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Abstract

As a typical representative of global ecologically fragile regions, the alpine ecosystem is increasingly
confronted with intensified ecological degradation and a sharp decline in biodiversity. Saussurea
tridactyla, an endemic and rare species in alpine habitats, serves as one of the key taxa for main-
taining the structural stability of alpine ecosystems and supporting regional biodiversity, thus hold-
ing significant ecological value and conservation significance. Taking Saussurea tridactyla commu-
nities as the research object, this study systematically explored the inherent characteristics and
correlations of their geographical distribution patterns, patch morphological features, and spatial
distribution laws by using ArcGIS software, based on the distribution data of Saussurea tridactyla
communities obtained from the Vegetation Atlas of China (1:1,000,000), combined with the analysis
methods of patch characteristics and shape indices. The results showed that the total area of Saus-
surea tridactyla communities in China was 377.59 km?, with a total of 61 patches. These communi-
ties were mainly concentrated in the core area of the Qinghai-Tibet Plateau, with the Tibet Autono-
mous Region as the central distribution zone, and a small number of distributions were found in the
high-altitude areas of southern Xinjiang. The spatial pattern analysis revealed that Saussurea tri-
dactyla communities were characterized by a large number of small patches and a small proportion
of large patches, with significant differences in patch area. There were significant differences in the
shape indices of patches among different types of Saussurea tridactyla communities, a feature that
reflected the obvious differentiation in the activity of material and energy exchange between vari-
ous patches and the external environment. The maximum and minimum values of patch elongation
index and squareness index were observed in Saussurea tridactyla desert + Kobresia pygmaea de-
sert communities and Saussurea tridactyla + Androsace tapete desert communities, respectively,
with all values greater than 1. This indicated that the patch shapes of different Saussurea tridactyla
community types deviated from regular circles and squares, showing an overall irregular morphol-
ogy. The above characteristics suggested a high level of spatial heterogeneity of Saussurea tridactyla
communities, which was consistent with the habitat fragmentation and the heterogeneity of ecolog-
ical factors in high-altitude areas.
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— 18 FHE b (Saussurea tridactyla Sch.Bip. ex Hook.f), 7% =&, #IXFHiE, LHEIEHEN
ZHEEEWHEARDM(1]. NEHBSITEEZ 400 KM, BHASMIGEE SR 55 L HX, 1
SRS KB B T B S IEREE M, DAPEEE VA O AR L A X, B e R S e v R X e
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XIS R T HA AT BREAS]. 5IRBEEMNETFHMEAR, =IBEEEMZ O E
L TSR SRV SRR =18 T80 2 XA A ek B e BT, R E B
B AR S EERIIZE .. Bl “/NEREEZ . KBRS WigR, SO S
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LI, 55| KIS RER, 0 IR INRRRE B R L RS . Btz A, B T B AR B R T
A RSN [ BESR I AE Y B 22 S, PRAICAE A R A SR URR FH R, TR “ BERBBREAL - A5 K PR | -
FREEIEIR " (PR YEIERR 6] =48 T 0l I SR Tt v S AR BRI 3R 78 75 1, /b UK S5 itk I 2k 5 338 Ui,
R m R E A 5 A M S RERVITE, W4ER XK P75 A2 4 BA B R L [7]. SR,
BRI P EUN M AT A W FERAZ SO R N RIES T, AR TR B AR
BREED, TG EA WS, AR IR I 02 B (8], PRI, R G B =4 T AR A A
A BEVRSSMRHE A S @8 A S F IR E LR, MUREHASFNZ O TS —, TR
2R R Y TR E RS TS RA S S R E R AR .

PLHERAE (patch characteristics)$8 F & VB 7L 25 8] LA T N S S5 RHIE, £ R MRS
LB — (9] PRI R Bl = 58 AR B AL 548 R GRS IR, X a FEAE S RGN AR E TE
YFh 22 FERAERE B oGt AR S I R R 5 AT BARIIPE I [10]0 DL=48 T80 NI 0 R, JT J Ho kb 3
ARG R PRSI ASRHE S 25 R 0 A FUAR ) RGRT . B RN =48 SRR P REERHIE . B
TR Je 23 (B oy AT A R, AT i — A i B i FE S AR I 20 A B . AR BEE RIAL S T EE AR S RR IFRE
PESHTIE 2], HMASESHRIFIRE LAES RABE SLERSUE R =R AR (P E b
K1%£(1:1,000,000)) FHHEHUK 5 Fh =48 THETEAH R RALMAE, A5 =98 T /L 8 — K (Saussurea tri-
dactyla single community). =785 ECH A MR IR (Saussurea tridactyla scree slope-type desert). =183

s g Vb

SEACIEAT 3 5 i B (Saussurea tridactyla gravel-substratum-type desert) =8 S E/L T + 75 L& B Rg
(Saussurea tridactyla desert-and-Kobresia pygmaea alpine desert). — 31855 ML + HOR A MM E
(Saussurea tridactyla desert-and-Androsace tapete desert) [11], KFCHLIEE B R G HA-(ArcGIS 10.8.1)5 I
RAF B REOR, el =48 T AE TV AL Th [E B N B Ak R B 8 KRG AN E XK =485
HECREVE I 23 () 0 A0 U S BEVURRAE, JE45 & HAES AV E (i . Mg . SEmILES), i3
— IR BERHIE S M S AE S RS TIRe 2 MR &, IR =48 H SRt i OR & PP B 8 J s 984k
BRGWATFREBEE, RAFARE SRR

2. ARAZE
2.1. BIEEIREMLIESE

ASCRE Y EARIRE A B R 2001 BRI b ERE B E£E(1:1,000,000)) o BFFERIH ArcGIS 4
i, RHPEEUR) =R S TE OO b R B AT S RO HE . R A SIS A S AR AL AL B, A
A = T YEACHEVE 2 A B A AR AR A 0 AT o T8 SRS RS & R E S U B RFe L, IF
P T e RA 0 T S5 VAN
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2.3. B ESIMER FRE A *®

KH Pearson G MT 5IUR DML A 715, BRFCBEHRHE 5 AR R 71 CH . R HBE L
WG AR ZE . TEARI B E N BEPAFAE SR bR, MR SR ). A PIRK & AP RIEA
WELRF, 83T SPSS 26.0 5 Canoco 5.0 BAFHATEAR 017, RIHE R RN EEME (e = 0.05), Wk
M) B R AIE [ O S A58 R 1

3. ERE5 9
3.1. SHEEEHEEREXBA LAY
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T + mL S EEE . SRR I+ BOR SHAEE[16].
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Figure 1. Geographical distribution map of Saussurea tridactyla lotus vegetation
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WS BIRX TS . MRAETKHTIN (b R A 56(1:1,000,000)) HRORELAE X RIbR#E, IiAF =855 %46
T A L A T VR 1 A DX B S b A L A G R R M IXLJECT Ll K AR B B R Lk
T R PR A R o [X 3 7 VG R A P 8 A v 23 A CE A BB L JOK P v Ll UK G s /D S B4 AT 7 Ve P
By A M 1]

He 1 AT, JRIE =R AT B A TN 377.59 km?, HAp i A G X oA AR,
219 336.9km?, A E =1 EEATEER S MR 89.2%; FrimdtE /R BIGIXCH A0, AL 40.70
km?, AHZ 10.8% [12]. @A R =48 TR BB R W AR AT A el A, =4 T EAE
WA MR TR AT B, LN 112.5 km?, 5 & EZAEPUS TR 29.8%; HRE =IEE 5N
PEA R AR, HARZN 62.3km?, (HHKN 16.5%; BbAh, =FaTHIEMATE + &l e 1 o A
MARZI N 32.82km?, (LN 8.7%;: =FEEHEAETRE + HOR AU FEE R A A0 L4 11.00 km?, A7 Eb
N 2.9%[16].

Table 1. Vegetation types and area distribution of Saussurea tridactyla lotus vegetation (km?)

F 1. ZHREEEEHEENER S HRKkm?)

EHREET IR T riE V7 Ko
=fREER 19.11 139.87 158.98
=T MR R 10.58 101.92 1125

=T ERE A B R R 5.75 56.55 62.3
SRREELEEL + 5l R 3.94 28.88 32.82
ST + HOR S 1.32 9.68 11.00
it 40.70 336.9 377.59

3.2. IR EEREWAIBERFHE

Table 2. The patch characteristics of Saussurea tridactyla vegetation

2. DI SRR

‘ ARSI ZNTIE SN TR 2" S— ; S
T TR L a . 0 g DG TR ZE IR

EE=pES o o
km?) (%) () () (km?) (Ahmd) (m/hm?)  (km?)  BE(%)

ZigEER 27 15898 514 1228 1.67 8.65 4.01E-03 3.61 8.47 96.75
AR T EA A MR 15 1125 147 750 0.80 148 1.33E-03 2.70 14.03 82.10

SIREEARAERMNEE 10 623 138 623 062 9.87 1.61E-03 3.12 9.25 72.15

— e 4*‘:4*+—:: %.ﬂ

JE'E&@'L% RIS 3080 150 547 050 82 1.83E-03  2.90 7.70 69.30
IR

i =V=E i ok + ?ih“ljj

—HREEL s AL 3 11.00 510 3.67 045 51 2.73E-03 2.50 4.65 65.20
HuMF eI
it 61 37759 100 35.15 4.04 46.62 1.15E-02 14.83 44.1 /

DS & SRR AEXT S MR B AL S IR, OSBRI, WAES RGN s
TR AR R B RUR RS O R R B R . — B 5, BRSO A AR A S
SO REAG AT, BRI RS (B Rk 55 P B R 2 0 BOM A SRy 3K RS AR R Rl A 1 5
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HRASE R H(15]. HREHIUBECK, JOP RSB B 3R, B 5 SChER I E M R AT, iy
AT BV SO A SR ROV URARIE, HETTT AR TRORE L 2 RERE OMERE . A, BRSO AT

N SO KBS IR, A2 RGBT PiRe St AN T B I35 BEBE R R T 58 v i e B A T Il
PE, ABAETREAL DI, I BESE nBE P v AE — e R R AR SRS S, NI SR A S RGN 4
KRR EE[15].

PR E =8 AR B PRI AT T B AT, LR L 2,

B2 2 A1, =TSR 61 NP, BERECE A A . o BRI R R (4.01 x 1073)
M2 =T, HUUE =R ETR + R A TERL(2.73 x 107), H/Me =485 S A M
FedE(1.33 x 1073 VEBH =HE T EALTEEE + HOR s MM e R A AR vy, T =48 T e A 2R e
PR B A%, BRI TE MR [ 14].

SRS A A RSB 377.59 km?,  BEBR (A ROTEHAR ZE A K, S S AR B S A
R, A 158.98km?, (HUEHIFRIN 51.4%. BEBR IR AN 22 35 B R BEHOK /N 3 BB, e R B BB I
FUHIAE =48 T8 A MR, O 14.8 km?, S/NUBEER AU BUTE =48 T 810 + SRS g
FoBE, N 0.45km?. HH =IRE R A MR B R AL Z K [16], UG = T AR A R A
W, FIREZIRE L, 280N 14.03km?, 9.25km?, 8.47km?, DL XU =48 F M AG A L B R N2
FIK . F— SN EA NP TR B B A TR R oW E G . R el LA, =
TR EATEE + BRSSP T AR By, O 3.67 km?, =48 FELTRIR + s FREIR L,
Ui EATT B  ERR FE R, 5 2 BA EN RR ER BTHR[15]. 1 =48 SRR P AR K, A
12.28 km?, UiHHZHF RZAN TR, e 4R EEE, REFETR, #—PRiE T
x5,

NGERAN, ANoRANFTI, EARTORAERE R TR Mo, LS K BEIE 552 3
HPFFPE, TR U X, DA SR ORI [16]. ANFE 1 AT DAS H =48 T AE V& - R NI &
SR FRNE . SRS IIA G S R R, N 3.61 hm?, FLRR SIS AL SR A, FIRE X
P R I BESAAR B s, 2 AR N R R s oK . =48 T SE R A M AL e AT — 48 55 %A%
T+ HOR SR I G AR, 0508 2.70 hm?, 2.50 hm? [15]. BT =4 H AL M B 0E
B, NGE AL, CPITARR, UHEHE RBEPREIROL R 47 B e BB, 2808 R Es:
ST SR, HE R T M R BRI PR A T KT o AR T EATIE + SR AU R A
K, Hsz e IE[15]

1% P R RN G 58 B I AR bR, R 2 DA =8 TS R — BRI G R
(3.61 m/hm?), BMEHLIDGBN AR E . NESERERE, BEIERIZP R U v ) 2o
WHEM: R, BEXEBOER, RERFEERL, Ho sl ABrEnzR MmN, —ERE L%
i FE AR PR R, SR THE MR . SUR IO 268 70 BRTIH, LG IX A AR, H
GZBINFTH, 0T SRR EEARE N RS A, SEUEMRAEB R . BN, R
M AR R PR I I R T A O DO, (E KRR S RO AR S R R, 0 B
A, PRMBEELERE JI[17]. BRI S, Skl BT, =58 T 0 A e TR B i Al 14 B 5,
AL A0S SR ) T RN BE S Y, R AR T AT I B T v (R BT TRV, (HTHAE e R HL
ik 96.75%, R R E.

BEHAR 5 KA 4 SO B HUE AL, AR RAE XS S U AR B . =48 T EAC R = Ja T L A e Y
T BT EAR S R B, N 96.75% 82.10%. FIBERHBIE AN, FRERE. =
FREHELTEE + HOR UM T 148 S R ECEUIC, 3R B Sl R B /NI 5]
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3.3. ZIEEERERIBERIERER ST

AWFFERH h EAE B EI4E(1:1,000,000)) F 98t LA, ELARSUSINS A T 5545 SR A7 12 A T 2 AL
TR AZ R LB R 2 AP SE PR RS AL 5, S EURHUL S A5 B BR, XA RS
C BT Sy B T AR S0 A (e — B RE R IR Bl 22 [, wP BRI RO B BB &0 RRBR AT
WAEE, BT DA S EMTHEREEE, (EARAS IR A LB R 88 KU TR A HORR R E Al — € /)
REERIRYE. 4 3 MBE A4 R AT I, =8 T e 2 A SRR i) C EfE T iR AKor, X —452R1
R A AL A T L AR A RO, S AN [ P R E A R R R s R
NIE IR T =48 TR A MR R C B/, U H A T AR L A B D T R S i
A B e ROV T D, AR BERRE B A E AR, RIZE i S AN RO RE R A R
BAK. ZHRITETE + &l S ESEEN D EM S EXINERK, SRR SR W E . T5
R, SIMRRAMNEE. =150 D EM S EMAX /N, HoEHEHAT 1,
R =48 TS IR B BRI J& T AN ST ARG, Bt C M, i&2 D HYS S {H,
ANF =38 T AT A VS R A K R R B A OV B, X R AR S ) =48 TS A8 5 S0 0 57 ot
R

Table 3. The mean value of the shape index of Saussurea tridactyla vegetation patches

F 3. R EEERRRERTE

EHREE IR T C D S
=ZHREER 0.65 1.72 1.58
=R A MR R 0.52 2.15 1.97
R EERE A B R R 0.68 1.89 1.74
SRREELE R + 5l R 0.57 2.31 2.09
ST + BOR s g E 0.55 2.03 1.85

3.4. BIRFESHER FRBS X RO

3.4.1. WEEFSHRFHENBEXHR

SIS RER, YWESHIEE R EE I EHXE=0.72,P<001), SULEEEEWNEEEMKr=
0.81,P<0.001), FHIFEMRIIIXIE, —=F5 55 ELEBE PR AR B = —— 1% & o T e 35 R X 3 L 3
Rk F . AR E M2, RE AT OS2 00 A0 I KR BER, 2 B R WUNEIL A0 o g4k 5 B 1
R IEA K (r = 0.65, P < 0.01), 4800 m DA b impifg 4R X 3k BE H-F 3 AR B K, K44 (4300~4500
m) XS B SR AR, AT R SRR X2 N RGBT R 9 A OC . B X BEHOR R s 6 3%, PR3
Bty DA 3 T B, BHIRE IR AN, D 5 PSR B B R K 28 Rk, RS R B
[iEEEP S
34.2. SREATFSHPEHENBE X R

RSP B K 5 BRI T B 5 50 25 UM 6 (r = —0.68, P < 0.01), B F#/GER/D [ [X 48k, BEBREIRER A
Mo TRIBE RS, YT SBOEEEERMES, SECEYUREMINIEE, S E
AR . 4 PSR S BEE B 5 6 38 FUR 55 (r = —0.59, P < 0.05), iR X SRBTH s B A, PEHE St
B, XREZARTELT IR ED 2R3 RIRAEE T ARG TP, A e .
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4. BE51HR
4.1. BgE

PE =48 TR AR 377.59 km?, BBEHRHECN 61 4>, HA a5 B 16 KON LA X3,
AR 88.0%, HraE e i ik XA DR AT, EE 12.0%, HARE M I E M A, ST hE
AP ATRHE . BEREACTE AR R IG B ZR & 0 R ], JRE =48 T AL A Y A0 B b S DL G 25 R AL
CArp N RIBESON F, R BEER B, BEB MR 57 s SRRV SR I B SR T AR 7 A A AN S 1T, TR
AR E I B B 575, SAMNES: BRI B e R 25, R =18 5%
TS RA BRI R B, X5 milE R A S BRI SRS T R U R R A .

4.2. #ig
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