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DI RS 43 Ml DX 32 B A Ay 28 Y 1) RPPE. 145 1) B
G, ANTESA% 22 i X B9 R4 KR (Alnus) . HEA R
(Betula) . #J& (Quercus) 55 3 2 A AAH ¥ (1) RPPLL 15
bR 7ek i X0, RAR(Gramineae) . 7 11 1
J& (Calluna) . %%} (Compositae). 75 4%} (Cyperaceae)
SR RPPE GBI, fE Hm HM ZE R
(Picea) . #AJ&(Pinus). HEAJE i RPPE Al 5. HIE,
ASTH] 3 X B[R] — FE R R () RPPAFFE . 5 22 57, JFHL
TEARIT WX, X A 22 S A SR A AE . lan, FEAh S
R P57 R RPPIY AT S BIFSE 1, Hjelle™ LR AR Ay
Z MY, A 5 R X Y5 SR RPPR 0.29, TR K
X )25 i, T 1,371,

LAk, 3’ E A R X B 22 7 @ T RPPAI
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WL APHEARE . AN E . BRE . AR (Fraxinus)
e Jm (Tilia) | % i FA J& (Larix) | i J& (Ulmus) (19 RPP; 1T
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S0 F IS R IR 2 3 v DR R e SO b
6 TR A e T L R 55 g e D e FE R 8 T
M EAAE Y I E LKA R &8 (Artemisia) .
FRFAIARARE. XL IE 45 R A HATE  E i — 4
TFJERPPK RSAPHI5Y 293¢ | R & 1y 2L Al H i T4
PlIE A 5 1 B AN [R] (G P 552 iy 300 iR g 5 ) e
K J“Crackles Bequest Project” ()4 /51, EI10 m
WoRFHL m x 1 mBEJT RN 2 44 T ) R R KB
1M 10~100 mlil 2 i FE w5 R 2 15 5 2R 22 307 o Dt R
oL 3 e B ROV R 4 A Bl R A e D A A o 1T e
5 mNTEISIEA, 15 ma R Aot B R
52 f 5 5 0 JEURIE 5 U8 o 3R FH 1: 20000004 B 4 L K
PEAN P ALY, XL X R — I RME. T
TNV A B TR RO i - ML R R T - P R i A (]
TEMZERIRPPAYAS AL AL, VE A B AN [R] U0 A4 R B
TS, ARSCHERE TS DUJR B 5L | B MRS i LY
B R I3 JE R 28 T T B R I R AT T AR A R A S AR K
WedkE, M TEE . R R RARIISERLS
o e Ml X R i LA R R AU RPP, - HLiHE T A
[i] b [X. RPP22 5 (1) 52 i R 3%

1 WX

F 7% XA T 3 R e R ) 8 SR DX N 52 4y F
IR | BRI R AN I3 JE R 20 T b IX (18] 1).
W A& D1 R (HLBE) i T N %2 17 4 ¥ (115°31'~

126°04'E, 47°05'~53°20'N), J& T i iy K i ¥ 46 .
A IRIEOC A A, LH &%, IREFE-30~-18C
ZI; A HTH, REAE16~21°C 2], AFREK &t
250~350 mm, FE/KAEFTET~9H . FE#k LARRARE 5 h
¥, YA 2 ¥ (Leymus chinensis) . K4t % (Stipa
grandis) . 3% F1 '] % £ 5 (Stipa krylovii) . 7
(Phragmites australis) . ¥ & (Artemisia frigida) . #&¥
FA(Pinus sylvestris) . [ #E(Betula platyphylla)Z.

By bR R (XLHT) o2 T 9 5¢ 0l b &8 (115°13'~
117°06'E, 43°02'~44°52'N). 4F-F-3< i 0~3C; 1H
RIREAK, FHEE A-19°C; 7TH &G, FHIR
JE21°C; M v de s IR AT A 39°C; ARF B R/ BE A
JE300 mm, FEKEEPFET~OH . Byt Redh T HL R L
S, LR A E R KEFSF . VKR (Agropyron
cristatum) . & fz F % (Cleistogenes squarrosa) . &
(Artemisia frigidawilld) . 7 B 7 (Thymus vulgaris)%.

I3 JE 20 L (SNTZ) 57 T 8 AR 8 88 v b (111°24'~
115°12'E, 42°45'~45°15'N). 4E -4 iH3.1°C; 1A
AT, VR E N-18.7°C; 7TH iR 422.0C;
SARFE KB AE150~200 mmZ i, KK ZHE7, 8H.
FEBE SR AT R o 32, RS A KEHE . sl
FT%ET 5 P4 )L (Caragana stenophylla) , /N4
X4 JL(Caragana microphylla) 4.

2 MRS IIE

2.1 EPAMERY AU e

A6 B3 Wi B SR o 9 IS B Tauber 59 46 15 R 45 2%
AEH RAESS A IRAEFE I, =117 cm, ZMM%E8 cm, i H
EHAE5 om. WELERIE, HRNECH M50 mL, BRE
B2 g, RJETE A+, O g HES em®2,
A LSS T Y5 s, WAESH . P42 DR
i IX i 64F (2008~20134F), 234N ik ik, dki1384
FE& B AR R b X 64F (2007~20124F), 121V
B, IR T2 R AL T e KR A T ik 34F (2010~
20124F), 22 i & i, Hee6 - .

TEAE B >R 45 2% 19 J) [l 2R 47 43 Bl 2 e e 5 3 O
#8224 E0~20 miy vl Bl N EAT PRANAE B A LAAE
WS H A, 0, 0.5, 1.5, 2.5, 4, 6, 8, 10, 15F120
MM AME, 82477 AL mx1 mEgFERRE D7 A, iT
ST IURE 58] R P RV AR A S L R S5 R
Rl B 4 56 B, 2P 4£20~100 mAYFE I LA10 moAy[H]
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Figurel Location of sampling areain Inner Mongolia. 1, Study area of Hulunbuir forest steppe; 2, study area of Xilinhot typical steppe; 3, study area

of Sonid Left Banner desert steppe (revised from Zhang!*?)

BT 5 20 mNAE Dy A D7 I EA T mox 1 iRy IR
100~1000 mLA100 m>A [AI#E Y& 20 mP AR J7 JH 4 5
MFEATL mx1 miEJy AT ; 1000 meR FHAUE £k Al 1R
(1:1000000) %k # .

2.2 ekt

AR $ BT AR 7E b 5t R T 5 PR 45 2 e 5 Y
IR A SR = N EAT. SRR AR B P A AE
FHOK vk BBt s, I A AT 25 (27637FL1 1),
Fi£23310% HCILbEE . 10% NaOHARFE . s fii (125
pm) . AT (7 pm), B (CEN2.0)IFE . IKER
LB PR R - i TR I TR G VA (VR B « SR IiF=1: 9) b B
et R, ABRERAT AR, B emn .
Je SR R, I AR 40065 A i S B N S8 T it
NIRRT . BEAFE S LR 1T B 4034 7E500
kil L.

h VIR E . RERL R . RARH RS RRE
¥y TR H 5 (fall speed), A SCHEHE T AN 1Y IALAE
¥, TEA00f5 2% W UBE T, Bl BL1E B 20002 46 # ,
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2.3 Biaabris 5

(1) W ES SRR, PR DR AR ik
(1) 72 2008~20134F () F A% V- S5 08, B MR e L AR
Ji 2 2007~20124F A A3 F-3ME, I JE i 20 JHE 37 18 e
Ji 2 2010~20124F (1) 43 V- 2908, PRAS DR ZRbR B i
IV RIS Al LR B Ji H 0k 5% T 4T A A A A9 S 34
R RIRE G FL R (0 A B U 8l 9 2 o 2 T i 18
SUBEICT 34 B FR B HE AT -1, R B T REAT
FEREKAF PRk 8.

(ii) MU RAH5E. K HIStokes Law!*
FHE ARG BT B AE A BT 2R

R=<axb?, (1)
a=a/b, (2
2x981x R x ¥ 3)

% = 9% (p— 0.00127)x 0.00018x100"
Ko, ay e Kl (cm), b B K (cm), o ek



W (58 N 1.02 glem®, HiAt40.83 glem®™), v Ay 1E
Ky AU 2R . i F Stokes Lawfii 5 T 5 @ (14 7)
P EER) . RAFCERL) . SRHORRAE K ) FIv5 = R
(5 B)SRIAE B DTS SR 22, I iy T e 4022 16 B F
B SRACM MK R B AR I, R BE R T8 B3R
TR AR IR .

(i) HAHXEAE 8 P B (RPP) R 3. FEAS IR AIF ST
i, Fo A1 FHERV.Analysis.v1.3.1.win64(Sugitak &
FOMEFE R . HFR . RAR, BRI LI E RS
FRIEH L RPP. ERV i 34 FHE AL A%, X 3F
oL AT B A B B A AR A i R B e
AR TR L A R 275 S AR B A X 55 B, AR
T 3T B A 446 R 2 R AR ). ARG B R N
ZHRAEY). IXE R e TE B traphe S B A
R, HAE4 R Z B0 s A 8 e ) Ak
K, MIARAFH AR T 535 AR I8 e R A0 S 7L 5
1A%, KGE g —B N3 mis, JIRR AL AR
0.025 m, £ #5 1& 3% A5 A 3% Bt T Prentice’'s model 7.
ERV A Y T 158 A9 181 4% PR £ A5 43 (likelihood function
score) LA K A v RPPAY A HE 22 (S.E)AE A i 18 34~ 45
RUAY 2SR pREAS o th ot 3y, A KA
SR PREAT AT BRI ELAR 22 800N, A A R T 5.
o, Bl AR BRI RS A B I ELJF IR B T RRUE B B B
RSAP, 2 55 %} 1 Y RPPAITY 54 A e 2Kl 45 51

ERV.Analysis.vl.3.1.win64 J& Sugita X} ERV.
Analysis.v1.2. 380 J id F T Windows641; % 4t 1 Al
FRPPI A FAE EDL 7 # R E & B 2 it
53 f# JIHERV.Analysisv1.2.3, fF N fRERV. Anal-
ysis.v1.3.1.win64 )i i F T [ b )y # i X

(iv) REVEALSH: I RPP s 5 45 % . %

F1 EMIEHBERIGTFEER (/)
Tablel Fall speed for the five pollen types used in the analysis (m/s)

REVEALS.V.3.9(Sugitak & 3% ) %t trap i [l R 4 1) 36
RE S UEAT R A T, IR T A R S PR AT A
BHATILER. Horh, REVEAL SR A TR % |
RPPLL K SFh 78 #2511 5 25 50 4 240 h AW 55 45 1
FURYECHE K [ T 20094F 7 P48 DL /R AR AR5 8 Mt
o ML TR B TR 5550 JE R A T VB R R 11 2R R
AW R > 42 9 50 km,

(v) DCASPCAHERF. AT IR IXAY
TR R ARURRE ) PP IS0 SR, A R SRR AR R S
RPPA S 45 FAERT AR DUIR ARARE R | 5 bR e il 780
Ji T 5 JE AR 2 T 3 V5 R D AN () ) R, AR SR
Canoco 4.5178%F 5 14 J L 1 46 0 F7 40 5 Hat R
FHXF 36 B #E 1T DCA 5 PCA 4R 1. 22 #a 345 i 43
(detrended correspondence analysis, DCA)Z*0 & % 4y
Tt FIVRE 5 B0 A T HE P 09 0 9, o b SR Hh i
J& K J& (lengths of gradient)g: sk & $i i k47 2 o 4 7
I 2 PR UG AY f A AR . R K B R R R
AT 1.5, AT PEFR L AR R G 3= oy o T 45 A
RT3, N0 B A5 R0, i 300 ok 17 3 p 25080, 3=
443 (principal component analysis, PCA)Z%322
W 22 A% B o 4 AR 4 DA DA B A
B —Fh Z Jo G iH o3 M 7 k. B Rl LA H 3k 5
Y iR R HER.

3 iR

3.1 BRI DR R

Hi 95 Stokes Lawit& 15 31 1Y SRR £ K5 25 B A T &
HOR(FEL), RABHA DU R i K (0.032 m/s), HAx
VR IHEERE(0.027 mis), ZEF}(0.027 mis), &)@

e HF RAFR R WA SCHRA IR
0.021 0.019 0.032 0.027 0.028 ARG
0.009 0.019 0.016 0.010 0.024 A E YN
0.009 0.012 0.016 0.011 0.015 XudE A7)
0.010 0.023 0.009 Li%E A0
0.010 0.019 0.012 0.029 WangFlHerzschuh(*®
0.021 PoskaZi A\ [*%
0.035 0.035 SugitaZs A ®
0.051 Brostrom&s A 129
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(0.021 m/s), %#+(0.019 m/s).

32 {Epmasts

WP A8 DL R 2R MR 55 52 570 48 A 288 At 5 72.08%+
10.97%. H, 8 (19.53%~48.23%) [ /3 & i f
HK A EERF(2.12%~30.20%), AR} (2.82%~21.31%)
VS ERL(0.89%~21.25%) 1L, 45F}(1.78%~14.83%)
B, B MR A i AR B J S AE Ry 2 0 L [ 96.450%0+
1.28%. Hir, ZFl(40.34%~67.31%) 11 4% & e
H R R 8 (25.00%~47.43%), %5 F}(1.20%~17.18%)
W Z, RARH1.07%~5.13%) &A%, 75 % Bl (0.26%~
1.07%) eI, 75 JE R 20 T 7 V5 o i S0 A6 A S A L
91.93%:+5.84%. H.H1, ZEF}(33.52%~65.51%) Fil & /&
(29.31%~56.28%) 1 47 7% &t fiw =y, H Uk 45 B (0.18%~
4.78%) FI R A F}(0.19%~3.23%), 755 F}(0~0.69%) it
I, DAPFAE DU JR R AR J5E 31 4855 AR vt e L 780 18 I i 8]
IR AC TSR, A BRI JE AR 1Y o A
FEARANAR, RAFIHISRERLE 43 & 2w, 2
BHERY B 2 i s .

ARICERIR, NI, HIEAEN R E 2 &
A B O e, gk h 2 ).

3.3 HIXHER = 5 (RPP)

5] 2(aL) Fil (a2) & I 48 D1 7R ZRAMR AL [ 570 48y 25 74l
FRPPHITY 5. Hirh, I8 1Ak 5 19 SR AL A S Al
() RPPAS [6] FF BRI 21 IR 3. FHIAI 1R 45 2,
WHFHHRPPI R, RARHR/N, HE. #RHAZER
AT PR 5 2R TR A 3 S B RPPA Kk, H:
UOEE BRI ERL, BRIRARARH /N, B R E RS
Al 2B TR LA A A5 SRR A T B AL 2
BERIZ, FRIRIIAYE o ik, HUOREER, HER
AR, RIGIRERE, WERR /N, AR 2 A
RIS R R oK, HRE SRR, RAEL RIS
FERHR /.

%] 2(1) Fil (b2) J2 85 MRS 4 L 780 e Jis S 48 oy 24 7Y
FIRPPAITY SfH. o, FHIAIL, FRIAI2FF A3
MG A A AR, PR R R, BERRRZ, 5
YO E, MIARARBRVEEBER /N, = A FRRS
FNF5 SAE S R WARAAL, &R FEERHR K, HRhK
Z, RIGIRAARR, R/,

(5] 2(c1) Fl(C2) J2 75 Je 4o A THE 75 Y B Jt SR AR A 28
AU RPPAIY S, b, = ASFEIR BT Ak 3 19 75 )2
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R 20 T b XA ) () RPPES S A AR AH L. ZE Rk,
HREE ., RABE =, BEMPERER/N. =4T
PR TS S 25 BRI, H R MBERME R, HAe
U

3.4 FEBHICIRIX (RSAP)

P& 3(a) S P2 DL R ZR AR 5 T A 8L SR R 55 A5 40 Bl
FEES A Al k. TR 20 TR R 30 i R 1 SRS T
K, JETE20 mii A Ak Tk, FACR NN E, il
LB TG T m, BEia TR Hik, CAPE
& D1 /R Hi X Y RSAPTE 20 mZ: 45 .

%] 3(I) 2 5 AR A L 76 8 TR (1) RL R o B0 A ) B
PR B AR Al £k . R R RN 1A R 3G il 4R 24 R B
AT, JRE9 mAL TR, FAA2MR
M), HARShE— B R a BB s, HANK
. R, B MO R X A RSAPZEQ mZ: £+

&1 3(C) S i J& e 2 T 37 VO R I ) AL AR R B A Ay
BlEE B AR Ll 2. = A>T BRI 45 4y ph 263k e &
W RE, SRJGTE8 mA A A TF R AR 15 - - T /K,
Horp IR 205 5y, KON FRIALL, B 351K,
R, AR 75 8 5 2 i b X U RSAPTES mZc 45 .

0

Bl

3.5 REVEALSKIG45 1R

5] 4(a) /2 W16 DL R AR MR i REV EA L SHE 8 45
55 SRR B R A T R AT F . T R R B R AR
fems, HUORE R, RAUWEEERE. (HE PR gk
RIS EBE % & T4 F, MREVEALSHE
AAETLNA . RAYREVEALSE (45 R R, HE.
3 B A B R B AL, R AR R VS R RHITAL . (H 2
REVEALSHE 4 2% 54 5 52 b f w0 25 55 18 1) A 22 78
10% 1Y Y [l Y.

%] 4(b) 2 85 PR i L 7Y B U REV EAL S A 25 21
55 SR R B R A T R AT E . T R B R AR
femn, HUCEEERL, SR E 4R, (HRSCBRAE
A ERE e T8 s, MREVEALSH &
ERAH . fEREVEALSH & 45 Forh, M s fhma
A RPN RRL, AL AR AR RIR AR,
PRAB AN 27%L) |, HAF A REEL RS
S R 4 R A 55 B A 25 7F 15%63 R 1.

% 4(c) /2 75 Je 8 A2 T i I B REV EA L SR At 45
WESIhRE g & S X . AR, RE-
VEAL SH At 4% I 55 52 prof 9l i 55 B A7 7 A g 24 57
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1188 FAENE AR

SEFEE SRFSE FEF8S

S ¢ Qéspo (ﬁoﬁo "fo“
& &S &

B2 HAERZERGEE . R RARL ZRTS A (EF I RPPRITY S (al) MHE DURZRMEFERPP; (1) B FRI SR RPP; (c1)
TSRS FRPP, (82) WFAS DURBRARE A 508, (b2) SAMOE RIS B 5 S (8 (c2) S e R Ze G i o S (.
Figure2 RPPs and backgrounds of Artemisia, Compositae, Gramineae, Cyperaceae and Chenopodiaceae. (al) RPPs of Hulunbuir forest steppe; (b1)

RPPs of Xilinhot typical steppe; (c1) RPPs of Sonid Left Banner desert steppe; (a2) backgrounds of Hulunbuir forest steppe; (b2) backgrounds of Xil-
inhot typical steppe; (c2) backgrounds of Sonid Left Banner desert steppe
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Figure 3 Likelihood function scores for three ERV sub-models. (a)
Hulunbuir forest steppe; (b) Xilinhot typical steppe; (c) Sonid Left Ban-
ner desert steppe

Forb, R AEY B WA, T EAR AR ]
At

4 P

4.1 ARBXRPP™ 4 22 5y

AT R AR H A A DL R BRI B AR
LAY G JEUR 5 JE 4 A T VS i S A Ry S RPP&,
IR —F. AR SCFBAKE i ERV AR 45 21 A9 L 4R
PRI A5 43 FI RPP s 1 222 2 i 16 37~ 155 284 11 iy s 485
S Mo, LR sRBUS S AR S bR v 22 /N ) T AR AR
5 RPPI: AT 5.

TE S DR FR AR i S AL K3 25 70 RPPEA 45 S Hh,
A T TR A ST A5 B ()ALLK bR BUAS 4t e 38 T 7
BIRYL, FF HAS /N FR2, [F] B RPPHY AR IE 2235
AN, BT TR 3G B A RPPEE Sl A . [ it
# Bl 1) RPPIR K (4.46), H vk 2 75 5RH (1.09) Al )&
(1.00), % #+(0.30)F1 AR AFL(0.41) e /. 158 1Y 75 5%
K (0.23), HABIIR/N. RSAPA20 m.

TE B AT 4 L0 B JE SR AR 2K R RPPRY 45 31 ohr
F TR 75 315 21 A0 (L8R PR US43 i 28 i B iy HLAS:
Oy A%, TR RPPAY bR i 2238 /0N, BT LAAS 3C 36 B
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|BReVEALSERESR (] KhvasiAs £ |

Bl 4 REVEALSH #4585 PR g A A a5 BEXT L. (8) M DURER
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A comparison of relative pollen productivity from forest steppe,
typical steppe and desert steppein Inner Mongolia

HE Fei, LI YiYin, WU Jing & XU YaoZhong

Laboratory for Earth Surface Processes, College of Urban and Environmental Sciences, Peking University, Beijing 100871, China

Relative pollen productivity (RPP) is the ratio of the absolute pollen productivity of a certain pollen taxon to the pollen
reference taxon. It is an important parameter that can be used for quantitative reconstruction of paleovegetation at a
landscape scale. Here we report a study on the estimation of the RPPs of five common pollen types of grassland
vegetation from forest steppe, typical steppe and desert steppe in Hulunbuir, Xilinhot and Sonid Left Banner of Inner
Mongolia. We used a 1 mx1 m quadrat to record plant species, rooted frequency and percentage cover at upwind to
downwind direction at 0, 1, 2, 3.5, 5.5, 7.5, 9.5, 14.5 and 19.5 m distance from the trap. For the sites of 20100 m
distance from the trap, we investigated vegetation composition of the 1 m x 1 m quadrat with a 10-minterval. In the three
study areas, Artemisia, Compositag, Gramineae, Chenopodiaceae and Cyperaceae were dominant plants. In the Hulunbuir
forest steppe, Artemisia and Gramineae had the highest percentage. In the Xilinhot with typical steppe and the Sonid L eft
Banner with desert steppe, the percentage of Gramineae was the highest. We collected the pollen samples using modified
Tauber traps from 2007 to 2013. The percentage of Chenopodiaceae in the Hulunbuir forest steppe was the lowest, but
reached the highest in the Sonid Left Banner desert steppe, in contrast to those of Compositag, Gramineae and
Cyperaceae. Our results show that the fall speed (vg) varies among the five pollen types with 0.032 m/s for Gramineag,
0.027 m/s for Cyperaceae and Chenopodiaceae, 0.021 m/s for Artemisia and 0.019 m/s for Compositae. The RPP¢pe Was
found the highest and RPPg,,, the lowest in the three areas. When we used Artemisia as a reference taxon, the RPPs of the
same pollen type are different in the three areas. For example, in the Hulunbuir forest steppe, the RPP, was 1.00,
RPPcom. was 0.33, RPPg, was 0.44, RPPc,. was 4.78 and RPPc,, was 1.21. However, in the Xilinhot typical steppe,
RPP, became 1.00, RPPcon 4.72, RPPg, 0.01, RPPghe 2.05 and RPP,, 1.31x107% in the Sonid Left Banner desert
steppe, RPPa. was 1.00, RPPcom. 6.72, RPPg, 2.15, RPPcre 36.25 and RPP¢y, 0.41 respectively. The main reasons for
the RPP differences might be the species dissimilarity in diverse vegetation types and the number of the sampling sites
used in the models. The estimated relevant source areas of pollens (RSAPS) in all the three areas were less than 20 m.
The coverage of different plants was reconstructed by the REVEALS model and presented a large difference among the
three areas. In the Hulunbuir forest steppe, the Artemisia’'s coverage was 29.16%, Compositael8.66%, Gramineae
39.40%, Chenopodiaceae 3.53% and Cyperaceae 9.25%. In the Xilinhot typical steppe, the coverage of Artemisia
reached 13.42%, Compositae 0.12%, Gramineae 61.69%, Chenopodiaceae 17.59% and Cyperaceae 7.17%. And in the
Sonid Left Banner desert steppe, Artemisia reached a coverarge of 93.81%, Compositae 0.59%, Gramineae 1.22%,
Chenopodiaceae 3.13% and Cyperaceae 1.25%. Compared with the actual vegetation coverage, the reconstructed
coverage of Artemisia and Chenopodiaceae are higher, while that of Gramineae is far lower, which might be caused by
the high background value of Artemisia.

relative pollen productivity (RPP), fall speed, relevant source areas of pollen (RSAP), vegetation survey,
Inner Mongolian steppe
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