, AFoMHE - JiH & v o 5ER
IRILZEAC. D 1 0703 B SH A N5 I8 00 i R AR B~
252, BFEOT7 07 FrEMEEREHE L
THILRDOAEESE BICEHE 722 L TH S,
MEEAERESETIE, KO SRTENZ L TR RS
G BRI R AR FH O R~ OFILEZ IH L S &,
HEENWTF > 7 b OMHEIZO RN B T H5H
SN TWD (KE - /NE, 1995; Nakata and
Koyama, 2003; Yamada et al., 2004) .

LAL, 1980 4ELAREIC 2 % &, PDO #E (K

L7, 2005) TRLZETY 22— % MERETFEDZE
B & HARY B L O K & @ FINBIFE 2% BARAT A
5N 75 (M9), 1980 4EALE 1990 44U
W27 2=y MRARIEDS R L (&<
1980 fEAC X 38 1L), 1990 4E | % %° 2000 4E 1 %
FURICICT LT 525, iR IEEE) L 724
b2 mDZENTER EEAMIZIZIEZ—EL
THMLTW2), 2271, Wi5EDZEIL4E
L DORMOWI HEB L 7o TENTV L, Z
DL R HEHODLH L HBHL 72 TR
95 L, SN 1980 FAC LI T 51,
VR OZEF L IIEHEEZRIZLTVWE E VR 5,
— T, KR COREEILISAE - 72K ZE B
RN, & R DKM IZHERIRIE(LIC
X BRI D EAARE - BB IRICF OB &R
DLERLH D (Levitus, et al., 2000; 41137,
2003; BJ): - /N, 2005) 0 & ICHARMEIZBIT 2
RALZ DT, 1980 AFACEE - DL R o Ml Al € —
FOKDKFEEGESFER E > T b (%H,
2005), 2O X9 REWIRIZHE - 72 iETHK AL O L
AL, HSEMAKBANNDEBH L T2 DEARD
N, Ko bAz2ESELEEZONL, 2O
BN RAKE OKROSHIEH F 0 iERILL 72D
DIZIE T S v X 10b 12 T RE DL B D
R R L7z TR AR L 9 0T A Ve L 72
EEE L TW5700, KEOEBHIRELZRL T
o TNEADLE, 1980 4F LIET & Dl Cld il
KIEDIET L OEH) (f7) PRELRL-TH
D, 1980 SELIREIZ 72 B L BB D ERED /NS L
AHMEMZERLTWS, 2OL) BRIREDOD &
T, Trochammina 23¥ M3 2458 % b - 72
1980 FACLABED B FLRFEE DAL & iR T 5 &,
I —FLCTBH, 1980 ELIHT & L TN
KIGERDOBALDHH LR T e ThbH, 1980
AE LI CLI BT TLlRB N O R DS KA O AR 28
Lo THERT oz EZ SN, 1980 4
VIBEIZIEER D398 F » T <o [k MK O E)EEDS
ARMEETEHodbDEFEZLND, Sk
ARALAS EH LT b 1950 4185 1970 4EA% & 13
%0, IS ON ER TSRS SHER R S h
LI LiCRY, iNRABROZHEORMZIZD
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(a) Sea-level changes in Maizuru Bay and the sea-surface atmospheric pressure (SSP) over
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is applied for curve fitting.
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1980 fEAC LU D i AR AL O 5%, LLRT O KA

TREGRZSZFERICE b0 EALN, Kk
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ARWFFE L, PR 15-17 4E 125 s X 72 RBHF 2 F 5
[20 T o JLH R HEZE B & iR AR HE R 0 B REFRIH o
72O W AEWFENF RO ] (GREF S
15204046) DREDO—FTH %o IR II 72720
oW, NI ET, MERLE, BARET,
ZH RO ICFE LR ORI R LB T B
o tze EREH—IK ORIEKRE) B X OEBRER (B
EER) IR a2 Wiz v, i L THELEH
LEF%,

X |

Culver, S.J. and Horton, B.P. (2005): Infaunal marsh
foraminifera from the Outer Banks, North Caroli-
na. Journal of Foraminiferal Research, 35, 148-170.

Deser, C., Alexander, M.A. and Timlin, M.S. (1999):
Evidence for a wind-driven intensification of the
Kuroshio Current extension from the 1970s to the

— 982 —



1980s. Journal of Climate, 12, 1697-1706.

Grindell, D.S. and Collen, J.D. (1976): Virgulinella
fragilis n. sp. (Foraminiferida) from Wellington
Harbour, New Zealand. Revista Espanola de
Maicropaleontologia, 8, 273-278.

Hayward, B.W., Grenfell, H.R. and Scott, D.B. (1999):
Tidal range of marsh foraminifera for determing
former sea-level heights in New Zealand. New Zea-
land Journal of Geology and Geophysics, 42, 395~
413.

Hayward, B.W., Scott, G.H., Grenfell, H.R., Carter, R.
and Lipps, J. H. (2004): Estimation of tidal eleva-
tion and salinity histories of sheltered harbours
and estuaries using benthic foraminifera. Holocene,
14, 218-232.

Horton, B.P. and Edwards, R.J. (2006): Quantifying
Holocene sea-level change using intertidal foramin-
ifera: Lessons from the Brishish Isles. Cushman
Foundation for Foraminiferal Research, Special
Publication, 40.

IPCC (2007): Climate Change 2007: The Physical
Science Basis. Summary for Policymakers. Contri-
bution of Working Group I to the Fourth Assess-
ment Report of the Intergovernmental Panel on
Climate Change, 1-18.
http://www.ipcc.ch/SPM2feb07.pdf [Cited 2007/
12/5].

P FHE - MR - 5B — (2003): WhAE, JUHI
FEOBNRINAT) LT EOEIIMIZDWT, & 22,
79, 9-19.

NI (2007): #iw LY —4 - 7 b—HERT A
TAEMOH L — I - B AHE- B
TJE - =5 ®Efic LY =4 - 7 b—5SELE)
LAEWEREE— BOlisEE, 1-9.

AT (2005): FAEGGE L R — b 2005  LEICBIT S
RO FE R G LA BA T —Z DR & Ml L— (VD).
http:/www.data.kishou.go.jp/climate/cpdinfo/climate_
change/2005/pdf/2005_2-4.pdf [Cited 2007/12/5].

ANVEEEYS - RS - NIRRROK (2004): HARIDREO R
W KA ZALIS D W T—BERF ZE O BUIR & B AR
O KA ZIL D RER—. Wk, 71, S173-
S195.

SUERIHE (2005): B 16 4F B2 2% 34 K I8 L OV HL R K
DR 5E A
http://www.pref.kyoto.jp/suishitu/h16kekka.html
[Cited 2007/12/5].

Latif, M. and Barnett, TP. (1994): Causes of decadal
climate variability over the North Pacific and
North America. Science, 266, 634-637.

Levitus, S., Antonov, J.I., Boyer, T.P. and Stephens,
C. (2000): Warming of the world ocean. Science,
287, 2225-2229.

Majewski, W. and Zajaczkowski, M. (2007): Benthic
foraminifera in Adventfjorden, Svalbard: Last 50
years of local hydrographic changes. Journal of
Foraminiferal Research,37,107-124.

Mantua, N.J. and Hare, S.R. (2002): The Pacific Dec-

adal Oscillation. Journal of Oceanography, 58, 35—
44,

Mantua, N.J., Hare, S.R., Zhang, Y., Wallace, J.M. and
Francis, R.C. (1997): A Pacific interdecadal cli-
mate oscillation with impacts on salmon produc-
tion. Bulletin of American Meteorological Society,
78,1069-1079.

SIEFELRE (2007): WEHERIEIC BT 2L Y — 4 - &
T NEFERTF=NVEHDO X =X A, I -
AW AHE - A1 M- 25 S LY —4A YT
P —RBEEE) & YRGB —, SOl EEE, 45-
61.

Nakata, K. and Koyama, S. (2003): Interannual
changes of the winter to early spring biomass and
composition of Mesozooplankton in the Kuroshio
region in relation to climate factors. Journal of
Oceanography, 59, 225-234.

P i (1976): B E AR, B/NARRINL H R4
REFETRHSA.

Nomura, R. (2003): Assessing the roles of artificial
vs. natural impacts on brackish lake environments:
Foraminiferal evidence from Lake Nakaumi, south-
west Japan. Journal of Geological Society of Japan,
109, 197-214.

HERPEL TS (2003): PR 14 47 FE 145 BT s .

Nomura, R., Nemoto, N. and Komura, K. (2006): En-
vironmental changes in braclish Lake Obuchi-nu-
ma, Aomori Prefecture, northeast Honshu, Japan,
with special reference to sea-level variation in the
20th Century. The Quaternary Research, 45, 347-
360.

Patterson, R.T. (1990): Intertidal benthic foramin-
iferal biofacies on the Fraser River Delta, British
Columbia: Modern distribution and paleoecological
importance. Micropaleontology, 36, 229-244.

BRI - /NVEEY (2005): H AR R OO K
W Eh AR, RREEL, 72, S7-S16.

Sampei, Y. and Matsumoto, E. (2001): C/N ratios in
a sediment core from Nakaumi Lagoon, southwest
Japan: Usefulness as an organic source indicator.
Geochemical Journal, 35, 189-205.

Scott, D.B. and Medioli, F.S. (1980): Quantitative
studies of marsh foraminifera distribution in Nova
Scotia: Implications for sea-level studies. Cushman
Foundation for Foraminiferal Research, Special
Publication, 117.

Senjyu, T., Matsuyama, M. and Matsubara, N. (1999):
Interannual and decadal sea-level variations along
the Japanese coast. Journal of Oceanography, 55,
619-633.

Southall, K.E., Gehrels, W.R. and Hayward, B.W.
(2006) : Foraminifera in a New Zealand salt marsh
and their suitability as sea-level indicators. Marine
Micropaleontology, 60, 167-179.

Takata, H., Seto, K., Sakai, S., Tanaka, S. and Ta-
kayasu, K. (2005): Correlation of Virgulinella fra-
gilis Grindell & Collen (benthic foraminiferid)

— 983 —



with near-anoxia in Aso-kai Lagoon, central Japan.
Journal of Micropalaeontology, 24, 159-167.

KA W ANERT (1995): BT 5 2 7 b N4k
SR EEBRORNED). WL 71, 1-7.

Topping, N.J., Murray, JW. and Pond, D.W. (2006):
Sewage effects on the food sources and diet of ben-
thic foraminifera living in oxic sediment: A micro-
cosm experiment. Journal of Experimental Marine
Biology and Ecology, 329, 239-250.

Trenberth, K.E. and Hurrell, JJW. (1994): Decadal
atmosphere-ocean variations in the Pacific. Climate
Dynamics, 9, 303-319.

Tsujimoto, A., Nomura, R., Yasuhara, M., Yamazaki,
H. and Yoshikawa, S. (2006): Impact of eutrophi-
cation on shallow marine benthic foraminifers over
the last 150 years in Osaka Bay, Japan. Marine Mi-
cropalaeontology, 60, 258-268.

Tyson, R.V. (1995): Sedimentary Organic Matter: Or-
ganic Facies and Palynofacies. Chapman and Hall.
Tyson, R.V. and Pearson, T.H. (1991): Modern and
ancient continental shelf anoxia: An overview. in
Modern and Ancient Continental Shelf Anoxia edit-
ed by Tyson, R.V. and Pearson, T.H., Geological So-

ciety Special Publication, 58, 1-26.

Williams, H.F.L. (1994): Intertiodal benthic foramin-
iferal biofacies on the central Gulf Coast of Texas:
Modern distribution and application to sea level re-
construction. Micropaleontology, 40, 169-183.

Yamada, K., Ishizaka, J., Yoo, S., Kim, H. and Chiba,
S. (2004): Seasonal and interannual variability of
sea surface chlorophyll a concentration in the Ja-
pan/East Sea (JES). Progress in Oceanography,
61, 193-211.

MR (2005): H A i w5 5 O TR B H)
— AR FEDBIS T LTI T7 7 v 7 ADEF & O
PIFR—. MeiRE, 72, S73-S89.

Yasunaka, S. and Hanawa, K. (2002): Regime shifts
found in the northern hemisphere SST field. Jour-
nal of the Meteorological Society of Japan, 80, 119~
135.

TSR - B A (2007) #2100 4R 0 4Bk
WK B L2V D=2 - 7 b I fi -
WA - A0 - 3 B LY—4 v

bR & AR E R LIS, 21-
28.

(2008 4F 6 H 26 H=A), 2008 4F 11 A 10 H=#)

— 984 —



