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Prediction of the potential geographical distribution of the invasive plant

Gymnocoronis spilanthoides in China under climate change
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Abstract ;. Gymnocoronis spilanthoides, an invasive alien plant, has strongly invasive adaptability and rapid propagation and
spread, which will adversely affect the growth and reproduction of native species, local ecological security, landscape
pattern, etc. Based on 265 effective distribution points and 7 environmental variables of Gymnocoronis spilanthoides ,
MaxEnt, ArcGIS and R software were used to construct predictive models of suitable habitats for Gymnocoronis spilanthoides
in China under current climate and 4 climate scenarios (SSP126, SSP245, SSP370, SSP585) for two future time periods
(2050s, 2070s) , while the regularization multiplier (RM) and feature combination (FC) of MaxEnt predictive model are
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adjusted and optimized. The ultimate aim was to quantitatively demonstrate the potentially geographical distribution change
of Gymnocoronis spilanthoides in China, variations in the area of suitable habitat and the movement path of the center of
distribution. The BCC-CSM2-MR model developed by the National Climate Center of China in CMIP6 was used as a model
for predicting future climate conditions. The results showed that; (1) the prediction accuracy of the MaxEnt model was
extremely high, and area under the curve (AUC) of the test subject working characteristic ( ROC) of each group of the
MaxEnt models was higher than 0.97. (2) Precipitation of the driest quarter ( biol7), mean temperature of the coldest
quarter (bioll), temperature seasonality ( bio4), and precipitation of the warmest quarter ( biol8) were the dominant
climatic factor influencing the geographical distribution of Gymnocoronis spilanthoides. (3) Under the current climatic
conditions, the total suitable area of the potentially geographical distribution of Gymnocoronis spilanthoides would be 191.18
x 10* km®, accounting for about 19.9% of the national land area, and highly suitable habitats mainly distributed in the
northwest of Hunan, the northeast comer of Zhejiang, Taiwan, Guangdong and Guangxi sporadic areas. (4) Under the
future climate change scenario, the total suitable area and the low suitable area for Gymnocoronis spilanthoides growth would
be greater than the total suitable area under the current climate conditions, and the spread trend of suitable area would be
shown along the edge of the low suitable area to the north. In the 2050s, the total suitable area for Gymnocoronis
spilanthoides would increase mostly , reaching 216.64 x 10* km’. (5) Under the future climate change situation, the change
areas of the expansion or reduction of suitable habitats would be mainly concentrated in northeast and south Sichuan,
southern Shaanxi, southern Henan, northern Hubei, northern Anhui, and northern Jiangsu. In general, the distribution of
Gymnocoronis spilanthoides in China had not reached saturation, showing radiation diffusion centered on the south of the
Yangtze River and radiating to north. The distribution center of Gymnocoronis spilanthoides from the current to the future
(2050s, 2070s) the general direction of change was found to migrate first to the northeast and then to the southwest.
Researching the potentially geographical distribution patterns and responses to climate change of invasive plant Gymnocoronis
spilanthoides on a regional scale is great significance for the prevention and control of it, thereby can also reduce the harm

caused by it.
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Fig.1 Screened geographical distribution points of Gymnocoronis spilanthoides in the global
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Fig.2 Correlation analysis of 19 bio-climatic variables
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Table 1 Screened climatic variables affecting the distribution of G. spilanthoides
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Fig.4 The omission rate and ROC of G. spilanthoides
ROC: ZiRFH TAERE 4 The working characteristic curve of the subjects
x2 FRSEFERNREH AUCHE
Table 2 AUC values of G. spilanthoides under the future climatic scenarios
SRR 5 A0y AUCTH || S S Ey AUC {8
Climate change scenario Year AUC value || Climate change scenario Year AUC value
RS T 5 SSP126 2041—2060  0.978 AR R R AR IA N 5 SSP3T0 2041—2060 0.980
Low compulsion scenario SSP126 2061—2080 0.978 Moderate compulsive scenario SSP370 2061—2080 0.976
AR fif 5t SSP245 2041—2060 0.975 79 4 DI 30 1 5k SSP585 2041—2060 0.978
Moderate compulsive scenario SSP245 2061—2080 0.978 High compulsion scenario SSP585 2061—2080 0.976

AUC: ZiE TAEFHE AL T 1Y The area under the subject curve
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Table 3 The percent contribution and permutation importance of the selected climate factors of G. spilanthoides

A bk DR R E A
Variable Percent contribution Permutation importance
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Fig.7 Potential distribution of G. spilanthoides in China under future climate scenarios
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Table 4 Suitable areas for G. spilanthoidesunder different climate change scenarios

. X AR bR e SSP126 SSP245 SSP370 SSP585
ﬁi}i habitats Comparison ciijm
indicator 2041—2060 2061—2080 2041—2060 2061—2080 2041—2060 2061—2080 2041—2060  2061—2080
P A X T km? 7.62 11.06 15.6 11.73 3.78 7.91 275 8.02 4
High-suitable habitats 3l Ifi X 3.44 7.98 4.11 -3.84 0.29 -4.87 0.4 -3.62
i H/% 0.80 115 1.63 1.2 0.4 0.8 0.3 0.83 0.4
g A X TR km? 47.76 36.76 29.87 37.98 2.32 20.86 8.60 19.6 12.31
Middle-suitable habitats 3l 11 -17.89 -9.78 -25.44 -26.9 -39.16 -28.16 -35.45
i /% 5.0% 3.83 3.1 3.9 2.3 22 0.9 2.04 1.3
A IX i/ km? 135.80 160.44 167.55 166.92 179.23 170.48 183.73 181.7 180.86
Low-suitable habitats 34/l i X 24.64 31.75 3112 43.43 34.68 47.93 45.90 45.06
i H/% 14.10% 16.7 17.5 17.4 18.7 17.8 19.1 18.9 18.8
JEEAEX A km? 768.82 751.74 764.98 743.36 754.67 760.75 764.92 750.7 762.82
Non-suitable habitats 34 /il -17.08 -3.84 -25.46 -14.15 -8.07 -3.9 -18.12 -6
i /% 80.1 78.3 77.8 77.4 78.6 79.2 79.7 78.2 79.5
MIEA X A/ km? 191.18 208.26 213.02 216.64 205.32 199.23 195.08 209.3 197.18
Total-suitable habitats &I 17.08 21.84 25.46 14.14 8.05 3.9 18.12 6
/% 19.9 21.7 22 2.57 21.39 20.8 203 21.8 20.5
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Fig.8 Potential distribution for G. spilanthoidesunder under climate change scenarios
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Fig.9 The core distributional shifts of G. spilanthoidesunder under climate change scenarios
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Fig.10 Potential distribution of G. spilanthoides in the world under the current climate condition

3.3 ARl BT MU AT T WIS A DOR B AT

TESURAS AU | 4 BRI AR Bidens frondosa) ™) 5 ( Xanthium spinosum )" | =0} IR
5 (Ambrosia mfda)m T 38 A X AT (] i 4 B ka3 HL Chen 2515 jiﬂ,mﬁlﬂ'rﬂﬁﬁ@fﬁ GIEZkiN
Fi%E 10a LA 1lm B9 B R B S50 B4, 49 10a L 16.9 km 3 RS 303 0 25 26 i | X 26 5 AR 5T 2% BRI

http ; //www.ecologica.cn



21 44 SREH AFURALANE §H AROE A7 A T AR X3 A T 8863

WA TR AE S AR X E AR LR X N E5E— 3, eAh , A RS R S TR TR BRI 2°C 4°C 5 6°C
AR AR IR , K A K SR (2580 PR 5 AR ) M IR T vk | 5 — e R A
AR R 2R AR ) 55 4 3 FIGE R PR SE  ak R AR B, AR LR = Y

AT S AR e 4 1 v ] A 0 7 30 A DX 43T 38 A 8 B A, R fl A= IX T BRLGA 2 4 14 | JE HUR: 20508 B
SSP245 15T, i A X BV 28 19 5 216.64 x10%km*, #5460 v i A X E AR TP E R E )R 78
M WV VTP MR R R R B TS AR X e, i 2 X H RTRR TR T AR A el 5 B A R4 A
AN, HAIE AR, B A S A XS Y RS A AR AR Ak, TR 2070s B SSP370 Fil SSPS8S
PR ARG 55T A0 w83 A DX AR Uk ) (8, X M RS2 P T 32 4 Bk A A8 12 405 ) 30T AT R AW i A =42
H 5 ™ 5 A 2 S AR AL AL RN A iR A R 5 2 PR 28 F A% Sk 4 e 4 A TR A 3 A IX 43 A T REK P AR
AT

ZE L RTIR B BOAR ST 0L i v v XU DX A e 44 1) R S T I R O 45 SR B R A A H IR R
PRI A Y AL IR (AR A o R T IR0 A AR L A e A DX BR T AT B AR IR A WD A6 6 R AR HPAEAS
LRI 4 DI A T T3 B i i R e, T R SR R el 2 0 B e A 1 DX, IO SR B 4 45 it T e A
IR, RSk B4R AR B, Bz, AR A S A i 3 A DX R oA Sk i 1 3 A X e 4 11 T
B4 il TAE

4 Zig

M T B A8 AR DX A TR D e PSR VIR B AR PR A X
S, ARAEIESE T, Gl A D FRRMIGE A= DX T AT L 2w F0 0 AR A, HL 2 B IR AR X 2 ey b
BB S I sl B AR Bl DI 2 A v DU AR L RN R S B v e i T e e S TGRS bR |
TLARAGHER . 4G 7E Hh [ ) 43 A AR T8 B AN, 2 B LA YT LA R Hpoly, ) 658 547 10, 20 A5 500 A 24 /1 3]
2050 1 2070s ZE AL RAR Ty 2510 AR AER , M AR iER .

5% 3Lk ( References) :

[1] LiXP, Liu X, Kraus F, Tingley R, Li Y. Risk of biological invasions is concentrated in biodiversity hotspots. Frontiers in Ecology and the
Environment, 2016, 14(8) . 411-417.

REHE, BRI, A E AL R XU I BT RERE. PR - BERASFREE, 2020, 30(06) :1-9.

XNy, EEIE, BIAF, B, BREiEE, Tl SBRAT UE YRR A R SOE RS ARE. LLbaEH, 2016,34(06) :716-723.
kA R, B ET Maxent BRI BARSR ARG R T S TE T E RTETE R B A AR SRR, 2020, 40(18) ¢ 6552-6563.
R, W AR R B SARAL AL IR B AEAS AR, 2020, 40(11) ; 3844-3850.

Uden D R, Allen C R, Angeler D G, Corral L, Fricke K. A. Adaptive invasive species distribution models: a framework for modeling incipient
invasions. Biological Invasions, 2015, 17(10) ; 2831-2850.

[ 7] Gillard M, Thiébaut G, Deleu C, Leroy B. Present and future distribution of three aquatic plants taxa across the world: decrease in native and

— o
AN B W
[ T

increase in invasive ranges. Biological Invasions, 2017, 19(7) : 2159-2170.

[ 81 Rodriguez-Merino A, Fernandez-Zamudio R, Garcia-Murillo P. An invasion risk map for non-native aquatic macrophytes of the Iberian Peninsula.
Anales Del Jardin Botdanico De Madrid, 2017, 74(1) :e055.

[ 9] Broennimann O, Treier U A, Miiller-Schirer H, Thuiller W, Peterson A T, Guisan A. Evidence of climatic niche shift during biological invasion.
Ecology Letters, 2007, 10(08) : 701-709.

[10] Guisan A, Tingley R, Baumgartner J B, Naujokaitis-Lewis I, Sutcliffe P R, Tulloch A I T, Regan T J, Brotons L, McDonald-Madden E,
Mantyka-Pringle C, Martin T G, Rhodes J R, Maggini R, Setterfield S A, Elith J, Schwartz M W, Wintle B A, Broennimann O, Austin M,
Ferrier S, Kearney M R, Possingham H P, Buckley Y M. Predicting species distributions for conservation decisions. Ecology Letters, 2013, 16
(12): 1424-1435.

(11] ZEKT - MR A, S5REUR - BIAERYD D5, S h - mh/Righ, BT/R S - R, Bapis vty . SR AR AR ) 7 SRR 4 A i 4 T A o
Aii KA B S ATIR AR ,2019,47 (13) :126- 130.

[12] Phillips S J, Anderson R P, Schapire R E. Maximum entropy modeling of species geographic distributions. Ecological Modelling, 2006, 190( 3-
4) . 231-259.

[13] e, Mhig, R, BTk, HER, RITAE. BN ST RIETE . AEZ52A 4R, 2021, 41(17) : 6904-6912.

[14]  VEVRBH, sREEGE, BRFRI%, GheR, 283630, IRSCHF, Wdkile. SR ot o [ o ) 3 20 483 58 B A BR VB e S e . o AR 45283, 2021,
32(09) : 3127-3135.

[15] FEEI, 488, 207, WM, W, skabok. SR A1 5T I 2 ) 0 1 5 M 2 ol FL R 0 A P K AR 28 op 2k, 2022, 43(04),
56-62.

http ; //www.ecologica.cn



8864 JAE = 43 %

[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]

[25]

[26]
[27]

[28]

[29]

ZREE, G, MR, EE, Sk, KT, EELT, B, AR BT F e 4R AE T E AR s A ARSI,
2022, 42(11) . 4473-4484.

FROIR, SREIER, BOCE, BaRAR, JEREAE, SRIEIRG, BRULA, XIS, BT MaxEnt 5 AR RL A MR P 7R IS B A0 A0 . AR 2SR, 2021,
41(20) : 8135-8144.

XILLR, RN, T, iR, RO, rhgF. JEF MaxEnt AU Z205 11 58 ¥ A 5538 BPE AN, B4, 2022, 42(10) .
4181-4188.

2y, T, BTEL, FHEA, SRR FET MaxEnt A H R 22 PH M PR 2 G A AR O X AL Ll AR AR SR TG AR5 aR AR, 2021, 41
(24) : 9932-9940.

RS, AT 3. TR A R A R T A AR B (RO [ BEOR} ) A [ S A XL Aol BR2E, 2019, 55(02) ¢ 118-127.

EHF, W28, AR, BT MaxEnt SRR 4 BR0E A XA TN B2 43 A7 JEampRoll K 2244, 2021, 43(09) : 59-69.

W, ZEBRER, ik, ERTE SRR T P RAE S BN A S A A A A IO ARSI, 2022, 42(17) ; 7266-7277.
FRAEME, GRRM, e, BUNL, 2L, HHEZ. ARSEEATE R T AR Y RRIE R A b E A A A Aka, 2021, 40
(08) : 2575-2582.

s, X, AT, £IEA, BOICH, EHm, XE, PRk, UG =2 KR 75 56 A e B A ROk AE 3, 2020, 29
(12) . 73-85.

Vivian Smith G, Hinchliffe D, Weber J. Fecundity and germination of the invasive aquatic plant, Senegal tea ( Gymnocoronis spilanthoides (D.
Don) DC.). Plant Protection Quarterly, 2005, 20(4) . 145.

Hussner A. Alien aquatic plant species in European countries. Weed research, 2012, 52(4) : 297-306.

Lukéacs B A, Mesterhazy A, Vidéki R, Kiraly G. Alien aquatic vascular plants in Hungary ( Pannonian ecoregion) : historical aspects, data set and
trends. Plant Biosystems-An International Journal Dealing With All Aspects of Plant Biology, 2016, 150(3) . 388-395.

Tippery N P, Schilling E E, Panero J L, Les D H, Williams C S. Independent origins of aquatic Eupatorieae ( Asteraceae). Systematic Botany,
2014, 39(4) : 1217-1225.

Ardenghi N M G, Barcheri G, Ballerini C, Cauzzi P, Guzzon F. Gymnocoronis spilanthoides ( Asteraceae, Eupatorieae), a new naturalized and
potentially invasive aquatic alien in S Europe. Willdenowia, 2016, 46(2) . 265-273.

Van Valkenburg J, Odé B. Smalle theeplant ( Gymnocoronis spilanthoides (D. Don ex Hook. & Am.) DC., Asteraceae), een onverwachte eerste
vondst voor Nederland. Gorteria Dutch Botanical Archives, 2020, 42( 1) : 39-45.

FIRRA, XU, AR 2R — R R —— B R AR 2 254, 2007, (03) :329-332.

RIS, BROETE. BOE3H)E . AR I — BT AL )R Wil MRoR 72 4f, 2011, 28(06) : 992-994.

Suyama C. A new naturalized plant, Gymnocoronis spilanthoides DC., in Japan [ in Japanese]. J. Phytogeogr. Taxon, 2001, 49. 183-184.

Kadono, Y. Alien aquatic plants naturalized in Japan: history and present status. Global Environmental Research, 2004, 8(2), 163-169.
Parsons W T, Cuthbertson E G. Noxious weeds of Australia. Second Edition. Collingwood: CSIRO Publishing, 2001.

PIER (Pacific Island Ecosystems at Risk ). Gymnocoronis spilanthoides. 2005[ 2006-11-16]. http://www.hear. org/pier/index.html.

Howell C J. Consolidated list of environmental weeds in New Zealand. Science & Technical Pub., Department of Conservation. 2008.

Boppré M, Colegate S M. Recognition of pyrrolizidine alkaloid esters in the invasive aquatic plant Gymnocoronis spilanthoides ( Asteraceae ).
Phytochemical Analysis, 2015, 26(3) . 215-225.

EHanh, TEE, FZ2x, BIR. S TR T I ARAB R, Zmayiise, 2010, 32(03), 227-229.

EPGDL, FokEL, Ak, skED, FRE, MER. AR L)R 5 R LR B AL R, B E AR, 2016, 37(07) -
1245-1248.

BT, REES, XIS, JE/NAL. ) IR ie % 2854l 2017, 35(04) : 13-16.

T, BN, B, RRN, WIEME, F%, AR AL AR B — R A e I PN O A B Ok B RAARE , 2018, 32(03)
73-75.

Panetta F D. Seed persistence of the invasive aquatic plant, Gymnocoronis spilanthoides ( Asteraceae). Australian Journal of Botany, 2010, 57(8) :
670-674.

Chapman D, Petroeschevsky A, Lieurance D, Champion P, Hussner A, van Valkenburg J, Tanner R. Gymnocoronis spilanthoides. EPPO
Bulletin, 2017, 47(3) ; 544-548.

EPPO, Pest Risk Analysis Gymnocoronis spilanthoides. EPPO, Paris ( FR). hitps://www. eppo. int/INVASIVE _ PLANTS/ias _ plants. htm
[ accessed on 11th November 2017 ]

Muranaka T, Ishii J, Miyawaki S, Washitani I. Vascular plants to be designated as Invasive Alien Species according to the Invasive Alien Species
Act of Japan. Japanese Journal of Conservation Ecology, 2005, 10(1) . 19-33.

FuZ X, Wang X H, Ou C Z, Lu X, Hu J, He G, Tian X Y. Characterization of the complete chloroplast genome sequence of Gymnocoronis
spilanthoides ( Asteraceae, Eupatorieae) and its phylogenetic implications. Mitochondrial DNA Part B, 2019, 4(1) ; 694-695.

SKENE, BRGETE, Ve, CMIP6 TSR L BRI ( ScenarioMIP ) 0L S1EIA. AR LHTFEHERE , 2019, 15(5) : 519-525.

Muscarella R, Galante P J, Soley-Guardia M, Boria R A, Kass ] M, Uriarte M, Anderson R P. ENMeval: an R package for conducting spatially
independent evaluations and estimating optimal model complexity for Maxent ecological niche models. Methods in Ecology and Evolution, 2014, 5
(11): 1198-1205.

Phillips S J, Anderson R P, Dudik M, Schapire R E, Blair M E. Opening the black box: an open-source release of Maxent. Ecography, 2017, 40
(7). 887-893.

Shcheglovitova M, Anderson R P. Estimating optimal complexity for ecological niche models: a jackknife approach for species with small sample
sizes. Ecological Modelling, 2013 ,F 269; 9-17.

Liu Y, Shi J. Predicting the potential global geograpcal distribution of two Icerya species under climate change. Forests, 2020, 11(6) :684.
Chen I C, Hill J K, Ohlemiiller R, Roy D B, Thomas C D. Rapid range shifts of species associated with high levels of climate warming. Science,
2011, 333(6045) : 1024-1026.

Burnett D A, Champion P D, Clayton J S, Ogden J. A system for investigation of the temperature responses of emergent aquatic plants. Aquatic
Botany, 2007, 86(2) : 187-190.

http ; //www.ecologica.cn



