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I B A AR IR AR 7R T 52 DX 5 DU B AR A Y5 S 5 A2 RN ) EU AR B RS0 e H ey P S TR R o
bh, BEFLIX R EAER A & S HEEA 7 2 A HER A 46 KRR, FK BRI R L Aem A & 10 3 ZA 5 7. 5E &
R ALE, FRIJE (Nitraria) 645 52 FF K & IR .

KR MEEEIX, REAC; =2 Rl e

SIAKN: £, 5KE, LR, BRI, @, 223N (2017). FrERKILEHTESRMX R LN OVSTR. MYAESER, 41, 779-786. doi:
10.17521/cjpe.2017.0019
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Abstract

Aims Our main purposes were to analyze the relationship between vegetation and pollen in the surface soil of
the Turpan region, which is located in the southern slope of the eastern Tianshan Mountains, and to compare dif-
ferent pollen assemblages between the Turpan region and the northern slope of the Tianshan Mountains.

Methods We collected 36 modern pollen samples and carried out modern vegetation survey in the Turpan region
along an altitudinal gradient from 2 000 m to —154 m. Detrended correspondence analysis and Redundancy analy-
sis were applied to analyze the distribution pattern of pollen in surface soils.

Important findings We divided the pollen spectra into four pollen assemblage zones (mountain desert-steppe
and desert, Gobi gravel, typical desert and salt mash vegetation), corresponding to the major vegetation types in
the Turpan region. When compared with the northern slope, the characteristics of pollen assemblages in the
mountain desert-steppe and desert were similar to those in the forest-steppe on the northern slope of the Tianshan
Mountains; the pollen assemblages in the Gobi gravel and the typical desert seemed to be more consistent with
those in the typical desert on the northern slope; however, no analogue was found in the salt mash vegeta-
tion. Obviously, the vertical pollen spectra in Turpan region were incomplete, lacking typical forest and Artemisia
desert pollen zones. Besides, similar pollen zones in the Turpan region were found at an elevation of about 300 m
higher than those in the northern slope. It is remarkable that the typical tree pollen, such as Picea and Pinus,
showed their extra representation in the Turpan region. On one hand, the valley forest on the southern slope of the
Tianshan mountains played an important role in pollen dispersal. On the other hand, with the cold air on the
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northern slope over the Tianshan Mountains, pollen may be carried and deposited in the Turpan region. The rivers
feeding into Aiding Lake in the Turpan region may also contribute to the distribution of Picea and Pinus pollen.
Lots of pollen studies have shown that the ratio of Artemisia to Chenopodiaceae (A/C) can be used as a good in-
dicator of the degree of humidity in the semi-arid and arid areas. Our study revealed that A/C can roughly reflect
the characteristics of the desert zone in the study area. The results of Redundancy Analysis ordination on pollen
assemblages and environmental factors (mean annual temperature (MAT), mean annual precipitation (MAP) and
altitude (ALT)) revealed that MAP was the main environmental factor affecting the pollen assemblages in the sur-
face soil in the Turpan region and had more significant effects on the distribution of Nitraria pollen than on the
distribution of Artemisia and Chenopodiaceae.

Key words Turpan region; surface pollen; Picea; Tianshan Mountains; Xinjiang
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TR A T B AR e AR P AR, 7E56
U £ (AR 0 K R0 /<4 B A R 4 o AR
FH o R = R T A F BORMAK S PRB  HE Af E
L AN R e 5 A I 2 TR) R . 56 5% ) B
Fo VTEERGETE 5 7 IR TE R - B - S A5 1 5% R AT
FHRTZ N, AMUEGAE T R 100 SEAE 2
[ ff)5< & (Wei & Zhao, 2015; Zhang et al., 2017),
11 H oA A TERD TORE B g SRR T S
2 (Schibitz et al., 2013; Mauri et al., 2015).

201 20 804F AR LAK, i gith X ¥ 5% ek i A2
SRR . BOKVE I 2R A08 7 b 25 SR 3R A
T 8 M XA (R AR s 6 B TS R Rk 4H 4, (HAE
R B 5 FORE 4 55 FE 1 0 R IR AR L R(Luo et
al.,, 2009); Kl b i 2R AR BT T 45 R R
=IZ g (Picea) bk £ EAT VIMPE R, HArAmm i
1 ERR & T o2 e, RS &8 (Artemisia) £&
1 853 A RIRE 32 2 AT X (Yang et al., 2016). 582
ANRBERIR 00 o 45 R B RUEAE T i
BERR LA — 2 & BN S 2E (Picea) FIIA &
(Pinus)fL 4% (I, 1993; [ENSE, 2004; %1% 754,
2008; Zhang et al., 2015a, 2015b).

JE BB R X IR R B 5T R R 2, (ERAE A
FEERAE RN AL . TR LS BT
0, BEH AL B AR REAANE, KM EE
T[] DA SRAFAE W 35 22 (VPO 8055, 1996; MRt
&, 2011). IR RIAFE XK AFRPIEH
ek G 2 R, BRITHNTERIEN ML, 2
LT b, R A A BRI o R AN AR, TR R R
SRR IR AR, 1RA D Z N sE xS Kl LR
Hhy X R AR AR T o A SCHLIE I R i B 2 X 36
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A FEER R AR S EEAT o, BRIHZ X
R AEH 0 3 B AR AL o e SR TR SR &R,
IG5 R B IR AR H AR IE AT EUEL, 9k
RS RIS

1 #MRA7GE

11 MREER

A FL DX -t X A7 TR LR B, HhERAL BN
87.27°-91.92° E, 41.20°—43.67° N, J&3& [F 114 A%
PP Rt kb, =R L, A AL 1) 3T A
PANA-154.31 mo B FEIX S Ay SR IR g iR i+ 5
TR AR, FEREKEL6 mm, H PR EE
38 CLA L, BERRAKPN, [FIBS XA <RKE?ZFER,
B EE R XCH BAE100 R BL_E, Ry fes il ik 1228
(FRHTER, 1998). /KHZ KIFET A6 m h, 3 Z5EIK
TR K Bl X B KT RN, BN T WI(CE
WARFI R ZE S, 2003). BbAk, ZHh Py i HE B o B 55
AR B B BRI BTN S, B RIS
A L TR R JFURI TR AR A Al . EERR A T
RISy DL ShE s, A m A g, E
T AR A 5 9% 2 (Ceratoides latens). 6 A
(Anabasis brevifolia). K#%i T (Zygophyllum macro-
pterum)., & 5 R 3% (Ephedra przewal ki) . 75 4b, 1%
i B AR B O BRI A R Y, A A T AR X A&
BT W AT SR AR, AR B R 3% B 3 (Al hagi
sparsifolia)F£7% o
12 FmREMERE

TERFFE X R 2 000 mIF 46, 5 KA F
L BEER T 100 mREIAN TN N THIFER
LACRFE A (1), RN RUEAT A 1 2 XGPS
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SEAL, IABNE YT WIMGE . FEAIEA LI IR IL
e FE N7 AR AT S5 (R 1)
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89.50°E
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43.15°N |,
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285N} il 42.85° N
| } S A
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1 BraEnt & i X R 00 KA i B S E L
Her RoR iz KR L, LRIRE 9100 mo = A RIRR
B R

Fig. 1 Study area and locations of the pollen sampling sites in
the Turpan region of Xinjiang. The contour lines represent ele-
vation. The contour interval is 100 m. The triangles represent
sampling sites.

SEIG S HURESO g, SR FIL O R B Ak 3 N H
TG IR I 4y AR T VRN A R AT SR, IR AE
Olympus 1 ¥ J6 2% & T %% (Olympus Corporation,
Tokyo, Japan) 40 x 10f55: N AT %€, BRIAITER

EAE B OR L B R DR R AR YRR S 781

13 HIENE

AR R HE A6 S BORHE S, T  E Rl Ak
Bt i, JF98 F TiliaZCF 5 0k H 4 L R
(B2). Hiekd &b & ER S e KRN A2 )R
(Picea). A J& (Pinus). Jik % J& (Ephedra). [l &
(Nitraria). AAEL. ZRH, B RS HAEN I H 4
B A R AH AR IR PR B0 46 B, 383 Canoco i
PRSI R AT B T (DCAZ T NiE— o0
AWK SRR R Z TR R, AR CKIEHT T X
BRI 545 5 3l 196020004 [ 4F - ) <R 5 4
7K &=~ FE2ME, 2 F 1 kmd{E A9 77 v (Hutchinson,
2006) #3736/ KAF R R 1) AR S 3 AR R A [
K&

2 #R

21 TAMEEHHE

36 R ALK IL ST ER 13 050K, 438
T23/MEYIENE, 35 a8 DX AR R A P et 2 A
WX AT o ACHRATE 78 X SRR AE B BLA A 4 1 7
AH DG Bk, H1% X R AR TE &I 4 4 ks 21
Al I 1L 1V (K2).

SR IR A, Bk BRI SEER400 211 | LIMFERE RSN 000-2000m)
A S 7o 1l BR B, 3 B AR A AR ROR
F1 PrEE: A X R SO L AR S AR AR A 28
Tablel Altitude and vegetation zone of all samples from Turpan region of Xinjiang
S K T R 5 K T Y
Sample  Altitude (m)  vegetation zone Sample  Altitude (m)  vegetation zone

1 1990 L b FE SR SR AR 7 Mountain desert-steppe and desert 19 500 KEERRA 7 Gobi gravel

2 1936 L Hb S B RS SAE 4 17 Mountain desert-steppe and desert 20 400 REERRAH Gobi gravel

3 1850 L Hb SRR JFURI FE AR 4 17 Mountain desert-steppe and desert 21 400 REERR A Gobi gravel

4 1700 L Hb e R SR SR AR 4 17 Mountain desert-steppe and desert 22 260 IS Typical desert

5 1 600 Ll e VR R R S EAE 4 T Mountain desert-steppe and desert 23 300 HASEFE Typical desert

6 1500 L Hb SRR JFURI FE AR 4 17 Mountain desert-steppe and desert 24 220 HLAISEH N Typical desert

7 1400 L Hb e R SR SR AR 4 17 Mountain desert-steppe and desert 25 100 IS Typical desert

8 1300 L b FE L SR FE AR 4 5 Mountain desert-steppe and desert 26 45 ELVEMEPHF Salt mash vegetation

9 1200 L Hb SRR JFURI FE AR 4 17 Mountain desert-steppe and desert 27 ~160 VAR Salt mash vegetation
10 1300 L Hb e R SR SR AR 4 17 Mountain desert-steppe and desert 28 ~180 EhVAMEMAT Salt mash vegetation
11 1120 L b FE SR FE AR 4 5 Mountain desert-steppe and desert 29 -180 ELVEMEPHF Salt mash vegetation
12 1100 L Hb S B RO SESAE 4 17 Mountain desert-steppe and desert 30 -90 ELVAMEYEH Salt mash vegetation
13 1010 L Hb SRR SRR FE AR 4 17 Mountain desert-steppe and desert 31 -110 hAMEHEAT Salt mash vegetation
14 900 REETR A Gobi gravel 32 ~130 ELVEMPHF Salt mash vegetation
15 730 REERRAH Gobi gravel 33 -120 ELVAMEYEH Salt mash vegetation
16 630 REEWRAH Gobi gravel 34 -130 EhVAMEYH Salt mash vegetation
17 510 REEHRAH Gobi gravel 35 -140 VBN Salt mash vegetation
18 600 REERR A Gobi gravel 36 -150 hBAEM S Salt mash vegetation
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.
B

Hioa

RUFEEAF(0-400 m); TV, ER7BAEAET(—154-0 m).

Fig. 2 The pollen percentages and pollen zones in the surface soil in the Turpan region of Xinjiang. A/C, the pollen ratio of
Artemisia to Chenopodiaceae; AP/NAP, the ratio of arboreal pollen to non-arboreal pollen. I, mountain desert-steppe and desert

(1 000-2 000 m); II, Gobi gravel (400—1 000 m); III, typical desert (0—400 m); IV, salt mash vegetation (—154—0 m).
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(Halostachys caspica). LE4%%. fMHEAM. #E
S%(Salsola collina). %7 T-(Sarcozygium xanthoxylon)
DL ISR R B 55 o R 2H 6 DU B8 (25.2%)
TR (23.3%) ZERF22.3%). &8 (15.5%) % F A E
AFEAREY LK A E, TRAREDAER - ME S
9.0%, HH BN N5.8%, IAIRIE3.2%. FRIE
JE A I JE TR B 40 B 38 AN RO U (1) S
rfE . 1% 5 2R I ELAR (A/C) L 1(0.99),
TeARAE K 5 AT R AEK Z L (AP/NAP) %]
E4%(0.12),

212 |l XEEHRAT(400-1 000 m)

2 L A, G AR R A
T &AL 4 (83.1%), K 5 J& (23.6%) « % Fl
(20.7%)~ FHIJE(18.0%) KTk & R LR I2b, s
JEE R E17.9%. [ERERMNZE, TR AREY)
e & EIE16.9%, ~AZRIEH FI 35 5(10.9%)
NEEA R AT VS IR B s e, AE LB D B JE AR
. REIZTMA/CH T FE%0.84, {HAP/NAPK
BN FROR T L U 106 AEL(0.94)

2.1.3 1l EAIFEE(0-400 m)

B & I AN AR A D 5 3R BEOR S5 i SR T 5 AR,
BT 38 B8 42 55 45 4% (Populus) « #1(UImus)<5: i -
B, I WA B2 Y (Cynanchum auricul atum)., 252855
(Clematis florida) &5 4 ¢ L A DL J& K 1 i & 9%
(Taraxacum tianschanicum). Kb # (Elaeagnus an-
gustifolia). 73 (Phragmites australis) 5 AE4, gk
P EIAT0%. HU A ER AR AL R (1 & =
A B 71 (98.4%), LA JR(25.9%) ZERH25.7%)- R
B (21.4%) M R (17.4%) N X TR R IEPIIE R &
BRIEE N #21.61%, AP/NAP TR L AR
(0.02), {HA/C{H}E%20.98.

214 IV EIBEHH(-154-0 m)

T E N % (Suaeda glauca) £, fE
A= P A4S 3 TUR (Kalidium foliatum).  F AR #R (Hal -
oxylon persicum). #hffi%i(Salicornia europaea).
R . %% (Aduropus sinensis). Bl & (Artemisia
anethifolia) & . {2 & AR B A 60 5
= NEES4.7%, LAEERN29.4%) 1 J&(21.4%) N E,
JBR 3 J8 (14.5%)~ F 8 (10.7%) 38 R P ZE Ak A7 15 1)
BARME, RARE & B EA24.4%. TR
HEYek & | RIRE 2153%, Hi, 2B
JE AR & AR IRARAL 73 7)) i1k 19.8%A112.4%

E A B OR L B A M R AR AT A 783

AP/NAPMEA ¥ in, v0.25, (HA/CIERE40.81.
22 HFESh

DCAHEF 4 RR M Brm N e R =
DT HR 2 AT 1K 52.9%, HAFFAEAE 23 1) 90.487F10.231,
553 b A B 4 %0 R RF AR A 43 901 290,081 4110.050, 2 2
T RPN, 33X 158 B 26 A0k BE O RE i 5 i
B 3 57 B 85 1 RN 28 2. T AR 3R R R BT DR 2R 1 il
BhE K H2.839, /NTF3.0, MUEFETUR S HT(RDA)
I BT T2 A3 M R ARk B S B R R (4R
PEIRIRMAT . E[FKEMAP. K = B ALT) 2 [A]
ok & (E3).

RDA 7 T 45 0 oR: 26 15l R AE (B M 0.061,
Vb IR A S 90.432, SLIRRE T 81.9% 4 Fh-
Wi Rk J7 2, S22 IR IE(E 90.012, #Fh5 ER
iR MH0M0.228, FLAERE T 97.5% M Fh-2R35 2 it
Ji % . MAP. ALT5 5 5l 2 R AH OC R BB A,
53 A #)0.89F10.84, {HE K HEEH T 55 —H
FHR R EOIIEAR, Hm1h0.39,

1.0

5 KR

425 Axis2
(=)

06 O 45180 Axis 1
O 11133 BB RIS IR AR 94 Mountain desert-steppe and desert
* REERRAH Gobi gravel Ho SLFITE M Typical desert
O ERVBAEBHT Salt mash vegetation 1 H#UM2EHE Pollen taxa

E3 EEEH S5H S HRDAHER K.

Fig. 3 RDA results of pollen sampling sites and pollen taxa.
ALT, altitude; MAP, annual precipitation; MAT, annual average
temperature.
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AN TR] (PR A i B i BT 6 B [ 8 s MEAE R B
AR, S5 D6 R A E RS fekr, I B R
JEACKFA XS N, 5 TG B3 A (A TR Ae A, A1
IV 3 20 BT RAFH R R -

3 g
31 RUFEEMeFihXFLEMEEHHXR
311 HBFAREMLN SEH

& 2 b X TR AR TR R L= A2 B a8
NE, KEF TR A BRI = =5 B A&
EAERRIIRE 77, BRI B R AR M (2 S
AIPRAESE, 1990; [E, 1993; BHEF2E, 2008; KT
2:.2013).

a7 L b 53 VR 8 S R A 4 7 o A2 5 R SR Ak
W& B i523.75%118.00%. HRHESCHRICE:, Rk
M2 500-3 000 m) [ BH A7 o 3 A 1) - P M
AT REAFTEAS B A AT AE Bl TS O 1L B 3 4k
2 400-2 800 m¥/al 45 BA AR 2 100-2 200 m
[T 45 o o AT A B I 2 (Picea schrenkiana)(H E
W R B LR A T g2 BN, [ R} A B AR A B A AT
1978), LA R T TR A T BRI i Ak i = 42
JE&FIRS J& ALK Wi BN A YT . A —Fh T R 2,
RiAb L2 EFA SRR R EY, BR LK
U8 J5 S T VUK A2 8RR J&8 6 K0 5 71 78 BE TR,
HEA LR T SR gk St ie, Hoth2E 3 T A iE
ST R R IAEE IR S, 2011)0 7 1T KEERR
A UM AR, IS A28 & R,
X 5 1% R i AR I R 3l A (B (A M 98.1
bi-g VE—ERR, B EM X E SIER TR
35 B S SR G (B %5, 2004). (B VERKISE,
IV E AR M O s R R I, (B2 E 5
JEAER I E S B AR, X Re S EE R E 4
IR K. FENEF AT ERIRE, =A%
KIS IERRE S, @2 b n s, %
FfmALE AL Ry, 2SO AR R R B R 1
rKIE AEFGHE, WA UL, AR LR K G LS
TP S BN, B K T & 3 T
T 2 SEH I8 LA ERR(TKHTER, 1998), #50
S5 B0 2 W% X 25 2 d v XU M 7K 250
kmh™', FEURIERE R, AL T AL R B JB AE R
ety ZULTUAR Aok, SCTWIPE RO, 4R
TAZIX 2 SR K, IR Sl A T BRI
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A X ) A2 AR TR . R X 45
e B (1 A2 @ AR S AR 1 AR 2% R 7K AR X
VAL
312 HBEXREYILHSEH

B f0 kBT B AR AR DL 8
MBRENE, Hiekh =&, g n, £15
X & L A0 A i R I H AR R (P DL ) 55, 1996
[ A, 1996; 25305, 1998). KEMUK I 7T R M,
A/CHE W] R A8 78 T 52 1 5 XS5 B2 1 A2 AL,
A PAIX 73 B SRR, LR X HA/CIE— K T,
AR FEE XN T 1, [FRHZ A A — E R Bl
ST R IR TN N SIS SRR T AR FE (EL-
Moslinmany, 1990; #Mifi 7 %, 1994; Zhang et al.,
2010). TEARBFFX T, &AMk MA/CEI /N T,
SR T A MR REE . (EAS IR IR, A IVIK
A/CEMAR, X5 %007 5 2R RS 2 RHE Y 1
EHEAR, FHTUL, ARRERZ A X, JLHL285
FESL, FRATMEE R BN TR 1) AR AR 2 VR,
HACK G P 2RO & 2 m1267.6%, KB A
KIGHBRTA/CIH 274 — 5 BT
32 RUFMmILERLIEMEMERFIXR

(D&i"5 H3-7 10-13[1FE 5 2 ALTHIMAPIP) 5%
WA K, X LERE S B AT 26-35 5 FF i S ALT
MIMAP 2 8] 2 A K K &R, H5MAT 2 ] &/ 1E
KRR R, KR IZWAL TR ERA . A AT
£R 111196020004 [A] <, 5 45 2 BH 4 7K 5 M\ 225 3 JE
Bl 47 v L DX ) 2 R O a ek, AP X SR AR AL
MG Z A0, anvEdbEe i e vk S X AR K & AT
15400 mm, {H ¥R AR AL 1) 3T 51 IX AR [ K =
A1 mm, FFHRIRENIEIS4 C, A EH
DRTFIER R . 28 5 M BELR BN T
(1) AR SEETR, BUMZAE R A 5 T
Z AR RANEH R

Q)M ERIARE T . HAYTEELHT . KEERR AT F
Ly 5 B 5 S R SR A 4 7, B R ALT 1, MAP
BTN, W T MAPARIALT K8 B AR 4k JF H
MAP5 B2 RAF A 3B ARG G R, ALT S 552
Bh 2 AP AR B LR OC R, B ER 1 i S it () 2R
SRS AN SRR B, AT AMAPR 2 B0 % X 3% 7%
WA EEIREN T XN F iz X A A
M EE . AR T I B R
s, M BT S B AR s A
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(3) R B AE K &5 B SZMAP R 1 (1) 5% i 5 753 )
FAERLR, 12 B E 5 R A A4 9 JL B 1 S AR
YIIX & P A S B A, i SR R, T2
I3 A T REA B R X, (EAE S X T R P Hb
2101 25 VA B (LR b e AR () i 5 45 h 35 A1,
T LR 7 1 1) B AT B A m] e AR
Oy A (A TSRS R, 1983; KA, 2010). IV
F R R RER R AR, X5 SRR T 2 DA
ol - R B ZH RS R A A DR 3 B RFE O — L
33 R R M FHELL

R LR A A T AR, R B 82 58 - A R
V. 1 H S e B R 7 T B A A R A, 1l
HhBH R BRAE, 1A R 0% A LUK R I 0 S
W, EEET RO R Rl BRI e R g
e L HRAE B A0 717 (>3 400 m)~ =y L P 5 11 A
7(3 400-2 700 m). LS AZHRAT (2 7001 720 m)+
FRAREJF LV A (1 7201 300 m). &8 i i
(1 300-700 m) LA f #1555 355 47 (<700 m)(# 4R 52,
2004). SAbHAHEL, & X R B Bl 5 A&
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