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Aclerisfimbirana Thunberg risk assessment and predicting its
potential geographical distribution in China
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Abstract [Aim] Based on the initial temperature and effective accumulated temperature for the development of Acleris
fimbirana Thunberg the CLIMEX system was used to predict the potential habitat of A. fimbirana.Additionally, the risk
diffusion of A. fimbirana was analyzed to provide a quantitative reference for the formulation of comprehensive management
strategies for this species. [Methods] The effects of five constant temperatures (18, 21, 24, 27 and 30 °C) on the
development duration of A. fimbirana were examined. Based on this, the developmental starting temperature and effective
accumulated temperature of A. fimbirana were obtained and the CLIMEX system was used to predict the optimal geographical
regions for A. fimbirana within China. Furthermore, a comprehensive pest risk analysis method was used to assess the
potential risks associated with A. fimbirana. [Results] The growth rate of A. fimbirana increased with increasing temperature.
The initial temperature and effective accumulated temperature for A. fimbirana were (10.594+0.35) °C and (560.60+33.19)

degree-days, respectively. Additionally, a total of 3.51 generations per year were completed in Xinjiang. Based on the
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CLIMEX and ArcGIS analyses, potential suitable habitat for A. fimbirana was found to span 5 797 500 km”. Within this, the

area of highest adaptability spans up to 943 900 km?, including Henan, Hebei, Shannxi and Shanxi, which had the highest

fitness range for A. fimbirana. Xinjiang was classified as a low-to-moderate occurrence area, although there is a potential

threat of A. fimbirana spreading to most parts of this region. [Conclusion] Based on this findings of this study, A. fimbirana

has the potential to inhabit up to 60% of China’s regions. Hence, it poses a significant threat in China, particularly within the

forestry and fruit industry. Thus, proactive measures such as early warning systems and effective control measures are crucial

in mitigating the potential impact and reducing the associated risks in China.

Key words Acleris fimbirana Thunberg; developmental duration; effective accumulated temperature; CLIMEX; risk

assessment
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Tablel Development period and development rate of Acleris fimbirana under different temperatures

W (°C) b 1] 4y i ELEIE EliNiv
Temperatures Egg Larva Pupa Preovipsition Whole generation
() d \ d \ d v d v d \
18 1424  0.0796 34.40 0.0295 17.01 0.068 7 7.35 0.1361  73.03 0.0135
21 923  0.1211 28.90 0.0352  11.25 0.095 1 5.23 0.1912  54.61 0.017 0
24 7.35 0.1435 21.80 0.048 9 8.89 0.1333 3.12 0.3205  41.16 0.022 1
27 6.01 0.1818 20.10 0.052 9 7.46 0.170 6 2.30 0.4348  35.87 0.0279
30 5.12 0.2101 16.63 0.071 6 5.50 0.204 9 1.12 0.8929 28.25 0.035 4
dFRREREFTRE, VESREAERKHEE,
d represented the number of days of insect development, and V represented the insect growth rate.
®2 EHRKBASHBRSAEFEABRESERRE
Table2 Threshold temperature and effective accumulated temperature of Acleris fimbirana
. . KERRE (°C) . v
K H B i HHBUR K CH ) - MR R
Developmental _ 515 5 # .
Developmental Effective accumulated . . Correlation
threshold temperature regression equation .
stage (°C) temperature (degree-days) coefficient
5Pl Egg stage 10.87 + 0.45 97.03 £3.15 T=10.87 +97.03V 0.996 9
] Larval stage 7.26 +1.34 381.14 £29.71 T=7.26+381.14V 0.8821
144 Pupal stage 12.40 + 0.48 100.71 +3.94 T=12.40+100.71V 0.977 1
PR , 13.27 + 1.69 14.50 +3.53 T=18.27+ 1450V 0.949 3
Preoviposition period
414 All generations 10.59 £ 0.35 560.60 + 33.19 T=10.59 + 560.60V 0.989 5
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Table3 Parametersvaluesof CLIMEX of the Acleris fimbirana

CLIMEX Z#{ CLIMEX parameters . Wﬁﬁ%ﬁ . T S
Initial parameters Adjusted parameters

KB EIGBIE Developmental threshold temperature 7.26 7.26
16 EREE R PR Lower optimum temperature 18 18
& BIRJE FFR Upper optimum temperature 30 30
% 5 1 [ {H Maximum threshold temperature 35 35
KB Wi R 8 B{E Lower threshold of soil moisture 0.02 0
KB T EoE TR TR Lower limit of optimum soil moisture 0.08 0.02
KB s et 3 E FBR Upper limit of optimum soil moisture 1 0.8
KT I i e e IR L5 12
The most suitable soil moisture required for development
V3 W38 1R M Cold stress temperature threshold 2 2
A ra LB HR Cold stress accumulation rate 0.01 0.01
P36 B {E Heat stress temperature threshold 38 40
P8 L 258 % Heat stress accumulation rate 0.005 0.004
Tl 1 R BIE Dry stress soil moisture threshold 0.08 0.02
Tria 38058 )% B S53H & Dry stress accumulation rate - 0.005 - 0.001
T e 39 B B {H Wet stress soil moisture threshold 1 1
B8 AL 2 2R Wet stress accumulation rate 0.002 0.002
A% FIR Effective accumulated temperature 560.6 560.6
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JEERIE PG X o FRIETTRER . J7AR | AR/
A TLPU AR I X, Wi W LR X
TR PR R A R A RIS A X, T

Hlr . VOB R bR EREE , A ASPREE ARG
— B R4, BiaRxME, AESKERE,

% 4 2T CLIMEX 4188 5K 3 ik
7 P EDE AR A T AR AT DA RS A X R
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Fig. 1 Potential geographical distribution of the Aclerisfimbirana predicted by the
CLIMEX model in China

&4 ETCLIMEX ATEBKBAEHEEREEE LS HER
Table4 Suitability distribution area of Aclerisfimbiranain China based on CLIMEX analysis

JEA X Suitable area

e (% ) Proportion (%)

AL (x10% km?) Acreage (x10* km?)

JEifi 4z X Non-suitable area 39.61
K% A= X Low suitable area 27.36
HiE Az X Medium suitable area 23.19
& A X High suitable area 13.39

380.25
262.69
222.66

94.39

WA ER SRR A S A (TS, 2008 ) |
LTI (e, 2018 ) | JdbiR5: (el o,
2008 ) | INPGRFATHIX (ZE5EE, 1982) | Bk
PORIAR ( XIkAe%E, 2019) . EgdLEBHBIX (X1
REESE, 2001 ) ¥4 704 . CLIMEX FH0 B 5 K¢
8 A T L AR X IR 579.74 J5 km®, 5
A ESTE AR 60.39%. ARAEE T4 14 4 B
B B %R & & A ( http://www.pestchina.
com ) FAT A P, BEBE A I 7R |
W, HE. BA . KR BERREA S
242 BEM (P) HEKMEM]K 1-2 14
BALEM R, IRk, gRE/h. 3

WBIEREMN R, g, JFHmZE,
5-8 R Al WA R R 5 T
e ALk e B I g A W s S e
S I SRS, MR, — A HURZRIE 30%
(XIRHESE, 2001 ) , JUSEEM RS0 0T, P EE
KA M B AR, — SER R T T g

A R ] RA TR R e A AR, il ZE)E
INFEIR BB « B RN TR 5 LN B P T 55
(FEZ6, 2013; S5, 2023) .
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PRI A iR, 2011c) o MAKRI,
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B — R, BERER A oo 3R SRR R
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BCE R, AE IR AR, 2023 4
JERME TR 116 287 hm® (FrsssEE/R HIRIX
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A BRI IR — EUR K, W2 AR
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244 REYHMWEEM (P,) EERKBEN
A B X FEEA ARY BMAEIN TN
P BEBER A0 k) BT DL B B ey, Ak
BRI R REE o BB i 1 B 2 B A
M I B AR RS AR (255 B4
1982 ) . HMEHR AGE PR, TR
AR R, BT A F YR 40%1L
b (R HEERAE, 2008 ) o FEBEKAGMRTE 25 °C
e R E PR BN R 175.45 KL (XK SR,
2019) , ZHiJynm, FITREERPGERDY Y, X7
AR YR ™ G o H AT E NN
ik ALRE FE AN

245 REEEME (Ps) BHEKBEM )

EMEIEIL A6, ARG, o RE A,
S HARSEE H MO0 . gl SRS ML
ZAb BT AR R X B A
KW BEE MR Z 0, KRS, BRI H kL
e R0 R 4 e, M TEA AR 1B R, JE K
FI e, A0 Rl i Sk i A R o IR K v
A RGNE R (EIEE, 2018) . EHEEKH
Bk 58 R A ON L G AR R
YEMERE S, Tl A R b, T R 24
FIBH IR AR 2% o BB . PRI AR
HHFTIER, BCRRAF. A BRF LML
TR REARICE B WG ( A6 eSS,
1997; XIK#HE5E, 2018) .

25 EESW

HRE A I HIHE b B WA, R PEH F )
N8 3 VAl = = /A= W= M s E< ST =% 7 N (£
ZEA NBTE R,

EWAmiEN: P=2,

WIELIRSEE . P,=0.6Py+0.2P2+0.2P=2.4,

T ATREN: . P3=max(P3;,P32,P33)=3,

fEREY B AT RETE © Py=(P4 XPyoxPy3xPygx
Pss)'°=1.782,

fEVEETIMERS . Ps=(Ps;+Psy+Ps3)/3=2.33,

JKUBPE . R=(PxPyxP3xPyxPs)'*=1.972,,

# 5 BEWKEBMHHBRE S HTITEHIERM 5 E
Table5 Numerical value of risk analysisindex of Aclerisfimbirana

¥ PEHFESR

Serial no. Evaluation index

PEARAE

Evaluation criteria

73 i e

Score Score reason

1 A A AR B

JeoMAE Pi=3; AR 0-20%, P=2; S 2

ERIE(SERT T NS TR NS CIE| AN

(P) M 20%-50%, P1=1; R A > 50%, P1=0 WG, BRVY . R H S A
2 REME (P,y)
2.1 WIERTEE BB IA 20%00 F, i (8]) ™E K 3 Bt = WA AE 20%L 1

P (Pyy )

TEYI = i B, Pyy=3; P m ikl 5%-20%,

() BRKEESRK, Py=2; FmERHK
N 1%-5%, Fl (%) AHR/MHFREHK,
Py=1; aik<1%, HXIBEICHm,

P21:0

22 A R H A
REMARE (Py)

A& 3 FP L R EAY, Py=3; 15 3
W2 Bl Py=2; AR 1 Fh, Py=1; AMEAW
AR BEVER FE AW, Pyp=0

UL A AT R T A AR
RES Y Sy
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43R 5 (Table 5 continued)

b3 PEHIFE AR TEHIbRHE JRAANIED W 2 ph
Serial no. Evaluation index Evaluation criteria Score Score reason
23 EANEMARE WA 20 L EEFRE—FEAEYS) G 0 B L, faFE, H
(Py3) PEXGE, Py=3; 10-19 1>, Py=2; 1-9 4, S AN BB K AR i
Py=1; JG, Py=0 MBS, RIVAKZEXTZ
I e
WETE (Py)
3.1 ZERETE ZEREFIE 0L, Py=3; 59 F, 3 FEHEY 10 FPLL L
e (Pyy) Py=2; 1-4 %, Py=1; J, P3=0
32 ZERIEHF T ZERSEFEMEALL 350 77 hm® DL, 2 ZEMYAE 150 T7-350 77 hm?
AL (Psy) P3,=3; 150 J7-350 J7 hm?, P3,=2; MifH < 150
ﬁhmZ, P32:1; 56, P32=0
3.3 ZEKEEAFE O REEHENAME. B OENCE T, RER 3 Xof R R AR ) F R s
MIREBR 25 FIBES, P33=3. 2. 1. 0 LN
fH (Ps3)
4 BHRIATAEMECP,)
4.1 BAMESD) (Py) AEEWEREWHI, Py=3; H/REMHIK, 1 H i v AR #R AR E
P,=2; Mﬂi@iﬁﬁimﬁﬁj_ﬁﬁﬁﬁ’/'\ﬁlﬂ
W, Py=1; FIARREARRERFE, RIA
w0 R
4.2 B AEELS  BHEPEEEYAERE 0%, Pyp=3; 3 O RERIRRZRIG R, 17
WA R (Py)  1E 10%-40%, Pyp=2; 1€ 0-10%, Pyp=1; 7 W RIE 40%L)
?ﬁ%j‘j 0, P42:0
43 FEAN ) w R 50%L FREEE S, Pyu=3; 1E 1 EE, . PE. BA, &
(Py3) 25%-50%, Py=2; fE 0-25%, Py=1; Jo4 TR ERFIEA 510
i Pys=0
44 EMEGEAEN AR S0%E MK AEIEL, Pyu=3; 3 MUELLE CLIMEX BN
Fl (Pyy) TE 25%-50%, Pu=2; TE 0-25%, Pyu=1; i& ZhE
ﬂ:?ﬁ:lilj‘j O, P44:0
4.5 fE4&J1 (Pys) SAERFLEY), Pys=3; HTESIIRBIIAN A 2 R 5 0 1 R S AR A
TERER A E LY, Pys=2; AL N AEHE J1AR 55
A FEY, Pys=1; IZIURBL 0 9%
S fE kb A
B (Ps)
5.1 o o 4 E XE B IR R T IA T EEEARAR, AR 2R A IR 1 A B ol e s 7 Ty VR BT A,
(Ps;) 1, Ps1=3; K% kR H Al & H Rk B RS EEE R, HKREeE
M, Ps;=0; /T2, Ps;=2, 1. 0 IR, M EARERES
5.2 BrE MR BARELAE T EILEFESARERILAE 3 9IRS T R X
(Psy) W), Ps,=35 BREFRIE S0%LLTF, Ps,=2;
B HRAE 50%-100%, Ps=1; REFN
100%, P52:0
53 MRERMERE (Ps;)  HEBIPHARURZE, Wi, MR, Ps;=3; 3 H 6] 245550 B ¥ 8 ORSOCR AN G

FH B B AR W 3, ARG, &, Ps;=0;
T 2ZIE, Ps3=2
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ZEEHE, AT, TR R s
I R=1.972, % BH ¥ B 0 4 - e o) v s HL A v

3 itig

B AR AR IR A Y, X O R A AR 1Y) AR
ANk CEJTESE, 2011) , ABMEEN AL
B HRZ BRI, BRI R A R
HEENSEME, 90 iR e E Al
I TETIE  FE AR OC R AR E] 0.9 DL L, BEBIHLA
SRR o B R U R R SR R
SRR, Ry DN 8 B0 S 4 e ) e A 1A 4
&%, REEGZHENMBASENE, BT
CLIMEX HpE# TIE 86 NI LU S E W
RE, DRI E R A TN, SRS, (BT AT A 2E A B
Rt RS,

ABFGH, ERENERAET (18, 21, 24,
27 W30 °C) , KEHESEERIELCR, M
FIRFEETHE, B0, S, o R HUAY & R N
P, X5 HE R SR B 5 R PR A R A —
B (A3CINAE, 20225 BEIARSE, 2022) o @it
e/ IR TE AT B B ik A AR TR
560.6 °C, X 5XIKAESE (2019) AR BB H
B IR ROBRARTR, XSGR, B
VBB A 0 1A OB 821.12 °C, X
A B 5 B B 0 4 I [) B ER B R 1140 iR
SR O, MFRRI, AR AR A S R
TZRE K (Mironidis, 2014) ., KT, B
WARANNE, KA BRI (CEFE,
2022; @AM, 2022) o HiERIE TOLH K
PIHLIX, BB, BT A SRR LB vh s
R o ARG 1A B KA 0k R B OR IR TR
1059 °C, X7kAedE (2019 ) ffF5RR U5
KB FESEEN 1065 °C, KHiR
Al AR — B ARPE T BB A i 1 4R
Mg ERA 3.51 AR, WA R SRTHLR HE
B IIAY) A

AT LA B A i ) R A R
KMATRARA Y S 5045 6 CLIMEX R 55241,

5 1) B K 3 5 I ) b A X e, B B
e 3 A DX AR, HerardE L e
B BT PR ELE A X, — B R AR ™
L, XL A BB R A 4G o B
ORISR b IGEA X, (HRE R
B REFAEE M, — B kA, B ™ &
(2B 40K o E R AR AT (SO R FE R B 5 935 i [XC
B GE , XA IR GE B R AT A A AN
e o AR A SRS M i, AT
T X B R A 3 o P 0 A A 7 T R o XU 43T
HLE NG R N 1.972, FWiZ B EIEEA
RS RSP o BERER SR ik — &R, X b
AR P 5 B ™ A o X A AR N
IF) ) b X7 12 R B[] ) 45 B e, 7E L 2 ke
(4 DX 35, AR BB S A i Dy A 45 A M R
SOOI G ARE TR B B I ) & A A
P R A A T A A, BERBTIARER
RAAR B 3 AR o Xof oA e A 1 DXk, 1A 7 HE A
Bii kA% A
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