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Prediction of the potential distribution of Senecio jacobaea in China

Zhong-sai TIAN, Lin XU, Dan-dan CHENG*
School of Environmental Studies, China University of Geosciences, Wuhan, Hubei 430074, China

Abstract; [ Background] Senecio jacobaea, a common weed native in Eurasia and invasive in North American, Australia and New
Zealand. However, the occurrence records of this species in Xinjiang, China, are limited. Once successfully introducted, S. jaco-
baea can be damaging to crop, livestock farming, and human health. Hence, it is urgent to estimate the potential distribution of S.
Jjacobaea in China. [ Method] Based on 19 current and predicted (2050) climate variables and occurrence records from China and
the other areas in the world, we quantitatively predicted the current and future potential distribution of S. jacobaea in China with the
Maxent and DivaGIS. The predicted models were evaluated by the receiver operator characteristic (ROC) curve. In addition, we cal-
culated the climate thresholds of annual mean temperature and annual precipitation of the S. jacobaea distribution in different areas
(Europe — the native area, North America and Oceania — the invasive area, and China) by modeling in Maxent. [ Result] The
model built with occurrence data from China is better than that with the data from the whole world in relation to ROC curve and com-
parison to the occurrence record from China, but results of both model show that the current and future distribution area of S. jaco-
baea is in Xinjiang, China. The annual average temperature and precipitation in China are lower than in other regions for S. Jacobaea
invasion. [ Conclusion and significance] S. jacobaea is and will be limited in Xinjiang China. The differences between two predicting
models and different climatic thresholds of S. jacobaea distribution in China compared to that in other regions indicate that the popu-
lations of S. jacobaea in Xinjiang differ from those in other regions and may be a different subspecies.
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I, e 4 58 2 A B Ay S0 ok AR B 529 Fif
R 265 B (Xu e al. ,2012) UK ARAEY)
REBIEMNHMEZR LA EIEAGE AT EUIX )
Wt e LAY, WAREE R A BAME N AR
HME—FRifE (1E /NS4 2012, Pysek er al. ,2004)
o [ b sl ARV e b A MU A 22 AR K
DR B AR R R G, F, g — 4 E -+
AR B A — 43 A X EL 2 ) R R
1Y, BT v B B8 A A R AR 53 A1 TR A
SRR Ot sy AF ) (F/hEE SR 2014)
WHEE LT Sinapis arvensis L., J5U= T XM PE D
ol 7 b R 7R SR B A (L H AT O S A B
SEIFRIN ALY (T7 77145, 2012 TR
FI3R M 2004 2011)

TEAAR AW 274038, | Fr KM ( maximum  entropy ,
Maxent ) BRI {2 32 ] T B PR A= W) A T
TEGIAT  BEASTE I A s B O B0 453 B B0 2 Y
ghi . EPE R Maxent B AL DI R4 T T AR AE
W8 ZE % Eupatorium adenophora Spreng. | K HL &
Chromolaena odorata (1.) R.M. King & H. Rob.
ER—K B AL Solidago canadensis L. 75% H %5 Mika-
nia micrantha Kunth ( Weber et al. , 2008 ) | 81 i 2§
Flaveria bidentis (L.) Kuntze %A Peperomia pel-
lucida L. J5 255 Mimosa pigra L. N LA

Wedelia trilobata (L.) Pruski, % 24 K8 Euphorbia
dentata Michx. FEFEF [ 1) 734 DX S S AE 43 A7 DX Tt
(CE B SF 20105 FEBAF,2013; TR A AURIRIEAR,
2010; XI5 % 45, 2013; W45, 20145 #R/ME 4%,
2014; B A, 2009; {5 EIESE,2013; 5K, 2015),
FiAb, — LRSIz F 2 MR TN AR ) 4 53 A X, HE
A A5 AR R W] Maxent FOFSE PR B 4 (T 1) B 55
2010; XJik,2012; Fiz % ,2007.2009)

i T B Senecio jacobaea ( Asteraceae) , 53
% Jacobaea vulgaris Gaertn, J& 2 FT H )&, 3
AN FRT L R THOC(LH A % ,1999; X
WI,2007) . ZAEAERIAR A T AR L, 7+ 3
PRI FBO LKW (RS RR 24K, 1985) o B
T HOGE TWOERRE, 74 BR A )12, 2R |
JEIEMW TV Y AR | R 55 PR A A il
5% (Bain, 1991; Cameron,1935; Coombs et al.,1991;
Hodalova et al. ,2015; McLaren et al. ,2000) (Kl 1),
B T BOGTE b E S A TR SR AL AR R ZE AR
HE U, WS R S ERSE i g A
M S FER B PSSR L RR B VTS S A
AR BT R LR AR OR T AR (R A
85,1999) KALH (VLB s (B AT SEie ¢, iz H o)
AT AEFT B DX 7 VL5 04 S AT R 5 | gk A 1 45
R HRBE PR, 1985)

s -
- o

E1 HETEAEHANSHIER
Fig.1  Occurrence records of S. jacobaea in the world
8 AT R T LG0T S, CLENE PN T S A SR

One dot represents one record, and the dots inside the red box are within Xinjiang, China.

BT OGS AT ML HLPGIE A=y (PAs ) | 3 7l
Ao £ RS ISR B A A= B AR (Hart-

mann,1999) , & FEXAHMIRG AL T, i s s i 2t |
W PRI MR (EERIESE,2002) o [RI, i T 5
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YRR, TEZ M X, Hoh 2 & 2 S A
Yrsa s (B FIBER , 3O A 5 T 0, JUHAHI K
FINE AR MY AN A= 25 2R G038 i T AR R E2 M (McLaren et
al.,2000) . XHEE T BOGAE S 2N BUAE B AL
MR A= B G, ORI PG =2 JESERTnE R
FFRE T H:Wb5i5 ( Leiss ,2011)

B T OGN A e N RS R S A A
PEMA E A W4 5 (R, 2007) | 78 FE B Rl % T
1951 4%, HEIIFARY 1, 76 E NIB A2 AR,
AR FEAY SRV N T By fs T B — 2
PHE LA H A b X B8R T G A
Zott A ET IS

ARBE T O H AT R e b X H AT
FEAE BT S R v [ A e, IX 8 Ry A AR 4 7T
PE, S34h e T BDBMP e M EsE RE s, B
TEHABFE ZIIC o3 ATz, AT fE b [ H o A e B
X7 PRI i — 20 T i B AY 53 A1 X, SR
TEASE S A kadh, FIWR T 23 O AR AR
(A RTREE . A 2 A AR, AT D) B4
TRt R A AR — e Yu RN, AR S A
FAEBRI B o 3 B T A E H A
AR AT X, F W T BOCAEh E R A
A, LR 3 2 Fh o ik i 2 5 e g rp
A T FEL AN HAt b Dt T BB ANTH

1 MR5FE®
1.1 HiEWEELE

g T LY A e R A i ER A A A5 B Ok A P E
B H W) bR A 4 ( Chinese  Virtual Herbarium,
CVH) , HR4 Hb 24 A FRAH N ) 28 45 B, S %) Jq o)
AF| Excel 7, M5 445 B N A AG 0 %, LA
127 o3 Aiie s

SR T G TE T 5 A M R A 5 Bk [ 4Bk
W) ZFEVESS B 4% ( global biodiversity information
facility, GBIF) , ZE HX 1950—2000 4F fit) %5 45 v 17 23
AT XTI, AE GBIF 28 A9 43 A B A 0 4% o [
T RS A H Y A A s O 0 T o A
CSR AL, T38RI T B o3 A Bl e e i 1X 4y
SRR JESEH PRI R ] 4 ASER43, DU
TR oA X AR A A B

W ad Worldelim I’ 3 T 2% 24 /i 19 25 3% 40 45
(1950—2000 45 Wi W B0 415 ) LA K IPCC 4 4 25 il
BER V-1 4 /& SRES AIB #5520 36 [ = R KAt
FEru (NCAR) 5 [ 45 (UKMO) A4 K<
fErf 0 (CCCma) T Y 2050 4F 4 BRI B4 | It
19 MY (R 1), HE TR DivaGIS
‘B 5 W3 (hitp ; / www.divagis.org) F#k

R1 BERERPRREEE

Table 1 Environmental variables used in the models

Viile R Description Viile R Description
biol AV Annual mean temperature bioll BRI E Mean temperature of the coldest season
bio2 B IR 2 A ¥ Mean diurnal range ( mean of monthly biol2 FEHI[E/KE Annual precipitation
(max temp—min temp)
bio3 SR Isothermality ( bio2/bio7) %100 biol3 I H BE7K & The wettest month precipitation
bio4 W T3 AR L AR 1 25 Temperature seasonality ( standard biol4 fix T A BE/K & The driest month precipitation
deviationx 100)
bio5 % H B = iE Max temperature of the warmest month biol5 [fEK 72 7 R A Precipitation sasonality ( coefficient of
variation )
bio6 % H 50/l Min temperature of the lowest month biol6 el 22 E R K 7 The wellest season precipitation
bio7 AR AR B A Ak el Temperature annual range biol7 T ZERE K4t The driest season precipitation
bio8 I ZE R IR Mean temperature of the wettest season biol8 BB ZE R 7K 3 The warmest season precipitation
bio9 e T2 4R Mean temperature of the driest season bio19 2 ZE R IK & The coldest season precipitation
biol0 fe % 22 -2 E Mean temperature of the warmest season

12 BEFE

iz FH Maxent R0 B8 T BOGAE IR [ 18 7E 55
A DXHEA T I A WA A B 4 A DX T K
2050 AFSEAAE T WA KR R s R M, i

BT FEAILE B 25% )43 A0 s AE IR AE (test date) |
759%VE N INZRAE (training date) . T 2050 4FFr 96 T
AR FE A 70 A DXIRE, S HERR I G0 B2, e
10% VI ZRRIE( 10 percentile training presence) .
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ST FOGAE R T I A Bk oA Eidh T, DY e e
T 2050 4788 T HOEAE  E 8 A ik, HoR
TP A R

FHBRYH AL S W | I Y v [ 18 7 A B 40 o
BIAE Maxent H Ao 21 M6 B (L, 3B A KO TR E
R 53 04 F2 2 D] 1 i DA e BCAFE 149 3 32 AN AF 2
IR TN ) G A X 22 57

2 HBREHN

21 FETEXEPEMNSHIDT

1951—1960 4F B T HOtA 42 Md g, 7
AAEFRA BT R ZE ML IX | B+ [ B iR M L S8R
FF RS IET5 F AN S5 30k DR A7 A 11X (&
2A), 1961—1970 4F EL & #8550 A B M (K
2B) .1971—1980 4FWz A X (K] 2C) . 1981—2002
AR v b DX (&1 2D) 3543 500 8 B A8 o A e sk
Mo N BRI AT LUE H BrE T ok A 1950
GRE RO SN H 2 €l L N ES BN A S I TN
W)z AR A EEHIX

-

1 #h X

&?,

B2 #FETEXEFEMNSHICTE(1951—2002 5F)

Fig.2  Occurrence records of S. jacobaea in China from 1951 to 2002
A: 1951—1960; B: 1961—1970; C: 1971—1980; D: 1981—2002.
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W AR S A F R A 20 A1 0 53 07 B A B R AR —
B, AERT eI X I A A IR M (g AU IR AR

IRFEFLETAMN) WA R A A il Sk B
AR A R 2R A X, 8 A7 — 7 T RR A g 1 A
D<o T3, FEH R SR T AR v G v 2 XA B 8 T
FOERIRTRE 731 DX, AE 0 2R DX, A8 e T HDG
AT RENE LB/ N (L 3)

FHAR IR A1s 50408 F5000 643 568 140 S AV T 0 A
DX AR X5 (S0 e ] A 5030 T 114 45 5 2k
AR — B (E R W 1 A G B AT AU o [ A 58 T
IR R, (EAHTE RS2, 45 2R s e P R
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RPN BRPE E R ML R S WA SR — S A RS X (1A 4)
TES3AT X, R AR 3 S AR 3 AR DX (B AR T A 1T Y

EH %L Suitable level
[ dE&E4 X Unsuitable region

[ {EEAR Low suitable region

[[] 34%3&4: X Marginal suitable region
[[] &KX Suitable region

M FiE4KX High suitable region

B3 RAHESHIEREIEE Maxent RE BTN HFETERAEPENBESHEX

Fig.3 Prediction of potential distribution of S. jacobaea in China with occurrence records in China by Maxent

EH %S Suitable level

[ dE@&4 X Unsuitable region =i /.
[ K&K Low suitable region T N
[ #%3E4% X Marginal suitable region

[ &4 X Suitable region ~

M ®iE4£KX High suitable region

4 ALK HIEREIEE Maxent RE DTN HFETERAEHRNBESHEX

Fig.4 Prediction of potential distribution of S. jacobae with the global occurrence records by Maxent

23 2050 EEHREEEUETHETEXRWEER  MIETT A G M A9IE N X AR A, AR5 X

ot

Iy N, SR WA R Y BB % Al BE R R

2050 AR T HOGARARAE T E A 047 XA R LS bt )5 0 R S5 908/, 8 H A

FEOR A o B A0 H AT O — B B e aR X XA BT REE SN (1 5)
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EHZL Suitable level

[ FE&E4RX Unsuitable region

[ {KFE4£X Low suitable region

[[] i#1%3&4: X Marginal suitable region
[0 &4 X Suitable region
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Fig.5 Prediction of potential distribution of S. jacobaea in China with Chinese occurrence records by Maxent in 2050
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AC PN 3 A0 R AE AR VG I | 2R 16 J52 R PG V6 o2 A2 7
xS (KBl 6B.C.D),

BE T B A b o A DX AR 2 R K A
1 0~1000 mm, 7 100 ~ 300 mm 77 7E 245 K
(B TA) s RPN 43 A DX R A 35 A 7K 1 1 1 {6 AR HE
500~2500 mm Z[f],700 mm 7547 B FE7EHE %R i K
(1 7B) ;LI 43 A5 IX AR R K = A B 0 ~
5000 mm, 1100 mm B FAZERE 805 K (& 7C) s K
Y3 X ) AF 34 B K B 7 2100 mm Bisf X8 8 T HL
S A ] Mt 2100 mm 5 BERE K G5 00T e
T HOCAAERERI K (B D),
3 g

FrAIT % JE A R R 2 B SCERER — 4
A 265 5 ) [0 600 1 1) 77 76 B2 430 7 B B 1% E 9
AR XSRS SR YR AN 8 3R B R e B R I =2 i
FEAET Z A ARSI AR AR 1 S AR G HoAth D7 =X
AT LA A3 — A~ 9 Ff s B0 A9 S O A %) M s R s (1)
(Wang & Wang,2006) , A< i3 {5 FH i >4 i o (= 1Y

YA SRS IR T CHV , B A A W bR A% 10 5%,
EERAYT A EE R T GBIF i8R bRA iC 5% |
NANEE SCHRIC S FPLERIC SR 5, 3 o0, X Ec
PEAT T O e 5 R B RS R A0 S B, B LA
FH 3 A Sl 58, 0 9 45 SR A A T &

FIIH Maxent BERITHEE ROC 14 AT LUK 46 il
Ak HRE . AUC (areas under curve, ROC B2k T
A {E > ROC #2558 A b BB Al i) i FRE, AUC
{HKTF 0.5 B, AUC A 8K, Fm i A I 24 58 42
Wi I b B 53 AT A OGP A 5 TR DT ) o A
T2 DI TC 43 A 1A BE e s i, L 0 00 555 S o, wgf e
U (TR ARIEAR ,2010) 76 T HT 5 T HL G 7R
T ] 04 43 A B N 2R 50 RN TR i AUC B 43
514 0.977 F10.967 , Ui WIS AU 5 S FRAULA BEAR 4F
FE T 47 M B 400 98 T L O AE TR 1 B 4 A, 45 SR T
5o FHARBR A0 B4 10000 5 5 T B 14 43 A X
(R I 25080 0 56 E 50080 1) AUC 1B 5 514 0.858 Fil
0.856, %45 HE AT U v 1] 1 43 A B340 790000 1) 45
v (R Ay, T gh R R B s T G TE
Hh ] ) AR B R0, AR o0 A FE BT X, (H
R AR R R AR ol ) 4 40 24 i 1 A TS R SR
FAdRRE R — e E BT LAOZN K W& 71 5, 7F
T A X AT BB A LAB 1k L B, AR RS AR Xl
BT WS W R A — e Y
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Fig.6  Relationship of annual mean temperature and the distribution probability of S. jacobaea in different regions
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A: China; B: Europe; C: North America; D: Oceania.
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Fig.7 Relationship of annual precipitation and the distribution probability of S. jacobaea in different regions
A PE BRI C ALY D KR,
A: China; B: Europe; C: North America; D: Oceania.
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