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Vegetation succession in response to climate changes since the
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YANG Qing, LI Xiaogiang”, ZHOU Xinying

Key Laboratory of Vertebrate Evolution and Human Origins at the Institute of Vertebrate Paleontology and
Paleoanthropology, Chinese Academy of Sciences, Beijing 100044

Abstract: Human culture was profoundly influenced by climate change. The increasing warmth
of the anathermal in the Last Deglaciation and the Megathermal Period of the Holocene are two
important periods for cultural evolution. Sensitive vegetation responses to climate change can
be traced by fossil pollen records. The loess-paleosol sections of Caijiagou(CJG), Yulin (38.1°N,
109.8°E) and Hanjialiang(HJL), Fugu(39.5°N, 111.1°E), located in the desert-loess transition
zone, northern Loess Plateau, were selected to conduct high-resolution pollen analysis. Based

on a field survey, as well as the comparison of magnetic susceptibility curves, grain size curves
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and the 6"°0 record of stalagmite from Sanbao/Hulu caves during the last 50 ka, we established a
depth-age mode of these profiles.

Forty-four pollen samples were palynologically identified to rebuild the vegetation
succession in the region, and to explore its response to climate changes since the LGM. At least
300 pollen grains were counted for most samples. Forty-seven families and 20 genera of pollen
were identified. Four to five pollen assemblage zones were divided according to the variations of
major pollen percentages, pollen concentrations and modern surface pollen research for the CJG
and HJL profiles, respectively.

A detailed history of vegetation succession and its response to climate changes since
the LGM was reconstructed. For the CJG section, the pollen assemblage consisting mainly of
Artemisia seems to represent a desert steppe during the LGM. During the Last Deglaciation,
the pollen assemblage mainly consisting of Rununculaceae and Poaceae might reflect the
appearance of a sparse steppe environment. In the Younger Dryas, the Artemisia and Poaceae
assemblage might suggest the development of a meadow steppe. During the Holocene Optimum,
the meadow-steppe dominated by Artemisia appeared. For the HIL section, steppe dominated
by Artemisia lasted from the LGM to the Holocene Optimum, but the pollen concentration
of the Last Deglaciation and Holocene Optimum was significantly higher than that of MIS-3
and the LGM. Moreover, accompanying drought-resistant plants such as Chenopodiaceae and
Taraxacum-type appeared during the LGM, but suffurticosa plants of Zygophyllaceae appeared

during the Last Deglaciation due to the improvement of water availability.

Our results showed that the vegetation succession of the Desert/Loess transitional zone was
mainly controlled by the changes of temperature and water availability since the LGM. During
the cold/dry period of the LGM, local vegetation was dominated by drought-resistant species
with low vegetation coverage and monotonous community. During the anathermal of the Last
Deglaciation and Megathermal Period of the Holocene, vegetation coverage increased with
some magaphanerophytes. Our research provides a valuable modern analogue for the study of

vegetation in response to global warming.

Keywords: Desert-loess transition zone; LGM; Pollen record; Vegetation succession; Response

to climate warming
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Fig.1 Location of Caijiagou, Yulin and Hanjialiang, Fugu Sections
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Fig.2 Comparison of magnetic susceptibility and grain size curves of Caijiagou and Hanjialiang sections
and the 6'°0 curves of stalagmite from Sanbao/Hulu caves for the last 50 ka
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Fig 3 Percentage diagram of main pollen types from Caijiagou section
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«476 ¢ PN R I ) 35 %

NER A G (B 4), SAek a7l .

it HIL-1 (480~395 cm, MIS3 B - i dll]), & & - & B - Z R - B R - R AR 4
o WK AR H (98~100%), LLE R (54%~81% ) b1, ZEFL (4%~11%). Tk}
(7%~12%). FEHIJE (0~11%) MURAR} (1%~12%) #iAT — 52 & &, A7 DB R SR AK
AERED SR I AR (55~174 Ki /g) i fik. AIC KT 2(4.9~17.9), (A+C)IP i KT 5,
TR LA JE A 2 1 ) AR A U

7 HIL-11 (395~280 cm, MIS3 W), ) - B - BEMJE - 2RV &0 AN Y
AL AL (~100%), LLE 8 (65%~91%) b, I H& S&HT — M Bed A, SR
(3%~15%). F&AJE (0~100%) 15— & ik, 1MZEEL (2~4%) FIRAF} (0~5%) & & B i T FF
WA DR (1%~5%). {eRHKEE (47~69 K /g) I ERFFRIRK . AICHRE KT 2,
(A+C)/P (H R E KT 5, SR LA A 2 1 2 AR 4 5o W o

A7 HIL-111 (280~200 cm, SRR ), &8 - 2R} - 38 - OF - BB & . FA
R I 7 2 06010 3 (99%~100%) . LA & (44%~74%) Jy ¥, FR} (2~43%) T4 FRii A vt
M (0~18%) & A T, SRF (5%~13%) MIEEHIE (2~9%) H— & &, HaH /b
LR (~3%) . AeH s (11~49 KL /g) 47 I, A (Il . AICHEAE T R84,
HARBAAT 2, (A+C)/PEEE KT 5, BonLLE 84 E T 5 5 4 50

if HIL-IV (200~80 cm, RixUKiEIA ), & - SRk - BME - 228} - ARG, =
ASHIMIAEN RS by 4 34 (99~100%), 12 (63%~81%) Jhy 1=, & A7 Fi It i« # R} (0~13%)
TR, SR (7%~16%) MIFEARRDIENIE (4%~7%) KHEREL (0~6%) #iH—E &
. UMK E (133~378 ki /g) BE T, AIC KT 2, (A+C)/P LB KT 5, Bl
156 B Ay T P ) R JRURE A W

i HIL-V(80~10 cm, Axitbi& e i]), )& - 2R - RAFR} - URM & . RAREY L
By 7 4 A (97%~100%), LA & (41%~82%) &, #HEL & (9~50% ) EWiFt e, K
AR (1%~4%). TR} (1%~4%) #A7—& & . ek ik (117~350 ¥ /g) #mr, 2Bt
AR, AIC BIRT 2, BU/NT 2, (A+C) [P {H & KT 5(18~140), YWonALLiE)E
oh 2 R RE SRR B S0

47 e

55 U £ P e AR A2 ) S P ok ) — Tl ok B e iple 5 7, b 2.5 Ma ARy
=l LIRS TE I TS T 37 ANk — Ialuk e ¥, K ERFR, ARk
o S PRTEA T, [RIDKEY MIS-3 IUARGHI BEREE , I8 K MIS-3 . — i 1 (55 ka~34 ka BP)
TR R, WilY] (34 Ka ~25 ka BP) M fZ 4K, SfEtamA T M, BiREANSETAN
HRURUK K (25 ka ~18 ka BP)®, 18 ka ~10 ka BP [ K YUK 2 A R vk s 30 17 K i
W (At ) S e iy ek Y 0, A BRI TR Ry, PIRROK ) T AR PR i, AR S
Wi L TE, I HAFAE— R VNP A% 3h B, % B IR AT (A T
RSB AR AR, 0E T 14 (Belling) FHR ) 215 (Allerad) B30T, 101 [ 3%



334 W 55 ARUCHEDIIY DL — B i JB iy R B R A 3 i <477

L YD B P, YD SRS, SRR BRI A BT B . At L R T
LB K ERRE, 10 ka ~4 ka BP y4xBrithis e ), 4 ka BP LUE U T4k B,

SARARNT B AR S R G AR R . FEHUE S RS RSP EE A, X
BRI AR R AT 70 23 1) BT A% 52 215 A8 A R4 1 R 5 e B it 1A%
T8 - T R XA A I BRI A - 32 R K4y, AER R B AR AR S IR AR T A fs
NS R IR SRR TR R, TR R A v O B AR
BT 5 — TR X A A o B sy, TR S S U S A
BEER . CH A AENE, WE SR ST 30% I, Ah AT R R o A
T R B s X EAES I E X, FERHEm N TR AN IR 2 X EHY . &g/
R LA AT T B A TR AR R 0 TR ARl 70 F G 308 1) 4 0 Ji L AP B S S
GRS R, HAOh AR (8 + 2R ) RARMOEE R T 54655, 47
KT 5 RN B R SR oW, /N T 5 5718 o A B R bR J

¥ m RRER . B BRVPEAR G /N AL /R T LGM DR AR AR
PP REE B . CIG H Bz X BB T8 @A B 5 (LGM). B EE}
FIRAEF A T AR R - 5 B (R VROKIE I ) & 8 RUOR AR Ry 32 1 H ) %5t (YD
HAE)S B R AR A R (AT E B ). HIL R R, AR T IR IR VKB
W, R A S E I, sOR A TR R ORI KIS, DX AR 4 & AR DL
JERY) N B E RS, ARSI TR AR LR B 56 P AR e AR R
Wi o HIL 5 T FRY AR oA B 07 T AR YR UK 930 4 3 T 33 ‘U PR R 5 5 40 S 35 3 - MIIS-3
A LGM B B o 151 LGM I B i+ 5 R ZERFRIH A e R AT AR ;- BPR IR VKT 9,
IR EAE R O, WEARIYITERERIT AR B 10 4t b U K IS B Ak, 1T
S ZERE P LA 3

AWFFAAT ORI S S R S R R, B R R T R X K A
W E TR R T A GG RS R T o RIREEUKIAA T30k, BRI 28 X A
B FERE N A%, MLLEE A, JHEAEATN TR REER SRRE A s 88, RIRVKIH
WK 25 A B35 35, IS — iy ARG o FE I 2 T v, AR b DX DU H B 7 /D d iy SRR
FRIE MEJE TR, 30 7R T RE o Bl i B RNt 58 10 T s iy A B e stz 4ot 30 1 SO A
W, REHEBERA AR, 4RIz X O Sk B, o v/
T I XA R O R 3 2 R A

T ARBTG5 %8 07 IAAE By e Wi I i P9 5 RIS 7K 50 T
R Hr g R B9, FE T MIS-3 B B LR B 4 v R - Y0 ek I A A e R e R
Bes Sl vb R IR SRR A AT SR A4 . 1) MIS-3 B B/ s A BBV, A A 50 B A R
MRELJG - BJRRAY, d g v QR L X R B A A2 gk, SRR MRE AR
Yy, A R R BEBRREN, Sa2E ME. . 23R HRSL
PIRARMY, WoRiX—m IREADIRGL R 4, YPBOTERM S 2) R IE UK % 235 1%,
PG R ) AR AR BT LA T 00220, sl A oe, EmaEN T, ML AUMoRs < Hh X HL 22
MW 'Y E R, BROE. OES, SR TYEHE— R Bk, dbEd
FRIEHR K 3) RIRVKIH BIZKASA B2 0GE, &R RARL, BEASEHERMNEA




« 478+ PN R I ) 35 %

AT TS T RO, IR E . SRR — e SR, R T
Hoje . SIRERE BRIE. HEJE. MR SETe AR, VSR R, R
BABRTERRSE: 4) aPrid m il U R, DLE R A, SRR
Y0, IF A RINERA T AR IR, M2 FEE R, Won
XA AR NEE . 5) 4ttt 4 ka BP LU, SR A 2 PRk ok
I, MR R I e D T S R SR A SO, A M DX T S A R R ) L 1 4
s BRI I KGR ETEAL, WA P K.

5 45 i

=

AU VKT LA B A v S G FS b BE /38 el 90 Uk S R e 7K PR AR A ) R AR A 4
FLRPERIE ] AR U T4, WFFT DRI T2 B DA T S AR A s o T,
IR, R RE AR RO IR I R, JFAR BB SIRERL . #RJE . ME)m A
Wil Y T A, R B 5 T, RO R E W R it iR A s

EEIBORE BRE SRR A, M R s A I IR U ) TR AR
M TSR EHTE 2 o AWFTCRE], VB S b P X Aopr it B RO 7 R R
i S AR YT, AT LA R B v it DX OROR IR, T AL A 7 TIN5 DAl (6 17 S AR B2

SE

[1] Kohler T, Kresl J, West CV, et al. Be there then: A modeling approach to settlement determinants and spatial efficiency among late
ancestral Pueblo populations of the Mesa Verde region [A]. In: Kohler TA, Gummerman GJ, eds. Dynamics in Human and Primate
Societies [C]. London: Oxford University Press, 1999

[2] Wilkinson T, Gibson M, Christiansen J, et al. Modeling settlement systems in a dynamic environment: Case studies from
Mesopotamia [A]. In: Kohler T, Leeuw S (eds). Modeling Socioecological Systems [C]. Santa Fe: SAR Press, 2007

[38] Mok, HEEE, R, A& KA RHEDI — M3REE 505 ARAEAF 3BT [J]. b, 2008, 53(10): 1200-1206

[4] Antje HLV, Workshop participants. Global distribution of centennial-scale records for Marine Isotope Stage (MIS) 3: A database [J].
Quaternary Science Reviews, 2002, 21(10): 1185-1212

[5] 9l e, oKL, BRI, 4. J U5 M MIS3 BBl AJSAEAFFSE D], v Ebit S 3 U4, 2009, 39(3): 133-140

[6] ZLIEAS, HAEE, F4hr, A5 WML IE MIS 3 I Bri RIS S PR BT 5t 0], SRPUALHTT, 2008, 28(1): 96-102

[719k>2k, iR AREE. Al M1 dbat: @SB AL, 2000

[8] A 24 . R NISCAG IR AR A s SEAE RV AR [J]. % 5304, 2000, (4): 17-57

[9] Zhao ZJ. The Middle Yangtze region in China is one place where rice was domesticated: phytolith evidence from the Diaotonghuan
Cave, Northern Jiangxi [J]. Antiquity, 1998, 72: 885-897

[10] Lu HY, Zhang JP, Wu NQ, et al. Phytoliths analysis for the Discrimination of Foxtail Millet (Setaria italica) and Common Millet
(Panicum miliaceum) [J]. PLoS ONE, 2009, 4(2): 1-15

[11] Barton L, Newsome SD, Chen FH, et al. Agricultural origins and the isotopic identity of domestication in northern China [J].
Proceedings of the National Academy of Sciences of the United States of America, 2009, 106(14): 5523-5528

[12] B b, FURARS. P IE A BRI ARE AU 53R M. Jbst: ¥ iizgt, 1992, 1-18

[13] 5345 SO IR AR A 25l SO 37l 5 [ALL W I FLIER 9, o 400 tHORIE 1 5 385 [C]. dE st
WAL, 1992, 175-184

[14] Pefily, BRI, RAPHLDCHT AT a8 SR SRR RS S R R OPST [J]. HWBERLE, 2003, 2(4): 448-453



334 W 55 ARUCHEDIIY DL — B i JB iy R B R A 3 i <479 -

[15] An CB, Tang LY, Barton L, et al. Climate change and cultural response around 4000cal yr BP in the western part of Chinese Loess
Plateau [J]. Quaternary Research, 2005, 63: 347-352

[16] X5t GEGR, GREREL, AF. AT U S AD T AL A SCAR K e [3]. HBEE4R, 2005, 60(5): 733-741

[17] 7K. W H DTN AL MA TS A GBI C R [A]L W FERBL REET9, HESH LTI (5%
THL)[CY. dbat: Rl AL, 2000, 65- 71

[18] ¥, /o, JEHTER, 45, MIS 3 BrBeLIRybis / 8 b b i DR iRk S IO AR w1 [3]. SR PU4LAFSY, 2011,
31(6): 962-971

[19] XIZR7E. SR EIEL [M]. dbnt: BleAdie:, 1985

[20] An Z, Kukla G, Porter S, et al. Magnetic susceptibility evidence of monsoon variation on the Loess Plateau of central China during
the last 130 000 years[J]. Quaternary Research, 1991, 36: 29-36.

[21] Ding Z, Rutter N, Han J, et al. A coupled environmental system formed at about 2. 5 Ma in East Asia [J]. Paleogeography,
Palaeoclimotology, Palaeoecology, 1992, 94: 223-242.

[22] Guo Z, Ruddiman W, Hao Q, et al. Onset of Asian desertification by 22 Myr ago inferred from loess deposits in China [J]. Nature,
2002, 416: 159-163.

[23] Yang SL, Ding ZL. Advance-retreat history of the East-Asian summer monsoon rainfall belt over Northern China during the last
two glacial-interglacial cycles [J]. Earth and Planetary Science Letters, 2008, 274: 499-510

[24] Kukla G. Loess stratigraphy in central China [J]. Quaternary Science Reviews, 1987, 6: 191-207, 209-219

[25] Ding ZL, Derbyshire E, Yang SL, et al. Stacked 2.6-Ma grain size record from the Chinese loess based on five sections and
correlation with the deep-sea 6'°0 record [J]. Paleoceanography, 2002, 17: 1-21

[26] Lu YC, Wang X, Wintle AG. A new OSL chronology for dust accumulation in the last 130,000 yr for the Chinese Loess Plateau [J].
Quaternary Research, 2007, 67: 152-160

[27] Heller F, Liu TS. Magnetism of Chinese loess deposits [J]. Geophysical Journal of Royal Astronomical Society, 1984, 77(1): 125-141

[28] Kukla G, An ZS. Loess stratigraphy in Central China [J]. Palaeogeography, Palaeoclimatology, Palaeoecology, 1989, 72: 203-225

[29] Kukla G, Heller F, Liu XM et al. Pleistocene climates in China dated by magnetic susceptibility [J]. Geology, 1988, 16(9): 811-814

[30] Zhou LP, Oldfield F, Wintle A, et al. Partly pedogenic origin of magnetic variations in Chinese Loess [J]. Nature, 1990, 346: 737-739

[31] Maher BA, Thompson R. Mineral magnetic record of the Chinese loess and paleosols [J]. Geology, 1991, 19(1): 3-6

[32] #h5fik, Husd, xUZ/E, &, D2 BRIS AT RINEA TR [0]. S IYZCHTsE, 1991, (4): 310-324

[33] X754, *Z</:, John Shaw. [ e - fl bk PPRF AE A U S [9]. SR IUZLHESE, 1993(3): 281-287

[34] Phake, TARAL, XUZAE. B0 JT4ERybu - B 11 Ui (PR B [J]. T X HbEE, 1995, 18(4): 1-9

[35] Heller F, Liu TS. Magnetostratigraphical dating of loess deposits in China [J]. Nature, 1982, 300: 431-433

[36] Poeter SC, An ZS. Correlation between climate events in the North Atlantic and China during the last glaciations [J]. Nature, 1995,
375: 305-308

[37] Wang YJ, Cheng H, Edwards RL, et al. Millennial and orbital scale changes in the East Asian monsoon over the past 224 000 years
[J]. Nature, 2008, 451: 1090-1093

[38] Wang YJ, Cheng H, Edwards RL, et al. A high resolution absolute dated Late Pleistocene monsoon record from Hulu Cave, China [J].
Science, 2001, 294: 2345-2348

[39] Z=/Ihaik, KLTIRK. HEPUALAER IO TCRRIE I AT V% [9]. R4, 1999, 41(7): 782-784

[40] R, RKE, PN, WS TR LA [J]. A=), 1996, 38(11): 902-909

[41] AR, kB, JARE. P EAL T LR W LA S SRR B G & [3]. AR, 2000, 45(7): 761-765

[42] Vridits, A HM, RS, A5 E LTS A MR R OB AL SRR AE [9]. W R, 2006, 8(2): 157-164

[43] VRitE, AT, BH/NZE, A dET5 RIS RS AR AR 0T [9]. MBERTSY, 2005, 24(3): 394-402

[44] VritidtE, 22 HAN BR/NEL TGy LR B AR R LR AL B R AE RIS [9]. S PULCHTSY, 2005, 25(5): 585-597

[45] 2= 10N, VRIFE, MRS, AF. R EART AR A TR O A AR R R O], SEDYALATY, 2005, 25(5): 598-608

[46] BFZEul, BITIE, LA, A S PRIY T R U P R AR A BT [3]. B 2R AR, 2009, 26(4):
405-413

[47] 7 Z R, HEPUZHRET [M]. dbnt: BR#HRE, 1997, 198-221

[48] AL, RIZRE. 2.5 Ma B PR AL 7 AU B AR A e [0]. Fhediddk, 1990, 35(14): 1090-1092




480 » PN R I ) 35 %

[49] 7%, MFEF, B, . ARUCHEKITIT L m s /A A e S U R AR A S e i) [9]. SEPUALRRST, 2002,
22(3): 283-291

[50] Mr—i, BRASE, BRXeak, . ETE. PR XORRK SR SRR [J]. TR XL, 2004, 27(2): 161-165

[51] Alley R, Meese D, Shuman C, et al. Abrupt increase in Greenland snow accumulatin at the end of the Younger Dryas event [J].
Nature, 1993, 362: 527-528

[52] Bond G, Heinrich H, Broecker W, et al. Evidence for massive discharges of icebergs into the North Alantic ocean during the last
glacial period[J]. Nature, 1992, 360: 245-249

[53] #hiz2.  d i U AR KIS LUK AR SR AR FST [D]. 2200 220 K2 22 A i s, 2007

[54] % . FFEHLIX 34 cal ka BP LK MRS S 57Uk [D]. PH7%2: P EARREBHERFAEHE ST I L2408 ¢, 2009

[55] Chen FH, Zhu Y, Li JJ, et al. Abrupt Holocene changes of the Asian monsoon at millennial- and centennial- scales: Evidence from
lake sediment document in Minqin Basin, NW China [J]. Chinese Science Bulletin, 2001, 46 (23): 1942-1947

[56] Jiang WJ, Guo ZT, Sun XJ, et al. Reconstruction of climate and vegetation changes of Lake Bayanchagan (Inner Mongolia):
Holocene variability of the East Asian monsoon [J]. Quaternary Research, 2006, 65: 411-420

[57] Xiao J, Si B, Zhai D, et al. Hydrology of Dali Lake in central-eastern Inner Mongolia and Holocene East Asian monsoon variability
[J]. Journal of Paleolimnology, 2008, 40: 519-528

[58] Wu W, Liu T. Possible role of the “Holocene Event 3” on the collapse of the Neolithic Cultures around the Central Plain of China [J].
Quaternary International, 2004, 117: 153-166

[59] Tan L, Cai Y, Yi L, et al. Precipitation variations of Longxi, northeast margin of Tibetan Plateau since AD 960 and their relationship
with solar activity [J]. Climate of the Past, 2008, 4: 19-28

[60] Li XQ, Zhou WJ, An ZS, et al. The vegetation and monsoon variations at the desert-loess transition belt at Midiwan in northern
China for the last 13 ka [J]. The Holocene, 2003, 13(5): 779-784

[61] Shen J, Liu XQ, Wang SM, et al. Palaeoclimatic changes in the Qinghai Lake area during the last 18,000 years [J]. Quaternary
International, 2005, 136(1): 131-140

[62] Chen FH, Yu ZC, Yang ML, et al. Holocenen environmental change inferred from a high-resolution pollen record, Lake Zhuyeze,
arid China [J]. The Holocene, 2006, 16(5): 675-784

[63] El-Moslimany AP. Ecological significance of common nonarboreal pollen: examples from drylands of the Middle East [J]. Review
of Palacobotany and Palynology, 1990, 64(1-4): 343-350

[64] Fowell SJ, Hansen BC, Peck JA, et al. Mid to late Holocene climate evolution of the lake telmen basin, north central Mongolia,
based on palynological data [J]. Quaternary Research, 2003, 59(3): 353-363

[65] An ZS, Porter SC, Kutzbach JE, et al. Asynchronous Holocene optimum of the East Asian monsoon [J]. Quaternary Science

Reviews, 2000, 19(8): 743-762



