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B Over the past four decades, China has
embraced the challenge
advanced Pest Risk Analysis
methods, and them systematically.

B The greatest attention has been paid to
developing quantitative risk assessment
methods including

, and



Three methods have mostly been practiced for

estimating the PGD.

The Bio-Climatic Analog Distance Database was established in
the 1980s and was applied mostly from 1988 into the 1990s.
The 'Bio-Model+GIS" was applied from 1994, mostly based on
biological experiments.

Models such as CLIMEX, Maxent, DIVA-GIS and GARP were
iIntroduced into China from the 1990s, with CLIMEX and Maxent
the more popular in the last 10 years.
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B The
established by Beijing Agricultural University (BAU, former

v

v

one of CAU)
included 10 analog distances of
locations in the world.

was

locations in China and

It could be used especially for the prediction of variety

introduction and pests distribution.
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Wei Shuqiu. The introduction of Bio-
Climatic Analog Distance Database.
Acta Agriculturae Universitatis
Pekinensis, 1984, 4:427-428.



FIASEBUERREERBERBNMES

bt AEK 1K
(Ferfeir ks (RIFHEYRAZLI

WRAERHA F L EMEHE, WREIERR EMREAMSELK, REY
REETAENEEERM. FRRRELARARDERRE, TR0y B AR Fh P T 50
Tk, EEBWEEAIR Hyphantria cunea XHE AR BT LA 5FHE, N SRMLL

9B, ZEKIE 0520 BVl L H#EATIHR, BHWSSEDT.

1. XFEARERENTTHETE, AELAHT 26° ~50° N, 39° ~132° Efif
W, BfF254E (. K) 2838 (7. X).

2. FEARTUERMBE (0 1~3RAEFR), KEMHFT 27° ~46° N, 75°
~129° EFiE A, 4FE 244 (. K) 200 & (7. K).

3, FEARTUEREREMBE (W 1-284FK), AELAHT 27° ~
45°N., 15° ~122°EfEN, GF 194 (. B) 1148 (H. K). HPFELHHETF
30° ~40° N, 100° ~125° EJERE A, FEAHEULE JLFL2Y). W ULFEH).
PREE (PR FIBEEE). Wdb (FPRIFER). dbnt. Xt LT (FmEm). IO OF
EFIFHF). I7 (Ip). =8 oxde). H#R GEPREe). TE (P AWt (8
FEACRTER) A (1), S KA AR Bk E g N RARE.

4, FEORAERENEEMGEE, LLTBTHEFERK G 1~4REFK) 46T
¥R 2~2589M, FHEIREIE N 685.2M, HF 1~2 B4 FRFHNFE 487.7M; 34
AFETHGE 845M; 4 BEF KT HHRER 7902M, 8 1~2 BAEFEX TG IREE
BT ETFHBREE, Mi~4 BAGRKTHORRFESG T ATYEREE.

B The above database was
applied to evaluate the potential
geographical distribution of
Hyphantria cunea, with
collaboration between BAU and
Plant Quarantine Institute of
MOA (Jin et al.. )
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B The database was applied to
evaluate the potential geographical
distribution of Cernuella virgata,
with collaboration between the
Technical Centers of Fujian CIQ
and Hainan CIQ (Zhou et al.. )



B The ‘Bio-Model+GIS" was applied to
evaluate the potential geographical
distribution of Cydia pomonellain
China by BAU (Lin, dissertation, 1994).

Ph. D. DISSERTATION

THE RISK ANALYSIS OF CODLING MOTH, LASPEYRESIA
POMONELLA (L.) (LEPIDOPTERA: TORTRICIDAE) , IN CHINA
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| Analysis of the suitability of Verticillium albo-atrum in China |

Shao Gang', Li Zhihong' , Zhang Xanghin®, GengJian' Sun Nan', Zhang Guozhen!

(1. College of A gronomy and Biotechnology, China A gricultural University, Beijing 100094, China;

2. Ximjiang Entry-Exit Inspection and Quarantine Bureaw, Urumgi 830063, Chinal

B The Bio-Model+GIS was applied to
evaluate the potential geographical
distribution of Verticillium albo-atrum
in China, with collaboration between

the CAU and Xinjiang CIQ (Shao et The potential distributio'n in June, which

based on the temperature, PH of soil and
al., 2006). host distribution.
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B The CLIMEX and GIS was applied to RSN
predict the potential geographical R s d o

distribution of Hyphantria cunea in China
by BAU (Lin, thesis, 1991).
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Based on EI values for 3-level regions. Based on PDD for 1 to 4 generations.



Table 1 CLIMEX parameter values giving the best fit to the
present distribution of apple maggot flv.

Parameter description Value
Insect Science (2011) 18, 575-582, DOI 10.1111/.1744-7917.2010.01402.x Moisture parameters
Lower threshold of soil moisture (SM0) 0.2
Lower limit of optimal range of soil moisture 0.6
{3M1)
. . . . B . 1L limit of optimal range of s0il moistune 1
Potential geographical distribution of Rhagoletis pomonella e )
(Diptera: Tephritidae) in China o pper ihreshold of sl motsturs (SMT) o
emperature parameters
Lower threshold of temperature for population B.3°C
growth [ DV
Jian Geng'2, Zhi-Hong Li', Edwin G. Rajotte®, Fang-Hao Wan?, Xiao-Yu Lu' and Zhi-Ling Wang® Laower optimal temperzture for population growth  15°C
' Department of Entomology, College of Agronomy and Biotechnology, China Agricultural University, Beijing, > Gaoming Entry-Exit inspection VI
and Quarantine Bureau, Foshan, Guangdong Province, China, *College of Agricultural Sciences, The Pennsylvania State University, State Upper optimal temperature for population growth  25°C
College, Pennsyivania, USA, *Institute of Plant Protecfion, Chinese Academy of Agricultural Sciences, Beijing, ®Beiiing Academy of {DV2)
Agriculture and Forestry Sciences, Beijing, China Upper threshold temperature for population 3=
growth (V3]
B (a) Dregree-days to complete one generation (PO 1 065
i Driapause parameters (for winter diapawse)
A Weekly day length that induces diapause (IDPDO) 121
= i Weekly minimum temperature that induces HFC
(e diapause (DPTO)
» :::;‘:"’w) Weekly minimum temperature that terminates 5°C
- o Hgn(zzy [N diapause (DFTT)
S| The minimum number of days required for 83
: - diapause development to be complete (DPLD)
o ; [erw mwnm < .: g Cold stress (not used)
% s Heat stress
= - - ” - £, Threshold of heat stress (TTHS) 33=C
Fig. 2 The Ecoclimatic Index (EI) values distribution of meteorological stations in China. Predicted distributions estimated by CLIMEX “Ib:k]}l mate of accumulation of heat stress 0.000 5
El are based on the parameters shown in Table | with the addition of 2.5 mm of irrigation per day. [GS(2010)1356] {T H HS}
. wi e we  wee  we  wee e nye Dy stress
” Threshold of dry stress (SMDS) 0.2
A Weekly mte of accumulation of dry stress (HDS)  — 0001
o] e Wet stress
Sutabla level (€1) Threshold of wet stress (SMWES) 1.5
e Weekly mate of accumulation of wet stress (HWS) 0,02

[ Medium (10-25))
IHich (225) [T
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Potential Geographic Distribution of Radopholus similis in China I

WANG Yun-sheng ", XIE Bin-yan', WAN Fang-hao™, XTAO Qi1-mung~, DAT Liang-ying~

Y — (Unstitute of Vegetables and Flowers, CAAS, Beijing 100081; *College of Bio-safety Science and Technology, Hunan Agricultural
curence points in Yunna sy S

S ;Scaxence ponis Do University, Changsha 410128: * Institute of Plant Protection, CAAS, Beijing 100081)
FA 5 A A 0 5 2 e PR R AR X 1

B The GARP were applied to B The MAXENT and GARP were
assess the potential applied to assess the potential

geographical distribution of geographical distribution of

Ageratina adenophorain China  Radopholus similis in China by
by Chinese Academy of Chinese Academy of Agricultural

Sciences (CAS) (Wang, Sciences (CAAS) etc. (Wang et al.,
dissertation, 2006). 2007).
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Impact of climate and host
availability on future distribution of
Colorado potato beetle
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Colorado Potato Beetle (CPB) is a devastating invasive pest of potato both in its native Morth America
¢ and now across Eurasia. It also damaaes eqaplant, tomato and feeds on several wild species in the

*College of Plant Protection, China Agricultural University, Beijing, 100193, China. ‘Institute of Plant Quarantine,
Chinese Academy of Inspection and Quarantine, Beijing, 100029, China. *Department of Entomology, University
of Maryland, 4112 Plant Science Building, College Park, Maryland, 20742, USA. Correspondence and requests for
materials should be addressed to X.P. (email: xubin.hu.pan@gmail.com) or Z.L. (email: lizh@cav.edv.cn) or 5.Z.
{email: zhusf(@caig.gov.cn)

A Colorado polato beelle & Solanum mstratm Dunal

Figure 1. Global distribution data used to build and evaluate the MaxEnt models of two species. (a) 670 global
distribution points of Colorado potato beetle (CPB); (b) 1090 global distribution points of 8. rostratum Dunal
(SR). Both maps are generated by using the tool of ArcGIS 10.2.2 (ESRI, Redlands, CA, USA, http://www.esri.
com/).
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Figure 2. Potential global distribution maps for Colorado potato beetle (CPB) and 5. rostratum Dunal (SR),
which were produced by MaxEnt (v3.3.3k, http://biodiversityinformatics.amnh.org/open_source/maxent/)
under current climate conditions. (a) Habitat suitability of CPB; (b) habitat suitability of SR. White color
represents no risk areas, yellow color represents low risk areas, blue color represents medium risk areas and red
color represents the high risk areas. The whole maps are generated by using the tool of ArcGIS 10.2.2(ESRI,
Redlands, CA, USA, http://www.esri.com/).

(Wang et al., 2017)

2050_RCPBS

P,

— -

&e L 1 No Risk

Figure 3. Potential global distribution maps for Colorado potato beetle under future climate conditions,
which were produced by MaxEnt (v3.3.3k, http://biodiversityinformatics.amnh.org/open_source/maxent/).

(a) Mean predicted result for four global climate models (GCMS): IPSL-CM5A-LR (IP), NorESM1-M (NO),
HadGEM2-ES (HE) and MIROC-ESM-CHEM (M), which was modeled under 2050-RCP26; (b) mean
predicted result for four GCMS, which was modeled under 2050-RCP85; (c) mean predicted result for four
GCMS, which was modeled under 2070-RCP26; (d) mean predicted result for four GCMS, which was modeled
under 2070-RCP85. White color represents no risk areas, yellow color represents low risk areas, blue color
represents medium risk areas and red color represents the high risk areas. The whole maps are generated by
using the tool of ArcGIS 10.2.2(ESRI, Redlands, CA, USA, http://www.esri.com/).
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Figure 4. Potential global distribution maps for 8. rostratum Dunal under future climate conditions, which
were produced by MaxEnt (v3.3.3k, http://biodiversityinformatics.amnh.org/open_source/maxent/). (a)

Mean predicted result for four global climate models (GCMS): IPSL-CM5A-LE (IP), NorESM1-M (NO),

Had GEM2-ES (HE) and MIROC-ESM-CHEM (MI), which was modeled under 2050-RCP26; (b) mean
predicted result for four GCMS, which was modeled under 2050-RCP85; (c) mean predicted result for four
GCMS, which was modeled under 2070-RCP26; (d) mean predicted result for four GCMS, which was modeled
under 2070-RCP85. White color represents no risk areas, yellow color represents low risk areas, blue color
represents medium risk areas and red color represents the high risk areas. The whole maps are generated by
using the tool of ArcGIS 10.2.2(ESRI, Redlands, CA, USA, http:/fwww.esri.com/).



Potential Loss

B From the 2000°s deterministic multi-index
models were developed to estimate the
potential Impacts of representative pests of
agriculture and forestry.

B Subsequently, stochastic models of potential
loss based on @RISK model were developed.
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Evaluation system of the economic losses
of Forest Pest Management. State Forest
Abstract; Based on the natural proper
economic losses of forest pest disasters w:
forestry ecological system. the index sys
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Key words: natural disaster; forest pest
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Principle and theoretical basis of economic loss assessme
al. (General Station of Forest Pest M anagement, State Fo
China)

Abstract: Based on the theories of sustainable development,
culation, forest value and woodland asset value-potency anc
basis of economic los assessment of forest pest disasters w
ment was dealt with.

Key words; forest pest; economic loss; assessment; theory
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Estimate method for the economic losses of forest pest disasters’ CHAN G Gou-bin, et al. (General Sta

tion of Forest Pest Management, State Forestry Administration. Shenyang 110034, China)

Abstract; Based on the scientific attitude and operating method, the average forest-values of 11 groups
of trees were calculated and the counting formulae for direct economic losses of forest pest disasters
were founded. The view point that the eco-benefit of unit weight biomass in some area was one relative

ly steady value was advanced, and two methods for estimating eco-benefit losses were discussed.

Key words: forest pest; economic loss; estim ate

B The deterministic multi-index model was established in
2004 for economic loss of forestry pests based on 3-level
index by State Forestry Administration (SFA) (Su et al.,
2004; Chang et al., 2004; Zhao et al. 2004) .
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ZHAO Tiezhen's GAO Lan’; KE Shuifa's WEN Yal’. Establishment on the loss evaluation index
system of Hyphantria cunea Drury s invading China. Journal of Beijing Forestry University (2007) 29(2)
156-160 [ Chy 9 ref.]

1 Hditorial Office of Forestry Economics, China National Forestry Feommics and Development Research
Center, Beijing. 10012, P. R. China:

2 College of Economics and Management. Beijing Forestry University, 100083, P. R . China.

B The multi-index model was established in 2007 to evaluate the loss of
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FIGURE 1 Liss evalmtion index system of H. cunea

Hyphantria cunea by SFA and Beijing Forestry University (BFU),

including psychological impact loss and landscape aesthetics loss as

the sub-index of noneconomic loss (Zhao et al., 2007)
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The potential geographical distribution of Maize The 3-level multi-index model for economic
Chloroticmottle Virus in China basing on CLIMEX loss of Maize Chloroticmottle Virus in China

B The multi-index model was established in 2010 for evaluation of
potential economic loss of Maize Chlorotic Mottle Virus (MCMV)
by China Academy of Inspection and Quarantine (CAIQ) etc.
based on prediction of potential geographical distribution (Rao
et al., 2010).
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Potential economic loss assessment on maize industry of
China caused by buffalobur ( Solanum rostratum )

WU Zhi-gang' . FANG Yan', QIN Meng’, QIN Yu-jia', WANG Cong', ZHAO Tan', LI Zhi-hong'
1. Agricultural and Animal Husbandry College, Tibet University, Linzhi 860000,
2. Tianjim Entry-Exit Inspection and Cuarantine Bureau. Tianjin 300461, China:
3. Mational Agro-technical Extension and Service Center. Beijing 100125, China;
4. College of Agriculture and Biotechnology » China Agricultural University. Beijing 100193, China)

Abstract In order to foresee and realize the risk of invasion of Solanum rosiraium . We collected the relevant data
published at national and international journals and by combining the @RISK software and the Monte Carlo stochastic
simulation method, we built potential economic loss assessment model of the maize indusiry of China caused by
buffalobur (S, rostratum) on direct economic losses and the cost of prevention and control. The results showed that the
total economic loss was estimated to be 2. 937 — 35. 083 X 10° yuan, and the loss rat was estimated fo be
0.83% —8.92% .

B The stochastic model based on
@RISK was developed in 2015 for
evaluation of potential economic
loss of Solanum rostratum to
maize by CAU etc. (Wu et al.,
2015).
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Fig. 1 Potential distribution of Solanum rostratum on GARP
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A.lInfection rate of S.rostratum to maize: B, Production loss
rate after infection: C, Price level of maize; D, Price level of the
quality declined maize; E, Annual output of maize in the suitable
area of S. rostratum; F.Cost of prevention and control of unit area
in the infected area.
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Fig. 2 Sensitivity test of the potential economic impact of

the maize industry caused by Solanum rostratum



Invasion Risk
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The most popular method for estimating pest
iInvasion risk in Chinais Multi-Index Integrated
Assessment of Pests.

PRA program from the end of 1980s.

It is a semi-quantitative method combining indices, standards
and models.

It has become widely-used at national and provincial scales
In China.

The ‘Scenario models+@RISK’ has been applied

from 2000s.
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The Multi-Index Integrated
Assessment Model was published
n 1995 for pest invasion risk
assessment by Plant Quarantine
Institute of MOA (Jiang et al., 1995).
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Pest risk analysis of European grapevine moth Lobesia botrana in China

LI Junfeng', ADIL Sattar”™ , YU Feng®, MAHMUT Niyaz’
"College of Forestry & Horticulture, Xinjiang Agricultural University, Urumgi, Xinjiang 830052, China:

*Xinjiang Turpan Forestry Pest Control and Quarantine Bureau, Turpan, Xinjiang 838000, China

Abstract [ Aim] European grapevine moth, Lobesia botrana (Lepdoptera® Tortricidae) , is listed as a quarantine pest in China. I
can seriously hurt the grape and forestry industry il it were to invade China. The risk analysis of invasion in China can provide the
basis for quarantine and early warning of the pest. [Method ] The morphological and biological characteristies of L. botrana were oh—
tained based on the relevant literature. According to the general pest risk assessment method, qualitative and quantitative analyses of
invasive risk were conducted based on the distribution of the pest, potential hazards, economic importance of its host, the possibility
of spreading and the management difficulty. [Result] L. botrana is a great potential threat to China with the risk value off 2.14,

which indicate that it is ]ug]ll}' EIEl]I;.’.H'()II.‘ sl [Conclusion] It is ﬁll;.',;.',t—‘:-’lt‘tl that the (uarantine c|:4})zu11|1:41|l.~' should .‘-’ll't‘]l;.',l]lt"]l (uar—

antine actions in the provinces and autonomous regions such as Xinjiang in order 1o prevent its introduction to China.

B The Multi-Index Integrated Assessment Model was applied in
2017 to evaluate the invasion risk of Lobesia botrana in China by
Xinjiang Agricultural University (Li et al., 2017).
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Distribution, harmfulness and its assessment of Orebanche aegyptiaca in Xinjiang province. ¥/ hang Xuekun,

Yao Zhaoqun , Zhao Sifeng” , Ding Lili , Du Juan (Shihezi University, Xingjiang 832003, China)

Abstract Orobanche aegyptiaca is obligate root parasites weeds in Xinjiang, which resulted in the serious dam-
age on melon, watermelon and processing tomato. It is clarified that the parasitic weeds belong to height danger-
ous harmful orgnism through the suitable analysis and risk assessment in Xinjiang. Advised that it should strength—

en quarantine management and epidemic situation prevention, prevent 0. aegyptiaca spread constantly.
# [==] * =
T2 BEEMSETMNER SRITE

MEEE(R) 3.0-2.5 2.5-2.0 2.0-1.5 1.5~1.0 . The MUIti'IndeXIntegrated
BEER HAGE SEBE JERE REBE

FEEEAR DT Assessment Model was
o applied in 2012 to evaluate the

P, =0.6P, +0.2P,, +0.2P,,

=0.6x3+0.2x0+0.2x3=2.4 invasion risk of Orobanche
P, = Max (P,,, Py, Pyy) =Max (3,1,3) =3

P, = P X Py % Ty X Py X Py aegyptiaca in Xinjiang
= /2x3 x1x3x3=/54=2.221 . . . . .
b (P 2P s D) /3 province by Shihezi University

= (243 +3) /3=8/3 =2.667 (Zhang et al., 2012).

R = /P, xP, xP, x P, x P,
= /2x2.4x3 x2.221 x2.667
= /85.207 42.433
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CoMMoDITY TREATMENT AND QUARANTINE ENTOMOLOGY

A FJH AV ENE S e XS 7

W% e FHRD
(EFFAEEERUH S RaENEEEBA b5 100029

I Qualitative and Quantitative Pest Risk Ana]_vsis.l”,hcn Ke, Fan Xiaohong, Li Weimin (Animal
and Plant Quarantine Institute, General Adminstration of Quality Supervision. Inspection and
Quarantine of the People’ s Republic of China Beijing 100029)

Abstract Beginning {rom the history and latest development of Pest Risk Analysis (PRA). this
article discussed the concepts of qualitative and quantitative PRA. and their relationship, advan

tages and shortcomings. It intmwduced some theories and methods to conduct quantitative PRA. A
quantitative PRA example., Risk Assessment for the Importation of U.S. Wheat Containing Te

lisspores of Tilletia controversa (TCK) into China. was alko included.

Keywords Pest Risk Analysis (PRA), qualitative. quantitative. Tilletia controversa Kithn

WE AU B B A8 1 2 R Sl BRI TT R 5 & T A 44T
Mt R ERAE MREE N ET EERFAHARS TR U A REZRNE R, 7% &
Y —AEEFEHEZ A, PEHD ZEEN TCK AR 447,

B The Scenario models+@RISK
was applied preliminarily in
2002 to evaluate the invasion
risk of Tilletia controversa
(TCK) in China by Animal and
Plant Quarantine Institute of
AQSIQ (Chen et al., 2002).

Risk of Introducing Exotic Fruit Flies, Ceratitis capitata, Ceratitis

cosyra, and Ceratitis rosa (Diptera: Tephritidae), Into Southern China

anp RUNJIE ZHANG®

I. Econ, Entomol. 10G3(4): 1100-1111 (2010); DOL 10,1603/ EC09217

ABSTRACT Exotic fruit flies (Ceratitis spp.) are often serious agricultural pests. Here, we used
pathway analysis and Monte Carlo simulations to assess the risk of introduction of Ceratitis capitata
{Wiedemann), Ceratitis cosyra (Walker), and Ceratitis rosa Karsch, into spouthern China with fruit
consignments and incoming travelers. Historical data, expert opinions, relevant literature, and archives
were used to set appropriate parameters in the pathway analysis. Based on the ongoing quarantine/
inspection strategies of China, as well as the interception records, we estimated the annual number
of each fruit fly species entering Guangdong province undetected with commercially imported froit,
and the associated risk. We also estimated the gross number of pests arriving at Guangdong ports with
incoming travelers and the associated risk. Sensitivity analysis also was performed to test the impact
of parameter changes and to assess how the risk could be reduced. Results showed that the risk of
introduction of the three fruit fly species into southern China with fruit consignments, which are
mostly transported by ship, exists but is relatively low. In contrast, the risk of introduction with
incoming travelers is high and hence deserves intensive attention. Sensitivity analysis indicated that
either ensuring all shipments meet current phytosanitary requirements or increasing the proportion
of fruit imports sampled for inspection could substantially reduce the risk associated with commercial
imports. Sensitivity analysis also provided justification for banning importation of fresh fruit by
international travelers. Thus, inspection and quarantine in conjunction with intensive detection were
important mitigation measures to reduce the risk of Ceratitis spp. introduced into China.

B The Scenario models+@RISK
was applied in 2010 to
evaluate the introduction risk
of 3 species of Ceratitis into
southern China by
Guangdong CIQ etc. (Li et al.,
2010).




The Collaboration Program

B A national international
collaboration program
during 2012-2014

: . , ‘
Introduced "SOM+Matlab ’ Visit of CAUPQL and training of PRA tech.,
CLIMEX, and ‘Scenario Dr. Caton and Dr. Fowler (from CPHST), Jun. 2012

models+@RISK’ Iinto China

systematically.

v Prof. Dr. Zhihong Li as the
leading scientist.

v" Collaborations from
CAU+CSIRO+USDA-APHIS-
CPHST+MOA-NATESC etc..

v" How about the suitable

. _ Visit of CAUPQL and training of PRA tech.,
guantitative methods to China? Dr. Kriticos and Dr. Paini (from CSIRO), Sep. 2012



B More recently, an integrated technical method of
guantitative risk assessment has been practiced.

—

———————————————————————————————————————————————————

Distribution data of
pests

L J

Establishment probability of pests as
preliminary screening
{ SOM + Matlab J

$

Intercepted data of
pest

Biological and

Invasion probability of pest as
systematic prediction
{Scenario model + @RISK }

_______________________________________________

Potential geographical distribution of pest
{ CLIMEX/MAXENT/Biological model +
ArcGIS)

¥

economic data of pest

Potential economic loss of pest

{ Scenario model + @RISK !

__________________________________________________

Host data

The quantitative technical system of pests risk assessment in China

(Li et al., unpublished)
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II. The recent practices of
guantitative risk assessment on
economically important fruit flies

N CAU




B [n the trends of economic globalization and
Integration, EIFFs are spread more quickly and widely
In the world, which are causing significant economic

and biological losing of fruits.




B The quarantine fruit flies requlated by China:

—~ Import quarantine FFs: 5 genera + 5 species, by AQSIQ, 2007 ‘—

v" Anastrepha v' Carpomya incompleta

v' Bactrocera Carpomya vesuviana

v Ceratitis Monacrostichus citricola
v Dacus spp. (hon-Chinese) Myiopardalis pardalina
v" Rhagoletis spp. (non-Chinese) Toxotrypana curvicauda

AN N NN

—‘ Export regulated FFs: 1 genus + 1 species, by AQSIQ ||

v' Bactrocera, eg. B. dorsalis, B. cucurbitae v Drosophila suzukii

—\ Domestic quarantine FF of agriculture: 1 species, by MOA, 2009 ‘—

v' Bactrocera tsuneonis

—‘ Domestic quarantine FF of forestry: 1 species, by SFA, 2009 ‘—

v' Carpomya vesuviana




Main Techniques:
, realized the decision support for
guarantine.

Establishment probability: 'SOM + Matlab’, 180 El fruit flies in
118 countries (Qin et al., 2015, PLoS ONE).

Invasion probability: , 2 El fruit flies
of Bactrocera (Ma et al., 2012, Sessor Letters; Fang, 2015, thesis)

Potential geographical distribution: CLIMEX/ Maxent/Bio-
model + ArcGIS’, 42 El fruit flies (Ni et al., 2012, Bulletin of
Entomological Research; Fu et al.,2014, Insect Science; Qin et al.,
2015, Applied Entomology and Zoology; Li et al., 2015, CAU Press;
Qin, 2017, dissertation).

Potential economic loss: ‘Scenario model + , 1 species
of Bactrocera (Fang et al.,2015, Plant Quarantine ).
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Table 2. Top ten ranked fruit fly species by establishment index for six countries. Only those species currently absent from a country and a

known pest of a host commercially grown in that country were included (for full list see S1 Table).

BESEARCH ARTICLE China SOM Index South Africa SOM Index The United States SOM Index
R R . albistrigata 0.58 Bactrocera cucurbitae 0.58 Anastrepha obliqua 0.83
Global Establishment Risk of Economically Bactroer caramboles 048 Dacus momordicae 041 Anastroph strita 079
Bactrocara umbrosa 0.48 Ceratitis anonae 0.39 Anastrepha bezzii 0.60
Important FrL“t Fly SPECIeS (Teph rltldae) Bactrocera zonata 0.40 Acanthiophilus helianthi 0.21 Anastrepha pickeli 0.58
Ppapayae 0.37 Dacus telfaireae 0.20 Anastrepha antunesi 0.52
. .y L N N N " Adrama determinata 0.37 Dacus humeralis 0.20 Anastrepha grandis 0.51
Yujia Qin', Dean R.Paini**, Cong Wang', Yan Fang', Zhihong Li"* Bactrocera arecae 0.29 Bactrocera latifrons 011 Anastrepha leptozona 0.50
1 Department of Entomology, College of Agronomy and Bistechnology, China Agricultural University, Beijing, Monacrostichus citricola 029 Dacus vansomereni 0.10 Anastrepha macrura 045
P. R. China, 2 CSIRO Biosecurity Flagship, Canberra, Australia Ceratitis capitata 020 Bactrocera zonata 0.09 Anastrepha sororcula 0.45
Bactrocera musae 0.19 Ceratitis malgassa 0.08 Anastrepha rheediae 0.38

* Dean.Paini@csiro.au (DRP); lizh@cau.edu.cn (ZHL) Argentina SOM Index ttaly SOM Index Australia SOM Index
Anastrepha obliqua 0.74 Rhagoletis cingulata 0.30 Bactrocera latifrons 0.75
‘Anastrepha serpentina 0.69 Carpomya pardalina 0.21 Bactrocera tau 0.72
Ab Str a Ct Anastrepha striata 0.65 Rhagoletis indifferens 0.08 Bactrocera dorsalis 0.58
Anastrepha distincta 0.62 Dacus ciliatus 0.06 Bactrocera caudata 056
. . . P . . ‘Anastrepha manihoti 0.47 Bactrocera invadens 0.08 Dacus longicomis 0.54
The global invasion of Tephritidae (fruit flies) attracts a great deal of attention in the field of Texotrypana cunvicauda 8 e e e o
plant guarantine and invasion biology because of their economic importance. Predicting Anastrepha sororcula 0.41 Ceratitis cosyra 0.02 I 0.48
which one in hundreds of potential invasive fruit fly species is most likely to establish in a re- Anastrepha bezzii 0.37 Ceratitis quinaria 0.02 Bactrocera zonata 0.40
gion presents a significant challenge, but can be facilitated using a seff organising map e e 33 Ceriitis rosa e ECHIC PR L
Anastrepha leptozona 0.31 Bactrocera zonata 0.01 Bactrocera papayae 0.39

(SOM), which is able to analyse species associations to rank large numbers of speciessi-
multaneously with an index of establishment. A global presence/absence dataset including
180 economically significant fruit fly species in 118 countries was analysed using a SOM.
We compare and contrast ranked lists from six countries selected from each continent, and
also show that those courtries geographically close were clustered together by the SOM
analysis because they have similar fruit fly assemblages. These closely clustered countries
therefore represent greater threats to each other as sources of invasive fruit fly species. Fi-
nally, we indicate how this SOM method could be utilized as an initial screen to support pri-
oritizing fruit fly species forfurther research into their potential to invade a region.
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Table 1. of fruit fly ies in each (except for the Antarctic).
A P Ceratitis Dacus Rhagoletis others Total
Asia 0 33 2 8 2 15 60
Africa 0 5 12 14 0 13 44
North America® 26 5 1 0 15 7 55
South America 36 0 1 0 6 1 44
Europe 0 1 1 0 4 5 i Figure 1. Countries clustering based on fruit fly species assemblages. Map of world showing those countries that were allocated to the same neuron in
Oceania 0 25 1 3 0 3 32 a SOM analysis (same colour) and hence those countries that have the most similar fruit fly species assemblages.
world 44 51 12 19 22 32 180

GoiA0.1371ournal pone.0116424.g001

The representative paper of establishment probability based on ‘SOM-+Matlab’
(Qin et al, PLoS ONE, 2015)
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All rights reserved ) SENSCEF! LETTERS Table I Scenario: The probability of introduction of Bactrocera correcta (Bezzi) via host fruit imp
Printed in the United States of America Vol. 10, 586-591, 2012
Step Value Pathway parameter Min. MI. Max.
1 F1  Tons of host fruit per year imported 67956.038 80968296 90300.405
from abroad
i ici i i 2 Pl Proportion of host fruit i d 0.0153 00626 0.1484
Using Decision Tools Suite to Estimate the oportion of bast fnit imparte
HH H 3 P2 Proportion of host fruit infested = RiskBeta (4.5, 500)
Probability of the Introduction of Bactrocera correcta T the s S0 fy 1.
- - . = production areas T D
(Bezzi) Into China via Imported Host Fruit - »
4 P3  Guava fruit fly per ton of infested 160007 56000 424000
P — g i P P 3 : 4 host fruit m
Xingli Ma', Zhihong Li'-*, Jiajiao Wu#, Jun Ma*, Ke Chen®, and Yuliang Deng S P4 Proportion of host fuit sill infested 0= == =000  ogoi
‘Depar!me\nt of Entomology, China Agricuitural Universify, Bejjing 100793, P R. China with the guava fruit fly after port - - -
G dong Entry-Exit ion and O\ ine Bureau, Guangzhou 510623, China enry treatment -
3Cn.lnese Academy of Inspection and Quarantine, Beijing 100029, China 6 PS5 Proportion of infested host fruit = RiskUniform (0, RiskBeta (4.5, 500)*
4 xish b Entry-Exit tion and O ine Bureau, Jinghong 668100, China that was not detected at the RiskPert (0, 0.0001, 0.001))
port of entry J .
(Received: 30 June 2011. Accepted: 20 September 2011) 7 P6 Prr?pnnjnn nf‘jmpnnedl host fruit = RiskTriang (0.33, 0.75, 0.8)
N introduced into a suitable area
in China
The guava fruit fly, Bactrocera correcta (Bezzi) (Diptera: Tephrifidae), originates from the tropical
and subfropical regions of Asia and affects a large variety of fruits. It is regarded as a dangerous
fruit fly and is regulated by quarantine measures in China. This study assessed the introduction risk §  P7  Proportion of imported host fruit — RiskTriang (0, 033, 1)
of the guava fruit fly associated with the importation of host fruit into China. The risk assessment during a suitable period
based on historical data, expert opinions, relevant literature and archives was used to determine 9 P& Proportion of imported host fruit = RiskUniformAlt (5%, 0.0025, 95%, 0.005)
appropriate parameters in the pathway analysis. With a computational model, Monte Carlo simula- entering a host orchard
fions were conducted using Decision Tools Suite 5.5 Indusirial Edition to estimate the probability of 10 f  Sex ratio of the guava fruit fly = (f) = RiskTriang (0.3, 0.5, 0.8)
the introduction of the guava fruit fly. Risk' management options were incorporated and risk analysis
was performed to determine how the risk could be reduced. The study indicated the probabil-
ity of introduction into China of the guava fruit fly via imperted host fruit with current quarantine
measures is very low at 1.06E—12. In contrast, the probability is high at 0.1049 without entry detec- orted into China.
tion. Sensitivity analysis was performed fo assess the model stability and the impact of parameter
changes. Based on the sensitivity analysis, the most critical input was entry detection, followed by Expected Sth 95th
mitigation treatment and the number of guava fruit flies per ton of infested host fruit, respectively. value percentile  percentile  Derived pathway parameter Mean values
We concluded that intensive detectlog[ in pqn]antllon with,maintaining mitigation treatment would 3035495 23207.08 8699868  Tons of host fruit per year imported 80354.95
significantly reduce the risk of introduction. from abroad = (F1)
0.0690166 003113399 0.1120847  Tons of host fruit imported from 5545829959
The Possibility of Establishment infested areas = (F1+P1)
Caorrslation Coefficients (Spearman Rank) 0.00891956  0.003306843 0.01671442 Tons of host fruit infested with the 49.46726426

guava fruit fly in production

(P5) Proportion of infested host fruit that was not detected al the
point of entry

{P4) Proportion of host fruit still infested with the guava fruit fly after
port entry treatment

(P3) Guava fruit flies per ton of infested host fruit

areas = (F1 «P1«P2)
110666.3 28027.6 236425.0 = =

0.0002333318 2.99606E-050.000541867 Annual no. of guava fruit flies in 1277.35469
infested fruit after port entry
treatment X'=(F1 + P1 + P2% P3x P4)

1.03784E-06  3.27263E-08  3.44785E-06 Annual no. of guava fruit flies that 0.001329259
were not detected at the port of
entry X = (F14P1#P2x P3x P4 P5)

0.6266667 0.429287 07657046  Probability of that the guava fruit 0.001041833

fly enters a host orchard after
being introduced into a suitable
area during a suitable period
Q= (P6+P7+P8)

(P7) Proportion of imported host fruit during the suitable period

(P2) Proportion of host fruit infested with the guava fruit fly in
production areas

(P1) Proportion of host fruit imported from infested areas

(P8) Proportion of imported host fruit that enters a hostorchard

(f) Sex ratio of the guava fruitfly
0443333 0.1283524  0.8168027

(P8) Proportion of imported host fruit in a suitable area in Ghina
0.00375 0.002499988  0.00499975
(F1) Tons of host fruit per year imported from abroad
0.5333334 0.3706803  0.7133279 = =

=04 0.1 02 0.3 0.4 05 0.8 0.7
Coefiicient Value

The representative paper of invasion probability based on ‘Scenario model
+@RISK’ (Ma et al, Sessor Letters, 2012)
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Table 2 Parameters used m the CLIMEX model for Anasfrepha

obligua.
inzect Science (2014) 21, 234-244, DO| 1011111 744-7917 12018
[ndex Parameter Value!
Temperature DV = the lower 0=
The current and future potential geographic range of West temperature throshold
; ; ; ; . ig W1 = the lower optimum  20°C
Indian fruit fly, Anastrepha obliqua (Diptera: Tephritidae) Pt
lemperature
W2 = the upper 0=C
Liao Fu', Zhi-Hong Li', Guan-Sheng Huang?, Xing-Xia Wu2, Wen-Long Ni' and Wei-Wei Qii! optimum temperature
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The representative paper of potential geographical distribution based on
‘CLIMEX+ArcGIS’ (Fuetal, Insect Science, 2014)
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Abstract The guava fruit fly, Bacirocera correcia
(Bezzi) (Diptera: Tephritidae), is an invasive pest of fruit
and vegetable crops that primarily inhabits Southeast
Asia and which has the potential to become a major threat
within both the Oriental and Australian oceanic regions,
as well as California and Florida. In light of the threat
posed, it is important to know the potential geographic dis-
tribution of this pest in quarantine work in order to pro-
vide an early waming and to prevent its widespread inva-
sion effectively. In this study, the eclosion rate model was
constructed from empirical biological data and analyzed
using stepwise regression, based on the soil lemperature
and moisture data of Chinese meteorological stations, and
mapped with ArcGIS. Using this information, the potential

geographic distribution of B. cerrecta from January to
Drecember in China was predicted. The results showed that
most regions in China were optimally suitable for B. cor-
recta from May to September. Monitoring measures in the
north parts of China should be taken from Aprl o Octo-
ber, and as for Guangdong, Guangxi, Yunnan, and Hainan
provinces, the measures should be strengthened through
the whole year.

Keywords Bactrocera correcta - Potential geographic
distribution - Eclosion rate - ArcGIS - Plant quarantine

Introduction

February

The crossover design experiment specified 7 soil tem-
perature grades: 10, 15, 20, 25, 30, 35 and 40 °C. Six rela-
tive water content grades included 0, 20, 40, 60, 80, and
100 Y%. Experiments consisted of 42 treatments, every treat-
ment had 3 replications and every box had 60 pupae. All
pupae were placed 2 cm under the soil and held in artifi-
cial climate boxes. Water was added as needed (Wu et al.
1991). The experiment data were obtained and the eclosion
rate (ER) model was derived by stepwise regression (SPSS
13.0).

7Z = —0.00346313X2 — 0.0000811Y?>
4 0.16755X + 0.00030Y — 1.448.

where: Z is the ER (eclosion rate) of B. correcta, X is the
soil temperature, and Y is the soil moisture.

The ER of B. correcta for every month and every mete-
orological station in China were calculated (Table S1). For
each station, the suitability was categorized into 4 levels
(Sutherst et al. 2004, 2007): unsuitable (where the B. cor-
recta is unable to occur and survive) (ER = 0), marginal
(0 < ER < 0.3), suitable (0.3 < ER < 0.6) and optimal
(0.6 < ER < 1). The potential geographic distribution maps
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The potential economic impact of the pumpkin industry caused by Bactrocera tan (Walker). fFang 50 {0 7 &Rl e JTRE b 7 b FF 78 41 i 3200
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Ke', Qin Yujia', Wang Cong', Zhao Tan' (1. Department of Entomology, College of Agriculture and - N
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Biotechnology, China Agricultural University, Beijing 100193, China; 2. National Agro-technical Extension
and Service Center; 3. Chinese Academy of Inspection and Quarantine; 4. Tianjin Entry-Exit Inspection o T LA A KT
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Abstract Bactrocera taw is a quarantine pest in China, seriously affect the yield and quality of cucur-
bitaceous plants and fleshy fruits, like pumpkin. In this study, we looked at some article and used their = = = 3, Gt e L = Lew S
economic loss assessment model as a useful reference, then combine them with the @RISK software, T
from the direct economic losses, the indirect economic losses and the cost of prevention and control to Ml wrEEENEEE/N~ A EEE ML FEN e HEER

do the assessment of the economic losses caused by Bacfrocera tau in China. The results show that total
economic losses was estimated to be from 37.42~23 157.83 million Yuan.
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Foopg R S 3 W i =l i) i R i iR (BE) F=F+F+F; 37415042.07 2522419830.95 23157 830826.71

The representative paper of potential economic loss for industry based on

‘Scenario model +@RISK’
(Fang et al, Plant Quarantine (in Chinese), 2015)



Establishnment probability: by ‘SOM+Matlab’,
especially the synonym and novel species, e.qg.,
Bactrocera dorsalis.

Invasion probability: by ‘Scenario model+@RISK’,
especially the unclear spread process, e.g., the flying
ability and model.

Potential geographical distribution: by
‘CLIMEX/Maxent/Bio-model+ArcGIS’, especially the pest
adaptation and evolution, e.g., thermal plasticity.
Potential economic loss: by ‘Scenario model+@RISK,
especially the indirect economic loss, e.qg., basic data.
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III. Challenges, opportunities and
prospects of PRA in China




M 3 main challenges:

v

Trade, travel and E-commerce:
especially the development of Silk
Road Economic Belt and the 21st
Century Maritime Silk Road. For
pests: So free trip!

Pest data and quantitative

methods: especially the species
taxonomy, invasion mechanism,
predictability and uncertainty. For
scientists: So long way!

Phytosanitary measures: especially
the regulated pests lists and sampling
based on ALOP. For quarantine
workers: So urgent requirement!

sX) Y Engish Fencas Pycoi  Espano
Food and Agriculture Organization

of the United Nations Q

About FAO In Action Countries = Media blications Statistics Partnerships

species complex + cryptic species +
iInvasion mechanism

If they are so strong ......
(some part of TAAO’s logo).



M 3 main opportunities:

v

Education and research: a big
team and financial support of plant

quarantine and invasion biology, e.g.

CAU, CAIQ, CAAS, BFU etc.

Prevention and management:
regulation revision and regulate
system of national and local levels,
e.g., regulated pests list, common
activities.

International collaboration:
collaborations of international
organizations especially on plant
quarantine, e.g., FAO-IPPC, FAO-
APPPC etc.

FAO-IPPC workshop, Nov.
2016

UY BAN NHAN DAN e
TiNK TIEN GIANG

INING WORK ON

FRUIT FLY MANAGEMENT

& <20/0672916 0 02
ey

APPPC training, Jun. 2016




B 3 main prospects:

v

To strengthen the education and

research: especially the postgraduates
+ national database + invasion
mechanism + quantitative models as
the basis of PRA.

To streamline the official =] OF THE FEOPLES REFUELICORCHE s
prevention and control system: ——
especially the revisions of regulated

pest lists + sampling standards + other

phytosanitary measures based on PRA
among AQSIQ-MOA-SFA.

To promote the national, regional

and international collaborations:
especially the national programs + ICBI
2017 + IPRRG meeting in Taiwan and
Mainland of China + ISPMs on PRA.

= Take closer look at host city for 2016 G20 summit

« Crabs harvested in £ast China Sea after end of fishi

« Faces in fight against ficod

G) i \ARFEFEERHFLE
State Forestry Administration
of the People’s Republic of China

|, Lawofthe People's

http://english .forers'try.gov.gmm
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