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Abstract: Predicting the potentially geographical distribution of invasive species and rapidly assessing their high
vulnerability areas are important means to realize the prospective risk warning of invasive species. At present, the MaxEnt
niche model is the most widely used habitat risk assessment method with simple operation and high prediction accuracy, but
it is too dependent on the quality and quantity of data. This study took Bemisia tabaci as the object, introduced geographic
detectors to explicitly describe the spatial correlation and contribution of evaluation factors, and combined with the MaxEnt

niche model to propose a mixed habitat risk assessment model ( Geo-Maxent) and compare with the single MaxEnt niche
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model. The results showed that: (1) Geo-detector model showed that altitude (0.56), land use (0.43), the max
temperature in the warmest month (0.36) and annual average temperature (0.30) had significant effects on the spatial
distribution of Bemisia tabaci, and there were significant differences in the effects of various factors on the habitat of Bemisia
tabaci. In addition, the PD( Factor detection) values of altitude and land use were high, indicating that altitude and land
use are the main driving factors affecting the habitat of Bemisia tabaci. Besides, the interaction of environmental factors
strengthened the influence of each single factor. (2) The overall accuracy of the single MaxEnt niche and the constructed
model was 94.86% ( AUC is 0.91) and 98.13% ( AUC is 0.94), respectively, indicating that the accuracy of the
constructed model was higher. (3) As for the high risk regions, the mixed model is better than the MaxEnt model, but the
spatial distribution is highly consistent, mainly in the eastern region. As for the unsuitable regions, the results of the two
models are consistent, and the unsuitable regions of the MaxEnt model are slightly larger than the mixed model. Geographic
detectors can explain the interaction and synergistic effects of invasion driving factors, and can better express the ecological
significance of habitat suitability and candidate factors of invasive insects, which is more effective in evaluating the habitat

risk of invasive insects.
Key Words: habitat risk assessment; GIS; geographical detector; MaxEnt; Bemisia tabaci
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Table 1 Evaluation criteria for influencing factors of habitat suitability
F815)Z Index Layer
FHEE(C)
FH Bz (C2)
SFlRME(C3)
IREFT I RE(C4)
A B EE (C5)
LAk (CO)
Rk B =T PR B R (CT)
T3 (C8)
HHAHI(CY)

H¥5)Z Target Layer
JEHS AR S5 XU PE A HE A

Invasive insect habitat risk assessment system

YEMZ Criterion Layer

A

HIB R
A

(2) PFHr R b s b A A B

IR AR ) UG DA 4 = BT A B BAT I O R i AN ECRE 2, HLA R AR 1 4 i B 40N ]
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Table 2 Evaluation criteria for the impact factors of Bemisia tabaci habitat risk assessment

W EF H4rE S i
Indicator Indicator Score Reference Standard
SEHIRE(CL) /C SCHR813.2-23.29)
Annual mean temperature [ 16’28] (5,16) (mee ’5] (28, ) é’%ﬁ'zlim:?f
S HEZ(C2)/C Sk 32
Mean diurnal range (mo,13] (13,16) [16,+) LEORIFST
ARRYE(C3)/C ik
Isothermality (e ,30] (30,34) [34,%e) G ARIR
B2 AR Bl R AL (- o, 800 ]; [ 1200, SeiR(13.23)

12 1 ,
(C4) Temperature seasonality (800,1200) 1600) [1600, +< ) ZE AR
A TR (C5)/°C R3]
Max temperature of warmest month [20,27] (15,20) ;(27,35) (=% ,15];[35,+x) LEA KT
LA HIHEKE(C6) /i L2221

A . — A 5
Annual precipitation [500,600] (400,500) 5 (600, +20 ) (=e0 ,400] B AT
MoK BT AR S R4 CT) (- ,40];(120,130]; SCk[ 1323
Precipitation seasonality (130, +e ) ;(40,60) [60,80) [80,120] ZEA ARG
4 (C8)/m k132
Elevation (- ,200] (200,800) [800,+ ) AR
oA R NN N A L (Vs TR Y .
EHAIR(C9) IR TR R TR LR LIRS LT N e (ST RPN
Landues S B FH b il LR EEBE) BN
KRR 0% o

1 Score 100 60 20
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T2 AR P R AR etk g n | BE A I EARVE S LRI R T Z i, AT =, & PR B8 R[]
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x3 FARMEERFHEMEAEEZMHEITEREEES

Table 3 Statistically significant differences in the effects of different environmental factors on the habitat of Bemisia tabaci

Cl c2 3 C4 (O8] C6 Cc7 C8 C9
Cl
Cc2 Y
C3 Y N
C4 Y N N
C5 Y Y Y Y
C6 Y N N N Y
Cc7 Y N Y N Y N
C8 Y Y Y Y Y Y Y
C9 Y Y Y Y N Y Y Y

Y FR 2 ANFREEA TR AR BE S A B R 2R S (AR 95% ) 5N /R T B M 22 5

x4 2HMHEERFHERRERZMOZEER

Table 4 The interaction of two environmental factors on the habitat of Bemisia tabaci

Cl C2 c3 C4 G5 C6 Cc7 C8 C9
Cl 0.302866
Cc2 0.53041 0.159803
C3 0.570162 0.632296 0.179527
C4 0.563004 0.583898 0.565111 0.088166
C5 0.620951 0.627144 0.583962 0.598976 0.364692
C6 0.516708 0.387642 0.588826 0.49603 0.610819 0.103677
C7 0.529802 0.411106 0.586295 0.530731 0.660422 0.368786 0.04447
C8 0.795565 0.806544 0.804489 0.829058 0.768941 0.829475 0.87909 0.559487
C9 0.729233 0.659647 0.78786 0.763004 0.782948 0.698786 0.729037 0.885344 0.429456

x5 BENEEFAANE
Table 5 The weight of each environmental factor
S E - Indicator Cl1 Cc2 3 c4 C5 C6 c7 C8 C9
I Weight 0.134 0.071 0.079 0.039 0.174 0.046 0.020 0.247 0.190

2.2 MR EVEST N SR A

I T MaxEnt F1EE T i BRI A5 AO7R B AR 20 X0 ARGy U A A 358 AU A7 U0 AP A | L4 SR an &l 1
AN, ZREUR G TN 6 Fr7n . MaxEnt A= 25 (00 T A g JXURS: DX 32 B8 00 A 7 3 9 1 B A BT i R 5
R0 BH IV D R = A SR I 0 St TR R g XU DX 2 2 O3 R4 22 0 - AT L K- A 1 -5 01
DUZR DA | 0 B8 20, 7 o AUBS IX TR SRS R R 45 21 2 25 v T MaxEnt BYZ5 2R, {H 95 78 25 (8] 93 A5 7
TE 1 JE — 30, T B3 AT A AR DX 70 XU DX 5 THT , MaxEnt AE 25 LA AL i) 10 AR D) TR B AL Y, 762 8] 43
i EAFE—E 225, ITEZR LAY SR VT IX. MaxEnt Az 2507 ORI FEI 45 58 O 1 A KB, TR S R T A 45 R
UL IX 3 AR TE 2B IX IS RO, PRSI A 45 SR A — 24, MaxEnt A= 2507 AR A A DX g TR AR

®6 TRRBETIN LR

Table 6 Different model prediction results

A AR TR AR A AR TRARA
MaxEnt Geo-MaxEnt MaxEnt Geo-MaxEnt
XU X High risk area 13.2% 26.69% 4EiE 4= [X. Unsuitable area 46.14% 41.83%
UG X, risk area 40.66% 31.48%
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Fig.1 Predicted distribution map of Bemisia tabaci habitat

2.3 ZEREE

(1)ROC ik

MaxEnt ZE MBI ) ROC 126 i MaxEnt R {Fia AR B, 2P 55 AUC fEH2H 0.91, T
MIES AR A ROC gkt SPSS 17.0 THEEARAT KR A AR R TR0 ) (5 FAH 7 1) 12 W 5 (AR 38 2E X RS AR
DX (e KU [X. XU X ) ) Tt (B 25 B R 4580 , -7 SPSS 17.0 FRifk4T ROC IZk43#r , AUC {E R 0.94,

(2) TN A0S R DL T 537

s FHFRIAR I 25 % FEARAE (214 A4, 3B C R0 S8  BEDLEE I 3B 7310 S AELEDh o A B A 0, R 2
o PO JE 40 R FHAEAE R (RS ) e ARy s A RS TP A7 S A FAR AU BGIE . 7E ArcGIS 10.1 HFRE K A5 mUAY 75
I SRR 5 00 RS T8 00 ) 235 2R 3 IR 437 v ) (3R BT EL AR 285 51 | X 25 SR e AT e vt o #r ,
ZERMNE T HIR,

F7 AEARBEEREIE
Table 7 Validation of different model results

Y H AR MaxEnt TR A Geo-MaxEnt

Class HiE Quantity i Il Percentage/ % Hrt Quantity il Percentage/ %
4EiE 4= X Unsuitable area 11 5.14 4 1.87
AKX Risk area 40 18.69 25 11.68

= AU X, High risk area 163 76.17 185 86.45

MEERRT  MaxEnt Az 250 AR 158 A= X RURS: DX R IXURS: X 43331 R 5.14% (18.69% . 76.17% | S AKS
7 94.86% (AU DX+ o AU [X) |, 3 T b B 000 25 114) T 5 B 0 i A IXC XU G DX o JRUIG: IX 43301 R 1.87%
11.68% .86.45% i AAKE FE A 98.13% ( KUK DX + g AU X)) i JRURS: DX AR AAORE B | YR - AR AU A 248 SR 1 8 T4
ANAEAY
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SDM #¢) V2 B9 T A4 A= i T XGRS DAl v, 37 1 R 0 )88, (B A7 7R 2 (] 5T, SDM 3 J32 52 3]
SAGETEYIFR 3 A0 v AT, T 2200 1 BIVE A S A ) 09 175 50 R o 7] 8 BR i 4 43 A 0 A AR AE 481 4 it 5
PECOT BBRRR Y R A 2 i R IR S R 2 PR e SO A S A BRI A 45 A, T AR
AR AT AR A W o0 A B TN LR, T %A AT W, A0t AR K B TR 3R AH AR G TR R sk
J7 ) DA R SR (3 TR A 7 i BRI 25 (M) e 2 1 — R A | VR AR ST 45 IR BE R 1 2 i) 52 LA T
T AR ER S K 0 B EIVE . 565 =, PREE AR i (B0 A 35 0 iy 45 SR 25 7 A= 5, H RTR 2280 5% T fif
MRS 1 22 R ] Worldelim H 9 B8 48 | A7 76 700000 5k A2 v 0 A £ 1820 o ] 266 o8 X3 14 ok 3 4R 3%
PEDY TGS A P TE DA 7 R T e 8, DR IMCAR AT 9 110 308 B8 500 (A7 iR R A A i) SR I
SEFRIE 2015 409 BEEEE , P BT IR EEALE .

ASCE XA B A AE F AR S B T — b T b BRI 25 1 MaxEnt A= 28008 RS TR A 00k LA 52
S PPAG A ( Geo-MaxEnt) o 32 ] AHP 253 BTl i mU AR 555 KU PPAR 1A R L 205 2 0 T a1
A AN E SR SRR AR P H s ORI M AE 9 A BREE AR Gt | LU BRI 5 6 2 5 0
TR 256538 ] MaxEnt #5885 FURH 5 SCHERAH & 5% i PR AR i, 1 2 5 A0k mUXURS PEAABE A, AR 75K A
AU AR, 280 ROC IHEZRIAIE AUC fE R 0.94 , B T A g AR A2 5 RN, FLAT 0 B (R vl Sk, T
PRk mUR0 AR 58 KU PG o
3.2 R EUAE B XU A

MBFFE R ZERRT , I ATR S Geo-MaxEnt 581 = KUK [X 32 B0 A 7R VLI I AV P T 55 2R AR X
B ARAC S FR A R 22 0 =R AT LUK — A 1L =50 Ly DA AR DX (55 =Bt AR DB, P 349K 7E 500 m LA
), PN AR . BT R S R AN MR A A AT 150 (R TR A A5 7R BT J5000 14 245 28 5 EL A B AR
{8, B4l S5 ARy BSR40 A B4 B BEAILAY 214 A B EE RS U0 A a8 S5 o 25 R T &, 45
7R 98.13% 1Y 15 4 HE 7 KU IX 5 g AU [X 15 18— MaxEnt A= 25V AR A 94.86% , LAk, HAS B A HEF 41 )
STV ik WAy i 1 e | S N NG 7 g < g = I X R RO B a7 v 0 L = = X L %
Al - B 5 DR 7R TR E 14 AN Oy K ALk A G (hitp ://www. moa. gov. en/gk/nszd _1/2014nszd/
201403/120140325_3828234.htm ) , X WYL T, TGS i FU00 A9 235 2L SEA 5 A LA 2B Y SEBR RS 20

H PRI g5 45 R s I IR | R R T R RO S e Tl B FAR P YR BE 1) PD (BT T 0.3, /2 MKy
AUVEBE ) R0 R 3K 5 A R A R AR A R AR SR A R E Tk — A, BT
(1] (1) 32 AR A R T 25 0 R X Ry A 5 XU 10 2 i B4 52 i K1 - A EC A FH L [l R A6 1 4% PR B 52 il
3, TRV AL BE R T 52 M ARy B A S5 R - B AT 2R

H TP PR 2 5 0 A T AR A e R B 5 0 PR A SR 25 R R BT IE 5 - Mo A P S0 P 3 H
25 FEIRYE R EEZEIE AR B R A AR R K G RRK R AR Bl R BRI TP AT A — S PR IR X
o3 T A B8 XU 9 S 2 R 52, RIS 3R Wb TR T L sk 5 i) oA B 6 S5 R 4 3 2 e AR by L ) 2 AR 1 o
BERIZ B =AY H I S50 R 2 ) A AR DG TR B R G T R T R R, A HRR UL A
0 AT B R AP 0 TR (0 e AR ) R PR b T 5 R B 1 EL AR R R SR T R R A B
AR 33X — A SR 288 () 3 ELAR I b A5 3 T UE R - bR ISR KA BURY 2F AR ) 7 A B Y
M), 388 T P R S A ) bt e 3 5 DRy BB A A7, RO A, ARy A £ Z vk B H 3 AT B R 3 28 2 A ]
FIFTEE S AEY T, AR TR 5 i B Wk IR, o 3R WA mURY 2 AR08 T2 A , 3 7T e 5 A0
S UIARSC, LR ST TR R EARSC AR s Hh A2 BRI 45 SR 8 R W 3 L5 i IR 1 Y EAH AR
BRI T A EUAE B S

http ; //www.ecologica.cn



1284 xR 43 4
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