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Current status and major progress on the risk analysis
of invasive alien insects over the last decade
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Abstract: With the rapid development of economic globalization, impacts of invasive alien insects on agriculture and forestry, eco-
logical environment, socio-economy and human health are getting increasingly serious and of great concern. Over the last decade,
risk assessment of invasive alien insects has become an important and fast-progressing research area in the invasive biology. The pest
risk assessment is a comprehensive area of research, mainly involving invasion pathway, geographical distribution and climate- and
host-suitable area, potential range of spread, and economic and ecological impacts, etc. The order-specific data reveal that Coleop-
tera is the largest taxon of insects with high risks, which accounts for 32.21% of the total studied species, followed by Diptera and
Hymenoptera. Thysanoptera and isopteran are the least represented taxa, accounting for less than 2% of the risks. The analytical
component of the assessment on the climate- and host-suitable area of invasive insects tends to be the most documented, accounting
for 43.41% of the invasive risk assessment on insects. Further research on the risk assessment of invasive pests will be theoretically
and practically important in preventing and interdicting the intrusion and spread of the alien pest insects.
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2005) , AR kA E A WX /38T (pest risk analy-
sis,PRA) 2652 AT . F7E 300 4FEHT, AZREE
Zo T IR R HURE W A6 98 45 it X o0 ok A 5 A Wy kAT 5
2o 7E 20 HH20 80 A4, AATHRE XU 48 3 5 A e
AR & TE R T B AN A F AW AR B — T &
FLHEHE , B) PRA (Kahn,1979) . Rl Sb R ARAEY)
[RIRE () H 25 0 I S AR DGR 2= 58 R K & &, X
PRA 1 58 AL B ok 858 3% 8K A R A 41 2L
(FAO,2007 ) 45 Hi A 3 A= 0 XS 20 BT 19 4 25 FN R P
ALFE : MNBL= R 50 (0 A BE R IE S — R A2 5
HEAY, TR TREX S, N2 R BT AR5
TS, AR KU 3BT 5 A 3 A= W KU 43 B
1 IEAR—EL, HRHAFE X R IR EAY)
R BNIEE AR ED , MEA B LR/
B AR A W) DR b B A AR b A 2 B A B
TE AR 1 118 IXURS: A2 BE LA K N7 12 R B A 48 Tite Fn g g
(77 154%,2010)

AR AT 2 1 BB R 0 A 35 XU s O
k. WER—RESEFEYFMEKE, S
HAANZ B HOE TR [ ARl % R DL R 255 R SRR W T
FEE R . R E RIS R A B s, BT,
FEFR [ O™ G 1Y 16 FPANSRY AN AR AR B
A TR 140 J7 hm® At AR % 150 75 hm?,
FH I 15 B4 A MOl B 35 42 5 401 2 5 8 574 {2 T -
AR (ATL04E,2009) , HEGEIE, TR EAMSEAR R R
A 198 Ffr, Horr Fp A Z 40500 S B3 H (29 F) |
EFE (19 Fh) SGEE (13 ) B E (8 Fh) , H
U 40 43K BT AR B U BGE SR R B B A T
FHEa (B TR AR IE &, 20115 5 5 i 4,2009) .
2005 ~2008 4, 7.3 [ K fifi 2 f AR Bk 0y i 5 A
EAY, B AT & B, A 50.3% ~63.3%
(55E,2011) o AR R HUH TAAN, Bai b
R FEREAE R K SR A BUR B, e R B —E W
wfEtE . BRI, XPA SR AAR R B AT KU 43 B LA
ST AT B R R IR BURL 22 1 7 4 SR s, P
i il R AR B BB A 2 PR TR A AR
A P RIAE L AT

AR B XU 434 2 28 i B 9 AR
TAEEMIE R B AU E bR 3R 5 S Wik
1A B G 0 A 2 25 T T LA R R ) S R R S T

HX A2 4 A R R 25 07 T HA T2
55 T R AT AR R A O TAR LR G B
i E SR A A o A SCREBE T [ N A1 10 4R
SR AR B XS A B 5T BRI 0 0] B4 1
TEAG NGBRAS G AR X T RIS A 2 2 B 5 R 45 07 THI
(BRI TEUE R | B A R SR AR A T 5T Y
PHETAEZ RS JF oe 8 3 [ A U AR I
EiEELiR s titoe ST

1 S NZE BRXBE 3 HT A ST E0AR

5, K 26 1 AF BRI 5T e (1ST) #2434
Web of Science 4l 4 , i H = A R I BE , L) bi-
ological invasion . invasive species ., pest risk analysis .
potential distribution , spread . economic . entry %% 7
i) SR AR IR AT B AR R JE A5 i 45 R kAT
i, 3. 2 2002 ~ 2013 4FE K RMA KIPRAR
L XU 23 A 8 SCRR 3L 689 B, Hvk, 7R A
W 0T T 3 AN K A LA TR) SCAY Hh SO ] 4
K,IFBIER S L3k Web of Science %4 A2 55 &2 1) 3¢
1k ,2002 ~2013 4 R MA TAMR A B JUXRS: 73
B30 PR SCRI A4 67 38 Sc 311 395 G BN A A
RMFFEH R B TR, 2002 4 K& FAH K SCHR
.30 j , 1 2012 AEEL iR #) 139 FE (1) o Hskn]
UL LT 10 4Fk, Aok AAR B HUXUES: 73 BT A AT 5 45 52
A, ARG U 3BT Y X G A R A
EIRYSZIENI SIS RESUESIN SRS IE SCNEIN S
F A0, b 333 H ARG S B 22, o 80
32.21% (#2) . X AT RE 5 43k Fl 88 H B 3
(N FS 1§85 &2 55 M EAEPN G PP PN g i
i H R R Z, & 57.5% (Feak S, 2005) .
[FIAE, A58 AfR B d v 93 B e e o 1 497 i
K, 4 37.97% ( Center for Invasive Species and Eco-
system Health,2009) , TUCN % £ 09t A & EL G 16
49100 F &k ke A= ¥ Fh b, B U BE 3% B Anopheles
quadrimaculatus Say 1 KR A KW Cinara cupressi
Buckton b, HoAly B B 288 2445 3¢ T XURS: 23 B 1) 4
E(FE), Hi, &TF L kU Solenopsis invicta Bu-
ren KU 73 B 1) SCHREC R e 22, ml g T A AE
T AR ZEGE I %, 16 T ™ A T N & H
WA
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Fig. 1 Number of scientific papers published on risk assessment of invasive insect species from 2002 to 2013
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Fig.2  Order-specific percentage of invasive insect species studied on risk assessment
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Table 1 ~ Documented case studies on the risk assessment of insects listed in 100 world list of worst invasive alien species
A SCHRE
YiFp Species Number of related =% ik Main reference
papers

2T KWL Solenopsis invicta 49 Morrison 2002 ; Morrison et al. ,2004 2005 ; Sutherst & Maywald ,2005

MR ZEMY Linepithema humile 42 Fitzgerald et al. ;2012 ; Hartley et al. ,2006 2010 ; Pitt et al. ,2009 ; Rodriguez-
Cabal et al.,2009 ; Roura-Pascual et al. ,2009

E AL Aedes albopictu 34 Beilhe et al.,2012; Caminade et al.,2012; Porretta et al.,2012; Rochlin
et al. ,2013

IEFRMR Lymantria dispar 29 Gevrey & Worner,2006 ; Jankovic & Petrovskii, 2013 ; Lippitt et al. ,2008 ; Log-
an et al. ,2007

Y68 B R4 Anoplophora glabripennis 12 MacLeod et al. ,2002 ; Peterson & Scachetti-Pereira,2004 ; Smith et al. ,2004 ;
Tobin et al. ,2010

J/NKIL Wasmannia auropunctata 8 Foucaud et al. ,2010; Fuentealba et al. ,2013; Wetterer & Porter,2003

K3 Pheidole megacephal 7 Bertelsmeier et al. ,2013; Lach & Thomas,2008 ; Wetterer et al. ,2006

YA B Bemisia tabaci 5 Chu et al. ,2006; Oliveira et al. ,2013

FHHEWL Coptotermes formosanu 5 Hochmair & Scheffrahn,2010; Hochmair et al. ,2013

BBz 8 Trogoderma granarium 5 L4 2009 ; Paini & Yemshanov,2012

A JEFEWL Anoplolepis gracilipes 3 Chen,2008 ; Mezger & Pfeiffer,2011; Wetterer,2005

3w WA Vespula vulgaris 1 Beggs et al. 2011
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2 SMSRENEERHKESHHRAEEHRE
TENBS M B v, 5 225 A TR R AL 36 Aok
AW M O E X G 22 el AR A A L A
KAWL D745 T B A7 Rk LA St R ™
HARE (777155 ,2010) o ARIESISRAEYTE AR T
Tt H B A TR B BE S KU 20 BT Y N T, AT A

DRURSE (T A P KRS 7 BIOXURGS | 22 5 A 2 XU 4 4>
JETEE R T B 22 A $R B B AR OC SCHIR , & BIE AR 1R X
K o BTt ot e 2 (43.41% ) , 22355 5 A2 25 KUK 23 A
(21.75% ) F BRS04 (20.82% ) 2, 18 A K
R 3 T BRI SRR AL (14.02% ) (&1 3) .
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Fig.3  Proportional difference in research areas of invasive insect risk assessment
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(YN SL 7N I W = S T8 1 P N
1AW RIAE AR, B2 JE A= R Y BLA 2304 | H
SRIREE S5 A AT AR AR AR 5 ok R [ 1) 57 ) 1
BLUA R 11 R s 4

TE TG Z 2 Y SRR b A% A XURS: 23 #r o 14 L 4]
fr/N, HHBFFER G EEAR thE MOl T dL ., XTI RE
SRl BB B B R R R o %R A iR AR A
AR RS AT G, TR R AT R 0 AG 9E
PEAF AP, Aol Bt T AR A e, bt
NG Xyleborus , X4 38 K&, Heterobostrychus ae-
qualis Waterhouse WIME SR /Ng: Hypothenemus hampei
(Ferrari ) 55 , BB 5 22 10 63 400 A0 35 G928 XU A
R RYAE) R (7 07 14, 2011) o TESE R, T R A
W5 2 ok AR AR AR Uy T AR AR
(Liebhold et al.,2012) , THAEA AL SE AR 3R 2
A FEYHIAOR THY), B2 A YL
PR EE R A, AR Y T H A R S K
&k IR/ NEESE (75,2011 ¢

Bt A, 55— B 4 AU K B SCHR DL B2 )
HUIA S B A Sy s i B H A8 A B — P9 I
o W0 BRI B R AR AR AE S AN

BLiEA% (Carlton, 1996) ; 23K 52 5 7 AP R AE Wt A
KNy PP I AR P A 2 S H B A 4 ( Costello
& McAusland ,2003 ; Jenkins,1996) , & 2 il A=
TR —ATEERE T, PEWRE, ARYIFEL
W5 7 5 M 2 U B 1 140 % Y1 A 2 (Hulme,
2009) , Marini et al. (2011 )43 O Zi/E h— B
PR 7 000 &1 Sk £ T 2 R RIS Bz HY AR RO A 5
R, 25 5, B BR B 5 i s £ & T /N EE
WARRE UL A AT REM: , X R 2 R G Al £
M52, Piel et al. (2008) 254 1996 ~ 2004 4 AR
2 RN iR 2 v i 2R 10 ) B R ) K R A2 i s
1 UL B % = A2 )\ Vi /INe Ips typographus L. i
AT RS 53T, TA R 7E X3 ) AR b 52 5 D0 TR BR,
ZARFIRHRAE T HLZ . B TR, AR
b B PR S5 X R A EL A AR . 4N Mari-
ni et al. (2011) 347 T B8R 5 5 A A= /Nak Bk
WA FEEEROCR SRR B TR E R E NS
A T3 BT, £ R AU 32 I A A XU e TR o
T35, T HEM AR R SRR A SE
AR VT I T AR AR Sk MR AT A A XU
G3HT o FERXLEAR Y v 32 B2 R 5 ) R 45 B
by RV e O DR R AR DR R
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LB . Koch er al. (2011) LAZEREYE AR 5 A
EEER7/ VN CITE IN RIS e % € TR X (S A S R i
AT AU, Ny 5 [ B A ZRAR TR IS 1.89 AAhok A
1ZHMEH . Yemshanov et al. (2012) £E Koch B}5%
LAl b ST TR RS AR B R TN 2R A
(AR E AR AN S R I R, 45 5N, %
HAAH L T2 [, Gray (2010) g7 1 — e f
BEAY AR ZE 5 T BERE MR AR TG SR 5T iz i
2 Jz i I 18] 2 LA Kz it BE A AORAE U 52 b aod it v B
B0 TR L 21 A2 1 198 2o R DL R o G o 1) A%
ANSEFE A e . FE AR DGR AU 5 2R I AL
PiAE Ry S5, AR T B A ] N 3 i DX 28 4 —
i RGEHT-5 4G A 5 X bR AR B R k1T
AU 73T

[ s, A S 35 3 AR AR DG SR A XoF g sl 54
e e DL DU A7 5 B iy AR B, %%
(2007 ) X g KU AR X B9 21 kR4 T GPS SEAir,
FIFH b B {5 B R 4 ( geographic information system,
GIS) BRAFHil i NAR X ILT KR A1 B, o A
X IRET KW AN A 5 N A IR
PR A Sk AR5 O H A AR X I, Britch er
al. (2008 ) 7| FH b BEAR B 2 42 -5 K3 1 ) A B0l
IS SO TR 6 [ 436 20 FELGR N B9 AR, I %F
S AR S S AR AE Y R AT T 0.

22 EEERESHT

TESARAEM AR 2 B, S — DR
LTI HE BT B JEHJ  RE 7 P B g 2 7 e U
T — RN EYFEHEAE R R, e BRI S
A Hb R B E /R4S (Holmes et al. ,2009) R 3 2R
PR XU PEAG 2 AR B SRRV 4317 1) 2 ZEF 58 I 45
(K3) . BT, & AR 31 F 2RSS Y RTE
57 i 0 AARE b 1 1 350 A R BE %A T HURR P
&5 il I B S ATy Rh LR A L X 3 A 3 R R
A RREE (7 71545 ,2011) .

BEE (7 S BAR A PRk &, AT T3 A e RS
SIFTHE SR B R 5 07 ROk 8 £, Hoh, GARP,
MaxEnt ,CLIMEX ,DIVA-GIS ,WhyWhere ,GIS 4542 A
15 B XU 43 B v I e S 132 O ASE BRI AR A 2R
4. GARP Fil MaxEnt 2 J& A= 57 B H A, AT LIAR
PR FR Y R0 23 A -5 P15 B T W 0 v A
AT TR o3 A B vl e i SCRK R AS A
PRI, W) iz T A= B Ui ol A v XU 23 AT

H T GARP AL J (st () 32 B (1999 4F) H %) T
60, VR 2200 T R A28 2 S50 ) Ao i) A X
i | A AS T4y Matsucoccus matsumurae ( Kuwa-
na) 55 P AR A S 7R op [ Y A DX (2R LA A,
2005 ; FHEF-55E,2007) o BES,2004 4 D1 R S5 %
R T MaxEnt AV AT R4, 5 GARP A L
BRI IR K, Rl Al AT B R PEAN B, LA
THAUA R e, H WU BOCRAT 20T GARP
F550 ( Peterson et al. ,2007) , IT4F 3, #f #K £ 1)
FHE TR MaxEnt SRS TRIN A 5 B s B9 W e 4y
i, UN SE AL WF Moritziella castaneivora Miyazaki TE 4>
BRI 70 5 {5 [, fG K 2§ Lissorhoptrus oryzophilus
Kuschel #1 3% 5 25 W Eriosoma lanigerum ( Haus-
mann ) 77 [ A A X0 (55 [ H 45,2012 F2%
P45 ,2011; Wang et al. ,2010) . I4F, CLIMEX &
PR 2 N T A W A= T, nsp 2Rk
¥4 M- 1k Epiphyas postvittana Walker | 5 £6, B[ 1
Harmonia axyridis Pallas 78 4 BR {9 78 78 Ho # 5> 45
(He et al. ,2012; Poutsma et al. ,2008) . ZHT1 &
GEBIPL T W] £55 75 SR TARANAE M) A AR LG 2R (58
Ibefed,2007 ) o A FH AR WAL S0 A DX A5 ) PR
R 1A% B R A W R LAAE, 8 52 25 AR ) o
Aii A IFESAY A A IS R 7520, 00 GIS B8 i
SIFTIIRERT LLEE G H IR e 1, PRI, R 280
HIEHAE GIS 5 CLIMEX BEAIZE 5 (0 Y, {73 A A
RUSNNSE A , 45 R SRk A 5 AT AL (532
45,2011 {7 3Ce45,20105 #k&4%,2011) , fi4n,
Zheng et al. (2012) fifi F§ CLIMEX 5 %Y (4 b & [b %%
TiEAT GIS 11 v B 4 47 8 12 T00 0 45 30 it =58 15 gk
Spodoptera exigua Hiibner 71 [F] i) 15 75 85 £4& X 15,
Hom AL AR 3500 b I H 2 A T

T JR3 A 1 IR 2 A i 8 T A 28 B Ty ik
FOTEFE , KN 8 B 25 525 YA I AR W e R B
R H A AT AR 3 A0 R o IS [R] A R
HEAT YRR P T AR DA TI0I , 3 R D B K 407 7
A A B R SE R AT BE A — E Y 2 5% . TR
PR AR, AT LU 323038 TARRAE (ROC) il 4R
O3 RPN AN [ R L F T 235 2R, 28 Hh B DA A i
FEA AR T 45 R AT 2 I o3 dr A S e Je 0 0
45/ ( Fis8H:%,2007 ; Aratjo & New,2007) ,
2.3 HERBETHT

P HUE AR SR — R E AR,
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TR YA T AR b A 7 R B U 23 B ) —
TE N . PFRYMEC AR Y HEh &
5o A ks SRy, AR IR LR R 3 HOBE F 2 i E
HAE PR 09 OG5 (Wang & Wang,2006) . §7HIAL
I 53 B A 3k A W R ) BB AR DT R B
B oAt TR SR W R TE AR A I 0
J1(J7 77154 ,2010)

By W07 2000 AR EE B B Sl RE D RO
PR B L BB B XU K Dyl N 2635 3h K iR
B 5B WO R A sk A LA B PR ] 7
MR EZ N R, H 5 A0 3h % UJAH 5C (Ruiz
et al. ,2000; Suarez et al.,2001) ., IE4EF, F L%
Fis IR B 9 HOR X Ak ok AR R S T 1
R 53 Br o Hedr, 51 A (gravity model ) # #% ]
TR A TS S5 B I B AL B
RIERIT A 51 18R, DS (&5 8 A2
KA R T 7 W AR S AR AR Z TR A B
B 3t 47 0 AL ( Bossenbroek et al., 2001; Jiremo,
2009) ., Muirhead et al. (2006) % T A\ 2Ki&E 30 i 5|
ERIAR S AL G DL R B , RIS | ) BB F 1 iy
755 T Agrilus planipennis Fairmaire 7F 35 [E 2% B AR
P ARZAR | EIER 22 209 P RN 2 R 22 R A4 1
B BN A5, Carrasco et al. (2010) F H] 4 45 %
(negative exponential ) Fll 71 T ARG A% 2R 2 ( neg-
ative power law dispersal kernels) L 5z 5| 347 1t i)
T E KR EEMH Diabrotica virgifera virgifera LeConte
HARY BRI BRI 00 , 38 32 HORK BR 4 L
O 5 [ PR 51 5 B AR G, IR IR e 4R 2 FR 1 2%
AR — P EER R,

bR T NEIESh S BRI Y #A, B AT B
RALRE TS R 8 2, B85 G i FI 45 R gy 3
W GBI DL R Bz 5302 ), ) AR A S
Hh 45 2R 5 52 B B0 Y 00 G AR RE L Bk G
Westbrook et al. (2011) #3577 HYSOLIT KE ¥ H
BAY, IF- 25 G GIS B4l A8 7Y BF AR 22 42 Anthonomus
grandis (Boheman ) M\ TE 5¢ % 57 JH B ¥4 14 2 4% 22 18
R HHF ( Lower Rio Grande Valley) fifi K3 5]
PR AR AR A IE O , FE AT 25 1 X AR % 4 38 1o 23 X
KA F Y Bk 4T T R 43 7. Kehlenbeck et al.
(2012 ) Bp—F N AR 252 S ) (32 8 B A 4 AR 1)
R 5K PRSI R0 KRR T A
B RRAH 25 5 LATE Al HAE RO A9 9 HIOY ] DA 2 3

R, ELIRGI 25 555 R B M) A S BRARRL

AR AU 1B WU Ry O T R R S T HIUAURS: 43
B B B 58 R R, 0 ST T o G T A S A g
Thaumetopoea pityocampa (Denis & Schiffermiiller ) #t Y,
T AE S 5k T H G ( Battisti et .,
2006) ., Robinet et al. (2011) fii [ty 5/ B HLp 52
K4 Monochamus alternatus Hope H & ) E B~
S i A is s D A BE B w7 A, i
TN 1 AU B P b 2 s AT S A
DI R 73 L 1X, I ELTM 2030 4E A8 4 2 ke A
2 19% ~60% HIRRMIHBIX

Gl VS R RS- A TN E 3 E 5 A [N
B DL SGE ) — AR ERN R, FoEF ST
TE5 5tk e B AR 5 78 — 1> Ml XA 1 DG B A
22—, Yemshanov et al. (2009a) ¥ EE T =12 ¥ H
W Sirex noctilio Fabricius fJ2F EAEY) Pinus spp. 57
A LABUI 32 B A0 2 9 OB # . Koch & Smith
(2008) F| A K ¥ B B Xyleborus glabratus Eichhoff
4 7 S84 HIOCECH R T 32 R R B I R O ST I
[ — 0 B, 255 7F EAEY B RR R T
FH GIS 9 A A B 2 75 31 KB R Bt 2 1) i) 44
FEAE ISP AR ER 9 WX 704 8

TE RIS, 23 B vk 1 07 B 1 Py sk 7l
Bl o BLIRTE AR M9 Dy s 4 HICE R 2 T R OR
AW O — > 2R .l i 45 A AR H R
AR e O s e A s O XS L S
P HCA SRR s R AR SC A0, 3 ARk YT 1
A JEAT WU 43 Hr . Liebhold et al. (1993 ) F|
GIS 73 Mr i k1) g s 4 BV il 5 i B AU A8 A 2
(] FROC 2R, FR ST 1 BRRE TR R & A Hbu 7 1) 000 A6
#I, Knapi¢ et al. (2009) F GIS £ AR 43 #7 2003 ~
2007 4 F AR - B R i SO 3 LBl 28 40
Br, RBZ B AR IG5 1 AR A 88 e ik, BAE AR
TR OB = TR A A AR 1 AR
SR BUAS T4 it R 35 40 T2 R ) 9 HIGH B
24 ZFEEBRESSH

NAR AT T 28 5% R A 285 i 3 1% 5% Wi 6, 45
BT B0 A LA SOE L3R 451 2K
TR A 25 U 43 BT 32 82 7 3 A 2% ) L Al
b VPR HER BBOAS [R] 97 36 15 it 1) A DA gk — 25
PRI Y 22 T A A SRR AR E

H i, 2857 -5 A2 A XU 23 A7 P A E 3
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i 2 MO o BB 8 U VP AT AR = 48 E Ve O
B, UnE K747 1 (Brunel et al.,2009; Sansford,
2002 ) , ML G20 NP 28 50 X 40 i 10 JRUIRS: 25 4
TP . R B4 BT T R R DL R G 3 B R ST
BB SO0 AT, 15 th AL BF e 45
R (Betters & Schaefer,1981) , H TEEMAESL
TESZ M PPAG T 2 i AR B Uk A 5 18 3 U
HATC IR AT 5 4 K o b F 24
TEE A TAEY) T d L, 10 Bolda et al. (2010) PFA
THAZE D HEH B Drosophila suzukii Matsumu-
va XN AR JE P AR X P 4 Bt il 38 i 174 28
TriiZk s Goodhue et al. (2011) 73#fr 1 B R0 X i
R AT 2R R0 B A 7 M A A A B it R
WHAR 245 1 17 0 18 Y 28 T 461 2K 5 Cacho (2005 ) AR
TR Ay B 11 W2 g i Chysomya bezziana Ville-
neuve ORI R & R SO [R] B 6 J7 125 0 AR

SE I3 HT 2 R AL SR AR U ( partial budg-
eting) | J& 3B ¥ 15 #% # ( partial equilibrium model-
ing) #% AFEH 0 #r (input-output analysis) | A] {15
— B $4) i B Y ( computable general equilibrium mod-
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