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Figure 5 Response curves of the main environmental variables affecting

1 : the distribution of A.gymnandrum
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Fig. 8 Changes in the spatial pattern of hazard zones for Aconitum gymnandrum under different climate scenarios
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Table 2 Spatial changes in hazard zones of Aconitum gymnandrum under different climate scenarios
0] ; ML/ (X 10" km?) S A
¥k o€ Wi 45

2030s_SSP126 0.46 53.19 16.01 —15.55
2030s_SSP245 0.50 51.83 17.33 —16.83
2030s_SSP370 1.67 59. 28 8.72 —7.05
2030s_SSP585 2.15 60. 86 6.65 —4.50
2050s_SSP126 6.25 57.60 5.81 0.44
2050s_SSP245 2.70 63.54 3.43 —0.73
2050s_SSP370 5.89 58. 44 5.33 —0.56
2050s_SSP585 1.76 55. 26 12.64 —10. 88

Thi, BRI K 7> 78 % . EHF BT R/ T2
DX, 7K 8 5 A BIR A P 2 B o A A I B T B ER T I
RZ—o KIS H A A ol e 2 R ORER & &k fE
EX A RN R Z — XD, 8
B8k T RE 2 T A B W 1) 5 2 FEHE A H R Y
UV 56 3t X R LA A S o 3 o o 7 1 A 2
5 AN AN 22 5 M 3 86 DX 11 AR ) B 9 2 R R AR ) 22 R
P, 30 AT HEXT 4 3 ) A O 15 B R 9 Bk K

AR 55 85 5%k A b AR A W 9T, A 3 DXl
A6 19 75 — > 2 2 IA AT AR W K O B A 5 Sk 1AL
M B — S RO K HE e AN R IR A S Sk Y
b A A A TS R B, 83 A8 1 ok B =08 R B Y fE
T3 ANHE HAES B | AR MR 2 Al W 1 E AL By A B
TR 380k 42 b B HOJE HR R S I AT O A R ELR AN
TR] e ) 70 TRT B 00 e K 2 xR L 3 AL e Y I
A 3k 5 WA S I R A s R T R e R Y AR
KOEE AR 2 O, R
R T ARG, AU bR B e S B G K R R
OB, AT SR G A L A A ]S ROk
T AR AT A A B AT R R XU R B AR T R R R
HUR S 3, 10 BR RO R SR B2k A e AR e B
BV R R S Sy I oK DA R AR R I AE 25 R AT Sk
T IOE RV A58 4 4 A, UIBETE A2 A 0 1) A 1 BB v A
HAT —E MR 7055 W48 7 T 09 F AR 3R 85 4%
PET BEAL By B 20R By 32 B oKk XU 25 M TR 3R Y
SR S BB O ORI 25 2 A AR 0 R R K
T, A A XU S O R R AR A 2 T B R o R A
B3 by A BANH N BT ER A T A

3.3 RRSBREUTEEESLSHRETES

TERRMABR TR T B8 S K FH A H W
J& T DXAR T8 18 e TE AR W) A A S E A BB
Bt A 4 BRI B B TR K Y B B R 5 Sk BT AR Y
B AR N A R 10 TG SR 2N 23 A Y L A2 B W R
M o M) o K B I ARG B AT 26 PR BR T T R e
ey 20 2 T 52 ) 8 6 % Sk 1) BT ol ) AR M AR
o i oK L JEE R B W % ORI A B 2 AR AR ) AR
i [ I IR TV 0 Y 2 AR AT RE 2 A R 2 R BR R
NS s R S R U R U i I DA B R PP S 2
I HLIE ¥ 3 [ A4 9k B2 AT R Rl oA R e 22 Ak i i
BT A, A A A S B R R R B AR A T
RE i {5 A5 5 Sk 1) T 40 50 A0 =040 S A i A £ Xk
IR o R R 4 B SR G T B I8 X i A ) M B A
(A 3T, LA A 280 PR 1 s O T A AR X
AEBRGER R

S

4 Hig

1) AWFFEHEE T MaxEnt 88 0l 1 7 5 4 5 8 5
kT G H X, S X T A IA F 2. 35X 107 km?,
o7 AR 33.76 %0, Horh m AR E X A T AE
A M EMMNYER S KRB B L2
HM.OTES KES g BEE.LWE £S5,
i I = N N1 = SOl NG = O o T T
2.83X 10" km?, i FH i H A 4.06% .

2) AE K (Biol2) JH —fk Al # #8 BL(NDVI) |
H R PGS (Srad) el Z=fE K it (Biol6) hy 3 2 58 88
B 30 o3 A 1 R85 DY, il R BE AR N AR R K R
(521.58 mm) | JH — kA Bk 45 % (0. 69) . A K BH 4 5



170 GRASSLAND AND TURF (2025)

Vol. 45 No. 1

(15717.17 KJ/(m*-d)) fe i Z=FE /K i (314, 61 mm)

3) AT, H A #E A Sk e F X A
BRTR B s A e AR Ak B R B IR AR A, ROk 4y
i A 1) 75 g TR A 1 B

SE
(1] Ak R ES, T4, % . b EAL )y Fb A 8 R 5 IR 57
5 Ry RE X K] Bh g 2 28 28 4 DR e iR [T ], op [ R 2 B B
il,2020,35(6) :675—689.
[2] BRIT, 3B SAF KA, A T 30 4R R T R R JE R
NDVIh & 25 L% [ 4% B N b B fmi iy [T, A 45 2%
#,2020,40(18) :6269—6281.
(3] JRAedh R4, JRIST 4 . 7B e Ji e 2 B ) (9 A iR Ak
5 4 368 1k R AE A 5 [T, &l 22 4R, 2005, 14(3) ¢
31— 40.
(4] sk#, i, ok, 5 75 5 e 28 KGRI A b A SR
BAE PR KA RO S R [T]. A, 2019, 39
(20):7441—7451.
(5] ZE7Ege Mg, T 7 e a0 X GR Ak v 98 7 fa) Al %
b gERRAE [T]. 0] A A 2% dik, 2020, 31(6) : 2109—
2118.
(6] Jaf 208 A ORI, 55 . V0V X 25 2 B R SR A B b A
BOCTERFAE S BT L], HuBR A5 BRL 2273, 2020, 22(8) :
1735—1742.
(7] BEHE, 9 5 PR . 75 8 e J5E 5 A 5 1 5 M 7 3R F 5T F
[T, W24 ,2019,27(5) : 1107 —1116.
(8] MR, X7 4, Sk e 38, 465 . 75 JHC e Jit v 8 L IX A 25 4
TR R R BOR S ERLT ] A A, 2020, 40
(18):6324—6337.
(9] T30k, @ R, TR . F i 50 4 Fh 3 24 SOV 7E AR
X BMBETE[J]. LEZ5 244, 2019,39(14) : 5301 —5307.
[10]  ThocH:, B, B/, 55 L GA3 R Fh Xt 78 8 5 3 B T
R K ] Az BRI 52w [T]. Kb 2= 4, 2018, 26 (1)
231—237.

(11 VA, S5 i, RSO L 45 . 3R R 4% B b 8 35 BEAL 2 By
TSR], Sy e 4 ki, 2016, 37(5) :86—91.

(12] 5, &SN, G, % . 85 %3k (Aconitum gym-
nandrum Maxim ) #6 5 N 7 B AR BHPEBE[T]. A4 282
#i2,2008,28(6) : 2909 — 2915.

(13]  EPOE, 25 e sl 45 . v [ Rl 4 B dE A ) S LBy
P ARLT]. B2AIR,2013,21(5) :831—841.

(14]  FEZE58 . B s cHOR 8 F FORN R 2 HE0E 5 25 5 D s ik
JERFFELD]. #M : M K2, 2020.

[15]

(16]

[17]

[19]

[21]

[24]

[25]

[27]

(28]

[29]

[30]

PRFCTE BB . b A #E A (ML db st B AL,
1987:456 —468.

SRAE, FRAEIN , D, A5 e [ R AR R AT R A B R
WA & P Bt gt (7], & B B i, 2021, 52
(5):1171—1185.

W0 25, B N AL SR e L A . R AR B X MaxEnt A5 78 il
Iy b AR BE R RR E PR R B2 [T ], MRlk B4, 2012,
48(1):53—59.

Xt W B S i, AF L T GIS Fll MaxEnt #5851 43
ARARE R T ERZZEESAX ] EtEY
4k ,2022,42(3) :481—491.

A BAESR , ATIE . T MaxEnt %R AR R /1N %
TE P A AR R S BN [T ], JE skl R 27 4, 2020,
42(11):64—71.

P RV R, A T MaxEnt 8588 AR AL
A1 S AR D B T4 78 v [ Y A3 A XU (7], R~ 2%
#,2020,10(1) :60—143.

TRAE RTE S, B BT Maxent BB A ok A AR 1k
1 5T W1 A8 v T e R A A (D) AR AR AR
2020,40(18) :6552—6563.

K B e, 2 Aok 3 TR R AR IR T 15 MR G & 4y
BT BB DT ST, wl B A2, 1992,9(2) :47—51.
SFEOKLL . B AHP B 75 14 5 5 5 i 55 Pk AL (]
L, 2018,28(3) :145—150.

PN TN R WA, 45 . 75 R e TR K A S A i e
PRy SEBE[T]. AR, 2012,67(1) : 3—12.
RGN 5 T 53 95 WA R R B (ND VD X
P i [T]. AR K S, 2019,633(19) : 144— 145,
Warren D L., Glor R E, Turelli M. ENMTools: a toolbox
for comparative studies of environmental niche models
[J]. Ecography,2010,33(3) :607—611.

Elith J, Phillips S J, HastieT, ez a/. A statistical explana-
tion of MaxEnt for ecologists [J]. Diversity & Distribu-
tions,2011,17(1) :43—57.

Yang X Q,Kushwaha S P S, Saran S, ez a/. MaxEnt mod-
eling forpredicting the potential distribution of medicinal
plant, Justicia adhatoda L. in Lesser Himalayan foothills
[J]. Ecological Engineering,2013,51(1):83—87.

Zhang M G, Zhou Z K, Chen W Y, et al/. Major declines
of woody plant species ranges under climate change in
Yunnan, China[J]. Diversity and Distributions, 2014, 20
(4):405—415.

Jiang X L, Aa M, Zheng S S, et al. Geographical isolation



BAs kB

WOE 5 BB 2025 4F 171

[31]

[32]

[33]

[34]

[36]

[38]

[39]

[41]

[42]

[43]

and environmental heterogeneity contribute to the spatial
genetic patterns of Quercus kerrii (Fagaceae)[J]. Hered-
ity,2018,120(3):219—233.

I, TE %% T MaxEnt B8 19 AN [F] <
AR S T R A AR XN [T ] P bR B AR
2021,36(6):100—107.
SRR, IR AR R AR R AR
A (3 T A A X [T]. AR A A
3822—3835.

A WAL JT O L4 ROC 20 B A WA AR
Yy oy A BRI T ] A 2 A1, 2007, 15(4)
365—372.

WA 75, AR 80, 45 . T MaxEnt 4= 45 2 4R ) 47
T A v A R X TN [T, ROl B 2% L 2014, 50
(5):27—33.

KRR JE3E S, AR, % ROC IR IB AR AE A 25 AL A5
TYVFA v ) B B — DL L [T R A
1%,2017,26(3) : 184—190.

T Bk, ZE B, BL LT, 45 . BT MaxEnt B9 P4 5 K08 AE
rh A S AR X L] AR, 2017,37(24) : 8556 —
8566.

L, TE, X, 55 T MaxEnt B (1) F 3 15 15
AE v s Al AR TN [T ], BOJEL Y RO 2022, 42
(2):67—73.

et 5 F K Pt e
#.,2021,40(12)

Duan X G,LiJ Q, Wu S H. MaxEnt modeling to esti-
mate the impact of climate factors on distribution of pinus
densifloralJ]. Forests,2022,13(3) :402.

NEIBH, HERE L SR T, AR B MaxEnt 45 81 T I ok
S AT IR T LLW B (Kandelia obovata) 75 v E
FEIE A X AR AR [T ], 252440, 2024 ,44(1) - 224 — 234,
Guisan A, Thuiller W. Predicting species distribution: of-
fering more than simple habitat models[J]. Ecology Let-
ters, 2005, 8(9) :993—1009.

Kumar S, Stohlgren T J. Maxent modeling for predicting
suitable habitat for threatened and endangered tree Cana-
comyrica monticola in New Caledonia [J]. Journal of
Ecology and Natural Environment, 2009, 1(4) : 94—98.
i, AN T AE L A — A KOG R
5HLH W S R (T]. B AR s ek B4, 2022, 52
(11):2105—2138.

NingN L, Xiao H L, Lin L, e a/. Variation of nectar pro-
duction in relation to plant characteristics in protandrous

Aconitum gymnandrum [J]. Journal of Plant Ecology,

[44]

[46]

[47]

[52]

[53]

[55]

[57]

2015,8(2):122—129.

Chen D L, Yuan Z,Luo X P, et al. Cold stratification re-
quirements for seed dormancy—break differ in soil mois-
ture content but not duration for alpine and desert species

[J]. Plant Soil, 2022,471(1) : 393—407.

Bl AR . PR M B C3 A CARE ) XK AR B e A
A B N M AR GE X R (DL KR AR IEINE K%,
2020.

B RAT L B AR, 4 1998 — 2020 4F 5K 5 Hb X
PENDVIZE L FEAE K 3K s (R T3 M [T]. A SRR st
2024,4(3):1—12.

SRE N, MR TR, 45 7 1A AU AL Al B LX) v
A A S e A IS L] R S R, 1999, 8(3)
1—10.

EBEE . KBRS 2 2 25 43 A B R ok K BH A AR Ak
PBWFFED]. P92 P4l SR R, 2023.

Zhang T F, Duan Y W, Liu J Q. Pollination ecology of
Aconitum gymnandrum (Ranunculaceae) at two sites
with different altitudes[J]. Acta Phytotaxonomica Sinica,
2006,44(4) :362—370.

JEMEIT  WEALA . R R AT N BTSSR R T[T ]
Yy Z Rtk ,2007,15(6) : 576 — 583.

R, PRIE S AR L BRI R R X L Ry
M), R, 2008,177(4) :619—625.

AT T R i R A AR A B HG X v AE 2R R S [D .
Jemt A ETMOE R4, 2019.

Maria G, Gabriele C, Davide D, ez al. Reproductive ecol-
ogy of Saxifraga florulenta, a monocarpic perennial
paleo—endemic of the Alps[J]. Taylor & Francis On-
line, 2022,156(1) : 1252—260.

Whitehead, Donald R. Wind Pollination in the Angio-
sperms: Evolutionary and Environmental Considerations
[J]. Evolution,1969,23(1) : 28— 35.

Duan Y, Zhang T, He Y. Insect and wind pollination of
an alpine biennial Aconitum gymnandrum (Ranuncula-
ceae)[ J]. Plant Biology,2010,11(6) :796—802.

Arroyo M T K, Armesto J J, Primack R B. Community
studies in pollination ecology in the high temperate Andes
of central Chile II. effect of temperature on visitation rates
and pollination possibilities [J]. Plant Systematics and
Evolution, 1985,149(3) :187—203.

Goodwillie C. Wind pollination and reproductive assur-

ance in Linanthus parviflorus (Polemoniaceae) , a self—



172 GRASSLAND AND TURF (2025) Vol. 45 No. 1

incompatible annual [J]. American Journal of Botany, of wild and cultivated plants under global warming condi-

1999,86(7):948—954. tions[ J]. Current Biology, 2019,29(24) : 1326 —1338.
[58] AWan, Z8fets . KUIEE M oo kR [J]. £m £ [60] Hatfield J L, Boote K J, Kimball B A. Climate Impacts on

FEME,2017,25(8) : 864—873. Agriculture: Implications for Crop Production [J].
[59] Lippmann R, Babbben S, Menger A, ez al. Development Agronomy Journal,2011,103(2) :351—370.

Distribution and prediction of hazard area of
Aconitum gymnandrum in Qinghai Province

ZHAO Qi-jun',MOU Dan'", Labacairen’, CAI Ji*,Lamaoyangga’, WU Xiao-tian*,

LIU Yu-ying', XIE Jiu-xiang'
(1. Qinghai University , Xining810016 , China; 2. Forestry and Grassland Service Center of Nangqgian County,
Nangqian815200, China; 3. Forest and Grass Service Center of Yushu City, Yushu815000, China;4. Qinghai Provin-

cial Institute of Natural Resources Comprehensive Survey and Monitoring , Xining 810016 , China)

Abstract: [ Objective] Understanding the distribution of the poisonous weed Aconitum gymnandrum in Qinghai
Province, its harmful areasand the influencing factors is significant for ecological construction and sustainable develop-
ment of animal husbandry in the region. [ Method] The MaxEnt 3. 4. 4 model was usedin this study to predict the po-
tential distribution areas of Aconitum gymnandrum under different climate scenarios. [Result] The results indicated
that the simulation accuracy of the MaxEnt 3.4.4 model under current and future climate scenarios (SSP126,
SSP245,SSP370, SSP585) exceeded 0. 9, demonstrating excellent reliability. Based on the model’ s predictions, the
potential distribution areas of Aconitum gymnandrum in Qinghai Province were categorized into four suitability lev-
els. The total area of the affected regions was approximately 37. 99X 104 hm*, with high-risk areas covering 2. 83X
104 km?, medium-risk areas 6. 23X 104 km?, and low-risk areas 144,600 km” and non— hazardous areas 46. 15X 104
km®. High-risk areas were primarily located in the southern part of Yushu Prefecture , Menyuan and Qilian counties in
Haibei Prefecture, and Datong County in Xining City. The Jackknife test was employed to assess the influence of vari-
ous environmental variables on the species distribution, identifying annual precipitation (biol2) ,normalized difference
vegetation index (NDVTI) , monthly solar radiation (Srad) , and precipitation of wettest quarter (biol6) as the main
factors affecting the distribution of Aconitum gymnandrum , possibly related to its pollination ecology. [ Conclusion]
Under future climate scenarios, the distribution of Aconitum leucostomum in Qinghai Province showed a contraction
trend, particularly noticeable under the 2030 s SSP126 and SSP245 scenarios, with a tendency to shift towards the
southeast.

Key words: Qinghai Province ; poisonous weed ;distribution area; pollination; prediction
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