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The effects of climate change on voltinism of the emerald
ash borer in different regions of China

DANG Ying-Qiao. WANG Xiao-Yi"  SONG Xue-Yu

(Key Laboratory of Forest Protection of National Forestry and Grassland Administration;
Ecology and Nature Conservation Institute, Chinese Academy of Forestry, Beijing 100091, China)

Abstract [Aim] The generational characteristics of the emerald ash borer (EAB), Agrilus planipennis, were explored under
current and future global warming scenarios in China to determine the responses of EAB to various climatic conditions across
different provincial administrative districts. The findings of this study will provide guidance for effective monitoring and
control of EAB in areas currently affected by EAB infestations and those at risk of future spread. [Methods] Based on the
developmental data of EAB in Tianjin, and the annual mean daily temperature, daily maximum, and minimum temperatures
across China from 2010 to 2020, the double-sine-wave model was used to assess the effective accumulated temperature (EAT)
throughout the entire lifecycle of EAB under current conditions, and 1.5 and 2 °C global warming scenarios. Additionally, we
estimated the current correlations between EAB voltinism and the annual mean, maximum, and minimum temperatures after

predicting the voltinism of the pest in different provincia administrative districts in China. [Results] 1) Using the Tianjin
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population as an example, the EAT of the entire EAB generation was estimated to be 2 519.9 degree-days. 2) Under current
conditions, Qinghal Province recorded the lowest values for both EAT and voltinism, with 1 109.89 degree-days and one
generation every two years, respectively. Conversely, Hainan Province recorded the highest EAT and voltinism values with 5
535.88 degree-days and two generations per year, respectively. Additionally, for the remaining 32 districts, EAT and voltinism
increased with increasing latitude and altitude. There was a linear relationship between current voltinism of EAB and the three
different annual temperatures. Additionally, there was a negative correlation between current voltinism and the latitudinal and
atitudinal distributions of EAB. 3) Under 1.5 and 2 °C global warming scenarios, there was an increase in both the EAT and
voltinism of EAB across China. When the EAT ranged between 1 000 and 3 000 degree-days, there was a decrease in the
number of provincial administrative districts. However, an increase was observed when the EAT exceeded 3 000 degree-days.
If EAB spreadsinto its
potential distribution areas such as central and southern China, its population will likely establish rapidly, and continued global

Similar changes in voltinism were observed, particularly in central and southern China. [Conclusion]

warming will exacerbate the risks of its spread and damage.

Key words Agrilus planipennis; global warming; double-sine-wave model; effective accumulated temperature; voltinism
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different developmental stages of Agrilus planipennis
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RE EREE (°C)

2SN EIL 72% NN
e Developmental pper temperature Z 5ol
evelopmen age threshold (°C) erence
temperature (°C)
%) BT Larva-Prepupa 7 42 Dearborn et al., 2020
1% Pupa 14.7 38 Lyons and Jones, 2005; Discua Duarte, 2013
-5 Adult-Egg 13.6 38 Lyons and Jones, 2005; Discua Duarte,
2013; FEHAf4E, 2021
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Fig. 1 The effective accumulated temperature and voltinism of Agrilus planipennis
in current conditionsin China
A. AR B. ALtk
A. Effective accumulated temperature (EAT); B. Voltinism.
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Fig. 2 Relationships between voltinism of Agrilus planipennis and annual temperatures from 2010 to 2020 in
different provinces (autonomous regions and municipalities) in China
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A. Annual mean temperature from 2010 to 2020; B. Annual mean maximum temperature from 2010 to 2020;
C. Annua mean minimum temperature from 2010 to 2020.
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Fig. 3 The effective accumulated temperature and voltinism of Agrilus planipennis
under 1.5and 2 °C global warming scenariosin China
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A. Effective accumulated temperature with 1.5 °C increase; B. Effective accumulated temperature with 2 °C increase;
C. Voltinism with 1.5 °C increase; D. Voltinism with 2 °C increase.
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SR PMERTE, TEAMIR TR B B, 15 4
SR H B8 H e i AR T kA
AR ORI, R T H 3IRAS B B4R AT 2L
FRORL B AR X BCAR 1775 T H e v kR e P Ui 4
i i FHIE 52 A5 B AR A SRR A v AT A
MR T T AERIE 0 & AR R i R — I
SR A e 2B AME IR AT, R AR
TR BB, AU H BRI AN RE R S el B
P e T R R B R AR RS O RIS H YR
T RERARE (DA BUNNTR B & T AT’
SURBERT, e R SCPR Bk E , Wi T
AR SRR, (R H R AR
WA 25 7% RO, Tk 46 s IE 7% i 2
= I = B [ B il = MK 7 e €
Elliott 55 (2011) &M H MIFG T By E52 AR,
457 41 % Bt Sitodiplosis mosellana 27 4 i
£ KR4 /)N Macroglenes penetrans i AN [H]
LU AR P B TG R . B2 T H B i . AR
SERHE , Suppo Z5E (12020 ) K EENUIE SZ AR AL A
Thn&E XK &M ik Cydalima perspectalis i EFH 4
KHE, IS TE RS R

ASHIESE O S S T S R B A B 2
R, AP EIMERERIRE TR IR ALK,
iz B AT B b pg A A QA A A RO 2
AE LR 34 240, 14F LR, 24 3fURI 14 2
o BIBRTEEE . PHECOR 52 55088 70 b IX B AT 55
AMRE R NS (A S, 2021 B R4,
2021), BUF AT T AEIX S X R B IE b,
At b DX 357 32 0 A 1 T 2 B RN TR 3 B AT T 8
rr ey, HET, IR B S T
FE A SRS A0 1 R v, AR LR LARE A TRT R
Ik Wil db . = A M AT 45 E b
Fraxinus velutina, ¥ H I Fraxinus pennsylvanica
oy 2 A T FEMEF 3404 (Dangetal.,
2022) o ZSEAWIEIR, AL A
— BAGHE 3K LE b IX, AR AT BEIE N > b PR 2%
P, HEN AR, BN, TEEERRREARE SR
T, PSSR T 7RI 45 X A A R
TS b, G 25l DR AT Fe MR ER AL AR AR 4
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