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Abstract |

Varroa mite, Varroa destructor is one of the most serious threats of honeybee health. Over the
decades, its population size and subsequent damage to beekeeping industry are growing in Korea
and over the world, corresponding to climate change. Future climate data were analyzed for the
suitability to honeybee and varroa mite. Increase of temperature favored honeybee population
buildup but many of extreme climatic factors during summer could negatively affect the honeybee
health. Under the future climate, varroa population could become 135% bigger requiring 1~3 times
more suppression by beekeepers on th threshold of 5% mite infestation to adult bees. Even with
the advance of spring, varroa populations during spring season would not be different mainly
because of early season treatment. However late season population sizes could be 10 times bigger
rendering once more control. In the future, preventive or precautionary approach would be favored
for varroa mite management rather than ad hoc control approach. Also, sensitivity analysis on the
parameters could open the direction of further research.
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M 2 71R8kaL Ql3o] BRI o] % NA A o= SHikE o,
A BRSO Bl 71740 71 2 9] R 4E A
= —8— ol (Varroa spp.)= 1904 Q1= AJo} X]-HV\* &3l ) th(Peng et al., 1987; Oldroyd, 1999). E-A} A &
F&-E H(Apis cerana)°l| 2] 5-71 4 5h= oho] wiichof g ]jof AAIA &2 EE-3oh9 F-43

Varroa ]acobsonl Oudemans7} 2 11 %|Qich 1 & H F FA4 Ayl ofAlof tfj Fof| Bz dh= TiAI S
ST Apis mellifera 1)o] o AOFAOE EURWA )WY =M A A F V. jacobsoni®t THE V.
Z=7Z 3HHost switch)©] o] F0] ], 1951 A 7122, destructor= -5 ™5} 9 th(Anderson and Trueman,

1960 ol = &3, B A A AFFE- 2000). = Hfiofl= 1950 vhitofl A Eekth= 3ol 2
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on, 19680l &= A=A o & SHAbE| 9l AL, T afj= %
2F A= Ao m ELH ATHE =, 1986; - 5.,
1994; A =, 2000). ZHSof] /A LE 7~8Y 9
7HA} o}z 31, o] & 918 B A0 TFAZE L oF
30~50% =2 F skl Iek(F] 5, 1986; -9} o],
1993; & 5-,1994; o] =, 2004).
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Jung and Kim(2008)-2 7€ o]3 277k EH-S-of
WAL 7 8 v o2 |53 Rg-E 48
AA, WA S7HE2 0080 o] 211, A2 &

] 7)A&0] 10%7} A A] oFotof ghrhal A|Alsk9ich.
0]Z T Qo) o] AYEAtef| 7]HES} process H & o] 7Y
e ek B0 A A EE Y Qo] He
5}aL Qlth7H 4 7] 7t phoretic phase) &7 24 9] &
SHoE ARtk A & ol vy oz ezt

P EREE M EE T O UE:
£ AFstL Ake A)RFsoh(Aket 7] 7L, reproductive
phase). 3| AFehe WHeA] S27l0] )31, T h g e

il =Al] Fzlo] "ok izl Akt 7J7—:‘18 °F 30A|17ko]
th Aol H solle & ool A alu]skal I F al
ok FARke] ERshe Bl 71485k RS wh
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11423,%%8}11 33 pAlo 1*% AT
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oot T PAT A9 22k 08 1
AT H5L 10| 8 4= QI TH(Martin, 1998; Calis et al.,
1999). Jung (2009)> Martin(1998)3} Wilkinson and
Smith(2002)0] 7Het e e S =] Et 2
ASAR = EHSof AR SH 2P N
SHRATE. Jung(2009)-> 2F AlEdol S Fal =W

Batoll Al B-gof o] AT U2 BE Sof
7t 33T wofli= 004 W Q|2 §-A| =1L, ol & Kot
7} SE o] Fo)l= 0010 4] 000302 HojZ 4= 9]
52 B9, o] B3l Akt JA| 52 Wro] B
SO AT B 280 JF S E T IS TEH
T}, Jung(2012)2 o] M gojA Ed-gofj o] Lot &
HIRA o W] AATETE e EelstaL, 9

2} 2F<(damage function) 42 &3l EH-Sof =
7} S 7 stol whet AL ol A EH A2 F AL
S}aL ofof whet 2|9 A 0 & El-Goff JHA|TLE AP
Zrgstoinh. 1 Axt o] 54 o] E-5-(hive

F

A 00
L_ro]

spliting)2- 3= 8-5-0 o] A 4] SR Fopy A AL &
T2 e g 2ol EEgoll B oAl Z I

= U s
H)2 20061 ©]F Foj awg
S|

S A A Fket. E?Lz“é A} o] el /g wiy
vlo] 2 AIAPV) & ol & AHAE
™, 21 vpo] “Ftﬂﬂr% %OHO 7|2 o] R A
e HAE 7HITHE 5, 200
2009). L ol = EFSkAL F
Q5 71*““ 35, A, ﬂﬂﬁﬂlﬁﬂ a8, 2 &

) oo
sl o), %jr-‘ﬂr%f& s

2laL 2T AR

(Watanabe, 2008; Cox and van Engelsdorf, 2009). &
20004 ) 0] F-9] 7] M SHEA(PAD S Bl A%

Table 1. Projected future climate conditions compared with current climate (Data extracted from KMA, 2012) and its possible impact on

honeybee
Current 2100 A Change
Item . . . Impact
Min Max Min Max Min Max
Annual temperature°C 79 144 112 16.7 141.8 116.0 +++
Precipitation (mm/yr) 1199 2168 1546 2709 128.9 125.0
Ice day (d) 14 36 0.1 17 472 +
Frost day (d) 35 144 18 117 514 81.3 +
Summer day (d) 74 130 99 154 133.8 118.5 +
Heat wave (d) 1.6 22 10 37 168.2
Tropical night (d) 0.2 9.5 6 41 431.6
Heavy rain (d) 0.6 1.9 0.7 32 116.7 168.4
Plant growth duration (d) 230 322 251 344 109.1 106.8 ++
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Fig. 1.

Projected climate change in Korean peninsula based on
RCPA4.5 scenario. Figure was modified from KMA, 2012.
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9] SkATH(Hot spot) 2.2, 1906 F-E| 2005 7FA] -
] A AT A EH A2 E= 07°C *‘7]‘0]’M_L,‘-nr
A &&= 09°C 5715 =HIIPCC, 2007), §HiHE= 2]
2 128 o] 42l 1.7°C St AT (71 A,
2012). QYo & 7] 5= o o] vlaf Ago] =A &t}
7;]5;@1 _257]. lr_o}-;(]_,“_r Eo] HB]—Eq_Q_\::] 0:]_§_5<-1 %ouﬂ
717ko] Eold ™ FAlol o5E o7 IFETE 5
71 Ao g of|&5k3 e n, o]of whet thefeh A=
-5 Aol dlSE T 53] 252 717 AR 92
=o)7]of 9 2= 2 WH3tof ko] ¥ =2
ARz} gL WA g o] Zste Aol e o]
= 7HA| AL Q) whebA] 7] 5 W Sto]| o gt vk
A BEAE ¥ <] T3 (phenology), &3 A
tH SH(distributional shift), 72| 11 €} &7 7}o] A
UA 9] ¥H3SH(Interaction) 52 2 JEY 4 Qo)
(Andrew et al.,2013). &3] ZHL |+ HAHS o] F
of AFE|A ABHE B 2 0R, 715 Hsho) ke
o2 Ao dEgon, o 7144 Soleto)
A5 g e bl 402 A% 9rHLe Conte
et al., 2010). & $7-= Jung2012)0]| A 7HEH EE-8
of WA oS Z-g-sho, mlef 7] 2HF oA EH
5o A HEe olskaL, EH-gof el E fIvt
Ak a7 fls 3 = k.
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Fig. 2. Major components of Varroa population model relative to its
life cycle (solid line) and factors on each element (dotted
line).

ogke &2 6 o4 A &H A7t Y] FAYR 4F
FEch AedE 7159 T E A2 A (frost day)=
A A7) 20] 0°C mREQl Ho] A% Ao, A
o) Zx(Ice day)= 2 F317]£0] 0°C w]gkel Yro] &

Y5 W3 59 Y<4(heavy rain day)i= %W#%k
o] 80mm ©]/F}] o] AFdgolth(7]/4dA, 2012).
7Y 71372 2001 AK€ 2010 7kA] A= gz
A BAgr = AAZ 21 3o, n
7132+ 2011~2040'd ©] HFZF3} 2017~2100 HF
- F3ck Fg. 1ol= = 71ke] 2425 19 o=
A ABFA 1 7S mpelsl 4= Q1A 8+l 2., Table 1
o= Zx}o] XS A|A|5F T TS Table 19]]
A g} ] F=H A Abo] o] MiEFdS HEER

bt

Ea

23| 72 2F

ol o] fat F0 Rm
S Tl T WA R el 21212 3

%5} 71 TR L oloiFg. 2. 47170 F8
Qe Qo] 4, Aietubg 5o B Gof A agl,
W7ol §% Aok o] HAUE, WA)
o= AVek, uh%, ol o) vl 4 9l A|7hek 2l
5°| Qs (Wilkinson and Smith, 2002; Jung, 2009,
2012).

3o A 27]= =
Aol A §141517] el &
| Wrof| gt 242k o] R 7L H a5t

<ol
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CE ox

o) B o] UL ol B Solel UEE F
7VeE 4= A, YALE0%) ol 4ol H91S uhi
9 A S7h) 44 RS v 2ch oS 73
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Sho] e 2 &8 A 7ItH(Table 2, Jung, 2012). EH
A o] A=A, )= TE HO Aol 219 7 AF
e ) E EotL G A APEAQ)E AlsHH
Srk(Tuble 2). 4 AHEE o 51 B 5L 30
2, £ 10025 714 8ko] A4ks}cNeukirch,
1982). ©]5Fe] Alghat H e AHk4(u=2000)0] 22
Abetge B _—‘TE(S, € &0l AR 7 4 Qe 4kt
S5 ol §3te], ¥ 2779 AR E

3L 722 RS el 1A 0502
3Gl Alek 3 8elo] B el A3
U} U s 2 o] el
ol 85k 2 A 4 o) e <

¢

H A 31’& (4%, Wilkinson

and Smith, ZOOZ)E A5 T (Jung, 2009, 2012).
w0 H5shs B (P)= dA WS B
Sofe] groll 2 st Eof 7] ske] Ao
A EEohs B30 E)E Bt =0l Ao
2 AYs Buoe] o T AR B

u&
ol

Table 2. Mathematical representation of the major components of the submodels including the damage function

A=A +e 5 AQ
e,=us,0<5,<1
0=0.03 or 0.01

Honeybee adult worker

Neukirch, 1982; Jung, 2009

Py =P+ E+1+G,

E=J,L,; ot Ry 12 +Jallye 14+ Ry 14)

Wilkinson and Smith, 2002;

Varroa mite
=Pl exp( (i, + ig,) Jung, 2009
G=0.016 or 0,003
0.261P
Damage function A=A (1 M) Jung, 2012
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o4 Woi x| ALt Fulo] Eof Wyak B Gol] 4 g ARe] nhE Bl U ek 52 A4S

@2 ATTh ZUsHE Wk 37 Aol A theds ol & Aol A ule) /)5 Akl et AEg 4
TS £EE Y 2YUY) B UL Al

Aol 4o 2 e 4 ol ool 71 ¢ Alo] AY

¥ QPR AF ol 55 TP R, ), BT it X U3

o] ER(DE FFOT A2 4 ek 24

U:H—’l /\].\:l]- 71—_] =03 Jd=0~17§ O}QE}(Wﬂkinson 0jf 7|% X9 29 7| 20| OIX|= %'%t

and Smith, 2002). Fuchs and Langenbach (1989)+= -3 714 @4 0] W3l B Qe tals B2 A
of7F of 28] oW o] &M HUE 8= AR Bt Sefof YL u| 4= QIth(Table 1). 1 5 L= |
Bt 9l 37} -8l 7H | ol M A= Fge I ¢
aipo g sk BE-Eoho (D= Aol 9ith. o] B SHE 7| 7bo) whalx] 1l I A\ 71A] &
A5 2GSk S AYRw=51922)  QE|dA ehA Sk Table 1o 4] 2w Al2A4%
© QI HH} QI E (=448 1 A, )ETF oF 1Y ELEP(Boot 7|17 230~322 o] A] 252~344 L 2 106~109% Z7}
et al., 1994; Boot et al., 1995; Calis et al., 1999) olm & T Ao AWEQr 1y BHEEL APFe
Aoz YYo= B3l (k= 1 +,d olth. =7} 12°C o)Akl FE S 4= 9l o1 (Seeley, 1995)
qhok, B Sofl 9P F0] HWelo] Qo o] Ro ATt o] 7|7he @A 1972002 A Lpehb= ] k5
T 7 A s, ol oM aul o 2 2 Q)8 W3 2ofl 9] d W& 2142499 & Z718F A0 o ZE| Qi) Eﬂr
S O, olm S opHEgoR AT HE 2 wEw3Y 2eNE Byo] (4B ofe) 3
Sohe] = Ou= %’7}%1‘4. 52 oA HAL 7 = 1Y 287 E5S 5
HAER,,, Ry 2 JYS I3 Soff =0 A "tk Foloh uheba o] &gt Folut
w2 oly B F vt ZF Ao Ao WAl E2 L WA EoA Yol 5 AHYyFo] AlStEA] k=t

7]
w=106,Ad=244 oo yi= Th= Gofj o YRS W ¥ W FANAIZ A7) D EE-S B3 AL o A3
AE Adolth. 5 ghulele) Bago b aom A A 4 ok $elutete] A9 5UE gt 4% Y
T A AR AL 10]0], of2 vlel7h g ot 7)ol SRHakA) chulstel ofshEe] Ak Al %

0% Bol7he uf 1 A Aot yw=084,065, A3, A ZE FAo] Wash A7k o woprch 1
0.6,000]H yd=091, 0.86,0.60,00° % &} th(Martin, YU Al E 9] 7| S| ot A S B =2
1994; 1995ab; Lobb and Martin, 1997; Martin and Kemp, 2] -3 250} 7h%] 938 714 o] =th= A7}
1997). H< =01 FH-2 o) 9] AMY4(G)= T 2y A v A O]E}(Vlsser and Both, 2005; Both et al., 2009). 2]

ol o] ol AAAGAFmE Foto] Feth A o] RIS =0l A BHEENA Al7]9k

AFgAIG= o152 0016, A4 000322 Gl X @‘% HEtA 719 BEUA| = DT H o2 = 28
(Wilkinson and Smith, 2002; Kim and Jung, 2008). of B FHEASE AFes A7 QAL AT o=
= 2 HAo] =2 & oo ddo] x&E 4=

29 AgolM olek = @Ae] B 8% A A Wb A2 5 9l
B o)7L u)a) 7]_,_0:ﬂio] gmq 717ke]| o] t}. E_?j' =4 WE ARte = Q) Htisi %l Eat
W ke u)2 7], 187 ool AR = A5E “uj_—ualﬂoﬂ SAT AL AHE Fol ot
OﬂJE_ oitﬂ oé]"‘%k—% % 7(]—‘—_.:* E.——] O]_o:]l:]_. O]E _r]oH % 0] J—_’_]‘:E.d_'g‘ 7]—%‘-/\5]E /\C];]Z_]E]‘(Le Conte and Navajas
HSE | 7+O o] BES 2 9l o] oy 2008). W 1L 9j9f o] 37| EHSE divE =
7120 12°C7H = A% U4 st E3F B3 WAL A ol 774 3 Frh(Table 1). §-2] et
o] A S o]u] Jung(2009, 2012)0| A they  EHA= F8 A= w3 7ol 1S H o

I 353 ofzf 7|5 2ol BHS0 JHAZ SEf 2oHAT
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Fig. 3. Hypothetical population dynamics of honeybee eggs (broken
line) and adult workers, A, (solid line) based on the daily
oviposition, e, (dotted line).
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(Le Conte and Navajas, 2008). Table 2] & A|A] % ZH
21 o] ks ojgrgel] Aetelol] 2 S
O, A= 50 529 Z o) AR A 4L 7R
A4 02 F7ehcrt 1 o3 Aol AA7)
AT o] A7) o SR WATFo ol Eeh
TS5 71 A7 e Al 7] 0] 7] & 5t
o} o] 7Fg Aol A 43| ARkt FolSHA 119

_l
¢

o}

rlr oZi OH

2 9% 02 Foldith B A e AR 9
Hr}oF21yd A &= =7 vrepdth(Fig. 3)
o2 713 ZHo|M B ol 7HHIZ HTF

=9 Fof Y At Heh= @A 715 233}

Whe] 71 A Al B o] 4L shsich el 4
Bl Al Bgol AF AT BE WEe] UE F

Z7)W =] JFFS w9 FrkJung, 2012). 1L} =
Woll A EH-goff Tal= B B F41S Al&std
A oFA) A 2] & 3}7] wfof|(Kim and Jung, 2008), Y5
Ao A glo] 7] Ed-gof i vlsshA |
o} mheba] 12 Aol A= B 27] A A A
Szl B g onte] 2 7 Eka F 7HR] 71 5%
Aol thgtk AlEE o] AS A A A= Fig. 492} .
AR 7)1} mlef 715 204 ARAIE A 2stA]

USHE A9 YT A BE SR B P WL T

A mhe] b 1043 v = Uebgth S B3 9
S} oF35% 2718 A O R o ZE QT B
3o o] B AU e = 4ol 5% W7k
P o, L HErE A 10% o)) &
& APE 7] AlAFet(Jung and Kim, 2008). &
o7 AFH T FRE 3N vk AEE {4
T} (Seeley, 1995). -0 WA Y 1= 1500070}
|2 Ao, FA7]ol= 1 Hef F 5 22
Jojof gttt oof whe} 53} of Fof AAY =7}
o = O] OFA| WA E g Fof] EH-goff Y
2t 783t 654nte] = UpebytTh. mlef 715 =4
kA A 2] & 7] S Ui 108] o)Ak

| == St o] H$- 5 & 8ute]= 714
WAE sHA] ghote Y 717F 5 AFAHmHG=0.003)
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Current Future

Fig. 4. End season population size of varroa mites (number per
colony) simulated under current and future climatic
conditions. Slashed bars were from no treatment colonies and
filled bars from two time acaricide treatment colonies.
Number on the bar is the mite density.
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Fig. 5. Simulated population behavior of varroa mites under current
and future climatic conditions of early season (upper) and late
season (lower). Dotted line for current pattern and solid line
for future pattern.

Saze0|n], T S0 o] AFEE-L 000302 el Frh
(Wilkinson and Smith, 2002). ZH-8-ofj o] A4 APy
& HH 02 uheto] Wol A4 Hi AR v &L
AT A 08 3 ) 9h7o] g whetulE o]
o] Wasith uheby Y5 % B Sojo] WL 3

A s, ol Y ol Ay EH-Sof

=4 el 2 OHH*Eﬂ Ao R A9
(Beetsma et al., 1999). 71 & H< HH Lol 9]
Akt 7] 0] ghRo] SEk-& RHESIHA 2|44 0
%7 F&Ith(Fig. 4. upper graph). Z12{u H <3t viel 2
o] 7] AH|AE Fg HA| 7} o] F o] 7] wfo
(Kim and Jung, 2008), ¢k & 7} QA 3}chal 7p4 b A
2= w9 W g abe oF sk "t o] 4
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MAT S7He = AakE o] Q1. Wilkinson and
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