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Abstract: The bark and ambrosia beetles constitute an important group of forestry pests that pose a seri-
ous threat to China’s forestry production and ecological security, holding significant economic impor-
tance. A comprehensive comparative study on the adaptability analysis methods of these beetles in Chi-
na helps to understand research trends related to species distribution models. This article summarized
and analyzed literature pertaining to the adaptability analysis of bark and ambrosia beetles in China. It
organized collected records based on the application of different species distribution models and per-
formed statistical analysis on models used, analysis regions, climatic conditions, classification criteria
of suitability grade, literature sources, and other pertinent information. It provided prospects for future
development of adaptability analysis, serving as a valuable reference for development of strategies for
forest pest prevention and control.

Key words: Scolytidae; Bostrichidae; species distribution model; potential geographic distribution; suit-
able region

DOI: 10.13802/j.cnki.zwbhxb.2023.2023818

Nk 28 B I S MO ) B R IS = —
(Marini et al.,2011;Gomez et al.,2018) . {EFR[EH 4L
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%% Dendroctonus valens LeConte , £ M /Nak Hylurgus
ligniperda (Fabricius) .J"4/)Nag Xyleborus ferrugineus
(Fabricius) . Fa ¥4/ NE: Ips grandicollis (Eichhoff) |
FRniki/INaE Ips pini (Say) . zAZ/\ Wi/ Vet Ips typogra-
phus (Linnaeus) U 57881 & Heterobostrychus ae-
qualis (Waterhonse) 17X} 1 /N8 Platypus paralle-
Ius (Fabricius ) S0l /INEEE R B A2 X 42

Yy o3 A B i A B o A A S ALY
X I 1) A5 A8 e 22 [ 1 DG 2R, DT 00 &5 o P b 7
1iff 2 Y L P A% 78 E 23 A [X 30 (Soberon & Peterson,
2005 ; Hui, 2023) , 2% AfR PRt A7 KU 70 #r T A%
M EEETFBe ., YR B X2 AR TR
] JRy s 1 X B AT VS AR A A P A AR R R A T v AR
PR AT 53 AT, B W0 AT e A A Y R RAG E b )
T FLARR L, X B AL A T ORI & S LA
TR BRI S SCRIN, AN R 280, 20203 B4R
2020) . = AHE YRR A A 5 KA (maxi-
mum entropy , MaxEnt ) #5 7 F1 4= 255 {5 ( climate and
expertise, CLIMEX) £ %4 25 ( 95 & 0] fl 5y R BE
2022) , TEMOL NGRS R Bt A 0 (R SR04,
2019; Urvois et al.,2021) , (H/2FH 0 HE—ZRHEIT e L
B TAEIRARD . ASCREEIHgRl /M ZE R
& A VRS B9 R 4R ST ARl VRS R
W AR A B9 B n] , DU R J B2 3 0 i B 2
Ur/NEEZE R i — D PR R LA

1 #Rll/hNERE REFEREEMES
ot

AR B ARON /N EE S B B2 /N EE B Sco-
lytidae . K 2% &} Bostrichidae A1 /N g% F Platypodidae
B pyGerR . 1z /Nag " &k 1 Az D7 fiem
“bark beetle” “potential distribution” 45 2H G4 A K4t
1Al 7E R E T (http://www.cenki.net) |\ J7 77 B8 FR
I %53 5 (http://wanfangdata. com. cn/index. html) £l
AR (https://scholar. google.com ) &5 ¥ i 46 2% 5
i e AF DG SCHR o 38 X SCRR I AR A 4l IS 43 A
DX sl 7 v Y SRR e BR ST B o3 A A
RIS X AUGESCEET RARZNA 43
S0 AR I

TEY) R A XCAFFE v, Bk ) EL S A s Y
A MaxEnt #5181 A= 913 53 Ht 22 4t (bioclimate anal-
ysis system, BIOCLIM ) & 4 45 (7K 75 ¥ 45, 2015 ;
2K, 2020) o A SOMSEE 1 SCHRAE T AN [RIH) R 734
A IEAT I AR BE, Geit 1 B Al NaE 2SR HUE

A DX SCHR BT RS 437 DX, 088 2 3 A=k
SN AR L R SRR IR AR o
1.1 #hl/hEREREPFERNEE S EEIZEE

M HETCER AE BORE A 3370 (&) ARl
a5 B U Y AN o AT B - A T T Ay X el B eh
BRI AE 23 A W, JHerp A 25 YR il 4 MaxEnt
B (R 1), A 17 I BIOCLIM BRI (3 2),
A 13 PCHIN M CLIMEX A% (3£ 3) , i FH ArcView
A A= 547 F-23#1 (ecological niche factor analy-
sis, ENFA)RERIF5 15559 (genetic algorithm for rule-
set prediction, GARP)FASHEA TR 1R (2)
1.2 #hlhEZE R REREEE S HTEE N RIIK
1.2.1 MaxEnt A

MaxEnt 518 S H T 85 JOMR BRS04 F 43 A 15
DALY, AR YA o34 s Bt SO 8 4 707
B, AR R B bt DR 5341 0 R, DA
1 L2 ) Fh e H b dth DX B 75 78 s B34 (Phillips
et al.,2006) . ZLit&i A on , A 25 YT
MaxEnt 15 B %F ol /N 288 B kA7 v [ 58 N T T
Hby B 53 A S, A3 A5 SR R /)N &% Acanthotomicus
suncei Cognato . ¢ 111 ¥ K/INEL . = 42 K /N gk Den-
droctonus micans Erichson . H1 Xf 4 /NG L 41 g K/
ad U K AL KM/ NEL SEREYG /INER Ips cal-
ligraphus Germar , B #IAA Ui /Na: BRI i /N&& Scoly-
tus multistriatus (Marsham) . H 28 XUl K & Sinoxy-
lon japonicum Lesne . 5 B /i §4 /N & Trypophloeus
klimeschi Eggers . XJ ¥L ¥ /)N & Xyleborus perforans
( Wollaston ) F1 22 {4 &7 /N 8 Xylosandrus compactus
(Eichhoff) 2 14 Ff (& 1) . 75 B 7355 Bdi e P57
I, VF 228 B 2k AEY 2R BN 4%
(global biodiversity information facility , GBIF) | E Fr
W A= W B2 s (centre agriculture bioscience in-
ternational, CABL) S5 45408 A , I 45 45 SCHR 0 52 b 3
R HAT IR YR 0 A BRI s %5 A MaxEnt
BEARY B ARl NEE DS B oA AR TS e
U B SO T A 2 I R 1) AT
Bkt /T 50,48 10 YT HT 9 731 s K7 50~
200 Z [) , 47 6 YCFTIAE HT f) 73 A1 5 Kl 7E 200 L
b EXHRILAS KNG LR R/NEE DU K
i T AR A/ IVl AR A IV 5 ROl /NS R U T
Ji& TR AU B AR TR A A X R s A 17 1K
TN X ER AL R 7 HEA T TS s AT 18 YR TTINEA T T
BB U R AR A AR BB PEAl
18 YIS A= A R SR FA T 1158
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R 1 MaxEnt BB T RITM
Table 1 Evaluations of input and output for MaxEnt model
B AR \
i BE W SR N
pecies Number of  Evaluation Grading standards of suitability Source of
distribution of input literature
points used variable
T Nk 11 A FI SR B i 93 Lietal, 2021a
Acanthotomicus Yes Natural breaks (Jenks)
suncei
FEIFA R/ NEk R A JRURHEE: 3 A2 X [0, 10] IREEE AR X (10,30], FPEEIE AR X 45,2015
Dendroctonus Unstated Yes (30,60], f=1 TG A X (60, 100] Wang et al., 2015
armandi Risk index: unsuitable area [0, 10], slightly suitable area (10, 30],
moderately suitable area (30, 60], highly suitable area (60, 100]
NI AN -4 AU A SR E ARE A X [0, 10], KIEAE X (10,30], Hrad A2 X (30, ik, 2016
D. armandi Unstated Yes  60], =iEAzX (60, 100] Wang et al., 2016
Risk index: unsuitable area [0, 10], slightly suitable area (10, 30],
moderately suitable area (30, 60], highly suitable area (60, 100]
HIA KNG 119 H YIFPAFAERE R BTS2 1X(0,0.10) , fIGi6 42 X.(0.11,0.30) , 7 Ning et al., 2019;
D. armandi Yes  ifi/:X(0.31,0.60), mi&E X (0.61,1.00) T, 2021
Probability of species existence: unsuitable area (0, 0.10), slight- Ning et al., 2019;
lysuitable area (0.11, 0.30), moderately suitable area (0.31, 0.60), Ning, 2021
highly suitable area (0.61,1.00)
LSNP -4 132 A PR e - ARiE A2 1X.(0,0.10) , fRIE£E X (0.11,0.30) , 77 Ningetal., 20215
D. armandi Yes  EA4:X(0.31,0.60) , R A= X (0.61,1.00) T, 2021
Probability of species existence: unsuitable (0, 0.10), slightly suit- Ning et al., 2021;
able area (0.11, 0.30), moderately suitable area (0.31, 0.60), high- Ning, 2021
lysuitable area (0.61, 1.00)
PV ININ - 65 A KU H SUR5E,2020
D. micans Yes Unstated Xiao et al., 2020
ORI 155 A RUEH L T4, 2019
Euplatypus Yes Unstated Fan et al., 2019
parallelus
AN - AU A T FARECARE A4 X 0, IGE 4E 1X.(0.001,0.01) @ A2 1X.(0.01,  $EI5E, 2018
D. valens Unstated Yes 0.1),FEA X (0.1,1.0) Fan, 2018
Suitability index: unsuitable area 0, slightly suitable area (0.001,
0.01), moderately suitable area (0.01, 0.1), highly suitable area
(0.1, 1.0)
AN PN - UL A RUEH FERIL,2018
D. valens Unstated Yes Unstated Cui, 2018
NP - e G PR 3 A X <0.05, IGE 4 1X.[0.05,0.33), i REBRITAE,2019
D. valens Unstated No [0.33,0.55), =i A X >0.55 Cui etal., 2019
Existence probability: unsuitable are<0.05, slightly suitable area
[0.05, 0.33), moderately suitable area [0.33, 0.55), highly suit-
able area=0.55
NP NI 62 A S AAA : ARE A X <0.05, fIKIEE 1X[0.05,0.33) B FIEA X > #ikE+45,2020
D. valens Yes 0.33 Han et al., 2020
Distribution value: unsuitable area<0.05, slightly suitable area
[0.05, 0.33), suitable suitable area=0.33
XU S & 115 P A - ARIE A X <0.01, G AE1X (0.01,0.1) , HEEAEX (0.1, XIHE D 35
Heterobostryhus No 0.35), EiE A [X>0.35 15,2009
aequalis Adaptive value: unsuitable area<0.01, slightly suitable area Liu & Feng, 2009
(0.01, 0.1), moderately suitable area (0.1, 0.35), highly suitable
area>0.35
JRCaES AN 4 A A AR AR AR X 0, ARIE A2 1X.(0.001,0.01) , Fhid Az X kLS, 2018
H. aequalis Unstated Yes (0.01,0.1), i&iA4E1X.(0.1,1.0) Fan, 2018

Suitability index: unsuitable area 0, slightly suitable area (0.001,
0.01), moderately suitable area (0.01, 0.1), highly suitable area
(0.1, 1.0)
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£ 1 Continued
WRMI AR
i BE W RS o
pecies Number of  Evaluation Grading standards of suitability Source of
distribution of input literature
points used variable
Kpt/Nak 223 A A ARIE A X <0.02, fRIE£E1X.(0.02,0.08], HE A X FOLILAE, 2018
Hylurgus Yes (0.08,0.26], =>0.26 Song et al., 2018
ligniperda Adaptive value: unsuitable area<0.02, slightly suitable area
(0.02, 0.08], moderately suitable area (0.08, 0.26], highly suit-
able area>0.26
NIV 235 T ESILL Yu et al., 2019
H. ligniperda No Unstated
Ktk 392 A FI AR BT 7 2002 : AR AR X <0.08 , K3 A 1X.(0.08,0.27), A E4F4E,2022
H. ligniperda Yes ARG A 1X.(0.27,0.55) , ik AR [X>0.55 Zhou et al., 2022
Natural breaks (Jenks): unsuitable area<0.08, slightly suitable
area (0.08, 0.27), moderately suitable area (0.27, 0.55), highly
suitable area>0.55
L /INak 106 G R ARE A X0, 6.4%] ARG E X (6.4%,17.8%], Hudi . 25555, 2019a
Ips calligraphus No X (17.8%,30.7%], i 4= [X.(30.7%,100%] Zhou et al., 2019a
Appropriate value: unsuitable area (0, 6.4%], slightly suitable
area (6.4%, 17.8%], moderately suitable area (17.8%, 30.7%],
highly suitable area (30.7%, 100%]
SRR /INaR 251 A ISR ] 7 5373 Lietal, 2021b
L calligraphus Yes Natural breaks (Jenks)
AN A /e 597 A FI SR 18] W i 73 Sk Lietal, 2021b
L calligraphus Yes Natural breaks (Jenks)
el - 166 G AUl Yuetal., 2019
Scolytus No Unstated
multistriatus
H AU 2 33 ¥ NV REKF-45,2014
Sinoxylon No Unstated Zhu et al., 2014
Japonicum
LA/ NEE 89 f PR AR ARE AR 1X.(0,0.10)  fRIEAE X [0.11,0.30), FPidi A T, 2021
Trypophloeus Yes [X[0.31,0.60) , =i A= X [0.61,1.00) Ning, 2021
klimeschi Probability of species existence: unsuitable area (0, 0.10), slight-
ly suitable area [0.11, 0.30), moderately suitable area [0.31, 0.60),
highly suitable area [0.61, 1.00)
DR TR ARUEH A FI SRR 23 0k - R34 X <0.07, fIRIE 4 [X[0.07,0.22) , 7 F9E4E, 2013
Xyleborus Unstated Yes WX [0.22,0.42) , i AR X [0.42,0.66) , FefdhdE A4E [X20.66 Luetal., 2013
perforans Natural breaks (Jenks): unsuitable area<0.07, slightly suitable
area [0.07, 0.22), moderately suitable area [0.22, 0.42), highly
suitable area [0.42, 0.66), the best suitable area=0.66
Ak VaE 205 7 AR Urvois et al.,
Xylosandrus No Unstated 2021
compactus
BB N 170 A LRI i 7 2k INEF,2023
Xylosandrus Yes Natural breaks (Jenks) Sun, 2023
compactus

1.2.2 BIOCLIM A&7

BIOCLIM #5275 23 35 2 A7 1 4 Fh o3 A B S
IR A W W S A 2% K T T L X 5 2 i
3 1 DX AR A AL 286 1 A R AT LA, AT
Wiz DX SR 35 5 W R AR A7 ) — I HE SR A A AR A
(AREEAE,2009) . Geitai R wos, A 17 Yl 4
HIBIOCLIM R Aol / Va2 B e A7 v [ 58 Y

TETEHD R 53 A7 P00 , A0 FE AR LA R/ INEE R LA R
/N %k Dendroctonus ponderosae Hopkins | 4% i /)N 45
Gnathotrichus materiarius (Fitch) (£ M/NEE | 52 Jife
W/ NaE KL 7S 8 /NEE Ips concinnus Mannerheim |
[ NN - L INTSNY - SO VAN SN, - S e =ev)|
1 /N5 Tomicus brevipilosus (Eggers) | 5 Y A5 /)N
& Tomicus minor (Hartig) .’ YIRS /N & Tomicus
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yunnanensis Kirkendall et Faccoli . 7 #4 /Ng% 13 Fl Al
YIRS/ N g 11 @ (R 2) o FEHb IR oA Bl >k U5y
1], V1 22 5 3 Ve 08 F GBIF . CABI 4585040 ¢ , JT-45
B SCHR N S 1 3] A B8 08 25 AT BT 5 0 A 43 A AR I
A s %5 A BIOCLIM ASE Y gl /N 2 B e A s

B AT A 5 R XS e BT 1R, Horh,
%2 BIOCLIM.ENFA,GARP . ArcView HEE i N 045 RIFE
Table 2 Evaluations of input and output for BIOCLIM, ENFA, GARP and ArcView models

A LR T 53 A s R AE 50~100 ZZ 00, A 4 1K
TR FH 43 A o5 R AE 101~200 22 [8] 5 4 13 YT
X A R - HEA T T | RS 40 SRR 1 9 2
B B BT Es A A R A e R s A 121k
T3 A P SRR A AR T T U o

s L R A -
il Speci Mk S A SR b SR
Species . p.ec1e's Number of  Evaluation L e m .- Source of
distribution C . Grading standards of suitability .
model dlsFrlbutlon of 11.1put literature
points used  variable
LA K/NEE - BIOCLIM 119 G KRR ARE AR IX 0, S 41X (0,2.5%], Hili - Ning et al., 2019;
Dendroctonus No H X (2.5%,7%], i A X (7%, 100%] T, 2021
armandi Occurrence probability: unsuitable area 0, slightly ~Ning et al., 2019;
suitable area (0, 2.5%], moderately suitable area 2021
(2.5%, 79%], highly suitable area (7%, 100%]
EIFAK/NGE - ENFA 119 H AR EFE A AR AR X (0, 10) fRIE A X (11, Ning et al., 2019;
D. armandi Yes  30),'iEEX(31,60), mid X (61,100) T, 2021
Habitat suitability index: unsuitable area (0,10), Ning et al., 2019;
slightly suitable area (11, 30), moderately suitable 2021
area (31, 60), highly suitable area (61, 100)
FrkILFA R/ NEE - BIOCLIM AU J RUEH FEF4, 2011
D. ponderosae Unstated No Unstated Duetal., 2011
NPT ArcView 3.2 il T T Tk, 2005; T
D. valens Unstated No No kA% 2007
Wang, 2005;
Wang et al., 2007
G/ NEE BIOCLIM 148 oW KA ARE A X 0, IGE A 1X.(0,2.5%] JHZE 55,2018
Gnathotrichus No FiE A X (2.5%, 5%] , i 4 X (5%, 100%] Zhou et al., 2018
materiarius Occurrence probability: unsuitable area 0, slightly
suitable area (0, 2.5%], moderately suitable area
(2.5%, 5%], highly suitable area (5%, 100%]
K/ Na BIOCLIM AR py TR AR ARG A X 0, RIEAE X (0,5%], XL, 2018
Hylurgus Unstated No P AE X (5%, 10%], Wit A= X (10%, 1009%] Zhao, 2018
ligniperda Appropriate probability of occurrence: unsuitable
area 0, slightly suitable area (0, 5%], moderately
suitable area (5%, 10%], highly suitable area (10%,
100%]
SRl /NG BIOCLIM ATt y R ARG A X 0 MRIE A X (0,5%], hiE H7K,2017
Ips calligraphus Unstated No H X (5%, 10%)], =B A2 X (10%, 100%) Lii, 2017
Occurrence probability: unsuitable area 0, slightly
suitable area (0, 5%], moderately suitable area (5%,
10%], highly suitable area (10%, 100%]
St /NEE BIOCLIM 106 G ARG A X 0, RIS 1X.(0,2.5%], hiE s 12855 ,2019
I calligraphus No X (2.5%,5%), fmiE X (5%, 100%) Zhou et al., 2019a

Appropriate value: unsuitable area 0, slightly
suitable area (0, 2.5%], moderately suitable area
(2.5%, 5%], highly suitable area (5%, 100%]
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5% 2 Continued
LTI M el "
%ﬁ] Species Bkt ﬁﬁ T A PSR Sy bR SCHITE
Species distribution I\'Iun'lberiof Eval}l ation Grading standards of suitability S.ource of
model dlSFI’lbuthH of 1pput literature
points used  variable

FLA /M BIOCLIM AT T RAREER ARG X 0, MREAEX(0,5%], il BTK, 2017
L concinnus Unstated No X (5%,10%], A= X.(10%, 100%] Lii, 2017

Occurrence probability: unsuitable area 0, slightly
suitable area (0, 5%], moderately suitable area (5%,
10%], highly suitable area (10%, 100%]

FHkIA /e BIOCLIM AR T KRR ARG A X 0, IS AR X (0,5%], b B REE, 2017

1 grandicollis Unstated No X (5% ,10%], EidE A4 X (10%, 100%] Liietal., 2017
Occurrence probability: unsuitable area 0, slightly
suitable area (0, 5%], moderately suitable area (5%,
10%], highly suitable area (10%, 100%]

FTAYE /NG BIOCLIM AR T KRR AREA X 0, MREAX(0,5%], hiE  H7K,2017

1. grandicollis Unstated No X (5%, 10%)] , fid 42 [X.(10%, 100%] Li, 2017
Occurrence probability: unsuitable area 0, slightly
suitable area (0, 5%], moderately suitable area (5%,
10%], highly suitable area (10%, 100%]

ESVNUYN BIOCLIM 88 T R AREAEIX 0, RIEAE1X(0,2.5%], i A 2854, 2016

I pini No  [X(2.5%,7%], &A= X (7%, 100%)] Zhou et al., 2016
Occurrence probability: unsuitable area 0, slightly
suitable area (0, 2.5%], moderately suitable area
(2.5%, 7%], highly suitable area (7%, 100%]

SRR /NG BIOCLIM AT T RAREARARE X 0, MRIEAEX(0,5%), hiEd: F7K,2017

L. pini Unstated No  [X(5%,10%], =&z X (10%, 100%)] Li, 2017
Occurrence probability: unsuitable area 0, slightly
suitable area (0, 5%], moderately suitable area (5%,
10%], highly suitable area (10%,100%]

=A2\Vi/hak  BIOCLIM ATt T RAEBERAREAEX 0, MRIEA X (0,5%], hidd: BT,2017

1. typographus Unstated No X (5%,10%], EEA X (10%, 100%] Li, 2017
Occurrence probability: unsuitable area 0, slightly
suitable area (0, 5%], moderately suitable area (5%,
109%], highly suitable area (10%, 100%]

HAARUBK S GARP 33 /PR SVl REKF45, 2014
Sinoxylon No  Unstated Zhu et al., 2014
Jjaponicum
UILIUN -4 BIOCLIM A UL P SV FHKAE, 2009
Tomicus sp. Unstated No  Unstated Wang et al., 2009
JIEVIN/ME  BIOCLIM AL VN S T, 2009
T. brevipilosus Unstated No  Unstated Wang et al., 2009
Wi vIkg/NEE - BIOCLIM AL VN SV EWAE 2009
T. minor Unstated No Unstated Wang et al., 2009
=mYE/haL BIOCLIM RUEH T Rui E AT, 2009
T yunnanensis Unstated No  Unstated Wang et al., 2009
TR/ Nk BIOCLIM 158 T KA AREAX 0, RIEEX (0, 2.5%], ik HZEESE, 2019b
Xyleborus No H X (2.5%,5%], i A X (5%, 100%] Zhou etal., 2019b
ferrugineus Occurrence probability: unsuitable 0, slightly

suitable area (0, 2.5%], moderately suitable area
(2.5%, 5%], highly suitable area (5%, 100%]
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%3 CLIMEX&REVH N\ TN RiTfl
Table 3 Input and result evaluations of CLIMEX model
P PSR A SRR o
Species Sources of biological parameter values Grading standard of suitability ouree 0
literature
FIEIATRNEE R A2 R R4 & S BR A M X AR 2505280 (ecoclimatic index, ED) A& A X BS54, 2011
Dendroctonus PEATIEEE EI=0 &4 X (0, 10], i@ 4E X (10,20], =i 2E Yao etal.,
frontalis Used biological data and adjusted the data  [X.(20,100] 2011
based on actual distribution regions Ecoclimatic index (EI) value: unsuitable area E/=0,
slightly suitable area (0, 10], moderately suitable
area (10, 20], highly suitable area (20, 100]
CNONE RS SR MK BT ., 2003
Dendroctonus AT & El value Liu, 2003
valens Used biological data and adjusted the data
based on actual distribution regions
EANEPNANY - PR A A SCEAE I 458 SR A X ENME ARG AR 1X [0, 1) ARGE AR X [1,9) , HidiZE X Heetal,
D. valens HEAT IR [9,30), Rid A= X [30, 100] 2015
Used biological data and adjusted the data £/ value: unsuitable area [0, 1), slightly suitable
based on actual distribution regions area [1, 9), moderately suitable area [9, 30), highly
suitable area [30, 100]
AN PN 1 T 1) 28 EME ABEAX[0, 1) MEEAX[1,9), hidA X F#%,2018
D. valens Quoted parameters from other scholars [9,30), &dE: X [30, 100] Wang et al.,
EI value: unsuitable area [0, 1), slightly suitable 2018
area [1, 9), moderately suitable area [9, 30), highly
suitable area [30, 100]
HRRILAA R/ INGE TR A YA M AR 45 A S PR A b X ETE - Al 2 X EF=0 K35 421X (0, 10], 2B X Zhou et all.,
D. ponderosae PEA TR (10,20], EH&E A X [20, 100] 2019
Used biological data and adjusted the data £ value: unsuitable area E/=0, slightly suitable
based on actual distribution regions area (0, 10], moderately suitable area (10, 20],
highly suitable area [20, 100]
R /AP NANY S AR R BONEF F o010 SUERIRFL ARG AR X E5F55,2010
D. simplex No (0, 7) i A= 1X (7, 20) , i £E X (20, 40) , il Wang et al.,
H:1X. (40, 100) 2010
The product of climate similarity coefficient and
host distribution point values: unsuitable area (0, 7),
slightly suitable area (7, 20), moderately suitable
area (20, 40), highly suitable area (40, 100)
ERANAN T A SARAE BB Al A X <0.3 MREAE X (0.3, [MI4045,2012
D. terebrans No 0.6),HiEAE1X.(0.6,0.8) , A= 1X>0.8 Xiang et al.,
Total similarity coefficient of climate: unsuitable 2012

EBE /NG /N

Euwallacea
fornicatus

PNIE NS -

Ips hauseri

MR AVANCHN 4
1. subelongatus

AN/ INER:
Scolytus
morawiizi

area<(.3, slightly suitable area (0.3, 0.6), moderately
suitable area (0.6, 0.8), highly suitable area>0.8

T WAl B 45 B SEBR A A H X ET{H « JE3dE 4 X EI=0, AR 4 1X.(0, 107, Hid A X

PRI
Used biological data and adjusted the data
based on actual distribution regions

(10,20], @A X (20, 100]

EI value: unsuitable area E/=0, slightly suitable
area (0, 10], moderately suitable area (10, 20],
highly suitable area (20, 100]

F A2 A B I 458 SEbn o A M X ET(H

WAL
Used biological data and adjusted the data
based on actual distribution regions

El value

FI AW A SCER I T 45 & SEbr o A b IX. ENE

AT R
Used biological data and adjusted the data
based on actual distribution regions

EI value

R LD SRS I 45 & SEPr A Hu X ET{H

PEATIR R
Used biological data and adjusted the data
based on actual distribution regions

El value

Geetal.,
2017

Vanhanen et
al., 2008

Vanhanen et
al., 2008

Vanhanen et
al., 2008
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i SRR S A R A SCHRORR
i i i ; T Source of
Species Sources of biological parameter values Grading standard of suitability literature

KA/ M ER A MORAR I 45 & b AT X ENE ARG A X B0, RIEEIX (0,6), ad A X ARIGEHEAE,

Trypodendron HATIREE
domesticum Used biological data and adjusted the data
based on actual distribution regions

FAA N 275 Ff # BRI SO T A TR R
T. domesticum Refer to other scholars’ model parameters
and make adjustments

[6,16), FiEA:1X[16,100] 2012

EI value: unsuitable area E/=0, slightly suitable Linetal,
area (0, 6), moderately suitable area [6, 16), highly 2012
suitable area [16, 100]

EN :ABEEX[0,5) AREEX[S,10), hid X A%, 2017
[10,30), friEAE X [30, 100] Lin et al.,
EI value: unsuitable area [0, 5), slightly suitable ar- 2017

ea [5, 10), moderately suitable area [10, 30), highly

suitable area [30, 100]

1.2.3 CLIMEX A

CLIMEX A 2 M) A7 £ Rl 2L A [X I
) A S A B A 0 2 AR OGBS, S0 ) A v A 2
I AR B — A S AR Y (Sutherst et al.,2007) . 42
THE5 R R, 2 13 il A CLIMEX A5 A X bR
b/ INEE IS B AT v [ 5 N P A 3L A T £
15 7 5 #5 K /N & Dendroctonus frontalis Zimmer-
mann ZLAR R/ INEE TP IRR LA R/ NaE (7% I FA K/ NEE
Dendroctonus simplex LeConte ., 2 g K /N % Den-
droctonus terebrans (Olivier) | E[ & /N[5 6 /N 55; Eu-
wallacea fornicatus (Eichhoff) . K LI # 14 /N & Ips
hauseri Reitter , 78 #5 )\ 15 /Nad V& TS/ INEE: Scoly-
tus morawitzi Semenov 1% 25 K /N& Trypodendron
domesticum (Linnaeus) 3£ 10 Ff, B ¥ /N g FHR B
(£3) . TR AT TT T, A 12 YN 1 7
157 BAH s XA PN AT 2B 2 S B E R IR A T
Geit, EFF4(2010) Al 2045 (2012) T H AR R
A )2 R MR B ORS D  BOR ] CLIME X #5324 1y
A R B BT I, A 9 U ERIN A ] H AR
AE VAR BRI T 280 T4 Gz S bR
A b DXHEA T SRS, 1 T 5 | F A 2 35 1 =
B, 1 N 22 HAth 2= B S B0 T TR 5 13 1
DA X6 3 A A A T T 1A, e 1 R
B A TEE ARG AE RS SE o E AR MG
124 HAuAEA

ENFA Y J2 ] b 70 A b A1 A 265 il AR
i, R A A AR A RN AR 2R B S A RS XY
IRBE R F-F YRS Fbr o 22 A L, #E i3 Fh
(A AR P (PR FZ= AL, 2021 ) . TEARIRGE T
LR A A T ENFA BERLG AR AN KN 7 b
VETE M AT THF9E (3R 2) .

GARP AL TRINSAL R, H ik R S
GIATA RS R I 21 HAR X IR, A fh i

AU HLIX (I REERAIE S EAR DS EEAERE LG 2R
(FNFIAF,2015) o AL ILARIKE-45(2014) FIFH GARP A5
RUFEN T H AU 257 E AT A A (6 2)
TP (2005) A1 E kA (2007 ) AR g 52 S
RV T LT R K /INEE S e X PN AR G 3 A A A
RUPH: A 3 R FH R - BB BB, £ ArcView 3.2
BRAFHIVES A TP AL SR A 04 43 A B B J K AR T
B IS RI20 A R/ MR Sl A X (K 2) .

2 EAM ST TR FF &

Py T3 A AL (R RACRARHS T4 A B 0 B A
it o FHTHES, B e B e o3 A B A A
B A R L 52 Wi A A LU 45 2R A 1 &2 (Stock-
well & Peterson,2002), — oL, & ARG
AT A TN R AN WG Pk B — (S
U 28R Rl A W R O T U /N BT 2R (Wisz et all.,
2008; Chen & Lei, 2012; #2311, 2016) . AN [ Y 78
I A9 B3 ] — R AT R AN [ A0 8 F 0, HAE A e
(19 85 {IE B (L L AN AR R 49 4%k BIOCLIM A A3
Hernandez et al.(2006) FI i £45 (2009) W52 & BAE
FH 75~100 EAKCR FOBHUZE R UER RS T iR,
11 Kadmon et al.(2003) A58 & B, TEAEASE L4 50~
75 I RADLAE RAE LA B e KAl . i 44
RAEAR Bt X SRS AR 1) 5 0 o A BE A o, P 2ok
RAFEAK L ] BEAS 2 i B BY AR A 1, 22 m]
REX AR A4 e P2 A= 17 17 52 1 ( Stockwell & Peterson,
2002 ; VanDerWal et al., 2009 ; Boria & Blois, 2018) .
JIT LA 5 e 23 AR SIS [ TS A A A
TR, A B TR TAEE 4 5 iE A5y
B b ] DA B Ve R O3 A EE 12 i i AL A
AHC , IS AT GBI 2 VA T P T 7 b 2 53
ATHMACR . FEWCHED R oA s R b, 2R
FRA Z A AR AL PSR A s, 25 5
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8 B 53 A s HERA A O , 1 A0 Fh TR I B | Hb A
TESRAEIRAE , Hid sAui 5 R th 745 5 RAE 1 b
S T T B ) L DX RN T HE DX (Hui, 2023), X 3
BLR 2 F WA T B 1E DL SGE S g AE TAE,
DA i 50 A 25 51 . TEY) AN oA s A PRy T
AR F ANy WA T D A L R 1 SR e T
) 4 Ao 285 AE 43 A 1) 9 (Guisan et al., 2014 Hui,
2023),

ARSI P TP Avty R0 90 T RTS8 ) il P Ao
FEPFAL MaxEnt , BIOCLIM 25458784 14 FURS B2 if, 7
BT A 52 H TAERHIE (receiver operator char-
acteristic, ROC) il & T i X (area under the curve,
AUC) F1 B 5245 545 11 (true skill statistic, TSS) ¥,
A F PR ERE A A T8 PR 25 5 43 BT (Lake
etal.,2020). Urvois et al.(2021 ) 75 37 AL T30 i
/N8 Xylosandrus crassiusculus Motschulsky
(¥ 7S 7E b P 53 A B, 4 ROC 9 AUC {E F1 TSS 12
K PEAl MaxEnt A58 ) SO B, VR 7E55 — 2D I
IR AR U B B B, B R B A
AUC<0.8 5 TSS<0.6 A bnif , oA #EAT 4R
KR AR TAE . YR, PRl o A A A 2
- EE 4 T B S AR A 0 AR 3 15K
IHAETEE — 2 th 5, X T 22 HIRA T i A2 Fh
(A P2 A 252 AR At — > B A RS 1Y
Pofh o3 A AL (Hui, 2023 ), FEVEAR SRR, 7T L)
X TR P2 A5 A it A TP , BIVEE 2l 25 UL e 8 75
B Ty 565 1k 0 235 S AT DA A 2SR AR SC R R
RATA , T 95 R AR A A PRSP AR R 75 A P

X6F (] A o 8 AN [ A P F00 45 SR 12 M i B
BASY . X ] — RN B L O] 2R X
PEAT 038 A XU 25 S X HL R, R IRA 7 21 22
S, IR AT REAE T s (DS [R] SCHER A %) B e b 3
A 25 5% 5 (2) AN ] SCikE A B PR AR f AN [m] sl fift
MRS RN (3) TR 5 S ) R BR 1
FEe A AR RS [R] SRR Uy BT 9 A A2 B R
TR AN ] 5 (4) [a]—Fh S B ZE (ot R rh 2
BB DL iRl Fh Fi 45 SRS [ ) i
PRI SR A R AR A T3 A M A3 B B 7 B B R o
(b Ty o BRI IS A TR B K e i Rl s, — s
B AR CLIMEX R AU -4 7 4 353473 U0 AFF 5 1
BB TR R AEY S EER IE O X — e P
R R 2 2R Y AT X R
S FL I AR O 1 A 2k 5, R I AE 1 R Ak
BF 0 SR AF DG AR DU AME B8 1, A B T ik —
HAEAT KBS DAl TAE

3 RE

(HAFAF RN EEA T/ NERR BE AR
Z AMUE F R 25 BER R A 2 e 1
DA 58 e P AR e MBS E— 25 9% (Yu et
al.,2019), HATIF R T3 A M0 Hr i /N aE 25 B R
SUR—041 . T B kA s 22 ] () 22 T 2R M5 i
T 25 5 (Graham, 2003) , HE I 2E 3 7645 A6 A=
PR3 BT TAE R AT AH S S B 7 e AR 4 A i, b
7055 S8 AT TE R AR A S S M /N e R
HOEA T TAE. ASRRMsR A G KL ##
2 AR A A M A M SR A O, B AN AT R
A1) biomod2 - 15, LAZ2 Fil Az A5 5 AR R g LAk Ay
ARG | DUTIE o) A A AR R S i e Y ) VA
P (Hao et al.,2019) , ] i AN WHE H 037 0 38
B (Carlson, 2020) , JFEAR H5 9 9 52 s 2 26 IXO6F
TR AT 55 UE , DA 2 S 5T (%) 7 i B/ NaE 2R
L R 7E TR A A X3
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