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. Fig. 3 Plot of 50 versus time in cores P6304-9 and P6304-8. The dots are data
points and the heavy dashed line represents the proposed primary sawioothed cycle
(after Broecker, ez al., 1970)

BHSRERAR, SRETABLRENE L. B2 Lo FiROButALED
RARTX—#ee. A3 LORHFHMARLRE ERRTEX 40 TERERENEEL
oo EAERMEHRRI: BRESKERNNARRE, BANRERSE/RERERLY
KR ERENLINBEEAR S AHERARN. FlinRER 3 X, A ENERER ST
HBTHOR o EREAXMEH, HARERERPINKRB 2 REFECTA"FLE
#”E’Jlkﬁﬁ“‘%iﬁﬁ}?%?’%%m&ﬁo HE 3 LR REATH, L 3 kIR
%Eﬁk%%ﬁxiﬁ%ﬂ&i&ﬂﬁ/\ﬂ 5,127, & 1.1 TEMNETR A 3 BF I EUE



©OBRERES, 1986 b TR R (BB R E-

4 3 BRSO N LS W B S A R SR 2 o R O e e R 317

B 1970 R, ST R %, M Imbrie %5 (1984) AUMTZ, L& 3 kAR
SUNBELEES 24.5, 128 & 1.2 FEYES, R 1 E,X 3 MEREIESSEEN 3 K
AR AR RO B o DL BRI ZES R SR YR IZE IR
S A FAIS RIS Ao SREEXTENRE R B BHIRI1E o

R 3K EE T TR RO R R AR A PO B B R e ZE M DART, R RERE R
AREr HE HEMEREHSRERARER

ERMASAERNBER—EN. REARRING EWRRE A HEKAR, BR
BEHRERAREN—NTRS, FHERAZAKIFRN. FrER gt & 9 10 ¥ 14 Al
W, LEANRE SR EEEERNETEN. REBEIY, nRHREERL (L
FEASE. A, A EE. £ DES) WA TARROELRRE— S E 2R, Sa a8
s R, R A AR L AR R E R R MRS T E, B,
—HHBREEAZORTRE BN ECERT RERRE, PLARREHRILRL
ARFPHRSESUBMFR, TEXAZNETHERE ubWit)ELr iR e
B AL, B Pk BRI DL SR BRI R R P PR A o AR WIRRE (L SR8 R 70X
BRI T RER, RES, FESRESNRBN SBRE S HERLIERMEL,
T L6 SRS SR B A R 20 H B4 A AL i, I 2, R AR WA
EHIREZRE, REVFENLI, REDBNEARNETIRENRERNSRE
BRER T —. ZEISENREELSRBMREERERE HARAL”, BE
EAERBREERENEN T AAERERANEE, EXHERT, RITKEY
“BES ME IR B R (ERER . SR R 08 — R AR, 1986) M2, R RRNLA Bt
AWFRR, EESMNESIA“HBEE BRI, RBHG “RIREM” (global change) Ky
Moo BEHRALTN WREEE, EWW%?EW&@BEW&“%%@;AE
SR T EREBEBI, i F 5 B NS ﬁf&(%@%ﬁt{@ﬁ?%ﬁ:k%ﬂ%l{
B—&REE bo T4 Y3 (g EE M R B~ e, ERITER, &
R RN, |

EAXNE LB, BEH SR TS R ROWE, XRRNEELEE, FEh
TR R o S

(1989 &£ 9 § 7 BULR)

. % X B

BHER.EFIRE, 1986: RRERE, MHIIEEHRMHE 131215,

BRI KB R — K, 1986 BREMBSESEF. BE,H 38 4,56 400,58 291297 |,

BigiE R — R, 1988 MTEARER. PEMEASE HRLH 1201 &,

WERHE, 1984 LA EHFH ATEADYRLSSRETHX R LHTAEF 20(R 41,5 9398 Ho

TERH, 1986 a: RUBRFHMIADUHEIEDIREESRHEENXR. <hEHEMEELE 13, 4 EERES
Wk BEBEER DR, 8 271278 T,

HARERERXF BB <RIHRFER> GREX
BE—~ER)EH BRI 151157 T, ,

gRED, 1987 a: WHIBRBLYE X P M. XE%‘?{?JG), 44—52,

#WERH, 1987 b: L) EHRHEAHYAORLESBRET. ATE%E LAGRTED,H 94—100 7,

Bk, 1989 LB FARMADYELESHR I EREN . HHEHHFER,21(2),117-127,



318 HOE OB B M % 28 %

IG5 1983: HIRREMAZ G, BARRE6(2),5 126—128 [T, ,

&IE—3, 1975: FFHEYHER. HHENFE (1988), BEMRMLF 1220 1,

REH, 1983 BFMBMIEER- —REREIR. FEIGEH 9 1,% 214217 I,

Azzaroli, A, 1983: Quaternary mammals and the “end—Villafranchian” dispersal event — a turning point in
the history of Eurasia, Palacogeogra. Palacoclimaiol. Palacoccol. 44, 117—139.

Bonifay, M. F., 1980: Relations entre les ‘donnees isotopiques et Uhistoire des grandess europeenncs pliopleistocenes.

Quaternary Research, 14, 251—263.
Bonifay, M. F., 1983: L’environment climatique base sur les grandes faunes villafranchiennes. Bulletin de I’ Associa-

tion francaisc pour lctude du Quaternaire, 20, 71-—79,
Broecker, W. S. and J. Van Donk. 1970: Insolation changes ice volumes, and the O record in deep-sea cores.

Reviews of Geophysics and Space Physics, 8, 169—198.
Imbrie, J., ez al, 1984: The orbital theory of Pleistocene climate: support from a revised chronology of the marine

O record. In Milankovitch and Climate (Berger, A., et al., Eds.). Reidel, Dordrecht. 269—305.
Kukla, G. J.,, 1977: Pleistocene land-sea correlation 1. Europe. Earth Sciemce Reviews, 13, 307—374.
Lindsay, E. H., e¢ al, 1980: Pliocene dispersal of the horse Equus and late Cenozoic mammalian dispersal events.

Nature, 287, 135—138.
Repenning, C. A., 1967: Nearctic mammalian dispersal in late Cenozoic., In The Bering Land Bridge (Hopkins, D.

M., Ed.). Stanford University Press, Palo Alte, CA, 208—311.
Rpepenning. C. A., 1980: Faunal exchanges between Siberia and North America. Canadian Journal of Anthrop.-

logy, 1, 37—44.
Repenning, C. A. 1984: Quaternary rodent biochronology and its correlation with climatic and magnetic stratigra-

phies. In Correlation of Quaoiernary Chronologies (Mahaney, W. C, Ed.). Geo Books. England. 105—118.
Shackleton, N, J, and N. D. Opdyke, 1973: Oxygen-isotope and paleomagnetic evidence for early northern hemi-

sphere glaciation. Nature, 270, 216—219.
Vrba, E. S, 1985: Ecological and adaptive changes associated with early hominid evolution. In Amcestors: 1he

Hard Evidence (Delson, E., Ed.). Alan R. Liss, Inc. New York. 63—71.

CORRELATION BETWEEN MAMMALIAN EVOLUTIONARY
EVENTS AND ABRUPT CLIMATIC CHANGES IN
NORTH CHINA DURING QUATERNARY

Xu Qingi
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(Instisute of Veriebrate Pal
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The history of mammalian faunas in the late Cenozoic is characterized by discontinuities
that were initially interpreted as hiatuses in the record but which, in fact, are due to faunal
replacement. The discontinuities were named “dispersal events” by Repenning (1967, 1980,
1984). He said, “Mammalian ages of continental scope tend to begin with an episode of in-
tercontinental .faunal dispersal” (Repenning, 1967). The concept of “dispersal events” intro-
duced by Repenning (1967) was developed further by the same author (1980, 1984) to deal with
Asia and North America: Lindsay ez al. (1980), and Azzaroli (1983) applied the concept to
Asian and Europe. So the discontinuities are due to short periods of rapid intercontinental

The discontinuities were also called “faunal events” by Opdyke, Lindsay and Jo-

dispersal.
These events were defined by the

hnson (1977); and “evolutionary events” by Vrba (1985).
datum levels of the lowest stratigraphic occurrence (LSD) or those of the highest stratigraphic
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occurrence (HSD).

Nine mammalian evolutionary events in North China during the last 3 million years (my)
were recognized and described by present author as follows: 1. the Elephas yowheensis LSD
(3 Million years ago, Ma); 2. the Eguus LSD (2.5 Ma); 3. the Canis LSD (1.85—1.9 Ma);
3. the Psendaxis grayi LSD (1.4 Ma); 5. the Leprobos HSD (0.9 Ma); 6. the Myospalax tingi
HSD (0.62 Ma); 7. the Hyaena sinensis HSD (U0.24 Ma); 8. the Bos primigenius LSD (0.127
Ma); 9. the terminal Pleistocene extinction (0.01 Ma) (Xu Qingi, 1989). The last four datum
levels occurred in the beginnings of warm o6xygen isotopic Stages 15, 7, 5, and 1 respectively,
or at the ends of cold Stages 16, 8, 6, and 2 separately (Fig. 1). Kukla (1977) believed that
cold Stages 16, 6, and 2 were found to be marked on the average by deeper and/or longer
lasgng isotopic records. I suggest that the climate was much warmer and more wildly fluctuat-
ing during Stage 15 than the others around it (i.e. Stages 13, and 17), as was the climate
during Stages 7, S, and 1 (Xu Qingi, 1984, 1987b). Bonifay (1980) argued that the warm
oxygen isotopic Stages 15, 7, and 5 were much more important than the other warm stages
and that the cold Stages 22, 18, 16, and 6 were much more important than the other cold -
stages (Fig. 2). Thus the last four evolutionary events clearly occurred at the ends of the
marked cold stages or in the beginnings of the noticeable warm stages.

According to Repenning (1984), the dispersal events apparently occurred near the ends of
episodes of most extensive grassland and could be dated with 25,000 years possible error on
the basis of present evidence. Vrba (1985) argued that the spread of open grassland at the
expense of shrinking forests and woodlands, was probably caused by a global reduction in tem-~
perature and associated alterations in rainfall. The interval of a global reduction in tempera-
ture unquestionably represents a cold stage in the late Cenozoic. From the view-point of Re-
penning and Vrba, the evolutionary events must have occurred near the ends of the marked cold
stages. So our views happened to coincide with each other without prior discussion.

It is well known that there are at least total of 17 glacial cycles in the last 1.7 million
years and that there are at least 9 warm stages and 8 cold stages during the last 0.7 million
years. Why did the evolutionary events only occur at the ends of cold stages, not at the ends
of warm stages?

On the basis of the work of Broecker and Donk (1970), the temperature decreased gra-
dually over a long period of time from a warm stage to a cold stage, while the temperature in-
creased abruptly during a relatively short period of time from a cold stage to a warm stage
[ argue that the evolutionary events did not occur at the ends of warm stages because the cli-
mate did not change abruptly then.

Although the climate changed abruptly at the ends of all the cold stages, the extent of
the temperature increases were different from one another. Fig. 4 shows that there are 5 times
of abrupt climatic changes at the ends of cold stages in the last 400,000 years (i.e. at the ends
of Stages 2, 6, 8, 10 and 12 in order of increasing age). The extent of the temperature in-
creases of the latter three times (i.e. I, II, III, or at the ends of Stages 2, 6, and 8) were much
greater than that of the former two times (Le. IV, V, or at the ends of Stages 10, and 12).

_ Thus the evolutionary events appeared at the ends of the stages 2, 6, and 8, and did not occur
at the ends of the former two stages because the extent of the temperature increases were much
less then.

In summary, the evolutionary events (i.e. the sudden mammalian faunal replacements)
were coincident with the abrupt climatic changes. These events occurred at the ends of cold
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stages 2, 6, 8, and 16; or in the beginnings of warm stages 1, 5, 7, and 15 respectively, because
the extent of the temperature increases were much greater at those times.
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