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Abstract

Rhododendron nivale Hook. f., a typical alpine rhododendron species, exhibits a geographic distri-
bution strictly constrained by habitat and climatic factors, making it a crucial indicator for the sta-
bility of alpine ecosystems. To clarify the distribution pattern of its potential habitat and dominant in-
fluencing factors, this study employed the MaxEnt model and ArcGIS software to construct a rela-
tionship model between the distribution of Rhododendron nivale at different time periods and en-
vironmental factors. This analysis utilized data from 225 distribution points and 19 bioclimatic fac-
tors, focusing on four climate scenarios (ssp126, ssp245, ssp370, ssp585) to map its potential habi-
tat distribution across China. Results indicate reliable MaxEnt predictions (AUC = 0.956), with a current
suitable habitat area of 9.6 x 10¢ km2. Future projections under various climate scenarios show an over-
all expansion trend in suitable habitat area. Isothermality and seasonal temperature variation coeffi-
cient were identified as the dominant environmental factors influencing the distribution of the snow-
layer rhododendron’s suitable habitat. Currently, areas of high suitability for the snow-layer rho-
dodendron are concentrated primarily in the Qinghai-Tibet Plateau and surrounding high-moun-
tain regions of China. The findings of this study provide a basis for understanding the ecological re-
quirements of the snow-layer rhododendron and for resource conservation efforts.
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Figure 1. Geographical distribution of Rhododendron nivale Hook. f.
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Table 1. Contribution values of environmental variables
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A AR TR /% B/ %
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biol3 1% F 4y F% 7K & Precipitation of wettest month (mm) 0 1
!t @ - 00008800 - o o !
bio2 - ) o0 00000000 0.8
bio3  ©@® :
biod o9 00 o o 06
bio5 @ 00 000000 o o
vios @0 000000000 0005 [0,
bic7 0@ @ 00 O 00°00°0°e
bio8 @ o0 000000 o ® 0.2
bicd @¢ 0000000000 0006
o0 @ 00 00000 © o |0
bio11 @) 000000000 ©° 0
bio12 |@@®[-|0/@0/000000e-@e@®@s | 0.2
bio13 @ @0 eeceeceoe®®e @ O
bio14 | @ DOaC 0°00:°0°0| 04
bots | |@ o o0 o o
bio1s @@/0 0@ oocces. o o =
bio17 © @ )@ o0 0 0 .
bio1s (@/@0 (@@ oooo.. ® 0 '
bio19 = @ [ ) o0 0 o -1
OCrNMTWON~®©D
TN MO T OO~ ™ ™ ™ ™ ™ T T T T
0000000000 0C00000000
0 0 0000000000 0000000

Figure 2. Correlation analysis of bioclimatic variables
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Figure 3. ROC curve validation of predicted data for Rhododendron nivale Hook. f.
3. ERMEITUNEIELSE R ROC BHLZLIEIE

3.2. HHEEHBHESHTEESKETFOHM

H1 MaxEnt F0 45 b IR AU I 250 S AN 25 (0 T UNEA AR AT R, PR 0 2k i AR B — AR B xt
BB TRINIE 28 F) DTk, SR BEC, R IIZAC BN T R AL A B IX 70 AR HO R OR ;s 55 60 2% 1 W 20w
WbrizAe R )E, HAAR BB R U 2 R ik, 26 KRR, RIS B AR (R S M) 5
2L AR P A TN R 3R 1 BRI . U B A2, bio3-SFR PEAN biod- TR Z11EA23) R

DOI: 10.12677/br.2026.152011 87 UL/ BT


https://doi.org/10.12677/br.2026.152011

LIV

éﬂlﬂ’bﬁlﬂﬂﬁi’ép 1, BT PSSR A 2 AL A AR XM s KPS AN R 5 A9 bio3-45 LA biod-
ARV S R BOR R S SR AL RSE B X A K SR () 4).

bio10! 1 bio10 1 BT
2 bio11 1 bio11 -
8 bio12 1 bio12 | MR
S bio13, 1 bio13 1 METETE
® bio14 1 bio14, 1
@ bio15 1 bio15
£ bio18 1 bio18
£ bio19 1 bio19
& bio3 1 bio3
W biod 1 bio4
B bio6, 1 bio6
g bio7 1 bio7
bio9 1 bio9
02 04 06 08 10 12 14 16 18 20 02 04 06 08 10 12 14 16 18 20 22
IEfLillli%35 Regularized training gain ik 125 Test gain

Figure 4. Jackknife test of key environmental factors influencing the distribution of Rhododendron nivale Hook. f.
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Figure 5. Response curves of main climate factors in the potential distribution model of Rhododendron nivale Hook. f.
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Figure 6. Current suitable distribution of Rhododendron nivale Hook. f.
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Table 2. Area of suitable habitat for Rhododendron nivale Hook. f. under different periods and climate scenarios

2. FRINH. SRERTSEHEEEXSHER
JRIE A X T AR IR E AR X A rh R IE A DX T AR e L3 A XTI AR

> 1= [ feE L
AR TURT (x10* km2) (x10* km?) (x10* km?) (x10* km2)
4 Current 851.79 37.15 35.69 36.37
sspl.26 818.68 45.98 32.93 62.40
ssp2.45 811.37 48.29 36.01 64.33
2021~2040
ssp3.70 801.01 55.02 39.48 64.49
ssp5.85 790.34 62.73 37.88 69.05

DOI: 10.12677/br.2026.152011 89 UL/ BT


https://doi.org/10.12677/br.2026.152011

LIV

sspl.26 798.12 63.94 34.73 63.20

ssp2.45 789.24 66.28 37.36 67.12
2041~2060

ssp3.70 795.61 54.13 37.93 72.33

ssp5.85 790.22 63.56 38.59 67.63

sspl.26 804.27 55.73 36.62 63.38

ssp2.45 763.91 77.87 43.80 74.41
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ssp3.70 772.25 63.33 42.60 81.81

ssp5.85 787.57 49.57 35.88 86.99

sspl.26 783.93 77.27 37.28 61.52

ssp2.45 726.77 83.77 72.38 77.09
2081~2100

ssp3.70 777.16 56.78 38.82 87.25

ssp5.85 779.05 51.29 38.11 91.56
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Figure 7. Projected suitable distribution of Rhododendron nivale Hook. f. under future climate scenarios: Panels (a)~(p) depict the
projected distributions under four ssp scenarios (ssp126, ssp245, ssp370, and ssp580) across four time periods—(a)~(d) 2021~2041,
(e)~(h) 2041~2060, (i)~(1) 2061~2080, and (m)~(p) 2081~2100
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x 10*km?, 7E 2021~2040 4F ssp245. ssp370. ssp585 &L R 4E X HIF /N, 7059 1.49 x 10*km?, 1.79
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Table 3. Changes in the area of suitable habitat for Rhododendron nivale Hook. f. across different periods and climate scenarios

3. FRINH. SEERTEEMEEEXEHER

S F fi s ok [X AR FaE X o4 X T AR
AR U (10* km?) (x10* km?) (x10* km?)
ssp126 37.30 113.46 2.13
ssp245 44.37 114.09 1.49
2021~2040
ssp370 55.8 113.80 1.79
ssp585 66.32 113.74 1.85
ssp126 25.29 146.01 474
ssp245 27.72 153.18 5.8
2041~2060
ssp370 16.27 158.30 10.78
ssp585 12.13 168.17 11.89
ssp126 14.95 150.73 20.57
ssp245 28.92 177.63 327
2061~2080
ssp370 31.08 167.39 7.18
ssp585 23.13 159.13 21.17
ssp126 31.30 155.09 10.57
ssp245 42.38 201.76 478
2081~2100
ssp370 17.06 176.97 21.50
ssp585 17.62 173.65 8.62
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Figure 8. Trends in the suitable distribution of Rhododendron nivale Hook. f. under future climate scenarios: Projected Suitable Dis-
tribution of Rhododendron nivale Hook. f. under Future Climate Scenarios: Panels (a)~(p) depict the projected distributions under
four ssp scenarios (ssp126, ssp245, ssp370, and ssp580) across four time periods—(a)~(d) 2021~2041, (e)~(h) 2041~2060, (i)~(1)
2061~2080, and (m)~(p) 2081~2100
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