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Abstract

As the core area of the Hengduan Mountains, the southeastern margin of the Qinghai-Xizang Plateau
is a global biodiversity hotspot and a typical area of the vertical natural zone spectrum. Its signifi-
cant elevation gradient provides an ideal place to study the distribution of modern tree pollen and
its climate driving mechanism. By integrating data from 49 modern pollen samples (3500-4500 m
above sea level), redundancy analysis (RDA) and climatic factors, we systematically revealed the
distribution patterns of major tree pollen along sea level and its association with the Indian Sum-
mer monsoon (ISM). The results showed that pine (34.2%) and deciduous oak (15.6%) were the
main species at lower altitudes (<4000 m), and their distribution was driven by temperature in the
warm season and precipitation in the dry season. At high altitudes (24000 m), spruce/fir (9.1%)
and Betula (12.5%) were dominant, and there was a significant positive correlation between cold
temperature and wet season precipitation. Hemlock and alder are limited to low temperatures at
high altitudes, while Birch shows strong adaptability to cold resistance. Through the updraft of the
Yarlung Zangbo River valley, ISM transported pollen of pine and spruce from low altitude to high
altitude areas over a long distance, and its intensity was positively correlated with pollen abun-
dance, which provided bioclimatic archives for the reconstruction of ancient monsoon. This study
fills the deficiency of modern process research of high altitude pollen, and provides a scientific basis
for regional biodiversity conservation, paleoclimate quantitative reconstruction and ecological cor-
ridor management.
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1. 3]

9 e JEU R i AT L X e R AR 22 R R X, LR A 24 1 e 2 b 350 15 e L S
FE¥RIE T e BT E AR, OB SO S R P R AR B T ORIR SIS R (1] XA TR R
Z= I (ISM) 578 XU IS X, KGR AT B2 5 56 25 K8l T R TR a3 18] 7 3, T IARAE R 1 vt
WG AURR R E RO, HA R 20 A FUES #5005 28 25 Wi SEATL AN 2 ol SR A B A A
[2]. TR, SR R AR T L 2 AR T E b AR AL, TR R AR AR S R R
PAC AL IE LA RTEA R [3] [4]o JUHAMEMT L XAy ISM Sma 0l ,  HARARIEN ) 70 A1 AL )RS
MR GRAF IR, BT RE 52 T KRB A REAE R Fk R [S]. JRTNT, BT BT FURTIG SRR L R T AR AL 1Y
RIS T EAAA R, HEZ X ISM R SALEI RN, R 7z X R R . A
BIE 78 A 6l e J5 2 T 2% 3500~4500 m HESAR EE A ) 49 MEARHERIFE RONXT R, 455 U4 73 HT (RDA)AT S
E7, BEMRCCIRRERE: (1) EZETFARLOR R 0 A L2 SRR 15 (2) HE
B 7 RO AERD 22 6] 73 S (ARSI o BF TSR AT O XA ) 2 R O A L oy 2 A B eyl AR 2
JERAI S PR AR

2. AREXBAR
HF 78 DX AL T 75 568 7o JR 4 1 4 (26°45'~28°20'N, 97°50'~99°35'E, {4 2800~4800 m), WLIE 1, Hukb=3iT
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FIIX L WIBTL. &)L, J& TR LB e i3k R . XN RO R e s, EB
RUPR L e 5OU, Ll A3 R 0l e i 35°, AHX 1Ry 22 1A 1500~2000 K, K A UK IR B A U B4
FVE . VKSR PU ALK 3828 o A5 X K s S 2 KGR T A, 527 e 2R XS T KUy 28 B sl RS8R
fE-1C~5°C 8], ImHRZEN L 20°C~25°C, FfF/KE 800~1200 mm, 70%%EEH T 5~10 H, &&FEFT
ORI % . SURRIK IV B SRR T I T se B ) IR B A IS, T BT 2K TR o A A T R
ACHR L IR IAR L i L AR e R g LA AL, FG v T B ) v TRV MM O T X AR RS R
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Figure 1. Overview of the study area, elevation data are from https://www.gscloud.cn/ (the blue dots are the geographical

locations of 49 modern pollen points collected in the paper)
E 1. HREER, SEHEFRIET htps://www.gscloud.cn/ (B Bl 5 3 Rt R 49 NIRRIEH SR HIBLIE)

F 90 X M 0 B4 S B35 [7]: #§4Kk 3000~3800 m B9z & & A4~ (Abies georgei). =42 (Picea
likiangensis) A =& (0 =y LS EF AR, KR 22 W17 (Fargesia spp.) f1 2 FiAERS; 3800~4200 m i i 7 M
FEREN S RA)ATAE X, A I BETUL 70 AR . e S B ) AYB BERL DY )11 3 5 (Kobresia setchwanensis) 11
RAFLFE (Festuca ovina) WAL AR, A HAEILE (Primula). £%4%:H J&(Meconopsis). % H- 4L J& (Saxi-
fraga) 35 ML iy L AEST, Jmy & X 4k T WL 55 24t S (Rhododendron nivale) i A {2 AT BRI E R 2 S VR « BB
EAZ AT PSS KU SN X L, R D En L T E oy, REH 10~150em JEE
2. mE NS RGO T IR 4000~4500 m FRIVK GRS, O FAEAR R S I B S A AR B 2 5
[ 33 DL 25 ki A A% (Rhododendron fastigiatum) . $54¢#1A%(R. anthopogon) A 3=, TR & 30~50 cm [ HIR #E
M BHIEN R B LLA 20 (Cassiope selaginoides). =5 24T RS M B R HE AN, FELPR 22 U 1t A= A AR A 52 XL
R A 457 R AT L 3 B A1 (Sabina recurva) . = LA (Salix paraflabellaris) 2% 7 AR AL Fh VEARALTERS, OB T )

DOI: 10.12677/gser.2025.142036 350 HoELRL 22 5T


https://doi.org/10.12677/gser.2025.142036
https://www.gscloud.cn/
https://www.gscloud.cn/

LR=Bli

Ui SR A R RN o FEHEAR 4300 m LA HERT 2%, B A £L 50 R (Rhodiola crenulata) . 7K £ 41~ (Saus-
surea medusa) %5 = LIVK A, HAR REZIRNEZEUIRIUK . WA IRVIIX (34 2800~3200 m) & & Mukk
(I T-BRIT 23 HEM,  PAF #I4E (Sophora davidii). /N4 (Cotoneaster microphyllus) AZERERr, 44 )11
= LR (Quercus aquifolioides) IR RAL AR M, 23 3 1) B AR . IR 5 B AR B R AT AL
BERRNT LG, HAFE S RN S8 R A% T 2B VIR OR8] BT IXAE A Bk AW 2 A 1 A4
B, RAFE KE S YA A R, aohir % (Kingdonia uniflora).  JF 4> 22 %% (Rhinopithecus bieti)%,
[ B A A T 3 VTR R KRR TR X, AR S TR A AR R I B 2 .

3. A&

AT 5T T 98 1 S R B Gt X O R 3R IR Ry B e s Uk T 49 DMIARTER A S [9]-[11] (W4
1), HIBIREEETE 3500~4500 K2 8], 1i)EiEid ArcGIS XHEMFE S IREAHR 6 NIRRT, il
Twarm (B IREZFTEEE). Pdry (T-2ZT58K). MAT (PR EE). Teold (S FEA TR ). Pwet (1
THZETTEK). MAP (ST F%K). TEN T IBIERM &5 R T 2 B8R, A1 PREAR &
16 E I AR A A o LR AT TIUR T, TURITLE RA.2.2 Hhogfl[12].

Table 1. Details of modern pollen sites

= 1 RIEMESREEESR

PRSIk (m) 2 () HiE() X dsl A e 8 7Y SR
1 3546 99.99 27.83 P 7 2 L Xiao et al., 2011
2 3547 99.98 27.83 2 N S: LB DN Brifgaess, 2021
3 3611 99.95 27.91 PN Mrifgess, 2021
4 3681 102.37 27.58 PARLY 2N Xiao et al., 2011
5 3706 101.40 29.16 BIRISHR, FLRGHEN Xiao et al., 2011
6 3728 101.86 30.15 AR Li et al., 2015
7 3805 99.72 26.64 BRI Xiao et al., 2011
8 3809 99.64 27.62 BIZMR, ARG Brifg#ess, 2021
9 3820 102.93 31.04 e LLIVE A Li et al., 2015
10 3837 102.36 27.57 TR Xiao et al., 2011
11 3838 102.36 27.57 PR 2N Xiao et al., 2011
12 3843 99.73 26.63 PARL 2N Xiao et al., 2011
13 3881 99.72 26.64 PAVRE N Xiao et al., 2011
14 3898 99.72 26.63 BIRHME, FEESHEM Xiao et al., 2011
15 3916 103.35 28.53 BRI, AERGHEMN Li et al., 2015
16 3922 103.35 28.53 WK, FLRSHEN Li et al., 2015
17 3939 99.74 2750 WK, FLRSHE Mrifg#ess, 2021
18 3947 99.73 2750 R, ALRGHEN Brifga#ess, 2021
19 3957 99.92 27.18 R, ALRGHEN MrifgHess, 2021
20 3958 99.73 2750 RAIZHKR, ALRSHEN MRifgaess, 2021
21 3959 99.71 26.63 RIEHAR, ALRGHEN Xiao et al., 2011
22 3962 99.71 26.63 RIBHAR, ALRGHE N Xiao et al., 2011
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4. MIRGR

41 BESEREEMXEERRAARER GGRTUNE

T8 I 0] T e AR P S X R AT ARAE R AT (] 2), FRATVRIAE R 4000 KA T (1 X35,
FAJBAER T2 (5 b 34.2%, ABALTEE 4.19%% 58.57%. A V2, (H#MKHER X I8 5 b Al iAW AE (4o
58.57%). mAZIAAZIEAEN T35 di b 8.7%, &7 X4 LN 0%, f%mifE 27.35%. ZRAZJEAeH 135 it
4.3%, BALTEHE 0% % 17.90%, fEH KGR A6 B . ARBTG5 3.8%, &ElE 13.77%, #7
X3 584 To 7 A1 (0%) « HEARJEAENT T35 7 EE 8.2%, “BALTEHE 0.77%% 34.42%, M An%rik. sAMkEIEH
R EE 1.8%, fEi{A 9.62%, HBO;XIRTGAT. H ARk T 5 T 2.0%, fE{E 7.69%. &R
FIER T 5 T 15.6%, ARLTUFE 1.94%% 41.60%, AR SR8 2 —. 1 {E#EHR 4000 K LA _EHIX
B, FAJBACK T4 5 PR E 25.1%, BN X8 B AE (61.43%), KRB B UMM T, B8
RN EAREE R . TIRA T BACK -2 5 LU T2 9.1%, MR8 B K(0%ZE 29.32%), BonHxfm
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LR=Bli

MRV I E NVE S . BRAZ B AR T3 L IRIE 2 1.4%, HARME BRI 6.90%, FIIH)LFAd
iR A FEARJE 3 2 1.5%, MR FFRIX 5.68%, B GHHEK IR PE R . MR8
P IR T A 12.5%, WAETE T K (0%E 38.11%), 5B H & N i koA B, W RS B HITE
PEo EBEJE T3 IS 2 1.7%, HAE O 50K AT (0% 9.62%), HEARAItaE . W aPRRAE
kP35 5 LR 2 1.6%, WM ERRICH 4.23%, RHH A ARREEGR T @b . & ARSI 73 o LR
T+ 16.8%, {HMAE LR FF#ZE 30.66%, St #itk, HEEERXEOMAEES.
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Figure 2. Changes of pollen percentage of major modern trees along altitude in the southeastern margin of the Qinghai-
Xizang Plateau

E 2 SESRARSMXEZEAKRTAREYN B IHEERTL

PR R AEARHESR S S HAL, TS AL ALAE e SR AR AR S v, i =8 70 31 36 AN [ i P 5 EE 2
o EPIFE LRI A6 ), SRR SR ) 55 . BRAZ S AR R B A AR ST M E AR
BEE T R, RYHLARZIRT @k RSB IE, ATRE S IRBIR M EIAR S HEORJE AR
PR ) o AR T EARE VB, AT RE AU RE ) 8O il SROT R AE S R IE VR A O, OSSR
TR RSy o I RRAE P T R FEEC i b, P IE AL EAREVE R B, XA R R
JZIERIREST, AT RENES IR AT AR WIBEJE G ELE PR R 2 R, H SRR B AT v B
TR, TERWEBETS, WH A BRI

42. BEEERFBEEXEEMRFTAER TR
FRIE RDA #4514 3), ¥k <4000 HKA1>4000 K FIEE s ETER Bl B 4L 5 SR 7 19 5Bk | 2
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=

MR, HACRUWT: gk 5(>4000 >K), FEATEE(Tcold)5 Wi 2217 [ K (Pwet) 4] =i kA
MR 2 . PR K(MAP) S il iR FE s B IEAEOG, R SRR X S A B K Faiili . (RBAER A :
PRI FIMER S Teold 1 Pwet /5 5 IEAHOG, R HUE N FEAIRIE A% TEHARE =i pE pip 5
MAT(FE-F3IR ) B A, RTRESZARIRRE], A0 LIRSk IEA 2 W A5 & ek 1 i %€
ERMIBEWAAS . BAZ MER) RS, T RIS R AR (78 HAR) TE MR IR R e 4 N . (RIIR
FF /(<4000 >K), Bz 2= il (Twarm) 5 T £ 2= 15 [ /K (Pdry) & = EIREN K 2 . F-FIRE (MAT) 51K
RFEROEAHR, RMCEAR S i . AR MR FHERAEHRES Twarm A1 Pdry Fe A & AR AZ J& X
HAE K SR (U Pwet) 5 — € TR, H 30 52 IRTER I FR AR Ui I A o ARG AC LI O 8 ) A R T 9%
MR, PSS SR A, TR ARTNERAS AT RE ORI SR I A B, B2 B K ZE T MRS IR K
25 b, RDA 73#raR M, Mgk 2= Sl i iR 2 5 B /K B 23 18] 7 S 38 T AER P B B 0 A i R, il ik S8 AR
HEHX LA, o2 MR E, RBURIRS FREE 5K, RIBRIRIE T X LAVE AR SABC RT3 R, 1E M
R ST R FER. BAZEM RN B UK R U, A2 IR SRR IR I 5 g &
P, E LA AR B 52 S5 PR i B T 4
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Figure 3. Pollen redundancy analysis results of major modern trees in the southeastern margin of the
Qinghai-Xizang Plateau
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4.3. BEWEERBEEMXEIENNFTAERSEREUSEEEEFRMNKR

B2 5 2% A1 D i 52 2 XD 2 00 S) 45 5 KB AR AT, MBI RE Ve ) A i 2 7 i v J 2R i
G, TR R I ETHRUR[L3]. X R A DU R SR BRI IE N TR R AR R (R . =
FZJ8  MEA S 55 B A6 A FOURLIZE B B s 2 v i A [ 14]  ME S 58 AT VLR IR 2T 2 1ISM RN i S5 1) S B i 1
BEALAERY FEO =E B2 2 8 T i R A XA, 3R ISM JE I Vi) 5 M T K AR ER B A B (AR & . A2 ) 1)
R XY . KR YT ISM AURKIREE 3EA, WRICHERIN T ZE . 1Ak, M. =8
SERRTHEYAER R B A SRS, 5 BE ISM AR KRR, Oy R N AR B “ A RAERD ” [15]
REZGH ISM BEHENAR, ORIER 82 i T HoAb X I (s BB FR) JUT- To e AE Ky, 72 ISM 5 2R I O e
mo KR JRAER G R, SO TR AR B (U A R BH R X AR TORR (A JBOR 2K [16]

PP ISM 3SR /R 3L, BEARTER I 73 A KT ISM g SEB AR BT LEAR ] d b 451
W, FHFRAIC SRR, WA FEE ISM 382 R IEM K. £ ISM 32E8M], T 2ARHE AR B
EAEFEE A TE ISM IS, R e LG N LA R Y O o X — WU Dy B b
I 1] ISM (KB AR A SR SR 1 7% I1SM SRS e A 3 AU T v R AR IR R, I FT eI AR
SRGUIFRITEG[17] . B0, SRR AL 5 B A S8 SRR AT e T I A S AR (R A — gl - Ui
KA, RN ICS T ISM BRSNS - I 20 ek 41 15 rR R AR IR N 22284k, AT (A4 45 7 1SM
5w R BT O RIS AR B35 2 X e A AT T A5 B BT R A AR AR B O A E K K
URRIE 2 R IR R 2, TR AR AR . X RIS T R R A IR A AL
RAIE, N E T KA SR L TR B TR RS SR . ARRIPFE RT3 — P &k ISM SR 5Tk F I
EERR, DRIHMENRRER PR R

5. &g
AT G T T8 B 1 5 b X B TR A T T B o 110 3 A Bl e LA I IR ], s
Ty

168y — WK RARFAIE : A8 J8 ANTA AR 32 R (<4000 OK), @ NIRRT S5 A2 KSR A
RJBAE =R (>4000 K) S 2Z 380, A FEAIRIE 25 o MEATE BT A0 P 28 B 6 ey g O ) 28 355 1) 5 i
NEE, TS JE ARG &8 52 FR TR IR IR A . S IRBIALE: TUR 2 HT(RDA)ER W, RIFRAEM A
2 UG 2 Ui FE (Twarm) A 2R B K (Pdry) Pl 780 - 0] 5 €4 B (Teold) R 2 4 7K (Pwet) 2 %
KBk A5 R 71 2 B2 A2 A6 A 20 A b e A% G 3R 77 . B 2= (ISM)FIAE T = 1SM i I e 655k AT
VLI AR S IR ARG R AR 2 ek X, Lo T B =y J N S ek A B IE . A B A A2 B AE k=
FERTEN ISM 58 B VB AE AR Fabm, v g 2= s AR it R A .
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