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Abstract

Aims Our aims are 1) to explore the relationship between vegetation and sporopollen in the surface soil in the
Hongshanzui area, which is located in the middle slope of the Altai Mountains, 2) to compare different sporo-
pollen assemblages zones between the Hongshanzui area and the Kanas region, which is located in the western
slope of the Altai Mountains of Xinjiang, and 3) to explore the relationships between surface sporopollen and en-
vironmental factors.

Methods We collected 37 surface soil samples and carried out modern vegetation survey in the Hongshanzui
area along an altitudinal gradient from 745 to 2 413 m. Mathematical statistics and redundancy analysis (RDA) were
applied to analyze the distribution pattern of sporopollen in surface soil and its relationships with modern vegetation.
Important findings The results showed that the sporopollen spectrum of surface soil in Hongshanzui area was
divided into four zones from top to bottom along the altitudinal gradient, corresponding to the major vegetation
types in this region, including subalpine meadow, mountain coniferous forest, shrub steppe and desert steppe. The
typical tree species, Picea and Pinus pollen, and shrub species Ephedra, herbs Amaranthaceae and Artemisia,
were extra representation in the region, mainly because of the impact of wind and rivers in sporopollen dispersal.
Larix, Poaceae, and Cyperaceae had low representations in communities where they were dominant species. Many
previous sporopollen studies have shown that the ratio of the percentage of pollen content of Artemisia to Ama-
ranthaceae (Ar/Am) was a good indicator of the degree of humidity in the semi-arid and arid areas. Our study
confirms that Ar/Am roughly corresponded to the wet and dry conditions of the climate vertical zone in this area.
To some extent, the low Ar/Am ratio for shrub steppe also reflected the influence of human activities on shrub
steppe. Compared with the western slope of Kanas, the characteristics of sporopollen assemblage zones in the
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Hongshanzui region were incomplete, and the distribution height of similar sporopollen zones in this area was
higher than that on the western slope of Kanas. In addition, the results of RDA on sporopollen assemblages and
environmental factors (mean annual temperature (MAT), mean annual precipitation (MAP) and altitude (4LT))
revealed that the MAP was the main environmental factor affecting sporopollen assemblages in the surface soil in

the Hongshanzui region.
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T (Cao et al., 2014), [FIEFE2 B FLIL ¥ N ATE BN
HI 520 %5 [E/E N (Ma et al., 2017, Huang et al.,
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Huang et al., 2018b), 4% /N Fids an ok 1L ra 34 - 4
T X (F 148, 2017). Rt (Yang et al.,
2016)~ K LL 7G5 /R B 0] (25 SR, 2014) 55 HAR
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Fig. 1 Study area and locations of the sporopollen sampling
sites in the Hongshanzui region of Xinjiang.

F2 413 m, TERARILAT . by« I R s L
5o MR WAH N 73 4 (D)L J5iatr, %00
IRACHE B 50U 32 B2 AR AH 1) R B B Ji R0 PR 2 R (B
Y K% ARG (APG)HF R RN . B E
(Artemisia) 0 R e 2R, LM N f R 2E
(Ceratocarpus arenarius) SRR (Trifolium
pratense)~ FFESL3G (Cousinia affinis)FE g =
BHIR AR E T ARG . Q)RENTLH AT, 1247 F
SEEMNEL G BRE N B Y . ERZHEY) E 2 %
WAL % (Spiraea salicifolia)~ WHRHR R
(Haloxylon ammodendron) W35 LMK 5 J& (Ephedra)
&, WAREYZ NARAFR WHFIERE(Carex).

GRNE 18 JB (Medicago) B TERNE . (3) 1Lt RS,
%1 R 2 Y 22 ph T I TR AR b 7 A1 R P A
(Larix sibirica)5 & &% VE{A R 2= 42 (Picea
obovata)F SIRSEMR, BUFEA B (Populus) FIHEAR
J& (Betula) 55 & W [ AR TR OB R HJRAS AR . AR
YA RREE . SRR &5 2 Bk M (Sorbaria
sorbifolia) UL S /NEERVEREY), HEAEYA RAFEL,
KR (Achillea alpina) & & FETE(Aster
hispidus), S FVH H.(Glycyrrhiza uralensis), %%
KUK T (Alchemilla tianschanica)bl J P55 F} 2
L 5 o AEFR o B X A7 AE D BV AL B (Larix)
K J@ AR 8 A5 AR, U0 2 TR AL
gk, BARE RMHEGCRO R R I, (4T 1L B
iy, 1% RN S LSRR . R ER B
T, RBMAWERERE . RAR Skt
HI R L PR BN % 5% (Potentilla chinensis), PAK
FVTRFE ARG . A5 1% BB AN B 3, DA

www.plant-ecology.com

AERINIE 7 - S 28 (R AR 4 LA BROIR R0 bR 5 1L
LA AR R0 AT, TR AT EIRATIA2 500 m (H
FMOL R PEAC MO BRI T B, 20105 3 °F
&, 2015; FZHEREEE, 2016).

1.2 HRPRESETE

20114F, MiREFR 745 miCIBT #h 22 i HF 46, W&
216 EE A BT KZ1100 mRE—ADER LR,
HHA TR BEE R T A, S0l BiEm R RIS
FRMATE AL img R, R = 22413 me R+
FE S RENF AR K G, Eit37N(E 1),

P e O e i 7 NI T 7
10-120 g AFEM &, SR FIL 2 ol 4 2 22 S0
PR A A 0 ok EAT HE L, I E Olympus ik 6 %
RIE40 x 10F558 FHHTSE, BRAH & 250 m
ANTFE AL, 248K 2 BORE i 3 Ge it Bl AR AR A A8 B
4007 LA I o
1.3 HiES

Rk SRR E SR A SR®NE
SEEIARN: W=n/N x 100%, WHiZEHEEZ
FES I E 5 8 noNiZRHB R £ % e h & it
[RIELCRL); NAZRE b 4 58 R e it IR0k S 25 k) o

QFF B ERITHFEAL: X = V' x n)/
(N" % G), XAZHESH TR IR Ch-g ), NOAAZAE
TN AR FHB0CRE); n NZAE S E B R4 e
AN TR FBCRL); N'NIZFE 48 TR B30 G
KR S ()

1.4 HFESHh

211 e L S R R BRSO X B s X
197120007304 (1)< i i (i Hie 4 (DX 4380 e K 4fs £
H4NEE(HFSE ARBKE. B ER.
H AR o (R I ) 2L R, X AR &2 197 1200045 76 37 58
AR R3O K ISR P IE .
BP0 R 2% il TG R A X S B R A 201 km
[ X B BTG FR 1% 3R 7 STRM B 7 e R A 7R g
fih 25 FE B R R RE M, X R A HRAE A1 km
WS AR E SR A . T HEP 2 0 30 4k
(ALT)~ 4F- B /K B (MAPYRAEE- 35 S IR(MAT) 355
Rl Fo I REAOR 2 A R A 4 Bl b () SR AR R 1 1l
M BAZJE (Picea)s A& (Pinus) MEARJE . K
HE. WAk CRZECERZ AN R EE. %
THSR 8 Tl A 88 A 56 & 2 Ak ) R 56 & (Asster)
BERL AR HHERE (Botrychium)55 17N FLHE

©U 00000 Chinese Journal of Plant Ecology



HATHEFER
2 #R

2.1 TEMEEEFIE

37 R EAE A Gt ARy 319 388K, 4B T
79N ENE, HA KA XUR BT (Zvgnema)
I URL, SR T AR BBGEAT T T . TR
JE TR o A KT 5% Lt 28 ME R E, &
ATT353 g e DX LA e B AR A A X R ) E R A
JS Y o AR AT T DX SRR AE A AR AR o 18 25 (1) A
FKERE, BZIX R AR I o AN A AL A
ST e L]l AR OPR | VAR RN S A (1E12)
2.11 TELERGI: 2 413-2 031 m)

I R MR 917 174%E-g7 (LR A
SEYE). ERMAE T, EAREYER 5 59.34%,
Hod P AT RE(15.24%) B B (15.13%) « T B
(8.42%) ER}(5.50%) RAFF(5.32%) 75 H R}
(2.39%)5E & S TEARMEYIIER 136.07%, Hr
=8 17.77%, % W & 5 8.05%, A8 &
6.86% . BRISHHYAE ILTE B W b & B £ (3.33%),
HA AR R 52.20%. 1% & 8 5 0 BHER tuiE
(Ar/Am)fz 5 (1.88, A NBAFMH), TeARMED1E
5 TR AR IE R 2 LE(AP/NAP) (1)1 ¥4l 21 8%
i, 1 50.62.

2.1.2  WHEERMRGHIL: 1 970-978 m)

TR SR E 18 102K g !, IA TR B i
o TRV IE K 75 f0ky A b o 8k e B
71.03%, KA =t2E. mE. i@ AR s &
W o AW FPELFE I TR (0.38%) A1 iR
(0.44%) 546K, 152.88%. FELASHIY) i A K 17 1)
24.45%, PLE R (8.07%) i AF(5.94%) . A A}
(2.15%) ZFRH0.46%) £ TTRHO0.75%) B4 HA
PP ERN1.71%) 5N F . BB 152.65%. %
i Ar/Am (1.7)BUH MK, AP/NAPIZ & =18 (3.62)-
2.1.3 EMERGHIL: 1161-772 m)

o R MR AN 115K g, Y% aE H AT
AR . TERIAR LG, EARREYITER 1 E o
1B 3K T BHY A v 18 (8.49%), P R R 146.15%,
HUCONRIRN1.45%) o TEAREYAERD W) S 2
3547% . EAKEY)L53.64%. RABHEYM TG
1.29%. %77 Ar/Am{¥ _N0.60, AP/NAPRF %20.78 .

PURGRSE: FraBb /R IX R Mo SEURER: 177

2.14 FUREJRGEIV: 1066-745 m)

AR IR 9 682k g . TEFURYULE T,
TARREYIACR T & Lk B e, 993.81%, o
TR 56.43%, EJE 30.61%. FEAREYITER EE
AR, 1£4.92%. BEARMEDIER 5 S H01)1.38%,
Z N B (0.58%) . FRBMEMINF0.12% . %77
Ar/Am40.99, AP/NAPIA T B 7 i ik {8 (0.05).

22 HIFESWER

IR I X 1 L DX e T LA ) R R 5
G FHAE 0 AT HE R b, KB RE R B R
TR 23 A B B S AE SRR R 7 2 I A SR R &R
T 4t H Canoco X HF 134T J: a5 X6 .73 #T (DCA), 15
H A B LA B2 S AR RE 1 21.39% 1 R T =,
1M 25 3R ZE A ) R AT 7 25 96.32%, W AR T 56 1 4l
FUEE25h,  FH AT A A A PR A 3R - FE b md
BN 3 5% 55 VR 28 2.4 T AR 3R FO A BE IR - Pl 4
fil, HEE 1R 2T A E 2, HTDCAZ R
SRR K N 1.46, /NTF3.0, FTLUERE TR
HT(RDA),

RDA%E R~ HoA 38 15l R 5 3 530 5%
ZH0N0.937 7, JLARFE T 63.51% KW 5385 Rt
J5 72, T2 R YR S PRI AE O R %CH0.789 0, 3t
fERE92.93% WAl SR EE Rt 7 22, AT, Hh1A12
FITARER BRI DR 1A oM 122 X 3R LAk 4 & 1) 3
S

MRDAHET EI(EI3) T LUE H, MAP. ALTS1
PR B Bl R OGP AR v (FH 9% R E09 51 290.937 7,
0.789 0). HHRIKIKH2 413 mfZ(KF]745 m, FE/KE
H1319.42 mmPEK3]167.59 mm, ALK NI &
WL AR AR BE B SRS R S, A
HHIK IR T R AR

IR TR, V&N JRIEA 5 MAPFIALT 2
IR H IEA G R R, T EHER 5MAPHALTS
DUSAR R R B8 FIAL RO TN FIMATH 1R &
MIEFRCR R, TATTRHS BIHR)E 5 MATZE B
BHFARR R

AR, W L B () S5 MAPFIALT S
PIEAHR R R, ENRJEGRINS 2 RIAH %, T
5 MATHE B I IEM SRR R AR GIFIDER 7
FEM S MAPFIALTRILIEM R K R, HMAFEME
MATERIRIF ) IEM R R R o B R (TIV)ER
WNEMAPFIALTR AR R BTG R, by

DOI: 10.17521/cjpe.2020.0195

©U 00000 Chinese Journal of Plant Ecology



178 WAL 25 Chinese Journal of Plant Ecology 2021, 45 (2): 174-186

‘uay[od 0BQOBYIURIBWIY /DISIUALIY ‘TIY/TY ‘Us[[od [2a10qIe-UOU/Ud]
-1od [e010qIR ‘qVN/dV ‘Opmun[e ‘I7F "A[oAnoadsal ‘wnuoddjoq pue pjjiuajod SUIPN[OXd Son[eA Oy} oIt 9ed0BUOSA[OJ Pue 9BI0BSOY JO safeiuadiod uofjod oyy ‘Mapsy pue wmovxp.iv]
‘DISIUD].L SUIPN[OXD SANJRA ) oI dINS1J oY) Ul 9B0BI)SY Jo sadejudorad udfjod oy, “Suerfury ur uor3ar mzueys3uoH ayj jJo sauoz uofjodoiods pue sagejuoorod usjjodorods soepng g 81

CHIRNHAAS M S E WAV BRSNS Y dYNAY
* YIRS S N G BTN B LS e A R - R I A B B S BB R 7 B B R A A 0 R G B o B R O R XIS I TR T

(;-8-ures3)
.-On—ﬁaﬂ ﬂ@ﬁgﬂooﬂco
(W) 177 usqjodoiodg  usjjodorodg
358 WWHHE EYHARE dVNKY WVAV (%) 28wjuooxad uafiod 4y H Mk

000€ 0001 00SI  00S 000090000€ 689+T 9 ¥ T 0T 00108 090V 0Z O 06 09 0V 0T OTOIOI0Z 010S 0T OTOTOI0Z Of OIOTOL Ov 0T 01010106 09 0% 0Z 0T OT0I0E 0109 0¥ 0T 0T OE 06 09 0% 0T
q _|_|_|I [It _LLLLl (. rrrrELLLlEl__LLLLI-LI-LI rrIFrErrrFElrrrErI_JELLLLIFFrrElr______ _LI-_|_|_|__________ vbm
g - —_— - i} —_— L o€
mﬁ —_ — B - — —] L SE
o _— — - o ] — L v
Mﬁ — — - - - ey |MM
— — - — e — - o o B - 1€
— — J _— — — o -l 0F
- - — - - - — . .mmm*.*
g — — o — - - - - -8 &
WW — — - — - — — - LT %
2 m —_ —_ — - — — —_— < 4 4 - 4t oz 3%
g = —_— _— 4 — - J R — 4 dLsz =
— — - - J— - — d - — | 77 £
— — . . — —_— | - — — - I,muwm
— — - o — - = - - —— | TT
e B
— — o — . = - - o |.0N%
— — o — . - E |.2Mu
g — — - | — - o o — 4 —| 8] §
— — o o — o o - B — | L] @
MW — — - —— - - - o - |.2m
m.% — — — . J— — J - - o —| G] &
g —_— — —_— —_— | i i |.Em
a — — B — = o o — ] S
— — — — o E —— C] 7
— — — — o o - r = o — ]|
Lot
— — =i - — | - o -l - - o - = —| 6
@ —— - - d J— - - o - - - -l 8
Nl = T ] — ! e
.WM_H_. — — ] = e - ] ] o - - - l.m
L= — — o . E ] e o — —
Bl| — — — 4 —_ - — - - . . —lr
m@ — — —] o —d - ] o = | [ €
b D —— — e — ] — e - - o o - |.w
i . XxSH Sy YRGS W Mok S & ¥uHx B KX LY
RSN 3 ¥ ¥ HNE BB QT & PR HDH P B ANE G X & ¥ &
2 3 & & & HRHEE Y RRIH > Sy NG & EES WO ooy & &
4 s & ¢ SERY O 5 PRER S §o8 SHAF e OF & & kY
& & Seee & S8FL F FE§ SoFS § 858 §F N & &
g § ESSS 58 S858 s 5856 &8¢ §55° £§ & § g
s SOF FE SSES f6 § ¢ LAY ¢
S§8&§ 5 S ES T & é § §
F¥§ 8 ¥ &£ ¥ @
@ [+

www.plant-ecology.com

©U 00000 Chinese Journal of Plant Ecology



ZRUR IR BT ABR /R 2 41 L W X A 3R Ak 5 DA A

SRR 198 R 5 LB E T A A
2.3 MHXDER
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JREMATE IR E AR KR, HRRES N
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MIE. BEBSMATEI R ER AR, H
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3.1.1 RIEMERETSEEHZENXR
R4 PR T Y B AR PR X v G B R AR T R
I e Ll B A AR — R AR R 4R 2 200-2 800 m

1.0+
W37
iR
r Caryophyllaceae
[ |
\ o
Asteraceae Amaranthdceac
Y HwRE
] Botrychium
N
2 U AR
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&

N

®
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O TR AH Subalpine meadow
@ 1L#iZRHH Mountain forest
B\ 7 Shrub steppe
W 35088 5 Desert steppe
B #2245 Pollen taxa
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Fig. 3 Ordination of pollen sampling sites and sporopollen taxa of the Hongshanzui region in Xinjiang in the space of the first two
axes of the redundancy analysis (RDA). ALT7, altitude; MAP, mean annual precipitation; MAT, mean annual air temperature. Number

means surface soil samples.

R OB X 6 MR R 53N F R E T RIS

Table 1 Pearson correlations between the proportions of six sporopollen taxa and three environmental factors of the Hongshanzui region in Xinjiang
P AN viF BEF AR I b 5t o
Picea Larix Amaranthaceae Ranunculaceae Caryophyllaceae Botrychium

#EH Altitude 0.218 0.663" -0.553" 0.274 0.674" 0.408"

R -0.357" -0.608" 0.635" -0.329" -0.617" —0.469"

Mean annual air temperature

K i 0.330" 0.596™ -0.611" 0.313 0.624" 0.494"

Mean annual precipitation

*, FE0.05 AT (UM b 2 2 AH 9% **, FE0.0 1T (O b 2 A 5%

*, a significant correlation at the 0.05 level (two-sided); **, a significant correlation at the 0.01 level (two-sided).
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13002200 m, fEifRIEAFHRMRA AL, Higik FR
AEF2 500 m, FPRFI1 100 mo AOR I A L s
FEVRAZ AR 9701 150 m)fIiEHk [X 18] 5 S BrRAs 4t 43
MEEARY)E .

VETE B BB R 22 LA B s PR S, (HI
GYAT I R kb VRIS AR, LE L b RS A A
B A 3 e e 9 P L B, 2 D Y A A A B
RFREI, TE RN R R (VRIS 2016). TR
$R1 100 m DL A i AR 37 T i 946K L A R SR 1)
T, S AT A /N TR IR A7 0 AR BUOME AR bR (22 5
2, 2016)0 TV (1 066-745 m) AL T 1 1 e
MR . AL IV S A —ENEA, H
IR F RE R
312 RIBAMEESHEEEEZENXR

FEHFIE Ry Ll B Ay v, 1O/MRE A AL 1
PERHE R, BURAE B B 55 EERTER0% LA I, X 5
R EE A — @ N R R R SR
J& R R B R 55 A2 40%-80% 2 18], {E A4 &
AN 5 2.39%; RAFHER & & 85.32%, HHX]
IS A ) B ST 38 55 BE TR 10%; 3% iR e B & BN
0.09%, {HIGHEIPIAR R, TS5 E LT
5%-35%2 8], AT WLySERF RAFRE SRR 1
RFMEACBLIT LSS, 2009). FHTER. R A E S
K B3 A 3 HUEAES% LA b, B i 18 15.24%, (H
FEJT A, O AR 55 B B /N T-5%, R
ek A AR 8458, 1996; [ESE, 2004).
FE A B EREYR T, HEEES% A, (S
EER I P 7 LU AN S . RS RS, (B
- HH R3.33%, MR, R AR

TR L AR RIS T, 11N A AR 5 7 1
AR, MR AE80% A, Ak K
FELE M BT O S R R X R R R BT
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Z N L HBEF AR RN FER ZS AR, BBk, &
MRIRBDIROLORFFAFELLT, VP EEE T . (X
2 JBACHK B 5 53.96%, 15 F1) %> 3 BT I 85 i 1
B0 5 AR A 7 v 5 FE (P 3 29 919.5%) % L AH
EER, RS @ik BABARRME. EHLE
TERT (3.30%) -5 HLAH 4 ~F- 357 5 (£938%) [ R X} 1o
Pz, B TIRARRMEC . MERTEIEN (10.42%)
55 AT 2 55 (£024%) 22 18] 3 A Sk I8 ([ AN
Jeh, 1989). (HAF—HEIE, VA IR AL T
T KRR, R AR AR AR, (A7
KLk, BEAE SRR, JLTFERE, X
5208 PR A B AT S5 0%, 1EH 2 BB
HEP TS H LRI, 1989). H& 2N
5 I S D RHE Y A ER 5 R e T v 1) 5 P A LUK
N, NJESNIELER (W RIS, 2019) AP/NAPH =
183.55, 5H MMM w5 AHOC, B — 2 b
FRNE o IXUERT TS A B T T I R A K
257 5 1) 5 i (Zhang et al., 2006).

T FE R JE A VIANRE 55 AR Bt T 1A
RN, RSP T0% A 4, #EARE
(1 5 2°825%, SHRIRERE —EX R KR
TR 28 46 O ML 5 PR TE 5%-30% 2 1], ~F-¥7E
20% 754, (HIEAER HN0.37%, KL EARR
PGS, 2006). FHRHER (1.56%)5 HAEB: &5 FE (7
1 2312%) %F RLAS AR G, 22 BG4 AR R 1k
(B8 RLRIZE /NG, 2013) . TEREAAE 7 1 7 b AR L
JOR P B AR, H D B R Bl AR )RR B JE AR R
(6.63%) TEHEIFEELX AR, A1 8 ic 5% 2 R0
BB A, HACK | 7 & EE R IE60% 1 1E
(2 H AEE, 2005). [RIUL, 12468 RIEA FE R
RAEZE, 2019).

W IV AT R R, SANFE SRR R 7 T A
ORI EOR, BASME R 55 BEAE50%-T75%8], “F-3{H
N60%, AT AU SR XS N e B R E R
J5 55 B N5%55%, “FHME N21%, BIHAEH H 5
EE-P 3518 15 56.43%, RIAHJE TEBARMEIL R . &
J& T 43 LUARL(30.61%) % S AH % 55 B2 - 35E. (23%) >k
B, R —EWAXT R A ORARL 24
RHM R S5 2 (B RKME, 2015), (HEE (K, £ H
gy OB ARG, A6k 1A 3R 1 IR (2 1% 75 5%,
2007). 5 b, 20l X 3 B A R A AR
HEFE A BE s ok H 224 AR 1 110 5 B AE

©U 00000 Chinese Journal of Plant Ecology



PURIRSE: FraBb R M X R Ao S EURER: 181

3.1.3 HBFARMEREYEHSEHRRR

7 I i Ll B 5 7 A P S e KRB B2
JE AR J& I AE K (B14), FLrT eI R, E ey Ll A
N7 2 AR R R EET TR A AR AR AR T, A2
J& AIRA JB Ak B XU 3R, 5 T R AR R
(Zhang et al., 2006) , RNy H A4 ) b R IE X
A AL (Yang et al., 2016). 17 TTIVEE DA B5 JF 35870 B
H, TRARBEMIER (A2 B AL &) o Ll e, R
PEREHRE TR A, ATREV AR A T by T 7 3L
ST, FRMRAT IR 260wl T 3 BBl ) V8 DA I oy
H — M (TE] AN S92 80, 1989). 51T (164 17, 18
T AL (20~ 21°5)FOHCRE i, &b T8RS ]
WeSCI BTN, IR 4 B BT RS, 2
oA AER RIS AR (2= B HAE, 2014).

7 TP PG A R 0 7% i A8 1 75 521468.05%, Ak
TizEE W R A E. EWHESREY, &2l
PEARRE 7% A N I TR AR PR AR 5 0
b o) R [ 3 A7 L L AR PR I 38R0 2 B 43 (B SRRl
JRPaAEAOL R AR TR, 2010; 38 74, 2015,
LB 2016). 1% AT LOAMEMRE 7, Hd4 N
AR, LA A B N, 1k atiE v,
SRR F R . I R A R A B P AT
FINE T4 44 5 PEAR FINE 2 AZ T TR S AR, TRAHE
I Ao N, =2 @ ek B 3 H R
M SO A AL, 1990), SEHLIEKH & B
w, MiE i B ek &2 m 5 ixeh A RS %H

FEARARFMEAEN (TN - T 8, 1989)2K 745 ¢,
314 Ar/AmMTUREENX

El-Moslimany (1990)#%- % H & J& F 22 R LU E
(A/CYRFG R SNEI TR, HHLRASTHE
Ar/Am; NI S5 (1994) ) idE i i 58 R A 5
X i J AN BB 1 20 A0 B, 42 A/ Am ] DA
RIX o BRI T A AR AR . BhEE5F(2001)7E S
HURZE 1R 2 R B 72 R, DO B Y = KR
JRRIREE 1) TR . T T SURSR X, HAE
FUNF0.5, 105 R DOEE K1, % XS K
BN A BUR G T R IR/ NR, 2013; RENE,
2018). 1% H 4 (EIS) U AL T2 000 mEA Lk
(P = L ), R ORI GF, WK, W ITN
FRMAER, KGR RGF, XA A/Am > 1.5,
WAV, AvAmK, <1, 2 HEANT SR
Bk, HIHATIREW AR, KBS S5
AWFFE(El-Moslimany, 1990; #5825, 2001; #70 R
FAs/Neik, 2013; Li et al., 2017; 555, 2018)—%],
Al LA S % XA A IR R AR A Sl . T,
Ar/AmAb T3 E A i s E, 8 RN,
& R BT o5 LR s, 5% i A S A A )
A (Yang et al., 2016). TIIAY/AM K T3], 5
Ab T IR B S AR I AR AR A O o AT Ar/AmAL
T TE B R AR (0.60), % e N E R AR, ML
FRbhar kidk, Hmars, MAPY, BT 2510ME0 X
(BB, 2013). AFIVIATYAMIZ0.99, 5% %

P oloR LN NS AR HITIAE
Picea Picea Pinus Pinus Larix Larix
1 1 T ) o e 11 = 2 - = 1- == 1 5 =
5 D A f— 23 o 24 = 23 o YRR 12
'g 3 o 24 - |— 3 = 241 @ 3] | 13
R | S 251F 4k 254 = alk 14
) 26 {fm 26 { = 154 =
ug % 5 o — 54 = 5 —
# o 27 { pm 271 p 16 4 =
HZ 6= 61 6 A
-H% > 28 | mm 281 = 17 =
S 7] i ]
g 7 29 7 29 7 184}
=}
15 g | f— 30 | o 81 == 304 R 81 191k
@ Q o [— 3] 4 f— 9 == 3] 4 f= 9 = 20 =
10 - j— 32 e 10 B— 32 10 - = 214
0 20 40 0 20 40 60 0 20 0 20 0 30 0 30
W R L R N DAL X TR W R LD R L3RR
Subalpine Shrub Subalpine Shrub Subalpine Mountain
meadow steppe meadow steppe meadow forest

K E 23 L Pollen percentage (%)

B4 Hrsss LB X TR AR SHEPOTHIR R .

Fig. 4 Relationship between tree pollen and vegetation zones of the Hongshanzui region in Xinjiang.
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HESRE LU
Ratio of Artemisia to Amaranthaceae (Ar/Am)
o o N : ; ; S
T T T T T 1

e o =
A~
T T

o
T
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WrsliFa  lobgsk AR AR
Subalpine  Mountain Shrub Desert
meadow forest steppe steppe

FEAH 27 Vegetation zone type

(=]

[El5 B amAr L W XA R 4L R 5 DR B
Fig. 5 Ratio of Artemisia and Amaranthaceae in four sporo-
pollen zones of the Hongshanzui region in Xinjiang.

AMFE R AR AR 3 8 B A O (B e R A2 /)N
i, 2013).

FIAR, 255 KFE S AR 7 A 2 1 H i
1E(Convolvulus arvensis) %-Hi(Plantago asiatica)?s
T, 295 KFF JUR YR H 2R R & (Polygo-
num aviculare)si 5 /5, 335 KA s IR 77 F
AL AT 55%, X LERE N Ar/Am 2 3 RIS,
AEIE0.1. HFELE 280 A & #02 H ILA A: AAE
V(2 IR, 2008), MIRFEME N E AR TEE B )
T, &AL FE BN Ry . HEMRERE K 2 i
BEYOIR B AR, HRE LR SRR NS
ANEZ MRS SR, WK AYAmMAL T
IV, WAE— @R bl 1 i B K5 N
TR B R HE ML R B o B, 2013; =y B AN X
%, 2015). AR RO BoR b F I EE
NI B X 2 S S R A/ Am AR T AR RS
RGBT RAIZE /NG, 2013).

32 AUBEETSHREEFHXA

TSR E R TR B L AR ey L
), BEHALTH &, MAPZEEIE N, BT MAPAI
ALTHIREFEAR AL I HLMAP S 565 il () 7 2 A7 AE
IR OO 2R, AHLER 20l s B () PR B A B A SR I
FFIEANE &, AR SO AE I B 1 197 1-2000 4 [7] /X
GEE, RBOZEE B, MAPH B 2HLEK
IR, BT AMAPRLZ S ZIX 3R T8 2045 1
EMEE R F(Li et al., 2017),

MADKFN T, IR S8 A DS B ALK 5 MAP 2 7
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FHORKFR, A - R AR - I 8 - 5 5 0 T 0 5 3
WR R, XA E o L BRI . RERAE
M ARAEMAT 6.0-7.0 °C, MAP 300-340 mmff][X 15,
P, Fo A BEMA P I gD (52 2k E 5%, 2010).
TERHUNTE SR EE . MR EE . R EHEWE N B
P AR A AR, HTT T S A DUORIZAE D)
FAET R EREEFMEIESE, 2010). AHEHER &
BRMATHIZWAECR, X5 2 MBI /NEEAR
WIEES A THENER P EVIR, XEHEN
E R G0 A0 J& BT 88 7 B A (Juniperus  pseudosabina)
A E G ERE, WA TR N B R, &R
730 % A 2 1 3 R AR I R iR N AR P i R (s B R
KT, 2015). V&R JE 46K & 5 A MA PR AH G
W, FAMATE IR E ORGSR, PRI & i
it 5€74, FE b X DL IR Al RR 73 A 78 B 3 0+
BH 3 .

AT FIRE S 2 ALTRIMAPRI SRR, 5 kb
(1003 v Ll B F R A A R AF X R R R o AT ()
YR EE, BN E R R R . AT
FES N 5 ALTAMMAP 2 AR R, (HEMATH &
REIEMHXKR, RPHGEEZ WPERE N
Y1, JCHOB 88 7 BRI PR B S R A, AR T
B A 5 A BRAR IR A — TE O &R (1 3R X
2015)c [AIIFAHFIL (21265 A% i) 5 5 LI 30 70 A
(17-185 ¢ )b T AR AR5 HE R (13 o, TR
NHIWF 7T, 3 B A I R R S bR — 3 S,
L MER JEAEY) 8 AR K TR B 98 H 2R 55 (n
TNALSS S B 30O 9% (F2 5 IR, 1990; Zhang er al.,
2009; Z=EMEEE, 2014), JB T Raskmyl, Xt 54
WeRE DT B — 3. IV R BN E R
DR}, 5 FERAE Y TG B RL(R R, 2018).
XK 9 FH 12 M DX T B (9 A o 2 B A
By AR T —E S E .

33 dlERREETSEASNARBKERS
ZEHXF&

SR [ B SRR 7R 2 Ly VG 0 14D e 440 10 G 31 1384 3R
= R E I A3 3 AN, A ORI AR A Ll
TR e B AT L Ly b T R A S AR Ly R A
PR, 1 T R 2 R I R L A (2 AR,
2015). HRHE AR SCHTI%E FH 14D 307 8 X <00 470 1 2
X LR T G T P IR A %) A e A B A AT
THR(FR2), 45 FR LT 3T SREA ZR 22 L Hh B 1 X 17
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2 BT ER AL L VEANE 33 U BT (R A X 8 ) £ -1 2 SR (MAT) AR e /K i (MAP) (P 3 {H)

Table 2 Mean annual temperature (MAT) and mean annual precipitation (MAP)(mean) of the same altitude range in Hongshanzui and Western Kanas, Xinjiang

183

P MAT (C) MAP (mm)
W R

Altitude (m) AR T 29 07 P 35 ARIIL e 290 07 7Y 35

Hongshanzui Western slope of Kanas Hongshanzui Western slope of Kanas

600-800 3.38 3.82 180 181
800-1 000 2.66 2.24 190 195

1.000-1 200 1.64 1.10 206 213

1200-1 400 0.33 0.09 222 229

1 400-1 600 -1.75 -2.00 257 264

21 L 3l X85V [X 1] (600800~ 8001 000+ 1 000—
1200, 1200-1400. 1400—1 600 m)I4E &K E(CF
A )R B BAR T W g 0 vh 35, 1 471 3 R (T 3
(EAPNEZTE Aol v S S: [Py 1 P S i =)
TR AR T, HB o0 B Y B AR S T 2K
() BN AFLARA AR K i 5o 7 () v FEE B P 2R B AR (L33,
2019). X b g 1 e 3 Aok 5 BT (Bl6), 1L MEHh
DX B IV 7 L) AR 45 (2 400—2 000 m) 73 AT F R4 T PR
B 51200 mZc A7 EFHARA(2 031-1 223 m) b FR A

> E

IR Altitude (m)

E

800
D

WGP AL X T E

Western slope of Kanas  Hongshanzui area
(KNS) (HSZ)

1, T %5 1L %) Subalpine meadow (KNS: 1 800—2 400 m;

HSZ: 2 0002 400 m)(£L £k With the red line)
2a, Li#h%tH#Kk Mountain coniferous forest

(KNS: 1200-1 800 m; HSZ: 1 2232 031 m)

(TR FN5kLk 2 8] Between the red line and the green line)
2b, L%} FEVR 3K Mountain coniferous and broad leaved mixed forest

(HSZ: 978—1 223 m)(E£k N With the dotted line)
3, #EAELJE Shrub steppe (HSZ: 7721 156 m)(H24% P With the dotted line)
4, FEEEL R Desert steppe (HSZ: 7451 066 m)(# £k N With the blue line)
5, L FE IR A7 5L Mountain cold temperate steppe

(KNS: 898—1 310 m)(HE£k § With the dotted line)
6, LU IR FE R B . Mountain temperate semi-desert steppe

(KNS: 637-807 m)(#%Zk N With the blue line)

[El6 SR 20 0 VY 15 21 LA DX A 2 LT o S P4 o
Fig. 6 Comparison between the altitudes of different sporo-
pollen vertical zones on western slopes of Kanas and Hong-
shanzui area, Xinjiang.

200 m7Acdy, HHE D L T R A B R (2 R
HE, 2015); FEEEE R (1 066-745 m)its Rix BT 4H
30y P 3 () 1L b I T A B R AT (807637 m), i
() v P A U G BT P 3 = 29100200 m. EEAT
Ly A8t Xl 2 40 75T L DX LSt o7 A A i At 1)
FFF300 m (GEEBE, 1986). KEMFTIESE, HTR
JE B AR B SR 0 22 S AR Ak, FRORD T B AT I
MR I R s BL(E 15, 2017). HiaEET
IRZR I 2 PEAC-FRFE I, RGN PE I 2 ALK
KVGFEA RS, MR EROR, 20l
P B LR AR, SRR R, 1K E ERCR E
e, 1986; HBEIRAE 2009), HH %I B il & E RS
AR FR R, & AT R
A Hr B CE R, 2015; BRI, 2016), HIL, 40
LS e XOREAA AR i 2 AT AT v P L e 90 40 1 3
[, &SRR KR ER A —ERR.

4 g

(1) 368 3 %o 3BT SRR R 2 1L o B A g L B P ) 4L
Ly 3 [X I 4K 7452 413 mREEMI37TANE L RE S i
1Tk 3 AT, AR LS R, KR a1
ZyA AR R O N (I N7 511 D VA A=A N TR S
MR BEELR . SRR

(2) 38 i 5 i 58 i 1% 2 174 50 110 W% 494 B 7 i T
7 Ok H A R AT X b, YRR B PE AL 3 AR
F, BTS2 2K GRS RCm, LM ok
T BT AR, (R ARABA A fo i 75 1% X 43 A 1)
T e S L M 4 T P 3 100200 me

QWX R LA A SHER T2 /1
Hey bt R, BE/KE 20 ZIX R Lk
T EHEER T A IAIIEE —E BT AR
TERY, N5 X5 AR I s 5%, At
FLIX Ar/Am K ERE & i H % X B TR AR A,
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VRE N R T B IR AT/ AmAE — EFE B B e 17 ON3K
7 B0 R T AL T PN

Bt iz X2 3| P E MR A R KSR IR
JRAR 5 BT AR AA B AL 4% 0B (SK202012) 49 #84,
RO AT I I 58 K S A4 2R R A 37 18 AR 461
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