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Honeybee / pest into Korea

A mellifere 1910s? Vespa velutina 2003 - 2008

(Kim, talk)
Varroa shifting from Ac to Am 1950s Sac brood virus 2009
Tropilaelaps from China, 1993 Small hive beetle 2016

(Kang, talk, Noor—Poster)
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Invasion of Hornet into Korea

2003
Vespa velutina nigriothoax Buysson, 1905




Origin of invasion
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100 France (KF958705)

France (KF958704)

74| Malasia ssp. divergens (LC170010)
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Malasia ssp. divergens (LC170011)

Indonesia (Java) ssp. velutina (LC170002)
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Vespa simillima (KY172036)
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International distribution of Velutina
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Increase of biodiversity ?

Hymenoptera : Vesidae : Vespa 9(sub) species =» 10 speies

Species Korea name Note
analis parallela Andre, 1884 SYE
binghami du Buysson, 1905 Nocturnal Az =9 Notcturnal
crabro crabroniformis Smith, 1852 Europe, Asia Socjgby e
C. flavofasciata Cameron, 1903 ]
ducalis Smith, 1852 nopge
Vespa dybowskii Andre, 1884 d82E
mandarinia Cameron, 1852 Giant hornet SrEd
simillima simillima Smith, 1868 B e
S. xanthoptera Cameron, 1903 2
velutina nigrithorax Buysson, 1905 Invasive SsHd2%4d

Jung et al. 2008, J. Korean Apic.



Mt DNA (CO1) Sequence
variation

V. velutina

= —niglill] V. @nalis

; V. luctuosa

4 V. vivax

' V. bicolor
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3 - /. Orientalis
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99

Dolichovespula maculata (MG501773)
Vespula germanica (KR882069)
Polistes japonicus (AB284758)

23 Polistes mongolicus (KY261078)

“ (Mohamajade Namin and Jung, in prep)



Economic threat to beekeeping; 107.5 m$/yr

Labor: 40000 ind.x50,000Wx100dx50%=100 m$
Colony loss 30% = 7.5 m$
Honey reduction 30% =210 m$
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Activity

Honeybee attack rate

Number of attacks / 10 minutes

Individuals coming in and out of the nest
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Honeybee Diet preference

7|18 (4%) Perrard et al. 2009

Honeybee
S 2= M Bees
W Caliphoridae
B Muscidae
M Flies

honeybee (85%) ¥ Insects
= Meats
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Netting

Maybe prevent entry
But
Bees are not foraging




Mass trapping

— Spring queens
— Summer workers
- 777

—Trap design, color, lure
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Chemical control

Selection of pesticide important

contact, exposure method

Target? Immature? Adults?

human, e

IGR ?

https://blog.naver.com/sungoig1/221336610104 o+A
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Appl Entomol Zood (2017) 52:361-368

Table 1 Pesticides added to baits to control Vespala wasps in published stodies

Chemical Sp*  Coact Bait Effect” Coundry, State
Acetamiprid P 0.05% Canned fish or chicken cat - High repellency USA, California
food
Amidinohydrazons P 0.50% Canned tuna cat food +  Raduction after | moath USA, Hawaii
Avermectin P 0.01% Canned tuna cat food +  Reduction after 7 weeks USA, Hawaii
Bifenthrin P 0.05% Canned fish or chickencat  +  Dose-dependent repellency  USA, California
food
Boric Acid P 1% Canned tuna cat food - Little reduction USA, Hawaii
Chlordane P 1% Cooked horse meat ++ Colony collapse USA, Califomia
v 1% Cooked horse meat ++ Colony collapse USA, California
Chlorfenapyr P 0.05% Canned fish or chickencat  +  Site-dependent reduction  USA, California
food
Arpentine

Chlorpyr
Dizag

Carbamate,

Clothianidin (MIA|D)),

* e ey A T e 2
meal
v 0.10% Sardine ++ 99.7% Reduction in 300 ha
¥ 0.10% Protein-based commercial  ++ 93% Reduction in 4 days
hait
v 0.10% Chicken-based commercial ++ 80% Reduction within
hait 113m
Hydamethylnon G 2% Fresh and dried beef +  54% Reduction afier 72 h
Imidacloprid P 0.05% Canned fish or chicken cat - High repellency
food
Indoxacarh P 0.05% Canned fish or chickencat  +  Site-dependent reduction
food
Mirex P 1% Canned fish cat food ++ Colony collapse
Permethrin G 0.30% Fresh and dried beef - Noreduction
Sodium monofluoroacetate G,V 0.001-1%  Canned sardine cat food ++ 89% Reduction at 1% afier
2 days
v 1% Canned sardine cat food ++ B2% Nest reduction
Spinosad P 0.05% Canned fish or chicken cat - High repellency
food
Sulfluramid GV 025-1.0% Coanped sandine cat food ++ 90% Reduction after
10-12 days
v 1 Rardina —  Morductinn

USA, Hawaii
54, Californis

USA, California
USA, California

New ealand
New ealand

New Zealand

Argentineg
USA, California

USA, California

USA, California
Arpentineg
New Fealand

New Zealand
USA, California

New Fealand

o Toaland



Establishment after invasion

Table 1. Outlines of the history of invasion of Vespa velutina
into Korea and France and its spread

Korea France
Location of invasion Busan port Aquitaine
Year of invasion 2003 2004
Rate of spread (km/yr) 124677 673=2543
Maximum rate of spread (km/yr) 264 1545
Maximum distance (km) 211 577
Number of other Vespa species 9 |

Fig. 2. Distribution of Vespa velutina in Korea after invasion into
Busan port in 2003 (Occurrence was confirmed by sam-
pling or circumstantial evidences; ® point of invasion,
violet gray color until 2008, red color in 2009, /// in 2010
and \Win 2011).

Jung, 2012 J. Apic.



Distribution expansion after invasion
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Habitat suitability ?

« Population increase
« Spread

 Predicting potential suitable habitat

— MaxEnt : maximum entropy approach
— Climex : Bioclimatic niche model



Simulation using CLIMEX

Climex modeling
Prediction map — Weather data
— Biological data

Climatic parameterization for distribution
Simulation with climate change scenario (RCP 8.5)
Validation with current distribution (Gl, El )

Prediction of future Distribution



Climatic parameterization for distribution

Table 1. Parameters used in CLIMEX for Vespa velutina nigrithorax in Korean environment

2 2 SMD SM1 SM3 SM4
Moisture index 02 06 15 )5
) DVOD DVI DV2 DV3
Temperature index
10 18 26 31
Light index :
Indices [ ]
Bhisomasiaiib ices are not applied in mode
Cold TTCS THCS DTCS DHCS
T 0 0 10 000014
TTHS THHS DTHS DHHS
Heat stress
32 0.0035 0 0
Vi isia SMDS HDS
. 0.15 0,008
Wik ivid SMWS HWS
e 25 0.002
Cold-dry stress
Cold-wet stress Indices are not applied in model
Hot-dry stress
TTHW MTHW PHW
Hot-wet stress
28 08 003
DVOD DV3 MTS
A%
DayDegree >DV0 10 31 7
DVCS *DV4 MTS
DayDegree >DV(CS 10 100 7
\ DV
DayDegree >DVHS i cVe S
) 31 100 7
PDD
DayDegree per Generation




Simulation result
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Simulation result

Establishment Index
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Validation with fie!d data

WRENIUTOMeT U

283 |locations
Trap catches during Sep—0Oct
Pooled into provinces

Vv data regression to the predicted
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Summary

Climex modeling could represent current
distribution and predict future distribution

Korean peninsula is becoming more
suitable for Vv establishment

Expansion potential high

Efficient monitoring can help
understanding complex interaction with
native hornets
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Automated Hornet alert system

Apidologie 39 (2008) 468474
High frequency sounds produced by Cyprian honeybees
Apis mellifera cypria when confronting their predator,
the Oriental hornet Vespa orientalis*
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Automated Hornet alert system
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".,' microphone
start

o (3t)(msses)

Byungsoon Kim
@BsgimKim

owes 1 WEw

-~ - — T v »

Byungsoon Kim dasaal 138120
Wasp shows up on Thu Nov 3
09:23:07 2016

<

Byungsoon Kim @aagimic..
AA L e b amvmain o v - SA '
o

o e

focooocoog

2

System design

Wireless networking

Kim, Jung, 2016



Automated monitoring : Al learning

Design of Automated MOnitoring System of Vespa hortnet (DAMOS Vespa)
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Final detections

Class probability map

10000weights
Confidence Score: Pr(Object) * 101 '}"'";" Conditional Class Probability: Pr(Class;|Object) W
rec 10
ClassSpecifieCon fidenceScore = ConditionalClass Probability * Con fidenceScore Eig

Pr(Classi|Object) + Pr(Object) * IOU!rh
= Pr(Classi) * IOU rl«nr_;,ﬁ‘n



For human predation

V.v Vm Vb Vv
Brood L P
Total AAs 37.91 36.78 28.05 47.15 53.85
SFAs 5.58 6.19 5.35 5.71 5.12
MUFAs 4.57 5.88 5.55 5.32 4.80
PUFAs 1.38 8.06 11.24 0.64 0.59

Total FAs 11.53 20.12 22.15 11.67 10.51

(Ghosh et al. submitted)
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- oecosystem climate change indicator
I

Invasive species level 1

Min. Environ. (2019, 8)
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