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Development of the standard curve for the temporal size change of planktonic
foraminifera
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We _reconstruct the temporal size change pattern of the middle Miocene index
species Paragloborotalia siakensis from 16 to 11 Ma at two drilling sites, namely, I10DP Sites U1337
and U1338, in the eastern equatorial Pacific. The size change pattern was discussed with respect to
previous geochemical and paleontological data. And tree-dimensional images of several specimens
collected from characteristic horizons were acquired by the XMCT method. As a result of this study,
rapid size changes of this species roughly correspond to isotopic events related to the EAIE. But we

cannot determine the significant criterion between the size changes nearby the EAIE and background
size changes. The Lilliput Effect model cannot explain for such background size changes.
Consequently, the size changes of this species should be regarded as an environmental response
following the EAIE.



¢ X C—19, F—-19—1, Z—19, CK—19 dm)

1. WFZEBIE Y DY =
AREBFOEREIL, HEEROERE
T OEEL 256D Th 5. MibA OEE
YA AEEEAEFRICHWEZFE LT, A
JR'EF > 7t Reticulofenestra B &1 B <
HMENTWD (B 21X Young, 1990 72 &) . =
DY A ZBALDOBERIZHOWTIE (BB (%
BER) | & TEH GBEER) ) LickEL<
wamnEn T\, EBEOLB Y — & R
5E, RELBOBMAr—L L TERM
WMThHv, KB EECETT2 2 L,
T, LIZLIRBER EERRBOLND 2
Emn, Wb Lilliput effect (Urbanek,
1993), T 720 H KT HEEN ) CHIA B T b
BOHILD KD RN F — 2@ T D
HNEZATHAREEREVEEZ LN, b
LEBEBHERTH DI 61E, &7 —1%
HAG9 2 MBEFIPHAN T LB HE L T
RBoOLNDI LD ETHISN, FHUTED 4SS
L L CTORHOZYEMENMEES LD Z LT
D, —WRIZ, BT T 7 o EMITIER
FiE D> TEIBE I RIKERT 20, EE
) CH AR AREME S E V. EERIZ, K
B b T A R E B LS
WHNTEZ.

PR FL R O E R Y A XEE OV TH,

FE OO HEPRE AT B 2R A Wb A <= b
G RTR L B4 « pre-extinction dwarfing) &
IRTHIRN L DN OFERETRRD B, [HEEGE
FCRHEENREBE EIN S 72 E (Wade and
Twitchett, 2009), % DHE(VFH « HHELESH
BREMERShS>oH -7, LavL, kibo
FIREF > 7{eaoplo X sz, FEy 7%
IZIRE L CEBBICO 0 AR A X8 %
B & M2 LT e TR T s~ 7=

MEEAR R 1L, # A [ BE VR 4 &
(IODP)#; 321 Yl CRARE ARSI 7
Y7 hEHHE : PEAT) (2L, H#HLIkE
DOVFEMERLRAERBF 2 MY Lz (H23-25
#TF(B) : 23740377) (Hayashietal., 2013).
ZOWEEOF T, HHIPEHIcZET S EE
e ilEHEAFALBRFERBEEE L S
Paragloborotalia siakensis DV A XAk,
RS ETHNCRAT L7oRE R, SRS 72 3 Rl
A4 XA X2 b &EF D 7 (Okada and
Hayashi, 2013). ZiuH DA X2 ME, JRIK
SHICAEE SNDARET » 7k DY A
AP R E = EHP L TW T2, ZoiE
(B0 - SMFEFH R B RORGEN L LB
Z7.

2. WHEOE®
FEREZREARES KLU SR - IRSB RN LR )
DIBEIZ AR & 202 LTV D58 IR EIEE 2 F
WC, {RilEAILRFE P siakensis Dk A
REE ARSI L, BEERRY A XA
v hMdwarfing) T 5 & & HiZ, JRiK
KL DA NI Z FREE L, FEYEZ S dh AR 2 SR
T 5. £, RIRFICHEE - TEREfRMT 2 30E L,
ML) - HEFEREBET 5.

3. WrFEDHiE

(1) BEIC KGR BB N Z — U BRELHTW
5 HAREAELE TODP Site U1338 T 2
siakensis DA XZH{EL, A AL
BOFEM NN Y — 2155, KREFEKOH
WA RPNE Z RN EET 570, Ft
MEEZHET LT OFNARA T AT A
FEATD. 2, BEENTZA X M
BOBUET, v~ 70 XHRCT AF v F—
FRAWT ZRTIZEMRAT 21T\, [FEcRE
DHEZBFT 5 L &b, BICFEN
FENE S AU TN 2 3% FEAE O R SR O fif
WradTo.

(2) Site U1338 & [fH:d9 % Site U1337 Tik
P A ZOREEITV, HIREKFEECE
A EREMFAT D &L b, BEEMT
ROMERAL LI AT DOFE R & LT 5.

Q) AL AR FOEEEZ HIEL,
KW CAEBF LRI ED .

150°'W  140°'W 130°W 120'W 110'W 100'W  90°W  8O'W

8| U1337

X o U1338

| —8000 -6000 -4000 —2000 0
Bathymetry {m) |
|

20°s! £ ' ’ 1
X1 [I0DP Site U1337 &KL U Site U1338 D
fIERX

4. WRIEEE

(1) P siakensis|Z2WT, £ 16~11Ma |Z
ELEMMOY A X EEBREEZH S I L.
FEHT U 7= RS IR E K E O HE LT 2
T BT %Y = 7 (I0DP Site U1337,
U1338) THD. b 2 Him CIERCHuEE
FREIC L DA FERREN SN TED
D 2 HEDFER I X o TER L2
AT AT F N (NEHS L IZRPTHER
WL DR OFHMEARIREIC 2D B X T2, %
JBHEDY A XA wFTSE D720, Kk
50 fEALL oW A X&RIE Lz, &5z 2
HS DY A XEF S H —AF3IEFIEBL L T
BV, A AL L DRIEOAREM IR &
. WEEREO s T AL, K
EREARRIK PR DHE R A X - DI A1 CREZE I
INEUE L, BERZRIZARET 5 &0 ) EEHE
g3, Zo/NUEEHEIZ DWW T X R CT R
X ¥ T L o THER DR 24151 L 7= 7
R, IH/MIEERITT B EIETH D &
W S 7z,

F7-, Matsui et al. (2017 IZ XV fEHE S
NI R8RSR I8 0 2 A 5L o5k (F
=— = ) REEOIRL) [T, YA XA
DR KU NEB D Bz, ZuTiEED
BREICHTIINEEEZDON, ZNET



HBILETLVOXAR L EwR SN T &E -
dwarfing <° gigantism O X = X A & (X874
HHDEBEZBND. LLEORRITFRER
L, £ R THD.

154 um

364 um

—
100 um

14000

2 I0DP Hole U1338B, 28H-7I=&I1+5 P
siakensis INEUEKR & REVERD X & CT &
D HER.

(2) FEEAILRAERFOEELE B L
LT, &M CAERFRONZEEZ FE L=, =
RLEDIFLLT @Y ThDH. OFEBEERE
JIb—k, TER 7 2 g AT 5 EHH
R EREEARE T, EETE . EESER O
GSSP At & U CRaA 172 8 Fr - IfF2e 3
DOHENTWVWD. RIFETIE, 207 ard
A LR BB s T T h & & b
(2, EVEEEENCE O BEEE LI BN L
= ZORRFEO—EBIXERE T2 (INQUA) D 7R A
2 —EETREIN, FEBEBETEEDLWVLL
ODDOFHLTRARIND . OF RIS H
ALENZ A3 2 LR R & R g I DWW T
WEPEA LA Z o L, N.16 H i~
N. 17 # FERFHTICxtE L7, Z ORI SES
RETDHELEBIZ, KBTI THD.

(3) ABFFECTHESL LT-9 A XaHHls AT &
XY, EAEFILBDOY A 5O b
B AT, BARRIZIE, QFEHNEE SR L5
WA D TEE Iz W, EARLR
BLOREEAILBRZ SN L, 1ERL 0 HEE
R EER T2, 72, ZOEEBIC
B ANZ LT B )EABFLE Burseolina ®
A XA, BE ORERRRICHE D >
FRAER DR R 2B E AR LT 2 & 2 50
W L7z, @2011 FH AL A RE 3R oo 2 i
FHEEHERED IS EN D IEAERILROY A X
AR EA, RERICE > T EFBLOW
RfRI L2 18] > > CTER Y R AN i ) & o3
ZEEHALMNCLEE. OBARMEBINFEICELRT
D RMA LR Amphistegina DY A X554 %
HEL, TOMAKEEEZMALZ. Zhb
DERITFERFICI VAR LT

5. ERRERLE
(BFZEf . WFE o K OSEEERFZE 1

(=Y

(MRS ) (FE 12 )

)

KAGHEZEE - K it (2018) (4463
FH) BRARAS R, TR E
FEICR OB/ NEER (WEER)
A LA EAE T A AR

fERFIEHR IS, o5 28 5, 1-9. (HE#iA)
Hyodo, M., Hayashi, H., et al.
(2017) (12 44 7 % H) Millennial-
scale northern Hemisphere
Atlantic-Pacific climate
teleconnections in the earliest
Middle Pleistocene. Scientific
Reports, 7:10036.
doi:10.1038/s41598-017-10552-2.
(EHA)

Matsui, H., Hayashi, H., et al.
(2017) (6 4 4 & H) Vertical

thermal gradient history in the
eastern equatorial Pacific during

the early to middle Miocene:
Implications for the equatorial
thermocline development
Paleoceanography,
doi:10.1002/2016PA003058. [ 4% e
A

WA Ty - AR K fl (2017) (6 44 6
2 H) BRI BRI 55 5572 0 [EI LA
(2 % TRt D EE R L A TE . A

MBAf i aeE, 82, 131-142. (¢
A
Yasuhara, M., Hayashi, H.,et al.

(2016) (10 %4 6 & H ) Cenozoic
dynamics of shallow—marine
biodiversity in the Western
Pacific. Journal of Biogeography,
44, 567-578.
doi:10.1111/jbi. 12880. [##Hif )
Hayashi, H. et al. (2016) (34 1%&
H ) Data report: Pleistocene
planktonic foraminifers from the
Kumano forearc basin, I0DP
Expedition 338 Holes C0002K and
CO0002L. Proceedings of the
Integrated Ocean Drilling Program,
338.
doi:10.2204/1iodp. proc. 338. 205. 201
6. [(&EHiA)

ferx A H oM (2016) G4 1 &H)
FHRACE A B 3 ot A A —
> T H A OV A L B SE S DG

M. AbA, 99, 63-72. [(&FHiA)

Matsuzaki, K.M., Hayashi, H. et al.
(2015) (7 444 FH ) Early to
Middle Pleistocene
paleoceanographic history of
southern Japan based on



radiolarian data from IODP Exp.

314/315 Sites C0001 and C0002
Marine Micropaleontology, 118,
17-33.

doi:10. 1016/ j. marmicro. 2015. 05. 00
L [(&HA)

© Kase, T., Hayashi, H. et al.
(2015) (6 44 6 & H ) A new
cerithioidean genus
Megistocerithium (Gastropoda;
Mollusca) from the Miocene of

Southeast Asia: a possible relict

of Mesozoic “ Eustomatidae ”

Paleontological  Research, 19,

299-311. doi:10.2517/2015PR0O13
(EHiA)

g S - R K fth (2015) (5 44 5 &
H) BRI BRI B 5% o TR THe /A AL
&3 X O JE oA A JE . i
Bt axak, 80, 375-384. (& HiA)

@ ARG - AR AR (2015) 48 & R A
A ARBRE»OENT S
Anadara J& — R EALA OTCRERIE. 5
TR U ER B PR BR B A Je s, 33,
75-88. [(fniE

@ Iwasaki, S., Sasaki, 0., et al.
(2015) (64 3#%&H) Observation of
the dissolution process of
Globigerina bulloides tests
(planktic foraminifera) by X-ray
microcomputed tomography.
Paleoceanography, 30, 317-331.
doi:10.1002/2014PA002639. (£ &t
)

(FsR] Gt 24 1F)

)

KIGHEE « W Jast fth (2017) (B4
2 {FH) —HRIIHMT 5 EREHE L
OBEEICAIER. BAME S 124 4F
ERTRES (BB R, 2017429 A 18 H).
SREREGSE - AR B fil (2017) (1244 7
EFH) THEEY S a9 OERELHETD
S—THE~HEA T — L ORWE. B
AR RS 2017 FE RS (F& I K,
2017 -8 A 28 H).

RIS - AR DO fh 2017) (64 43
H) 74Uy, LA T I HAmh
T BB R ORI LR EEHE & i
. AARTAWSE 2017 44 (dETuM
N7 A SRS - R SR A, 2017 426 H 11
H).

JITETEE—RS - Ak KT (2017)  BUIRIE AR
7£ 10DP Site U1338Z331F B fEHit-niz
WEMEA FLEBREEE & . HIERE R R
A K 2017 RS GEE A v, 2017
5 23 H).

AL - AR SR fih (2017) (6 44 4 3%
H) B~ g 2 U 7o gRaE R
PEIRE BRIE D38, HEREE Bl S
2 201T RS EEA vE, 201745

H 23 H).

SR ST AR R - MR 52 (2017) AN
MORERERICKBT L7 Y 20X =<
Y~ WHREE FLUT R O TR LR B
B & . HIERER B G R4 2017
RS GEEA v &,2017T45 H 22 H).
Takuma SUZUKI, Hiroki HAYASHI and
Osamu SASAKI (2017) Temporal
change of the middle Miocene
planktonic foraminiferal species
Paragloborotalia siakensis (LeRoy).
JpGU-AGU Joint Meeting 2017 (FEiE A
v, 201745 H 20 H).
AT /G - AR TRHS i (2017) (446 4 3%
H) fE8— e TREEm RE BT
DA LB A & O T2 TR B
oo, AAREAEM Y 166 Bl (R
TR R, 2017451 H 28 H).
R4 - bR TR f (2017) (440 3 3%
H) {FlEMA FLRERE & IR RN
Fo3 AN EE B ETERIC 1 5 MISh
2B MIS6 O I EREAHE). H AN AEY ¥
%5 166 Bl (RAfEEKRY:, 2017 41 A
28 H).

Moriaki YASUHARA, Hiroki HAYASHI et
al. (2017) (10 &% 6 #&*H) Cenozoic
dynamics of shallow—marine
biodiversity in the Western Pacific
The 8th Biennial Conference of the
International Biogeography Society
(University of Arizona, Tucson,
Arizona, 201741 H 9-13 H).

Moriaki YASUHARA, Hiroki HAYASHI et
al. (2017) (10 &% 6 Z&*H) Cenozoic
dynamics of shallow—marine
biodiversity in the Western Pacific
Fall Meeting of the American
Geophisical Union(Moscone Center,
San Francisco, 2016 4 12 H 15 H).
Moriaki YASUHARA, Hiroki HAYASHI et
al. (2017) (10 &4 6 &H) Cenozoic
dynamics of shallow—marine
biodiversity in the Western Pacific
Annual Meeting of the Geological
Society of America (Denver City, 2016
H9 H 25 H).

R RH il (2016) (64 1 F&H) 2011
FEFAL R T ROV E M R T L 2 [ Bl B
TRUH HERE ) T O A FLRERIEE. A
HE R 123 4R RS (HARRFSC
HIZEER, 2016 4E9 H 10 H).

P - AR JERE fih (2016) (6 44 4
FBH) 7400y, LA T BIEEHE
ZROFEEALRAERERF. HARMES
R 123 AEAIN R (H AR SCEF,
2016 4£9 H 10 H).

KRIEHEE -2 =gk S8 (2016)
—HE-EEE L orEEa L
J& e gt o i I R — b AR
EommEElZ B LT, HAME S

size



21

22

23

24

B 123 FEMTR S (H AR ST,
2016429 A 10 H).
AN - BRG] - AR SR (2016)
A EBR R 5| (T0DP) 25 333 &
WFGEMIME Site CO011 (Z381) % MEFTHET
WAL b AE . BAHE SR
123 FE2AA RS (AAR KRS SCEESE, 2016
#£9 H 10 H).

ESARPRSG - AR AR fih (2016) (444 2 &
H) B g oA Hic s i 5
TR A LR O FRE. AAREA
W 2016 AR (R R IR A SFRT 48 S
SR, 20164E6 H 25 H).

Ve LA - AR AR fil (2016) (444 3 &
H) it FLRBERIC S S AINFE T
BTISIC 3B81T 2 EckEEok I & MIS 6
WEREEAE). HARMEERIESGHRES
(BEIR:, 2015 4E 12 A 19 H).
SLEHBSE - AR SR fil (2015) (9 44 8 3
H) E#JEED Matuyama—Brunhes HUfE
Lo - TR R A — L DR, HIEREE R
e HUBREK R BB EE 138 [l K O
e R RFBEEE/NER —L, 2015
/10 H 31 H).

Hiroki HAYASHI et al. (2015) (44 1
#% H ) Temporal faunal changes in

fossil planktonic foraminifera
across the Matuyama-Brunhes
transition at Tabuchi, Chiba

Prefecture, central Honshu, Japan.
The XIX Congress of the International
Union for Quaternary Research (Nagoya
Congress Center, Nagoya City, 0l-Aug—
2015).

Masayuki HYODO, Hiroki HAYASHI et al.
(2015) (8 44 7 & H) High-resolution
Matuyama-Brunhes magnetic polarity
transition record from an oriented
core of the Kokumoto Formation at
Tabuchi, Chiba, central Japan. The
XIX Congress of the International
Union for Quaternary Research (Nagoya
Congress Center, Nagoya City, 0l-Aug—
2015).

AROH fil (2015) (44 1 & H) RlEHE
HAROBAT Fr FIEIZHES < Tk
DOREFF I OWRFFEERBE O e, HIEKKE R}
A KRS GEE A v 2 EBESES, 2015
£5H28H).

ek - Bk K fi (2017) (444 3
FH) A LRI LD < AN
75 BT 31T 2 AR & MIS 6
O ERIEAE). Bk KRBl G R (G
iR A v R EFE Y, 2015455 A 27T H).
STEABEE - AR SR (2015) (944 8 &
H) R BCRT 2 EARREOIEE] =
T O Y ~v—T Y 2 XHESARME R
T Vv a v HIERRRE RS R (5
iR A v [EEE Y, 2015455 A 25 H).

6. AFFERERE

(D) WFgEfFRE

A Kt (HAYASHI, Hiroki)

AR K < AT AHFIER - HEZHGR
W& T« 80399360

(2) WFge sz

erx K P (SASAKI, Osamu)

HAEKRY: « AT E AR o 2 — - i
Bz

W& T« 60222006

) WrIEt 113
5K #RE (SUZUKI, Takuma)



