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Table 1 The characteristics of the sampling sites
S NN 2% (E) k(m)  FEGRZEA FEARY)
Ss1 39.259° 100.273° 1383 R ERERES P25 (Phragmites australias) J# B3 (Salsola collina) Ml (Sa-
lin) B R B ER W (Populus ) TP A (Elaeagnus angus-
tifolia) i
SS2 39.308° 100.199° 1375 R ERERS Wi 5 BEW 55 (Stipa capillata )
SS3 39.359° 100.005° 1364 F+ BEERES M 8345 (Populus euphratica) EH 2555 5% 35}
SS4 39.355° 99.912° 1348 BB, = N2 R
SS5 39.386° 99.884° 1355 A BB, FUE A AR SRR
SS6 39.462° 99.733° 1329 L EEH BGRE 2 M AR SR (Leguminosae) 4% JE B3
Ss7 39.488° 99.679° 1312 R FEHN P M R P B R ARAE (Gossypium) (R
RBI 38.760° 100.115° 1730 T RITRRE
RB2 38.822° 100.199° 1637 T PR
RB3 38.877° 100.308° 1541 T TR
RB4 38.877° 100.310° 1533 T TRDURRE
RB5 39.327° 100.108° 1321 TR OB
RB6 39.328° 100.107° 1320 TR OBV
RB7 39.574° 99.649° 1262 CIRTTRT Y= ST
RBS 39.661° 99.580° 1252 CIRTTR I Y= ST
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Fig.2 Distribution of sampling sites in middle reach of the Heihe River
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Table 2 Main pollen taxa identified from modern pollen samples
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Table 3 Ecological groups of surface soil samples and their sum

percentages
oy | BHE AR (%)
H—t EHELSE 0~4.4
A SRR SR R 1.5~6.0
A REE TR R BEAL AR . 6.6~167

TR A

B Em SR AR ZER AR RAEL SRR 78.8~89.3

R4 MRIBHES FEABWAESANRREATE
Table 4 Ecological groups of river sediment samples

and their sum percentages
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Fig.4 Pollen diagram of river sediment samples with percentages

JEAEH B SE LS ow , 7E B TF = 2K 500 m LLAh, =
K2 IBAEN B B I 25 1% 5 FL TS MK il N 97 22 955 e
FEWFFE 18 8 A6 K53 B TR S8R, ZEAR PR IX DAAR B
SRRE R PN R AE R S T R AR, YA KU 15 3%
FERS A BE 17 BRE A 2 Tl 3 SR QAR A 15 7 4
R AR BoR  BEARAMT IR 75 km A9 LA S
5 AR B RN 13.6%, 110 km Ab2 145
R A L AR iR 5.3% , KU HiRiE A
AR/, LBt 25 B A 1 0 R W | fR ST
ANRE Y A R AR ST eh e XU G2 f R
14 285 5 5 0 2] Sk A R A AL 1 ) AR AT 5 45 2R

— 3 M JE B RS ALl IRy, 2 K
B HIN Iz , 25 R E S R LRI, 5 a4l
TR I AT R i FUR 1 55 SR A LA
R X I 5 2%, ALY T BE A8 5 e i QR R )
FEH

R R A DU AR AR R o A
K LT L R AR B Y AR R A kR AR

b, SHAP IR AN & B R, 7 7Y
T 3 R T A BE A B A0 T S BRI
B A HT IR R AT REA AR 2 50 DM “ M2 i
AR, HALRHE AL S B n i R E P



1930 b H

B2 374

JEAEH B I 5AE , Qs JE ALK & S /E RS1HITRSS
FhpL RN R 50% LA B LA R VB E RN A S e A
RS7 4 3 37% , 5200 T = A28 ALk & s A2
k52) R4 Brush S5 17K RSB0 IE B T 7K #5245 760k
PIBE IR, WK G AR R sk sk gz i 7%
PR A REDURL, FE 3 078 S 18 8 W it e T B
B IR, 5 S e BT, [F—
T[N [RIEB A T 3 8h S/ E FHAS—AE  FEW i ok
HKE A T 2RI A &, sk
LKy B 43 2 1) TR AR ] B 55T K Bl T SR AH
Koo BEBHAEPVEAR RN X HA — 2 B
KI5, KSR N AN ] b T 2852 B KU R K 3
ISR, 2 AN AT B 5 s e 25
M B — . ALt B A RS1 44 150
km (G2 1 AR, AR B AR AR & i B e ik
40% 7547, Hok A LI MABE BT 1 2 A2 @ ALK A
0.6%~27.3%Z [A] 3 5y, & 5 AR &7 , fh ] I, [ PRIE
TR e 53 B T32 BRSNSk 1 T4, 78
ARSI RS A TR A . RIS TR
AT B U % T AR 9T (45 3R s FE R AR
MBI 75 km A1 110 km (R AR s Tl R o R4
W) AZ SR AERS & 551K 49.5%137.1% , Wu S5
BRI B 2 B AL AT iz o A v i AR e
Bt BE, 7R MBS AR R B 180 km FO &, = A28 4
W E 433 R 7%, LA BT 24 2 B 3 HAT 7R
SRINIERE T, 5 AR R 25 R — 2 M H,
=S R Bk SP G P A 1 8 v s S A= AW
iz AR 5 1, DRy BRI e s Ry
FIRE IR T XA o DRI, 7 BT AR i S0 %o FELA93 114
32 58 1 KT K7, T3 o] DAGE I S K b A
HAHGE BT IX

Zx Lk, T8 X R iz 1k i Be R
B X B3 1) 40 Sk 46045 AS 52 e 6 85y (51 335 1) fi
2, ] K A3z F3 (R BE R F XU, BERE Kk A
b U L b ) SRR K R b K I S b i as ST
X, IR T 5 DA 15 1 E 8 TR A X
TR 82 BE 7 1) 25 S Mt Bl T 38 R S RN AT S UL
FEURE i v 25 2 0 5 it 1) 22 S 1 L X P B 4 A 1)
LA T ST T A PR A e A Tty A BE T T LA
HEEE L,

5 45

AT ) AT TP i X 8 AT TR A i A 7

A2 AL BB 43 B B, SRR R i R s
TELA 1) 18 7 55k, FL G I 485 4 1) 47 S At XoF Ly
AR /N, B — AT 10%, R, 3
TR L A BT 1) S BRI DX A AR 5 114 43
AN 5 T A TR 9 RE R F IR , B
Ui Lo bR 0 AR R (R B2 B AR X, IR A 7
3 e 1) F B A0 , A SRR B A e 0K 39.4% , 1]
L UURRVRE S A 21 A s W 1) S U L b e e R
FE 5 IR R AR DL

Bt R B AT AT RSN R A TS
FTHSF, ANEHLET AL T TERETH
Fods 3, 4 b Bt

S R (References):

(1] HdRat Rl B — B — O R R[], AR
AR ,2002,26 (31 ) - 73-81.[Yang Zhenjing, Xu Jianming.
Advances in study on relationship among pollen, vegetation
and climate.Acta Phytoecologica Sinica, 2002,26(supplementa-
ry issue):73-81.]

[21 EIPKR, R L AUl M. 5t 5EM G R i E:,
1988, 34-38.[Wang Kaifa, Xu Xin. Quaternary Palynology. Gui-
yang: Gui Zhou People’s Publishing, 1988, 34-38.]

[3] REAT, PNE. BB PG AR 3% b A8k 5 1wl ] i S
FR[I]. HPF4R, 1987,29: 204-211.[Wu Yushu, Sun Xiang-
jun. A preliminary study on the relationship between the pollen
percentages in forest surface samples and surrounding vegeta-
tion on west mountain of Kunming, Yunnan. Acta Botanica Si-
nica, 1987, 29: 204-211.]

[4] VR, BH/N2 it I AL v il B AL B S R BOC
ZIBFFE[I]. s HE 2440, 2004, 6: 69-77.[Xu Qinghai, Yang
Xiaolan, Yang Zhenjing. Relationship between pollen assem-
blages and vegetation in alluvial sediments of Luanhe River Ba-
sin. Journal of Palacogeography, 2004, 6: 69-77.]

[5] VFIEE A4S, PH/N =2 A5 BRI B i 3l X A6 8 5
BEOC A M IE D] M4 R 25 241, 2005, 29(3):444-456.[Xu
Qinghai, Yang Zhenjing, Yang Xiaolan et al. Vegetation in the
Luanhe River Basin and surrounding areas. Acta Phytoecologi-
ca Sinica, 2005, 29(3): 444-456.]

[6] VR, AN TS LR R 558 LR
Z RS [I]. A REEIERE 2006, 16(6): 647-656.[Xu
Qinghai, Li Yuecong, Li Yu et al. Research about modern pol-
len progress and Quaternary environments. Progress in Natural
Science, 2006, 16(6): 647-656.]

[7] Chen Fahu, Cheng Bo, Zhao Yan, Zhu Yan. Holocene environ-
mental change inferred from a high-resolution pollen record,
Lake Zhuyeze, arid China [J]. The Holocene, 2006, 16(5):
675-684.

[8] Zhao Yan, Yu Zicheng, Chen Fahu et al. Holocene vegetation



12

WA R P BT R R ST

1931

91

[10]

and climate history at Hurleg Lake in the Qaidam Basin, north-
west China [J]. Science Direct, 2007, 145(3):275-288.

P B, 2R, WROR D, AT SEHG M 1 R 1
4.2ka BP SAZFAE[I). 2B W2E 4, 2013,52(2): 234-242.[Tao
Shichen, An Chengbang, Chen Fahu et al. An abrupt climatic
event around 4.2 cal ka BP documented by fossil pollen of Tu-
olekule Lake in the eastern Xinjiang Uyghur Autonomous re-
gion. Acta Palacontologica Sinica, 2013, 52(2): 234-242.]

Wu Fuli, Fang Xiaomin, An Congrong et al. Over-representa-
tion of Picea pollen induced by water transport in arid regions

[J]. Quaternary International, 2013, 1-7.

(1] AP, RH, BRA TR, 55, A1 F iR A S R

[12]

[13]

[14]

[15]

[16]

[17]

[J1. ¥k ¥ £, 2004, 26(1): 81-88.[Cheng Bo, Zhu Yan, Chen
Fahu et al. Relationship between the surface pollen and vegeta-
tion in Shiyang River Drainage, Northwest China. Journal of
Glaciology and Geocryology, 2004, 26(1): 81-88.]
TBIRAR R IR SRIEA, . AR IRV — ] vk 1 52 3t i 5
B SO 2 PR I R BTRRI]. TPV, 2000,20(2):
171-177.[Feng Zhaodong, Chen Fahu, Zhang Hucai et al. Con-
tribution to global change of Mongolian Plateau and Loess Pla-
teau in the Last Glaciation and Interglacial Periods. Journal of
Desert Research, 2000, 20(2): 171-177.]

2, XA R, I A MR A A K S R LR i
SR 506 5 55 46 ST T[], M BREL£ R L 2012, 27(5):
481-498.[Li Xin, Liu Shaomin, Ma Guoming et al. Hiwater: An
intergrated remote sensing experiment on hydrological and eco-
logical processes in the Heihe River Basin. Advances In Earth
Science, 2012, 27(5): 481-498.]

EH, S A BT 60 A AR I AR Ak A e PR ER ().
M HLRR 2%, 2008, 28(1): 83-88.[Wang Jun, Meng Jijun. Cha-
rateristics and tendencies of annual runoff variations in the Hei-
he River Basin during the past 60 years. Scientia Geographica
Sinica, 2008, 28(1): 83-88.]

EARLE, E Al AT, T 10 454 A A A IR AR (AR
Sy B[], M ERRL 2002, 22(5): 527-534.[Wang Genxu, Wang
Jian, Wu Yanqing. Features of eco-environmental changes in
Heihe River Basin over recent 10 years. Scientia Geographica
Sinica, 2002, 22(5):527-534.]

BN RS, R RR A P ORI E Pl XOR
[ AR i A T R L AR MY B AR AR (D], 220 K24l (A SR
Bl2= R ) , 2011, 47(2): 14-23. [Huang Xiaozhong, Chen Xue-
mei, Chen Chunzhu et al. Surface pollen assemblage characters
of farmland from different altitudes in upper and middle reach-
es of the Heihe River, arid north-western China. Journal of Lan-
zhou University (Natural Sciences), 2011, 47(2): 14-23.]
A SROUHE , SRR, 45 VEAL RS IR A S
AR AR AT T E AR S Ol 2E 4z, 2008, 16(2): 323-326.
[Shen Jianmei, Zhang Guanghui, Nie Zhenlong et al. Character-
istics of spore-pollen and ancient climate changes in inlands of
Northwest China. Chinese Journal of Eco-Agriculture, 2008, 16
(2): 323-326.]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Y IEREFE B, 55, SRR IR WA B T 3R Z A
PR ALY 43 AT B BRI 48 75 B D). 7K L AR FEF5E L 2003, 10
(4): 58-63.[Qi Wuyun, Kunihiko Endo, Mu Guijin et al.
Spore-pollen analysis of samples from surface soil in vicinity
of lakes, at the end of Heihe River and their environmental indi-
cations. Research of Soil and Water Conservation, 2003, 10(4):
58-63.]

Wk B IR AR, JEI 1. 3T SEBS A5 70 fiY BT i da % 15 2 [0].
22N R 2R HARBFZAMT, 2008, 44(5): 1-6.[ Yang Yongmin,
Feng Zhaodong, Zhou Jian. Evapotranspiration in Heihe River
Basin based on SEBS model. Journal of Lanzhou University
(Natural Sciences), 2008, 44(5): 1-6.]

BOREE. HAE M. 22N HOR L= HOoR i, 1997,
163-176.[Huang Dasang. Gansu Vegetation. Lanzhou: Gansu
Science and Technology Press, 1997, 163-176.]

k.Faegri, J. lversen. Textbook of pollen analysis (IV Edition)
[M]. John Wiley & Sons Press, 1989, 1-328.
TARME, B R 2F sk E IR, A5 b EAR Y AERIEAS (55 )
[M]. Jb 5T Bl 2 M AL , 1995.[Wang Fuxiong, Qian Nanfen,
Zhang Yulong et al. Sporopollen morphology of plants in China
(the second). Beijing: Science Press, 1995.]

JEIE, T, T R T R AR SB[ R
LW, 1994, 11:119-191. [Xi Yizhen, NingJianchang. Study
on sporopollen morphology in arid and semi-arid land, China.
Yushania, 1994, 11:119-191.]

Aharon Horowitz. Palynology of arid lands [M]. Elseiver Sci-
ence Publisher, Amsterdam:1992, 1-530.

M FRWE L R ACHR A5 A T B R AE R T A 0],
2RI R, 2004, 49(1): 15-21.[Zhu Yan, Cheng Bo, Chen Fahu et
al. Pollen transport in the Shiyang River drainage, arid China.
Science Press, 2004, 49(1): 15-21.]

SAEs. HEAT M. 0T B R 1995, [Wu Zhen-
gyi. Vegetation of China. Beijing: Science Press, 1995.]

P . BEEUK -4 -2 5 RGBT HIEM]. Jbat:
Bl B 4L, 2009. [Cheng Guodong. Comprehensive manage-
ment research of water-ecology-economy systems in Heihe Riv-
er Basin. Beijing: Science Press, 2009.]

B0, SRR M R[], A2A4R, 1991,33(10):
792 - 800.[Li Wenyi. On diepersal efficiency of Picea pollen.
Acta Botanica Sinica, 1991, 33(10): 792-800.]

EIF R, ERY. S8 A RS M. Jb st Jb st R i
1983. [Wang Kaifa, Wang Xianzeng. Theory of pollen analysis.
Beijing:Peking University Press, 1983.]

Grace S, Brush, Lucien M et al. Transport of pollen in a sedi-
ment-laden channel; a laboratory study [J]. American Journal of
Science, 1972, 272(4): 359-381.

FIRAE ST, T 208, TR AL A AR E S TR (C). i
A s SRRy 2 0 2555 /R RS AR 4 45, 2011, [Tao
Minghua, Wu Jianping, Wang Hongxia. Characteristics of pol-
len assemblages and sedimental environment. Palynological So-
ciety of China, 2011.]



1932 oo B 37%:

A

Modern Pollen Transportation Process in the Middle Reach of the Heihe River
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Abstract: Modern pollen assemblages in the arid regions and consequently the fossil ones, considerably differ
from the modern vegetation and palaco-vegetation caused by various dispersal agents, depending on the sam-
pled location and the geographical conditions. Fluvial flow and wind are the main agents to influence the pollen
transportation in the arid regions. Exotic pollen carried by these two dispersal agents could interrupt the relation-
ship between the pollen and vegetation. Therefore, the influences of these two dispersal agents on the pollen
transportation must be taken into account as reconstructing the palaeo-vegetation and the palaeo-environment
via fossil pollen data. Moreover, a distinction should be made between the local pollen, which indicate the con-
ditions around the sapling sites; and the exotic pollen, that rather represent far away vegetation, together with
the energy and possibilities of the dispersal agents. To do this, we collected 8 riverbed samples and 7 surface
soil samples for pollen analysis across the middle reach of Heihe River, located in the Hexi Corridor. The re-
sults showed that wind affects the pollen transportation relatively weak, percentages of exotic pollen transport-
ed by wind are usually under 10%. The surface soil pollen assemblages can reflect the distribution of local vege-
tation. While fluvial flow could carry more pollen from the upland to the study area and strongly affect the pol-
len transportation. Notably, the percentages of exotic pollen transported by fluvial flow reach up to 39.4%, and
exotic pollen becomes the dominance of the pollen assemblages, leading an inaccurate relationship between the
pollen assemblages and the local vegetation. The pollen assemblages of fluvial sediments mirror the distribu-

tion of upland vegetation and local vegetation.

Key words: modern pollen transport; arid regions; middle reach of Heihe River; fluvial transportation; wind

carrying



