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Prediction of potential distribution of the invasive plant Tagetes minuta L.( Wild

Marigold) in Tibet under climate change
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Abstract; Invasive plants, which could multiply and spread rapidly due to their strong adaptability, affect the growth and
survival of native species, and thus threaten the local ecological security, landscape and agricultural production. Since the
ecological environment of Tibet is vulnerable, once the large-scale invasion of malignant species occurs, the consequences
of ecological are unimaginable. In order to investigate influence of invasive plant Tagetes minuta L. on the ecological security
in southeastern Tibet in this study, the adopted MaxEnt model based on the data of field survey was used to explore the
main environmental factors which contributed to its geographic distribution, and simulate the distribution of potentially
suitable areas in Tibet under contemporary and two climate change scenarios ( RCP 4.5, RCP 8.5) by the R language
platform. The results show that: (1) both the area under the receiver operating characteristic curve (AUC) of training and

test data set were 0.997, indicating that the simulation effect of the model was good. Acidity of the underlying soil,
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precipitation in the warmest season, available water storage capacity of the soil and max temperature of the warmest month
were the main environmental factors affecting the distribution of Tagetes minuta L., and the total contribution rate was more
than 90%. (2) Jiacha County and Lang County are the most densely distributed areas of Tagetes minuta L. based on the
field survey. Milin County, Linzhi City, Chayu County and Motuo ( Medog) County will be the high-risk areas for Tagetes
minuta L. invasion based on field survey and model prediction. (3) The suitable and potential area for growth and
clonization of Tagetes minuta L. would increase significantly in the middle and short term (2050s) , but will decrease in the
2070s based on the model simulation. The suitable area of Tagetes minuta L. would expand furtherly in the southeast of
Tibet and will expand to the northeastern area, and its distribution center would move from the current Motuo County to
Bomi County. In general, the distribution of Tagetes minuta L. was greatly affected by soil environment, temperature and
precipitation, and climate change would make it expand more wildly to the east and south area of Tibet. The results could

help to provide theoretical support for Tibet to formulate prevention and control strategies for invasive species.

Key Words: plant invasion; biodiversity loss; ecological risk; model simulation and prediction; global climate change
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Fig.1 The location of the Tagetes minuta L. in Tibet
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Table 1 Four scenarios for carbon emissions

17 5 ik
Representative concentration pathway( RCP) Description
RCP 2.6 FEATSRIAME A 2.6W/m?, CO, S4B ¥ 9 490 mL/m?
RCP 4.5 SRBTIRIAAEA 4.5W/m?, CO, SR N 650 mL/m?
RCP 6.0 FEAFSRIAME N 6.0W/m?, CO, 4R ¥ 9 850 mL/m?
RCP 8.5 ISR 8.5W/m? , CO, SR E Hy 1370 mL/m?

®2 TN EERMREET

Table 2 Environmental factors involved in modeling and their contribution rates

Variable name Description Variable name Description
S_pH_H,0 T2 IR HF NI By
Biol8 IR fi K it Elevation TR
Awc_Class AR KR Biol6 Fe it Z oK i
Bio5 el H ey il

®3 FAASBREGTERERKEEAREETHE

Table 3 Mean value of environmental factors in Tibet under different climatic conditions

A AR ik AR RCP45 RCP45 RCP85 RCP85
Variable Name Description Contemporary 2050 4F 2070 4F 2050 4 2070 4F
Bio5/C T 7 5 TR 14.3 16.0 16.2 16.5 17.7
Biol6/mm AR R K 1217 1187 1353 1186 1435
Biol8/mm TR R 1190 1067 1219 1286 1398

1.3 BRF Rk R

VG A DX DX Rl R oA 9T b [ [ R it A B AR 8 (http ://ngee.sbsm.gov.en/) | SBAT ER BY I, MaxEnt
B E S.J. Philliips P4 AR 18 1530 5 M ) AE 23R 40 A5 ok T A ABE 236 50 A, o T0UI 490 b 43 A Jr 1T L
B Z B AT T MaxEnt BEELRRA A 3.4.4  BERTTE R 3555 T4 MaxEnt B8 SEGHETTFIAE P
PLIE B AEROR . 25 T H AR 6 ArcGIS HHSEEAF] Esri &, 14645 [0] 4347 4508 3k 1 FH | A AFF 5
FFFHA ArcGIS 10.6 JiAs,
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Table 4 Environmental variables and their contribution and suitable value ranges

AR B AR ik Dk G i Y
Variable Name Description Contribution/ % Important Value Suitable Range
S_pH_H,0 IR JZ - SRR 39.2 0.5 7.5—8.1

Biol8 I I 7 B K 21.2 1 371—498mm
Awc_Class IR R K 16.4 4 0.43—1.15mm/m
Bio5 el H f e il 15.4 2.8 21.9—23.4C
HF N it 5.1 1.4 4.2—17.1
Elevation TR 2.2 71.6 2840—3267m
Biol6 el 2R B R K 0.5 18.8 368—486mm

B GHET B UEET B 2Ry

Awc Class
Biol6
Biol8
Bio5
Elevation
HF

S_Ph_H,0O

BT
Environmental variable

0.5 1.0 1.5 2.0 2.5 3.0 35 4.0 4.5
EAL I 2534 3518 Regularized training gain

3 REEFIERKEER

Fig.3 The Jackknife test result of environmental factors
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T R BN AN LA BE A B R H B U EE VO O 21.9—23.4°C . YSIRIAF] 16.4°C I, ERANSFL A BAETEMER |-
F+,21.9°CiEH] 0.5, R TH 2 22.6°C B, EIINFLAE 53k Bl fe RAFZEME SR (0.73) , BifiJ5 30.6°C B &L T 0, HAx
W I B LR 4,

2.2 IR BN FL AR B3 AR XY

Y NS b 3 A % B ED JInFL A B0 A T PR AR B AR X, AR T LU R M X i B PR M X BB R EL A
MR, Hodinr BB B B R L T R B A o A R BN FLAE L 2 K T R B, R e e
ik 160 #k/m?> , FLI3R 4340 18 BE 5 L 2900—3300 m , MaxEnt FE48L 4 24 Hi 005 T BB 0L 48 507 74 58 104 38 2 IX
O3 A SR A IS AT A . BRI T MBS EE R s (1 5) | BRn-FLAE B A9 35 2558 A= IX R iR A
AR NG AR 2 5 AW 22 R 3 5 VU A DX AR S X, o3 A Y R AR A B s B
BORMREL AT 2B B, RGE AR T AU 12090 km®, 5 PG 5 H A XOE TR ALY 0.98% , 55 SR 1E A 1F DL AH
Ve
2.3 ARAEALT B nFLAS FEIE AR X TR

TR = AR S (B 6) T, BRmFLAE RIS AR R E /s B e Tt B BT BRI B
2050 AEH1 2070 4F A4 SIS 28 T FRA> 9100 13398.14 km?® Fil 12845.48 km?® | AN[a) S5 405 Ak X A5 P K o s Ui
FAMHEECE 5T EUINFLAE B S B A SRS Y R I S A i R R 5 A TR A
ATToE B, i AR XA AR 2050 47 A9 808 A T4 3108 19164.41 km?, 17 2070 45 B i L 28 B 1938 AR
T AR U AR 2 11321.20 km®, AT RUK B, B SAEAE AL, ENINFLAE 54047 Y L2 8 1) A< L X 15K, AR 20
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Fig.4 Response curves of existence probability of Tagetes minuta L.
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L. in Tibet under current climate scenarios
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Fig.6 Distribution of potential suitable areas of Tagetes minuta L. in Tibet under different climate change scenarios

gy, PR A0 1) AR AU RS Sl 2 il 2 Bl i 2 T 2 e e L 3 AR 55 (RCP 8.5) T, BN L 48 B3 B AR 358 70 A
DXy U TE) ZR /IR BE RS B, PEOR IR AR B8 22 5 B, A sl B B 60 km, ARAURMEEE T, ENAL
AR VYR 1A DX I8 A B0 A0 Y BB R T AR L AR ol g AR M X 5 B | B ARl X 4%
ELRPRY R E, o341 DX OB i 0] AR R RS 31

R5 FRSBTHES TEEMRENMALEENEE XTI kn®

Table 5 The suitable area( km?) of Tagetes minuta L. in Tibet under different climate change scenarios

SR

Climate i A= DX T AR AR Az X T AR Fh A X AR e AR X T AR SOE AR TR

. Unsuitable area Low suitable area Suitable area Highly suitable area Total suitable area
change scenario
UL Contemporary 1216310 7306.99 3581.05 1202.40 12090.44(0.98% )
RCP 4.5-2050s 1215002 7770.77 4280.09 1347.29 13398.14(1.09% )
RCP 4.5-2070s 1215555 7947.022 3724.44 1174.02 12845.48(1.05%)
RCP 8.5-2050s 1209236 13015.76 5003.02 1145.638 19164.41(1.56%)
RCP 8.5-2070s 1217079 7181.52 3548.94 590.74 11321.20(0.92% )

3 WiREHSRR

3.1 FREEP TR EINAL A HE oA

A TRUASE UL TN A9 45 SR 2 1, BIR A BTN AL e bR A 20 9 P ) SR BRSO b 3 AN A 7, e
JIG 2 b S T T R e 19 2 2 /K et SR AR TR AR 48 it 509 , 16 W] - S R i J32 5 g K Ay i) 24 BV L
HE LR ST I DGR IR, EINFLAE R B, AT B, — BB A A2 0o L R 1 L A R, Ml e
bk 13 RGN R AH] T AR R, 5 AR AL (AR R BN AL RR T
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Fig.7 Spatial variation of potential habitat of Tagetes minuta L. under future climate scenarios compared with modern climate scenarios
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