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Abstract: The obscure mealybug, Pseudococcus viburni, is an important polyphagous pest of
deciduous fruit trees with a high risk of potential damage to important fruits such as apples, pears
and grapes. The obscure mealybug occurs in several countries around the world, causing serious
economic losses, and has been reported to be invasive in Yunnan of China. This study aims to
model the potential geographic distribution areas of P. viburni. Based on 46 effective distribution
records and 19 bio-environmental factors, the potential geographic distribution areas of P. viburni,
at present and 20 years later, were identified by the MaxEnt model and ArcGIS. The major
environmental factors affecting the geographic distribution were evaluated by the contribution rate
of the integrated environmental variables and the jackknife test. The potential distribution areas of
dark-colored mealybugs globally mainly included. The results showed that the main
environmental factors affecting the geographic distribution of P. viburni were the minimum
temperature of coldest month (bio6), the mean temperature of warmest quarter (biol0), and the
annual range of temperature (bio7). The potential global distribution areas of P. viburni mainly
include the Pacific coast of North America, the southern part of South America, the western part of
Europe and the Mediterranean coast, the southern part of Africa, the southeastern part of Australia,
and the southern part of Asia, mainly the southern part of China. In China, the potential
distribution areas are mainly concentrated in the Jianghuai Basin, the middle and lower reaches of
the Yangtze River, South China and Southwest China. After 20 years, the global range of P,
viburni has increased significantly on the basis of the original, and the range in China will increase
from 23.46% to 28.44% of the total land area. The obscure mealybugs have invaded into Yunnan,
and have risks of colonization and proliferation in China, which is a potential threat to the existing
epidemic prevention and management in China. It is recommended that the epidemic management
departments of agriculture, forestry and ports should strengthen the investigation, quarantine and
monitoring to prevent P. viburni from causing harm to China's agriculture and forestry industries.
Key words: Pseudococcus viburni; biological invasion; potential geographical distribution;
environmental variable; MaxEnt model
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(Garcia-Morales et al., 2016). WM 5% & ¥t Pseudococcus maritimus (Ehrhorn) Al
K B ¥ W Pseudococcus longispinus ( Targioni Tozzetti ) [6 J& T Pseudococcus
maritimus-malacearum 5 F#E (Gimpel and Miller, 1996), MEERHIEF 5> FH KA,
I i 5 11 2R 4 00 R I, S BRI A3 B VR I 8% TN (Wilkey and McKenzie, 19615
Miller et al., 1984; Hardy etal., 2008). BN Al RERRIE T RISEM, IO T K4 56
ANEZE, Tz A THARE. K (PP EERIERAD . BLEs), . e =,



JbE. \P WA AE (Charles, 2011; Garcia-Morales et al., 2016). B 2B 5 UL LR
MDA R, I EEOR I 20 R K SR BSOH At 27 5 R BB A 7 i TE A BRIV BRI AT AR 48 9

H 20 40 60 AR LK, B —EIAR —MAFEERNEFF R, 5EAH
Al —FE, I A A T 2 AR A AT, LA TR R O T B RN B AR A Y
BV, SECEEMAE . RLRE, ERENENIE W ERE, BRI e E
VER, SR AEKAGSS, M™EMSET: (Silva, 2018). VLM, B A i a5t Ak
B A E A5 (Germain, 2003). fEAFEH, IS I 4 A A& SEma LA A = ) 32 B A
% (Ramzieral, 2018). 7ERIAE, MR & RABL L2 F R, RNt 212 F k.
2= FIELFE & AL AT KSR (Mathulwe e al., 2021). JE4ER, FRETEDEDKET S
KRBT, TR A A i o, R BLAE K R AR N TR B AR AR R . AR
HalfEf E = 5 X R A s ki, HHEERMRE. RESBEREFEE, #HY
PR L, WG ki A5 N5 — B S A B R R PSRl B i, ol R R A L I A
AT (14 7K SR FTOUL B R 55 A DG 7 b 3 s ™ EE A 2

REFHFCUESE, o R R A F AR A AR BT, ) A O gt i Bl
S I AZ ) ol T 4 BR 0 2R X b PRI IR 2 ), AT X 7S 12 A2 ol [ N A2 R0 e e 3 B AR
(Waltari et al., 2007; Fiz’E, 2007). MaxEnt f& B3 FAESA R B, FIFH CAREA £
5153 A R B AT A T AT AR IO AR N 43 A (R SR % A, A 20 A FAT B ORI, BATIUIN B B4
FhZE OS5 XV AE 2> A O MEZE (Phillips ef al., 2006). % 3BT Logistic [HJH%F H #5
Pk AT 73 A i O LR AR B b AT 704, I Ia S IR BEAT 43S, AT SE I Tt H A
PIREAS RN 23 O A S BLIK B 1 CREKCTSE, 2013). KEWFFEIIE B IZ AR B LA 50 (1 43
PR B AR LA F A8 ) SRR ZE AL B R ), 7T LU B s I TR B2 (Peterson et al., 2007;
Haegeman and Etienne, 2010), & H BB AR INEEX TR, CEMEY. i RER
S A3 AT DX I S SE BV T T TS B T T2 R .
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Fig. 1 Locations of Pseudococcus viburni in the world
e % BT B S st R A SR A bt R S5 I N R SO GS (20160 1665 5 RIAREILIEIHI(E, R ES. FR.
Note: This map was based on the standard map with the review number GS (2016) 1665 downloaded from the Standard Map Service

website of the National Bureau of Surveying and Mapping Geographic Information. The base map had not been modified. Same as

bellow.
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TR MaxEnt 3.4.4 AEASAL AR, SRIE TR E 3R LI TE M Chitps:/biodiv
ersityinformatics.amnh.org/open_source/maxent/). GIS H1F{5 H RG#AF N ArcGis v.10, K
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B M F 5 56 Chttps:/spssau.com/)
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DR FE s T FEAES TG S EE GREMES, 2020, K45 R it A CSV X
X, RESHO A RN AL

KPP o3 AT HE TN MaxEnt, FH JJVNENRA A B EZE, 5 10 K, #E%
PRI R 0 5 5 R A A 43 A1 18 00 PR D ik, Dok 3 v 0 P22 R %o A 45 SR P S i ek o
B, HEoTRE KRB NG I T B R THER 90% (FRHESE, 2020); il f % T (6]
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KR (Yangeral., 2013), R F&BEIEAT ST HISH.

W W I MO o3 AT KON L 07 12 H (R BRI B DA KK I (9 R Sk S A #dfs 5\ MaxEnt,
BEAIEHL 25%1E MR, & T NIIZREE, KA Cross-validate 301F 773%, e KiEAR L 5 000
W, BOKH R 10 000 4, 10 IRER, R ase SCHATRINGE . TINS5 RSy 5k
TR EAERERB AL (P D BRI ASCI MG AR, PAETERE Y 0 2] 1 20, PAY
KRR A MR AR o I ArcGIS 2E 9 B (BRI 7 V0 48 BB AT A X,
B SR E SR W7 507 (Jenks' natural breaks JEAT 5 AN IR 43, 43 3l Ak i i B AE B2 €0.53~ 1)
EEE AR (0.32~0.53). HIEEAS (0.15~0.32). RIEEES (0.04~0.15) FIAEE A
55 (0~0.04).

1.4 BN

W ZIAF TE (ROC) MIZa ALK BT AT, ROC M4k FAUA (AUC) N
fabr, 4 AUCAE>0.9 I, Tl RAEFM & (Merow et al., 2013).
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Fig. 2 ROC curve of potential distribution of Pseudococcus viburni
e 42k, AUC fH =0.984; BEGXIK, bz, ML, BEHLTNME. Note: Red line, Mean AUC = 0.984; Blue area = Standard
deviation; Black line, Random Prediction.
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Fig. 3 The jackknife test result of environmental factor for Pseudococcus viburni
e kA, AEREANEE, K6, IEEANEE; B, 884 E. Note: Light blue, Without some variable; Dark blue,

Only with some variable; Orange, With all varibales.
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4) BRI HBRARIRAE S°CA N, WA EMR AR s, 18T 0°CEim T 10°CH
AEAFRERBE R 0.5 LUT, 1 WIS (08 ol B 70 A b X AR a7 H ARG By 0~5°C. [ 3 AT
DA e ORI ok i 23 A7 PR BE AR L ZE VB L D 15~25°C, Bod B AUA N 22°C it 1EH
M5 C g 3 A P i AR ST 3R B VG Bl 19~23°C, @ LB N 21°CHE AT, LI/ A A %
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Fig.4 Response curves of existence probability of Pseudococcus viburni

VE: 0%k, FEVEAPME. B, FRHE%. Note: Red line, Average probability of existence; Blue area, Standard deviation.
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SRR RRPHAEEE . R B SO e MEss s ARINIIK LI . 22 RFhn. BEEEE.,
B, EHRw HRRW. REMRI. 7570 BHANL. S inlohnds &t hix; I
MEaite . ZE . Z4 . BREAEIEAT T E X EDEER AR . o [ i AR X

FEARK 20 48, IO 7E BRI IE A XV 2 J5UA I SE A E RIS N, Asnd B A8
HTHE LS I B0 2 [ R R ATUMT | AR XM TR DX, S0 B JEUORER A ST v =2 B2 2
FLYTIR Y. 2% E A T 2 L X RN AR 92 7R 22 D[ P R i SR B R R JE A% . e o
A BT 58 2R T R o D r i R AR I L AR M b 355 AR K R LB X B K T
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Fig. 5 Predicted potential suitable habitats of Pseudococcus viburni in the world
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Note: Red, Extreme high-suitable zone; Orange, High-suitable zone; Yellow, Medium-suitable zone; Green, Low-suitable zone; White,

Unsuitable zone. Same as below.
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Fig. 6 Predicted potential suitable habitats of Pseudococcus viburni in the future 20 years of the world
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MaxEnt #5784 T 45 5 2 W i (o0 i 70 F BT ER I KV Rl X . 4 mg R i e 25
A AN [ R 11 3 A X3, H i AR T AR o e L i b s T AR ) 23.46%, Heh i 4R X 1.82%,
BEDEAERX I 2.16%, HIEAX 4.80%. miEIEEX FESMIERFE Sl T AR R
PGPS 2 B A S AL « AR R AR R VR A A D REE AR X IRE AR X A R R E AR
B R, AAESRN. Wi, AR, 2. VIOR. WD, mEgULRITIEREE. | AR MG
VGRS
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B — 58T, HOE AR AR & TR B S T AR Y 28.44%, HobmiiE A X o 2.45%, B
X A 2.71%, HUEAX 9.13%.  HoH PGl g H 0 40 L DCOR Je A m EOE AR, S, P9I
A RHD . BRVGREEE. WALFEEEE. b Es. IR, WD R R AT EEERX, .
7 DA 65 V5 A BER A AN R BE 1 e AR AU

3 EREIE

PR o AR AR A . ALY . AR I AR KRGS IR 2 FEE R
SEATUI SCIERF 7T (Empirical Research) (8 %2 T B, A[KHEIF 5245 Bk S AE M RIELE H
XI5 A2 (Elith et al., 2006; Elith and Leathwick, 2009; Franklin, 2013). % GIS
FORWIARE, Elith 8N (2006) FFxf &A= X FGE 16 A (BIOCLIM. BRT. BRUTO.
DK-GARP. DOMAIN. GAM. GDM. GDM-SS. GLM. LIVES. MARS. MARS-COMM.
MARS-INT. MAXENT. MAXENT-T. OM-GARP) #47 7 ELEHT 7L, &5 B A I3 T 5 K0
FLIU () MaxEnt A5 7Y 528 A /N sEma e/ FLERefasE . BHJE 12451043 B GIESE (Wisz et
al., 2008). M5, Maxent BRI VZ B F T A4 2 BEVE AR . Wb 43 A7 9 Bl T DA &
AR AT TE BT VA 4, 0 R T T A T LE 40 A DX I T, B\ A 2 R A 2 1t
TR BRI AR S FE (Dicko et al., 20145 Xuetal, 2020).

F TR 73 AT R (A AR BT 19 A4S, 1 11 AIREAR AR &, J5 8 MK E
AR R, LR, MaxEnt 1ERIAIE 4 P SCBEFR SR R 43 BT s 1 B F kSRR 2, B T
SAMA AL RH I Planococeus ficus 3&EAE M 1) 3 BLIASE R F B0 58 B 2= AR 4L (biod) 1
FEFEZE (bio7) WiBZF TR R TZTRAE (biod). mTZFIRE (bio9). I
K EARE (biol5). M EE/KE (biol8) (Weietal, 2020), KyIEELUKNN Planococcus
minor W FEZ PSR (biol). biod, i HEAKIR (bio6). MMEEFHZE (bio7).
AZPEIRIE (bioll). FEREME (biol2) MM (GFEEA%, 2015, PLEKZLS bW
Phenacoccus manihoti(Lu et al., 2014) AR JNF5H W Paracoccus marginatus(Heya et al., 2020)
FE WA Phenacoccus madeirensis (Wei et al., 2019) ZE¥{E IR THFF . EHIK
By P AN P K R R R A IE A X ) B SE  BENF F MaxEnt A5 (145 B (1
LIS A T R REAR DG I R -5 NS BT A B, FEARE TR N R B — D
24 (HBE%E MaxEnt BURL IZ A, R0 R IL2 AT 7 2 (A7 1E 2 B R4k,
HiXFh 2% B AL E T B SEE RS WA (Feng et al., 2019), i 75 B 189 028 SO G AH
| WENBIAE, CATRBRE A SEAH M P A7 (Remya et al, 2015; Pramanik et al., 2018;
HZEFESE, 2022). VIIRZRLEHIYY Phenacoccus solenopsis 15 ENJE [R5 A4 X 73 B 1], Wei &5
N (2017) SR A 22 SOMORAE R PR EE R 7 1EAT BT 5, A s ik S 4m b i I A X 1 B 455
A7 AL HE H P38 53R (bio2) ZHiR M (bio3) IBFHIE (biod) i TF IR E (bio9).
ZA K EAE L (biol5) B IR ZERE K & (biol8). FiA ZEPE /K& (biol9), 1M Fand %5 A (2014)
TEAR R XA AB ME LT, A sEma BN R AP (biol) A mil



(bioS) B TZFHIEE (bi09). HAEFHLE (biol0) AHEAZETHRE (bioll),
S LU R 2 4 R R 3 0 34 PR PR B R 1 G T PR R e K B R AN T T, T s 3 S B T i
R -5 hAh, BRI A X A0 b 48 A, AH 5 38 78 22 ] i JRURG: DX SR tH B T 6600

ARG T W IR 46 26 B AIC S, R DTk 26 2 58 SUM S AR A HX HH 50 L 4 A
(16 DB R, 22518 bio3 (ZEIRMED. bio6 (A HBAKIR). bio7 (JREHEHRZE).
biol0 (AP, biol2 CFEREME). biol9 (HAZER/KE), HH bio3. bio7 Ml
biol2 WHIN AE I AINFE Y (Heya er al., 20200 FIEHZAH (Wei et al., 2019) )
TR, X5 =5 O TEHE KA EEEA ES NI .

A5 I MaxEnt B850 4T 1 (ki 76 A BROR R E ) 20 A B, TR R ArcGIS 3K
PEIRAF TG A= X 43 A7 B IEA8 F Jenks 7 VA& AL S5 R 4y s A6 RORA T 24 RT SRS
TSR G A X, FE T ARSK 20 FERSEAIR AR R X o K E A5 A SR A RS
B RV A A0 AT X AT EEXE 45 SR BOR BT (0 B 5020 A s SV (6 R BEE AR X T Rl Y o kA, R
Tl LA o A AT g T A R ) N AT DX, An R R R O A A T 7 R S A X
YO FE P, BB AT SO AL B Y A BT S BR S0AT o I ki 1 T 25 SR B R e 3R
(I AR X A KV R PR X, 5 FR V& 7K SR B AR XS AT — Bk, 6 b
was TR Bk, BSKRERE R T EESAX

55 J8 P9 FARRR AL, I ki (4% BB T B I BE 25 SR SR R T, Bk B XA Y AT
FELER RS, A PTE I B B AR A BORE Y 7 R T2 B B R RIS AT B S R R AR
N, AE NBIRE T BE R B P B NBEI, NS, FLRERE K R 5 AR R, %
AEEWINE R C RO AN E . Ak, TR XIS I i) T RF S B T, B
SRt 78 LB ELFE Heterothabditis spp. AE P I — 46955 IR 28 . (Stokwe and Malan, 2016)
PLR AL Lecanicillium longisporum 551 A FLH (Ghaffari et al., 2017) Xy B 35 145
HMER, (ELERS R IR b MR RIRAE I . (R, B R B AR RE R 2 5
B RCR 25 1 5 R P S5 DT T AU JE A . SR H AT E B m A X 8 R A Y
ORI R A GG, PRETE XS B AR AT ARG B ok 1) R B, 30 ) 5 242 1) 5242 et DX PO AH
KA EAE Y P i 2 eh IAia 8 [ Py Ho A& o e R R 0 DSk TR, % 102 L B i £
B AR G (127 LA A P S R IR A, S AP AE, VIWTAMER SR AR N
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