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Figure 1 Climatic changes from the late Oligocene to the early
Miocene. Changes in 50 can represent temperature fluctuations™. The
curve was reconstructed using the R package tidvquant and ggplot2
using data from Zachos et alPl. OMT=0ligocene-Miocene transition;
OMB=0ligocene-Miocene boundary
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AbELESE21.7~24.9 Mali]CO, K fE 1456 5 _E—Ab#H
[Fl. 3 S B R AR UK 25 AR AT AR, T 126 A% AR AL AR
W B 224 B 4 BRI AR A X MBI 3 AR A Fg v 87

Mawbey Al Lear!”* 5 28 B 437 e 4t 1% AL K PG 3 3 4
TR O TR A FL AL A RS ERAL 24 IR FR hr(Mg/Ca,
Li/CaflU/Ca) B AT 2 KB, 18 25465 r il vk
JIHERARFF— S0 Bk A 7523.24 122314 Ma;
THR A K AEAE23.04 522,94 Ma. %45 R 5 Lear%%
NCTRRT Fe g R A — 5, {E 5 Paul N i
22.95 Maid 2l FE K /4 e A 1.

Lears N\ 5 Mawbey FlLear! " ({77 b & A [,
BHF 5T A — 5 Paulss A 5Mawbey FlLear ")
A HH D FOE 7 1 s, A R AR ). TR A 0 3 ik o 2
SR RAR AT e T EANE], ABASRE ) 2 i R 2%
AL 5 BRI A (ML BR 2 6 F 5 3 30E 1 A8k ) —
ESQOE R

MR A MR, OMTR AE (S 3 N
W, AR WEMAN~0.1 Ma, KHBHEN
~0.4 Ma®" ™ 33 bR 7 1) AR et 1 8w A
3B 2 ¥ (Memurdo  Sound) Az FiAth 4 A 5 S35,
JEET A S AR AR R A B S AR L E B 5 T —
FEVKIRE R GE /N, T 1E] UK TR 5 UK 36 PR 4 1 S 3
Pk, KR, BN FE MR AR I UK, FEAEIR VKIS
sk TN FE IR, R AL H I SRR R,
SN THERIPRAR, AR TR R E.

1R 1L BB (Nothofagus) HITHEAY A2 25 — R Il /Y
fRF%. ARYEAERC T, L TR B Y Rh 2 R B e
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HIH IAEOMB T, /2% & 4 AR Y &) I A,
B 2RI AR AL 5 2 I R A S TR Y B
SRFE M VK SR FEOMB IR A T 975K, 22 e BR 2 W5 8
HRAFAE R ST T AR L B R IR A E A A 1 B
7 vo BR 22 VST T P 2R SR AEOMBRY i = T-5°C,
IEINT B A N 24 22 R0 ot i ) v AT LA LL B R R A
TR B 4 % R I 6 0k 5 A
Mi- 10K 5 A LT, %0 X 0 AT B A5 1L B b8 2R
AR ER I A T

F1-T-OMT I 5E 4F J SCREM- 1K SAH O i =541
FA R A 0 R AR A I 4 20 52 REOMIB I HH4
T BRI K 4552 3 1 R B S A AR AL 5 ZU 520 . Flor-
indo 5 AT i K A 7 1 A1) BL B 2 40 (Rio
Grande Rise, SW Atlantic)J 5 14 A P )2 2035 (mag-
netobiostratigraphic data) 7T I, HAHTTRH 2 JL
427 J (paleoproductivity) 1£23.9~22.9  Maltf ] & 2
BN, EMI-1KE BTG, e T AR Y
INf A AR A PR B

Srinivasan K ennett! 5} j AT : (1 = Ab VR HE B
SRR LRI PR GEEAT T VAR S BT R — A
LA RFAE: RO Fh 2 FF P 78 5215 OMB I ik 21 5 I
SpezzaferrifilPearson' > % BRI . B AT B BN
PEURIEG S TR A FL AR B 0B B, fEOMT
SIA], A AL B 2E s PR A A 5 e P AR A DR RF— B
KamikuriZg N7V 347 7 0 AT PR AE 5 58 1 R TRt
HOERHIFAH DI 81, 45 R R IR R kA T 4
RE KRR 27.5~27.3, 24.4, 23.3/%21.6 Ma. MEITR
HMEF H, £927.5~27.3 MaB SR T-FHEIN, (HE 7 T
Mi- LK AR ORI B, X i 7 1, OMT A fi%
A R AR AL A T IR 2R, AR E
RTAESRACR B, (EAEEOMTH I, Hih—uk
BORBIEFEAEY), JCHRIT R Re TR ZE 2R, fE1Z
V) B A A D R R RE 2R T AR AL IR AR 4k

2.3 SEYHAIRBEAIE R e AR AR

I LA A VTR B, OMTH A E AR 1L
R EE & LS HO X A5 . R RAL . B2 Rk
T s 7625.8, 23.2, 21.1%19.2 MalU /Mt ]
BRENTREHM, 540k <m0 FEH
VRHC, 4 f e s 36 i A8 4 3 B2 23.2, 21.1 K%
19.2 Ma/Z A 1l Py V) S, X e ymT i iy U1 1 5 i
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Puzzh ook, &R T 2RI RS R, 35
AR AR IE R AR BRI AR R AR O, TR A AR
WL IS B KB B B AR AT, o
FH T 3Tt P L3 1 /N i LR (bunch grassland) ]
OMTH HA ) B H 52 5 (sod grassland)5 4% ; I FLahWI1E
VIR B AR B OR/NGE T T ER R AR T ORI AR
Stromberg T T 4345 T AL A9 Mk 1 Tt
RIN, RS ATEYEN B 5 (~34 Ma) k4=
PUE b, ARFE R B B o 0 A e
FRHTE, X UL B LE MR AT ) o, PR L
Bk 7 BEARAEILFE R 7K. Levering A%k
A IR HEEAHAT TIRA T &3, OMB2dk
FA BRSNS )R IR — AN L, X Mg )
F6 77 1) 37 72 55 LA 35 p R Ko 5 P D AR A T R XSS T
B J Ay A ™,

K B 5 E A A IR AT 5B OMT B IH], 35
) DX R PRI A T ORI AR K. Follmige N xf
Jb &M S5 U EF T IR AR JE TE M (Baja California Sur)
OB B AT VAR 0 A e B, 28~25.5 2235~
21.5 MaPi /MR Boad TSR B b, XA B R 2 1
558 1) S T A 55 2 B KA - ) KA 7 A A A 5 30
WAL FE K K& S —3. EdingerfIRisk ™ 404 7
F Mk 2 B2 % PEACANTE R A 2 R I R A A A,
W ThE 380 ot SIS A MK K 48, (B 2052
7K MUFIR IR BB 20 REA7 V& T ok, HygEdhnT g
ST R SR BN 5] S BT A R 25 5. X 1 B
OMTUK I R MR L& sz 2 1 HhSEPH X, Tk
B eI DA R Bl e AR SR. W P T AR e S
15 BAL A R R KR e B 3 R Y, Xk
7~ 1 OMTH S UK 3 18] UK 3H J62 38 1) A 38 3 =& A Rl
e 5| R 5 2 B S Bl A ) AR Ak, BRI
KA.

24 BRUNIGIRBEALIE B Ay~ 2008

WM 2 B A TR PR PR AR AR, KHB Ay i =
T B Y A CR PG PR AN R i), P OMT 3 8] it -1
THT A28 46T i M 3 32 (19 A 1528 4K, Rasmussen'™
XY 22 BT I B L rpOE O S R TR EEAT TR
NI JE KB, PORUE R AL o it i e R 2 T &
FHHAAL, X5 R RRAR R, JCHAZEMI- 1K
eI N B UIAR G, b eI L Gk R - B R 7
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Hb(Liguro-Provengal Basin)H & 13 7t % g 1 2= vh
Fritt o IR UTRUN, Briard2 NPV T ok 26
AN [EUAR THI 12004 415 576 48U R A7 2= ) AR A 45 SR R B,
HIREAEOMBH] & [ 115 1.5%0, B )G X F+m 1 ik
2.0%0, ZAZALIEFE 5 OMTHS J R B AL B A — 5L,
AR FE ORI BA 15 1) [ i R B 4t 13 R E 4.

Brandano® A6t 1 gt [X 8 KR -1 2f
FEAEM . BIRGM . AHAMR. IR
AT TIRA WS H, Ho b X FEOMTHY A ¥
PRBRR AE 77 f& Ml (crisis of carbonate production)”, BRI
FRER U SRR D EE R 2k, PR 5 )28 il H s
JAHERR, X FRfENL AT RESE BT 32 3 2 I K mE R R T
KECO LI A BRARAZA RN, COLRERG N2>
B IR K DX T RR BT, 53R T 7K R B AL R, A A kIR
MBS ek D, A SR 2 3G . [R] I M- 1K 25 3 5
Wil R B A A T R R AR R, AT R 3R HE A (R
(IUTAREAE. Brandano®§ N *HSbiR i, Hirhifiity
[X A58 (49738 A4 A2 X A 4 BRPE S AR AL 3R (R B
g

FH T IR 2 B Rt rp g XA FL R
FEAS[E] B B I AN TR PR 2 RS, HE D 4 1 124
X PR 5528 5 o AR W) (3 A A 35 T B0, Holcova ™
XoF i BT A o 2 b (R AR A B0 0 e ) URR R Ak
FIEAT T e RKIR,  ASEI B BOSUAR AR KN B 224
55 A FEA— 2 RIMi-1KERRE M B,
BRSNS, UK S FHE M BAMAAE K. flfk
F A RN AR A [EIFEAR 21 TR B AR B b A 2k
ZF45 2% b (Isfahan-Sirjan  Basin) i F 5 A FLH A
KM AR ENIE: T tH A A DLAMA R
(RO Rh g, T AR LU DA BN A2 31,
Rtz Ah, AR R BRI A 5 1 21 A A5 75 R M oty s
HIVIFh Z AP SR T B, AE DR TE BIAEE TP AR TR (1)
BRI, AL R A RE 7). BAREE 5 1A%
DA 9, (B MR P e 37 R MOMT i) H A ik & i
Sfe, Ak i 0 Bk e 2% S B0 T Wl g 7K 461,

2= [ A g v JR (Massif - Central) () Ty Vi 1th 5 730 3
(Limagne Graben Basin)ii #HITE H A K& IEY)
ik, Wattinne NRI I BA A L
AR = SR, 456 a0 NI AR DR o 2R ST 5
JRI, A W G R T T R %) RN B B (Theri-
domyidae)Z I 1EOMBI CL483H 5%; 10 H., B Z5IAH

(7K EH B AT RT T 9% K, BIOMBRIN:EIK, F 2 H
i E B K AR, AR R R A T AR L)
Y2 FEE I RRAR . AR E B ARG . KRB I 3 AR 55
Ak 55 Mk e e TR O RRIE, BIOMBRI T, FEE|
Bt BV A 2 DDA DG, A 8 K ZEOMT
IFHAZE DT T BRI - T V4 -FRIR AR L I 72, AbfEOMTH
HAFIOMBI H (1) S fige & 44 1 =%

2.5 AEUNRYIRBEALIE B I Ay 2R 50N

PRI T 380 e T S W R il b o V% 30 A S R Y
BrEe, Hobm eSO 2 R ORI S RO K ik 1 1 428
R, DA AE~30H1~24 Mak £ P K g
i Bah, WIRRE . i R ) T T
ORI, FEARIG R LAEOMTIN FFE T 12500 m™, 2%
ACAFR 1 1T A R 7 = 75 i 0 PR 6% R 3K i WP
F BN TIEHE. Bl Atfy% NI ok (G 3% B3 153
5o /R 2 (Nukhul  Formation) s J& B 7 7 th: 21 5. b 3
300 fk A A R A AT 20 BT JE R IR, XSS
A RERRRKERNA, HICHENNZ
KE H AT f 5 OM T BT 1~ B S AR Heiz 3l 5]
ISR A S, ok B PG AR BRI 5 A
SRR, OMTMIE], A2 BFhr BT TE B K I
M- 10KIRA G, THRZK BRI EMI- 10K 5
AR I T S 5 1 n 7, X i A T EE B, A
K32 3] 7 OMT A BRYE S B g2me, AT AR
TIXIMERIAEE. AE IR AR A e A BRI SRR
ez R, AEPHORES i AL s Y fEOMTI 2 [y 1
—REKPALY, S ER R bR R AL R BR T K
it AP FLA N AR

WAL IR S R A48 e KBRS 7). i
TR RS AR T PR R 23 A ) K B H B i A7
TR, H B VRS BRI B8 SR 258 (hyracoids) ¥ f
A FrEGm, RS 2 AR B
B AR R S B B S, B G0 B S L SR (arsi-
noitheres), x4 K4 Gaubert& N"F 1 s
AW B A VR E A T A R A B AR 7 L F R Ak
IR, HA O 2 B R IR A A T AR R KA Y 1)
77 1L HE (Smutsia) 5 /IMAERIK 28 1L HE (Phatagi-
nus){E~23 MaR &40k, B Je T2 BR R gh b
J% 5 s e 5 VG P S ) ) B 36 7 3 P 5 S 0K - R R 1y
Hi R I SR MG UG R S A A TR, MR SRENITE
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OMT &KL T KT /- And skl 01 53 HeiiF #a34
Vi A, OMTH HS{5 K IR B AR A DK 3N T AR P )i
b, FECGR PR R L SOF A I . R, SRR
Wi 57 T K o 114 328 482 S K i [0 b A2 gl ST 1 i b
Filil. KappelmanZi A% 3 B384 B 7 AR X 757
A B R K4 v e S N R M B RN S a
K. b S S A 2 BT I PR AR P RE R R 72 5
TSR B R sh T . Bksh, OMTI I9E
KB IS KA T — RE KRS, BRI A
Flahn i Bk de s, T RE SRS B KA A%
AR A, 5| 1 X S R B A A e Y,

2.6 IR PRSI IE B L A A

OMT & KT VA g S 0 A A0 1 e LY B, X ol
A 5 M IR B B AR IR A Ak 5 AT 01 g
2P Foulden Maar K 1113t A5 R & 1) MR 3T 8T TH K 1
B0 R JOLITRRY), HPAZ KRERSEY
T, FORRTF K223 Malfg Kl R, s T
SAFEARALZ A, KEEDHLIX 2 B (1) b 57 18 36 30 vl e
WARTHER.

ReichgeltZ AR A AL B A 0 e 76 22 K 25
F(Litsea calicaris)F%E | ' N CO, R AL A L 2
B, ZJa5504 T #vE 5 rd #Foulden Maarfb f i+
I AR IO VE 2R F (L. calicarioides)t Jr
Tk ARG RZ AR ES, HENCA DR RO 2R
AR A BRAR AL, S5 IR BI, BT 22 R R CO,L 1
BESRBEINFRSE T 120 kyr, 5 Mi-19K 45 o L8 vh =%
R MY &

Steinthorsdottir&s A 7VF) FH 7 6 22 B 35 40 A B
F AR RHEYIH A RS FLRRIEE 2 1 g 2:CO,
TR PEE AR A T S R B, Rt v T S I N, R
FOMTIE I, KA COMEE B AT, ph A,
OMT T BA VK A 5 48 25 o 1) 7T R 5t DAL >4 B KSR 1)
COKEET &, T RGN K G A5 bt (A4

B A4S FRH(Potoroidae) 4% fR B} (Macropodidae) 1 731t
RATEOMT, FRE I S5 AR b SR S B e Ay
S DL R T RN T 38 R (KO
FE, (Z/D)EM FRRAE J5 TH R AE T 38 R (0 2, 1 24
B (1 S0 A8 A 51 S 1 A 5% A G ) A 2 2 E P A 1
k.

3 &g

BT AR R X (R 5055 R I, W - 3
L, ARA Ak L bR BR B AT R R i %
S B A A £4925~22 Ma, WA OMTH) 5 763X A
IR, ST HUFR 2%, HERSE . AR A I A
SR 2 R 9T AT T A, e A
A7 T B AR B E A 2 3L

N (B FATHRIE SRR, OMTI A& 4 % 2
PEFEASRISL I, T 62 5[5 — HbER A1 7 IR B, i —
Y AR T ok 1 M Bk A A 00 (b RIS ) 28
AP S B RS Ak, B BRI S A B B
AR AL R

B FRTTE 9 22 451 K OMIT I 399 f) /0 25 4, U B
FHbFRGTE S (21 OS O] R g AT DL Hh BRI A
A TR B 2 A BRI 0 S5 AE 162050 b g ',
i DX S Pk AR HOE B B AR S« T SR S B 855 2
1 X 4 AR SRS B, SEIR1E AT X d b
PREEAS T (U7 T A S 2 R 1 ).

OMTIR 3 & 4= Btk b J5R B 855 25 5 ik 2 oo i — A
HEEM B, X R RO R R THR IS
®), SIS, WA T W AL
FUE RIS R, FEMR KRS s 7 B 1 5 Ak
JR. TRA, RN 1% B Y R B A AT i
T 3 I S A0 3 0 % - B AE 0 % B MRS IR A
BRI, AR A A o ke 10 8 A ) SR A 26 B )
S LN

e E PN
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Global environmental changes and their impact on biological evolution
during the Oligocene-Miocene transition
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Although the Oligocene-Miocene transition (OMT) is a well-known key stage in moving from the Oligocene to the Miocene, and
many studies have considered the environmental changes and biological evolution during this period, the results of this research are
currently poorly summarized. Here, we gather information from previous OMT-related work in geology, geography, astronomy,
paleontology, evolutionary biology, biogeography, and other disciplines. When we systematically collated these documents and data,
we found the following. First, the OMT should be constrained to the period from around 25-22 Ma (million years ago) based on the
climate fluctuations between the late Oligocene and the early Miocene. Second, compared with the Oligocene—Miocene boundary
(OMB, 23.03 Ma), the OMT has particular significance for the study of biological evolution. In addition, we speculate that the
environmental changes occurring around the world during the OMT were not isolated accidents, and instead were likely related events
induced by orbital forcing. Global climatic changes could have shaped regional environments by adding to local shifts, and such
effects may have had a profound impact on species evolution and adaptation at a regional scale. Thus, the OMT is a key period of
global environmental change and biological evolution, and a thorough study of organisms’ evolutionary adaptation histories during
this era will be of great significance for understanding the biological strategies that will arise in response to future climate changes.
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