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Assessment of mealybug establishment risk in China
based on a self-organizing map method
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Abstract; [ Aim] The mealybug ( Pseudococcidae) is a biological group with strong reproductive and dispersal capacities, posing
significant threat to mangoes and litchis among fruits and cash crops. Therefore, strengthening the risk assessment of alien mealybug
invasion is necessary. In this study, we used a self-organizing map (SOM) , a comprehensive quantitative model, to assess the glob-
al establishment risk, particularly in China. We screened out potentially invasive mealybug species to reduce the number of species
to a manageable level, providing a reliable theoretical basis for early warning, quarantine measures, comprehensive prevention, and
mealybug control in China. [ Method] We summarized and constructed a geographically absent/present matrix including 109 Pseudo-
coccidae species in 176 countries globally. Next, we performed a national cluster analysis using the SOM algorithm, based on simi-
larities in species assemblages. [ Result] We clustered 176 countries into 49 categories, grouping countries with similar species as-
semblages and geographically adjacent countries together. We further screened and ranked the SOM indices of the Pseudococcidae
species not yet established in China, determining a ranking list of the establishment risks. We evaluated the establishment risks of
Paracoccus interceptus, Dysmicoccus lepelleyi, and Planococcus ficus in countries where they are not yet present, including China.
Our results demonstrated that the risks of these three mealybugs ranked first, second, and sixth in China, respectively. [ Conclu-

sion] Our findings indicated that Paracoccus interceptus, D. lepelleyi, and Planococcus ficus, which can cause serious economic los-
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ses, display high establishment potential in China. Therefore, we recommend strengthening the original area, port quarantine inspec-

tions, and implementing integrated management strategies to prevent the introduction of these harmful mealybugs, ensuring the

healthy development of fruit trade in China.

Key words: Pseudococcidae; fruits; SOM; establishment
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Table 1 Distribution statistics of Pseudococcidae in six continents

PN i I EaAL Ve EEORY R YA FER W I Foflh Rt

Continent Pseudococcus Phenacoccus Planococcus Dysmicoccus Rhizoecus Other Total
WY Asia 16 13 7 6 4 34 80
JEW Africa 4 8 5 3 1 16 37
JL3EUH North America 13 12 4 8 7 23 67
W South America 9 8 4 5 3 12 41
[ Europe 6 13 4 6 4 15 48
KM Oceania 13 5 4 6 4 14 46
5t World 19 21 8 11 7 43 109
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Table 2 Top ten ranked Pseudococcidae by establishment index for six countries
f%¢ s I T A I

Country Species stabhshmcnt Country Species Estabhshment
index index
Hh [ HIARFE Wy Paracoccus interceptus 0.52 B A RSO Planococeus lilacinus 0.60
China 2R LR EC KB Dysmicoceus lepelleyi 0.31 Amercia PUAE 283 Rastrococcus invadens 0.44
H RSN Pseudococcus hispidus 0.30 Wk 22 - Wy Rastrococeus spinosus 0.44
Z L E KWy Maconellicoccus multipori 0.29 WIKF MY Paracoccus interceptus 0.35
JEAARKIU Rhizoecus amorphophalli 0.27 W2 22K Y Rastrococeus iceryoides 0.28
HIE SRR MY Planococcus ficus 0.20 PR BRI Ferrisia malvastra 0.28
BYGEF LN Phenacoccus gossypii 0.19 IR Pseudococcus saccharicola 0.25
LYy Pseudococcus dendrobiorum 0.17 288 K38 Nipaecoceus filamentosus 0.22
TN Pseudococcus elisae 0.14 HIEEFER WY Pseudococcus hispidus 0.21
AR AR EE ZR R Trabutina serpentina 0.12 ZELLR R IR MY Dysmicoccus lepelleyi 0.20
BRA B2 Antonina crawii 0.30 A AT VUR MY Pseudococeus jackbeardsleyi 0.65
Traly BRI Pseudococcus comstocki 0.26 Australia FARRIY Palmicultor palmarum 0.53
B Pseudococcus maritimus 0.26 HE IR Dysmicoccus neobrevipes 0.52
RZLEMI Phenacoccus solenopsis 0.23 KRINFE W Paracoccus marginatus 0.48
WETE MY Dysmicoceus boninsis 0.19 AH GRS Pseudococeus cryptus 0.48
T ARHK Y Ferrisia virgata 0.16 VAR 22830 Rastrococcus invadens 0.44
WEZRLLR W Saccharicoccus sacchari 0.16 Wk 225 f 3 WY Rastrococeus spinosus 0.44
LS gy Dysmicoccus wistariae 0.13 FHLZE AW Phenacoccus madeirensis 0.35
FEEER Y Nipaecoccus viridis 0.11 Fiar 8 W Phenacoccus solani 0.35
AT BRI Y Pseudococcus cryptus 0.10 AT KWy Paracoccus interceptus 0.35
(4] FREIKF WY Dysmicoccus grassii 0.56 2 [ SEHLZRMIIY Phenacoccus madeirensis 0.47
Brazil FEINARB Y Rhizoecus americanus 0.54 South Frica  KIEEELH WY Planococcus minor 0.39
LI K MY Phenacoccus parvus 0.53 LI Phenacoccus parvus 0.33
ZH BRI Dysmicoccus mackenziei 0.40 HRFRLRMIY Phenacoccus solenopsis 0.33
AHES K Maconellicoccus hirsutus 0.37 AR Rhizoecus cacticans 0.32
AINFE Ry Paracoccus marginatus 0.33 ANTEIUR MY Pseudococeus jackbeardsleyi 0.27
PRI Ferrisia malvastra 0.33 IFAELR KUY Phenacoccus peruvianus 0.25
AN AR Y Rhizoecus cacticans 0.30 BT B KM Dysmicoccus neobrevipes 0.25
RV Palmicultor palmarum 0.16 WMEHB R Geococcus coffeae 0.24
FARKINY Rhizoecus falcifer 0.16 FREIRN WY Dysmicoccus grassii 0.24

x3 HMMRYHESHEHERRLLS

Table 3 The countries assigned to the same neuron according to the Pseudococcidae assemblages in the SOM analysis

SOM #H o _
X :
SOM group [E Z s [X Country or region
1 4 Group 1 HF China 3EHSE Philippines . %K PG I Malaysia 7 H 2%+ Sri Lanka 3 Thailand ,EDJE India ,E1JEJE P T Indone-

2 4 Group 2

sia i Viet Nam

B AR T LN IR Papua New Guinea . 7 [F Bangladesh , L3373 Pakistan
JIr % T THE S Solomon Islands B3k il Madagascar Y2 B Egypt BRI Mauritius %€ Cambodia

FE The Democratic Republic of the Congo . ZEHF| &) Sierra Leone ,J& H A3 Nigeria

3 4 Group 3

4 4 Group 4 1BV Kenya JHZ&JE IV Tanzania 3T ik Uganda

5 4 Group 5 OFi 4k Malawi 22887 Angola\ﬁlilﬁlli Zambia 75} Sudan
6 4 Group 6

7 4 Group 7 Z[E United States SR FIW. Australia

8 41 Group 8 EEN Japan

9 4 Group 9 HNYE Singapore

10 2 Group 10
11 4 Group 11
12 21 Group 12
13 4 Group 13
14 2 Group 14
15 2 Group 15

PR Mexico

PH55 Palau

2NV Bolivia

BZ T Mozambique U4 =F Paraguay
X2 RSP L Sao Tome and Principe\*u L HL WP Liberia

Fe BT Kiribati %55 % JE VGBI The Federated States of Micronesia 3£ 5F Fiji\ﬁ%lﬁf@ Vanuatu

fin4l Ghana BH%i EC Ivory Coast, %5} Togo . ZENMN/R Senegal WM Congo W% ¥ Cameroon Il 7 Benin NI R 323t

JUNIE Guinea  JLIN W ILZH Guinea-Bissau JI3% Gabon , 5 E 35 Rwanda, & B Mali, J& H /K Niger AiFEil Burundi 3%
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16 41 Group 16

17 2 Group 17
18 4 Group 18
19 % Group 19
20 44 Group 20
21 4 Group 21
22 % Group 22
23 4 Group 23
24 44 Group 24
25 4 Group 25
26 4 Group 26
27 4 Group 27
28 21 Group 28
29 44 Group 29
30 Z Group 30
31 4 Group 31
32 4 Group 32
33 4 Group 33
34 4 Group 34
35 4 Group 35
36 44 Group 36
37 4 Group 37
38 4 Group 38
39 44 Group 39
40 4 Group 40
41 241 Group 41
42 21 Group 42
43 21 Group 43
44 241 Group 44

45 28 Group 45
46 41 Group 46

47 4 Group 47

48 21 Group 48
49 21 Group 49

M55 Panama  FF AN Costa Rica, iy Cuba  BE#R 3 Honduras 557 Jé i5F1 £ U EF Trinidad And Tobago . 3%
Jll Jamaica fEHh 57 Guatemala B P Brazil | JEJAZ2/R Ecuador . #H& . Colombia

14 5 Bahamas 75 B2 Suriname

W HL Haiti \5%/R L2 El Salvador

FEEEW. Samoa & LA Tuvalu 7 BES) Cook Islands 37l Tonga

AR Nive D /RBEL Marshall Islands , ZE % /K Seychelles \ % 2 B Somalia

& Peru

% Je Il Dominican Republic , Z#2 NHIEL A 34 Antigua And Barbuda , 2B Guyana

B B £ Barbados MDA Grenada  SEIEXHE 4T Saint Kitts and Nevis JE N7 Nicaragua

1AF12% Belize

BLEZ Comoros

it Laos 4fifa) Myanmar UPERFTRIAY Saudi Arabia 4] Yemen  33€ Brunei

HELA S5 Zimbabwe B South Africa FIF4E Argentina

ZMNEHL Venezuela

2 PYIE Saint Lucia

RIEMK LI Fthiopia

Hi 7L R Burkina Faso ,/EfS Chad , B/RfE K Maldives FiTEXP§ United Arab Emirates

A Chile PHPEA Spain Y Tran LA Tsrael

LR <E Uruguay %5 4 Portugal

LA Belgium

SRR FIRS ARG T 87 Saint Vincent And the Grenadines , Fif ZR S F1] 3V Algeria 25 J7i#% San Marino BRI Lebanon
JEALFFELE. Eritrea 37312 Swaziland \ 2 H. Jordan

X . Gambia \H3FE Central African Republic JeIANR Nepal , [ & Oman

ol Italy\ﬁhi Netherlands

BEW&EF Morocco , - F-H: Turkey

il Greece JAHLF] Austria

R JEHr Tunisia #7534 Cape Verde , B H-AL Malta

ML Libya AUF]JE Syrian Arab Republic

AK V. Namibia AN} Bhutan

HiPi 2% New Zealand \JE[E United Kingdom 7% [ France R WIS Russian Federation #7577 Czech Republic e
Ukraine .7 % Poland . %) 7" #| Hungary ¥  Georgia

JNEK Canada f2[E Germany fRINFII. Bulgaria

P} Denmark it Sweden Fi+: Switzerland B & VT Afghanistan % & Republic of Korea . W35 e W Armenia ] ZEFE 8
Azerbaijan

% RV Romania  ZEJH H U7 Cyprus  #1ff Democratic People’s Republic of Korea ( DPRK) |+ J£ 2 i 3H Turkmenistan fJ*
$iFE Traq L2550 5 Wi Uzbekistan

FE /R % FL Moldova W g% 5i3H Kazakhstan 375 7o 38 Tajikistan

FRIEJLN Equatorial Guinea , TP FLAN Botswana SERHFE Lesotho , Z /K 2% Treland | 58 %5 #1 V. Croatia 7 i 4E V. Latvia .
EEZNEF Monaco $IF )z Norway | FEIRYET. Serbia W% CJEW. Slovenia %>~ Finland 57 F§%E Lithuania , BHEi4FE Kuwait 52
i Mongolia , % /K % Wi Kyrgyzstan
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Table 4 Rank of establishment risk of Paracoccus interceptus in the undistributed countries
JLSEYH HE#4 A He44 El] He#4 S He44 el Eil=4 Y He#
North America Rank Oceania Rank Africa Rank|| South America Rank Europe Rank Asia Rank
By 4 || BATEHL 8 || R 17 || BRI 34 || BRE 54 || hE 1
United States M Papua Kenya Bolivia Ireland China
New Guinea
EVH R 18 || BWAFIIE 10 || SEmdom 17 || B 36 || L 54 || FndLlE 7
Mexico Australia Madagascar Paraguay Croatia Bangladesh
(R 35 || BRTIRES 20 || BHLRME 17 || J5H 50 || FLfBELE 55 || Bt 10
Belize Solomon Islands Mauritius Suriname Latvia Pakistan
Lis b 49 || BAURKER 30 || TR 18 || g 58 || EEYHHF 55 || &4 11
Bahamas Marshall Islands Burkina Faso Brazil Monaco Laos
o3 52 || 4k 32 || MR 19 || JEJRZIR 60 | Mo 55 || 4t 11
Haiti Niue Tanzania Ecuador Norway Myanmar
B¥RELZ 53 || AZs 38 || it 19 || #HE T 60 || ZEIRYETE. 55 || YREBTHLAE 11
El Salvador Palau Chad Colombia Serbia Saudi Arabia
ek mz 57 |l min 40 | BR 19 || W 72 | HRESCET 55 || A 11
&L & Trinidad Tonga Egypt Guyana Slovenia Japan
and Tobago
e 58 || HEELE 41 || Je H A 22 || e 74 || FF 55 || Wl 14
Cuba Kiribati Nigeria Peru Finland Yemen
R A 58 || BEEENE 41 || BTk 23 || BaIRE 76 || S7HE%E 55 || Rk 17
Guatemala Samoa Uganda Argentina Lithuania Maldives
mE2ir 59 || BIE)S 41 || fingh 24 || Bk 80 || BEAA 57 || BUECPS United 19
Barbados Tuvalu Ghana Uruguay Italy Arab Emirates
ek 59 || MRPEME 43 || B 26 || ZEHHHHL 83 || X 65 || Hrinsg 23
Grenada HH The Fed- Ivory Coast Venezuela San Marino Singapore
erated States of
Micronesia
FK 61 || FETIHES 43 || FENIR 26 || A 84 || FE[H United 66 || JEI/R 29
Jamaica Cook Islands Senegal Chile Kingdom Nepal
SRR 61 || 46 B 27 % 71 || FTE 31
#7 Saint Kius Fiji Togo France Oman
and Nevis
ML 62 || FLBFBT 47 EIES 27 % o 75 || AP 40
Panama Vanuatu Congo Portugal Bhutan
HARM 62 || i 76 || ik 27 %W Rus 75 || 41 49
Costa Rica New Zealand Cameroon sian Federation Jordan
JEImHLR 62 LS 27 JEEIRZ T 75 || BHeify 55
Nicaragua Comoros Moldova Kuwait
ECTRAFRIRE 64 Uy 28 T BT 76 || FEil 55
AREN T I Saint Benin Cyprus Mongolia
Vincent and
The Grenadines
UL 66 WZRR ISR o8 PEHEF 77 || KA 5s
Honduras [ The Demo- Spain Kyrgyzstan
cratic Republic
of the Congo
ok % SR 2 170 7 A 63
minican Republic Sierra Leone Ukraine Lebanon
TARIMMEA 72 R4 29 W R T 77 || WAL 64
ik Antigua and Malawi Romania Syrian Arab
Barbuda Republic
B IRlR2 73 FEFHIR 30 fir == 78 || Tk 72
Saint Lucia Seychelles Netherlands DPRK
JIEWN 75 LR 31 $E7E Czech 78 || PABETETIE 73
Canada Angola Republic Kazakhstan
i 31 = 78 || BlE 74
Zambia Poland Afghanistan
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== HE# KM He44 e[S HE4 UM He44 el HE4 T H44

North America Rank Oceania Rank Africa Rank|| SouthAmerica Rank Europe Rank Asia Rank
X E I 31 il 78 || PHmE 74
Gambia Greece Iraq
"k Central 31 H A 78 || AR L 75
African Republic Malta Georgia
DiNE) 32 £ 79 || HiE 75
Sudan Hungary Republic of

Korea

ROH 33 I 80 || s iiA 75
Somalia Germany Turkmenistan
fniE 35 YL b ] 80 || B roiiA 75
Gabon Austria Tajikistan
JLAIE 36 P& 80 || Lyzghzede 77
Guinea Denmark Uzbekistan
BEM LT 36 Fi it 81 || {3 78
Ethiopia Sweden Iran
BEZE I 37 S+ 81 || LHI 78
Mozambique Switzerland Turkey
EETMEM 37 R 82 || WHERW 78
PELE Sao Tome Belgium Armenia
and Principe
JUNI LB 28 37 PRANFTE 82 || b ZEFE3H 79
Guinea-Bissau Bulgaria Azerbaijan
JERETR 37 L7 80
Rwanda Israel
1, 37
Mali
JEH/R 37
Niger
LG HLIE. 38
Liberia
Aii it 38
Burundi
UK LT 38
Namibia
Wit 47
Swaziland
JESL R HLE 49
Eritrea
TR L 54
Botswana
JRIEJLN L 55
Equatorial
Guinea
FRIE 55
Lesotho
BT 2R B M) I 63
Algeria
FI L. 63
Libya
El 74
South Africa
N 77
Tunisia
s 78
Cape Verde
HEAS 82
Zimbabwe
JEE ¥ 5 82

Morocco
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Table 5 Rank of establishment risk of Dysmicoccus lepelleyi in the undistributed countries
JL3EYH He#4 KEEM He44 El] He#4 M He44 el He#4 Y He#
North America Rank Oceania Rank Africa Rank|| SouthAmerica Rank Europe Rank Asia Rank
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Table 6 Rank of establishment risk of Planococcus ficus in the undistributed countries
JeSEYH HE#4 KEEM He44 ] He#4 M He44 el He#4 Y He#
North America Rank Oceania Rank Africa Rank|| SouthAmerica Rank Europe Rank Asia Rank
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