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Effects of Climatic Factors on the Nationwide Distribution of Wild Aculeata (Insecta: Hymenoptera)™
Dong-Su Yuzf, Oh-Chang Kwonﬁ, Man-Seok Shin*, Jung-Kyu Kim®", Sang-Hun Lee®"
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2A7EA wilE F7bol| 93k 7SSk SRR S Al ko] e ARl SR E AL s U AE
S AR A S HIAIA 4= St B3] SR EAA Fagh opAH(wild bee)> 7] FHIT}ol| ofsf FFaE|al
oA At FAAA, FI =2 s, Yot AA BES thFdoll of 93 71X QlFo] Hasar gt
whepA] A2 dsto] ol b= (EEh ol A E vid 7o) At §lal, o] wE 7]t Ao g ShkE
op o] AejEHEel e T e Al ¢ Atk & Aol REE(ERh oA sk opE(E A
T, AT Rt 715 a09te] BAE A5 flsted, 2017H(3B7 AR lA] 2018 (14 =ARA]R)
T &SI =AM S e diol= EfE of&sto] oI Ro SR A Holalqit). JH ¥ w3ds
Sl FAT oY HFL} AR ool W2 B |2, Akt o] QS ERIsHAT olgt AutE
vieto g A2 A7 Z(Shared Socioeconomic Pathways, SSP) AJL}E] 2.9] 2-4.59} 5-8.5H 7 & BIOMOD
Fos wao] gt Pa Aol FAT oYM 7T SolHoR FAT o] K B WIS oS3l
AR O] F AAA] FzOA, 20507 2100 0] FHO 2 AAR|7L o] 5ok BRRISIRIH. olE F8l &% A2t
A& 79 o] i wis dof ' 4= QAL ' Q1% SO AEjA #SL of7[E 4 S ST

4 QIGITk ¥ ATATHE 7] 5slol T B 9 1ok welE dael et dTet opl BelE Sk FAs
US98 B2 4 ok APARs 2 4 IS Ao Jldsa otk
FR0{: 7|5 #s), SEMEN, oY, £ Bx

ABSTRACT

Climate change caused by increased greenhouse gas emissions can alter the natural ecosystem, including the
pollination ecosystem and agricultural ecology, which are ecological interactions between potted insects and
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plants. Many studies have reported that populations of wild bees, including bees and wasps (BW), which are
the key pollinators, have gradually declined due to climate change, leading to adverse impacts on overall
biodiversity, ultimately with agribusinesses and the life cycle of flowering plants. Therefore, we could infer that
the rising temperature in Korean Peninsula (South Korea) due to global warming has led to climate change and
influenced the wild bee’s ecosystem. In this study, we surveyed the distributional pattern of BW (Superfamily:
Apoidea, Vespoidea, and Chrysidoidea) at 51 sites from 2017 (37 sites) to 2018 (14 sites) to examine the effects
of climatic factors on the nationwide distribution of BW in South Korea. Previous literature has confirmed that
their distribution according to forest climate zones is significantly correlated with mean and accumulative
temperatures. Based on the result, we predicted the effects of future climate changes on the BW distribution that
appeared throughout South Korea and the species that appeared in specific climate zones using Shared
Socioeconomic Pathways (SSPs). The distributions of wild BW predicted by the SSP scenarios 2-4.5 and 5-8.5
according to the BIOMOD species distribution model revealed that common and endemic species will shift
northward from the current habitat distribution by 2050 and 2100, respectively. Our study implies that climate
change and its detrimental effect on the ecosystem is ongoing as the BW distribution in South Korea can change,
causing the change in the ecosystem in the Korean Peninsula. Therefore, immediate efforts to mitigate
greenhouse gas emissions are warranted. We hope the findings of this study can inspire further research on the
effects of climate change on pollination services and serve as the reference for making agricultural policy and
BW conservation strategy

KEY WORDS: CLIMATE CHANGE, POLLINATION ECOLOGY, WILD BEES, WASPS, SPECIES DISTRIBUTION
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SATIAR QIGH AR Qlste] AEAlY] =24,
Bed Fan g A7-4 Reph BAsta QS
FAGf Aotk B2 et 8as 7hed|, 53] S
WAE "Heole B2 7Isw(ZEel Sizle] 2 Vs
wolH, oJsto| A= ol & SRl 7S (Pollinator) O 2 &
Agehel A, A8 A % FFe] e s T o
79| ek dAske ARIZF RaiE Al Qo of2fet &
I Y BE 9 A ofslel =7t AAle] AA A
wjsfef et ALREAIA Blg-o TS sk BTt
TAES AL 5 & Ae2 kAl Sl olv] A
T2t uhE sREui Lol Hae =7H MATE
Ao o|27|7HA] ZAI7F HaL gl L2 d= )
dHEo M= AR Qo] 19801 o] % ol ulj 7
]
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=
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L= £ EH T (species richness)7} 5243] 7F43}
o] Hi¥ uf glom, o|gt @4o] AAXFF Y
O] ofX|7} glek Wl E3F 2017 F8 SRRl
F 9 H =2 (Hymenoptera, Apidae, Bombus)®| /WA|4 S5
of W2 tjgoz WEr|FoR Ao RN opyH o]
BAY B E A5t QIti(Hughes, 2018; Potts, et al.,
2010; Service, 2015; Shell and Rehan, 2019).
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7]7HIPBES, Intergovernmental Science-Policy Platform
on Biodiversity and Ecosystem Services)ol| 4] 20161 27t
3t skl Bl B AATA BARIAL Fa 22
o) 85%7} 50| SuEel JEshn glow, shnlE
30| gk A% A AT gho] e clgke] Al
A gHEo F EHEE & AR o5t th(Potts, et al.,
2016). = & Aol qlofA SRS Hae A
e A o] AAibate) djgsle @3HA =] 4=E(Pollination)S
T AT AAGEAIN Y AaE olojA AE F Tk
A 9 AR S S Qo ol wolx)
9] BAAE oy A7l 2N HEZE] HHHIE 2
Sfer Zolck. neb 7| FRslol] the sulage] A
A GF A= FAEAY HEe] AHAY FA, HE R
48g 9fat Aol @71 PAT Ao a7dr}. of
¥t SRS 7He-dl EH(Apis mellifera)yS E3dH=
2 2 (Hymenoptera, Apoidea, Apiriformes)+= Al=2] 3}
woi7hell glof tiEAQl 2F o2 duA glom, B3| &
o Zofoll A=A -85 aL Stk Choi & Jung (2015)°] w
20, B5ela o 2Ae] 437 FA% D ARG
WSl 259 BE& Ao A, HME(Order Hymenoptera)
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For

o]@]of|t= 1}2}E(Order Diptera), W8 &|=(Order Coleoptera),
UH]E(Order Lepidoptera), =% 2|E(Order Heteroptera)
5o] sHEuffol eiskA|Rt, 53] Wiro] 71 o] v
3= A< 3191819 tHChoi and Jung, 2015). E3F HAHE
T 87 A Hut e B 171 & ollA] 75t SQl Auj
Ag 7 Afsilga ATl P B BFS A
o o, Wmo) ugo] o 23 2uc &4 it
(Son et al., 2019), Holl &gt At SlF==ol H]3]
2] 0] B =% AuFo| 24E0] BUFAR)
AR o] ZYTER MEES} U 2 A0 BelH
HI7} @Atk (Yoon et al., 2017). A2 @]l lojA= 2t
T, A, FE T 2300 FES UdeE SelE HeY 7
gzl tigt 7HA= F 5% 8,219 R, A Al
Slol el ofgto] nje FaT Bsge AXsT ot
(Han, 2014). o]&jgt shnj7iat3-0] dgdo] Fasoe &
TokaL, Q] AAYE Aol A= oY O] 749 HES
7159 &3] et Qck(Potts, et al., 2016). 20174
Qo] olatel Fufollx] B % Hzz ARy
(Bombus koreanus)©] BE 7)oV E 229 HARTE
o7 A AL ohA AFE B ool Ihas @Al
LeRRT 9183 AARHE itk TR s 5sle] ne
A Q] 71HhE o] F= AYAlALeL SHEuiZHEF FEfe] A
ol et A= =7 7] A 3ol e T A71A |
T 9 AR B HAg T)2ARe @ o X
ool g}, E3F o] & HHRl| fleiA= s A
A A7) ol BER BER) de AT ok}
vlehe] 7| a make] MHSE el op Aute] T
Q75 Fol 71Tl T nlefe] v B wat oS0l
PETES

2 dAqts 7158800 wE Ha opd e R P
HABEALAF 2017 FE 2018714 A= 517 Z=ARA] A9
A e op 7hen) §HE Bkl Hymenoptera:
Apoidea), A HA7HHymenoptera: Chrysidoidea), HWHA}
IHHymenoptera: Vespoidea)S ©]-&-3}o] Ard7]|3tjof u}
2 oo 23 W /|l eHRIle, Aem)] e
opile] sEAl e BAH oI4E AHelS,
58] AAREe} STA7] ALo] ] At A= 7]k
JExEZH FEYS dAel £dA]719] H%E(chronological
shiftyol] et H&4 A& 7HsA| S HollAl 2 ofnj7t
S0ba g 4 olr E3F 2AE opiE 2AL s|Eow
7141 A2 3te] gk FbE Jitol 4] o &
EZRSt gt &S EAEIT T dEsEdE
(Representative Concentration Pathway, RCP) 7§ g%} 37
o) AL AANHEE 7|20 7)S WS} gk ujee] 9
stet AZeE IAR FAE 3] B A% Z(Shared

Socioeconomic Pathway, SSP) AJYU&] 2 7124 SSP2-4.5
2} SSP5-8.55 7|50 % £ EXL R (BIOMOD)C. 2 ofAY
H E29| ks FATORN, FF AF2dste] e
oy o) AEjA W3t A9k W E QIR 7|2ARE vk
szl shlek 7] $-sto] it ookt Ee] A A
IS 23t o &8 A4t 8] A& glom,
oI} 7| S stete] A= AAGEIA L] AT F-A
oF 2HE AAte) o] Egolet= SHOA Fag AFaA 0]
oh 2 dis AR g5, 49 ot 7154
P BAE AFokL vl AF2dste] Ar|s 7
dof| o3t o o] WSS oSS Ao e 2
Ato] AT oA} 7| S| WAIE oSS 5,
AA 7Y F A Y] Htol Rk ek niS
e EES AlFstlet

A
1, ATLHALK|
1) ZT oM B ZAKIY, A7, WY, S, A=
He| o Ay

AR H2F dxgF BAE 115lo{(Kang
and Lee, 2018; Kim and Choi, 2014), A1 2129 7|&X]
Z R AIE B dxo] =2 AoE diEE= 517 A
2| Z(Appendix 1)& AEsto] To]= EFYS o] &3t =
AFE AATSESITE 20176 4ollA 1087HA](oF T7HE) =
3770 2ARAIA, 2018 3€5E 109(eF 870 ) 7HA]= 1471
Qe 24 % 5170 Aol ANk 2 244
Aol W165 x D180 x H180(110)em 22 A7} 7080
o g2 F4H v $f(mesh) AF o] Hefo]= Edi(ez-Malaise
trap)2 AX|5}o] WYY oS 27004 T 1A o8
Astlom, HAol= AR UL =AY Aol & a1
stof 10 7t o =2 35Esto] ZH2E 1d4(19~109), 11
(112~202)), 212(212-312)2 A A3FATHYu, et al,
2019). ARE 232 SUo =2 Fed EYJOE HH{TH ]
A &1 AE7tel| ofsf &4 TAtEet dn)ES et
A7 WS B 23 S s THChoi et. al,,
2013). 27F A E 259 ER2 HE(Hymenoptera)
18.34%, 1}2]%(Diptera) 34.78%, =74 ¥ | 2{(Coleoptera)
10.21%, =214 =(Hemiptera) 3.60%, 7]E} 33.59%2 3ol
SFAL, o] Fol A ' F(Aculeata)ol] &t BT A
Hata), whdAdate] thste] F 168, 2,2507HA41& st
Atk & Aol AHEE FESS SHAAHAAA) F2A
o ®Eytstgict.
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2) JI2X=(E7 ¥ M) =

517 ZARAIR ] 71 AL BE+t, YA, YF)E =&}
7] fIstol A= STIZ 71444 BA7 )V FHSA A 57
gk 201793 201899 7|2AmE A TAM
(Inverse distance weighted method, IDW, 4]1)2 #-&3%
lkm 3jA=2] Fat A 7] X 7H(Interpolation) HHS
Eatol g ZAA WO /1 eARE EEoTh B3t v}
o ALAY ORE, 2 HAY GO HIAU |8
Aw7F 7155 0E 7HeAe L8kl RGI 22099
Self-Starting Weibull (SSWeibull, A]2) B|A¥ 3|7 ZE2
o] g-3te] Bt Weibull, 1951; Yu et al, 2020).

T

N

IDW(z) =

e distance of coordinate (x,z;)
x,x;

and power p ()

SSweibull = Asym — Drop X exp (—exp (Irc) x z"") (2)

RGI 21340 o =34 7|20 25 E e et
O] AH 715t E HEst7] flsto] Al 71 (1) o=
B AT, A3)= EE0taL, oo 3T o] &
3 A&7 HAE AL T (Growing degree days, GDD,
s AESh AALEE AEe B AR
o) RIS ofo] Aol 52 Akl A4 5]
olAe] L% W B olEstn B o) gHr)
(Grigorieva et al., 2010; Zhou and Wang, 2018). ZAL2 =
© 19 9= At o 31 711,00 & A 71
(ty)7b9] F3Hako] AEo] Agslt] ag AXes
o 72 E(t) ol AR T AolE FARTeEN ALt
gt AAbE Bt 7|23 Aibe e 7)1 A7)
7|9 7)Ao tigh e FE QIR EeHAAEE W
skar QlojA, ols e EASIA 2447 223 R Y
(y=az’+bz+ )Tt SSWeibull (X2)2 R AT Yu, et
al., 2020).

Ty =20 (3)

tmax + min
GDD= Y (") )

o]7] ujxzoll A2|&] ol oJgt 714 2249] 2|7} Q.
2 AFollME 4 BT 7,0 71 &5(1,)2H] 2ol
of gt | o] =3 kel LA |43 (Warmth Index, WDHE
ol g AR7I TS Ao R ope] RES BAlaln
A & 13 o] TS S714] ARlIFY -ofaoe
(Subarctic forest zone, SZ), Y2t E-52H(Cool temperate
forest northern zone, CNZ), J-&t)=52](Cool temperate
forest central zone, CCZ), Y-2HFH2(Cool temperate
forest southern zone, CSZ), &0 (Warm temperate
forest zone, WZ)- 02 EE3} 7|5 0lE 28519 thKong
et al, 2013). 7 7|Tdj= 677 7|4 BEAS gatos
19815 2010Q@714] & 30|A7He] Bt7| 2o = w573}
Fetl, ols T oRIH™ES)E A7 3 BiA Y
of Ueht= 715 tholn] 2 AFe] RARA|7} 23] oo
o2 BEXoA A sl thTable 1 and Appendix 1).

Table 1. Forest climate zones and number of included

reserch sites

Climate zone Warmth numbers of Site
Index included
Subarctic forest
zone (SZ) =33 0
Cool temperate forest,
northern zone (CNZ) 55-83 6
Cool temperate forest,
central zone (CCZ) 85~100 13
Cool temperate forest,
southern zone (CSZ) 100~108 13
Warm temperate forest 108~ 19

zone (WZ)

2R WI, 4] 5)= IDWo]| o3 H7te U] Ht
71 (t,, )& v R AL 7E e AEe A%
of st HA7|Lo 2 dHA 5TE F8olo AMAH
9] 7|13 E HtgstAich

WI=Y(t,, —t,).t,, >t (5)

4) O|2f7|F H3tof| wE ofMYE 2 H3|
ojgf] Z]Fdsle] 2 sl oo B HFE o=
st7] flsto] & AtolAl= 2 WorldClim (worldclim.org)
oA A= FEAS] AA|7 Z(Shared Socioeconomic
Pathways, SSP) AlU2] 5 o]gste] Ao ZAAH



307 %OL’/\_ . ﬂg‘c]— o AJEpA] . 7&;@_} . o]/%}

AR E |

SHEEAAYEEES]R] 36(3) 2022

For

(2017~2018 )=} u]2}(2100) 7] TS o] whE opyE
WA AAE ol &8k SSP AlUe] 2= 47119 EEH =,
Z SSP1-2.6 (AAgollvA] 7ladd) A AR 24
slo} o] HeHEA AAIYS o|F= 7F), SSP2-4.5
(71593} &} 9 ARSAEA| W ATt S dAE 7HY
St %), SSP3-7.0 (7] 53} &3} Ao 254w
-8-5k= -5, SSP5-8.5 (AFd7]&9] g Ao &
Fol ARY ARMBo] w& APE FAEE Utk
(O’Neill et al., 2014). & AGtoA= 2 ZHoA A
Yl A2 (Net-zero) g2, A= ARG A, v 7] 7k bl
% A 5, 71 FHEE g 2206 Qi ARE T
2t SSP2-4.57} 317 Bl o g2 2ATFA AZFE 614
e =3 AR 7155 Y3t SSP5-8.55 A&
ot ARE AluE] o) gt HA T 7|5 E) B E(Global
Circulation Model; Global Climate Model, GCM)2] £3%}
A 223e7] Slstel WorldClimol 4 #1331 77)
GCM (Table 2)9] 7 U HA7|L, a AL,
9 7ael BAS ARSI, 1 ol% BagS Bl
o] 1971 A& 7)5 4 H<4(Bioclimatic Variables, Bioclim)
£ A%t S (Hijmans et al., 2017), Pearson’s correlation
2402 197 Bioclim ¥4 Z014 ApHo] =24 > 0.7)
HrE2 Al9JsHth(Koo et al., 2015). AMEE H42e
Bt 71 2(BIO1), YB# AWAHBIO2), 524 (BIO3),
7k 4EHBION2), 714 453 2e] B4 HBION3), 714
23} Tro] 72EKBIOI4)C.2 HA519tKShin et al.,
2018). B2 AFEE B A=) 279k B Hol7|
gh & A Aol A EI A9 kvl Ao} Tt
o ol7] wjzol AEe] AAR|of whe} o o] EHlo]
A= FO] AT 12-& 7HE8tol(Hoehn et al., 2010),
A=) AAA] HERES v o o o] A AR E
of|&35}312F BIOMOD £E LR &S 0|85} ti(Thuiller
et al., 2016). BIOMOD+= 87]j9] &3712]|Z(Artificial Neural
Networks(ANN), Classification Tree Analysis (CTA), Flexible
Discriminant Analysis(FDA), Generalized Additive Models

orR e

Table 2. Global Climate Model (GCM) used in this study

(GAM), Generalized Boosted Models(GBM), Generalized
Linear Models (GLM), Random Forest(RF), Surface Range
Envelope(SRE), Maximum Entropy Model (Maxent))2 A}
golo] =5, 7 2E = True Skill Statistics (TSS)7}
0.7017¢] BdllS A AR A oS0l 4-8-35FAth(Shin
et al., 2018).

Zn W D
1. AME7|SHE ol S oig

20175 E 2018 A7IA] & 517 LA ZAR] oA R SH
ORI Foll A EEAE, AAda, WS ERt &
168%, 2,2507|415 &4 ch 2AAA & SHd/dol
7 =2 2AHE AYE YT T AR (18R
49196700l EABI AL, FHE ST shEHE8H)
ofl A 7HE B2 265711 A1(34F) 7 A = A TK(Figure 1A).
T 77t 225 MR =A SAEMeH, F o 7iA)
= AR G952l AFA 7 9-S(Pearson’s correlation,
P<0.05)°] 1= qIr}.

47 71T R F 4=k JHAIG] 2fo|7} QleAlE Eel
517 flete] ARG Bt F e HAeE 4TS
o, A5 ghepik @55l siete WatEREel 7t
& RA UEaL, YA R ECIEE 98, Y2tidR
H(A7%, 2=, AHEE 4 A4EE 4F), d2d7
Hepd e, AAEE, AT 97 o= A4 S
(Figure 1B). H]Z AR tigh x]2]4] 91%], A=
o] B, QIIMH, 7154 8%l T3 Z2 ohFet 844
felof ofsto] F e} A7 Febd 4= AR e
785 AT 85~108 oA F tFAo] =& e
2 FAE, 3k A71Holal vhgE 2AME Fe AUt
A7ATEe) Hgo] Er.

No. GCM Institution
1 BCC-CSM2-MR Beijing Climate Center
2 CNRM-CMe6-1 . i
Centre National de Recherches Météorologiques
3 CNRM-ESM2-1
4 CanESM5 Canadian Centre for Climate Modelling and Analysis
5 IPSL-CM6A-LR Institute Pierre-Simon Laplace
6 MIROC-ES2L Japan Agency for Marine-Earth Science and Technology, National Institute for Environmental
7 MIROC6 Studies and Atmosphere and Ocean Research Institute, the University of Tokyo
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Figure 1. A. Counted species numbers of wild BW (bees and wasps, blue),and individual number (red) during
2017-2018. B, Numbers (mean) of species (red) and individual (blue) at forest zone of South Korea.

2. MEVISE & Ok Y B2
BT A4 = 7|5 o)A vy gomH, &
5] FohoF EX]ﬁShannon Wiener index)9} £EZH T 2|4

(Species richness index)oA WL FH 7} ool
=7 SAEJULL, Y257 7P Wek=tl, A Figure
IBE 23 =43t 243} Q254 E]-(Table 3). TH=EA
4*(Species evenness index)= HE 7]Stfof| A 90% o]A}o]
mgtﬂ o= ‘ﬂi ZF 7|5 R vl Aol= EASHA|
Ut E4 Fo] 2o GRS TS 9L Aol
:j_ 4= Uk “]% 2 Aol QlofA HlE K HE

TS A }O]'Z] = A, 2 715 ol tisto] =A;
9 —r7} O A, HHlolz EfY SA44 AR
2ol AE 7hsAol =2 A, A 2APIRN2Y), A
A e A dEer F ugde dusshrl=
olgu, Wedisid W EiE, d2uiEo] thefdt ok

D—l—%3
o] g Ao o et

ol 2@y A A

Sk A&

>11

SR Ty =}
‘nﬁl‘_.aoZi

¢

Table 3. Biodiversity index of wild BW on climate zone

Climate Shannon- Species Species
zone Wiener Richness Evenness
CNZ 2917 5.7648 0.9737
CcCz 4.5191 21.8669 0.9596
CSz 4.4921 20.0957 0.9842
wZz 4.533]1 21.2974 0.976

Average 4.115325 17.2562 0.973375

A4, A A Q13 7|22 A= A7 Qo
53] 9l=et 7 2e) wARRIE=o] STt wE 729 A
= 715 el &ote A9 E4E5S olsfsh=t =&l
H oYy, et al, 2019). LA 4E vigto g2 JLESH ??l-‘?_l'l:._
713 tiofl AT opyH Foll A R 7]5ol YEhd 2
Y ol H(Lasioglossum kiautschouense), SIH-EZol| 22
H &8 H(Megacampsomeris
prismatica), A27N7Nu)B(Myrmosa mongolica), 777}°F=
HAEH(Pemphredon inornata). 228\ (Scolia fasciata),
o] g Zu (Scolia nobilis), w2018y (Trypoxylon
rufimaculatum) 2 % 8%0] 1% IthFigure 2). ©] 2jof W
SRR 2R G i) 23t Y719 (Megachile
sculpturalis), Y2557 R ST Hojeuhu
(Trypoxylon pacificum), 18|11 Jo|&E2-FHIAT G
ol &33t TR (Bombus ignitus) = =3 HQ1o] otE
715t 7h QA Yo SR 2o gl o A gelE A
o8 Hololg F YAl A=A or Fiastil Qs Ao=
TR E3 F7tolA o] -, OOkEOE“i Zol o]
L53 Qle FEEH(Apis mellifera) Y255, Y2
o, Gt ol A 2Rl =T, 01“ opt: FEY
o XP=l= At #o] & A og wetEnh oFeEd
o Al = MRS AW E L (Apis cerana) GA] FeE
A} FAzE 715 ool A ERlE =, & AFARE F6l

LA ol et FeEdn AEdrte] B A E
o] Aejd] 52 Attt Bagt 7|2ARE E8E
U= ZAoltk 7|5 of| SolAor EATN oSS

fE

(Lasioglossum proximatum),

ﬂ.I

2~
e
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53] YeojF o)Al e S|tk Appendix 2). B T wEsol b, £ AAGRE I SRS u
A+ ] A 2AE SRFE 7 e AR 1]74] EBHA] FEHER(P<0.05), HIR 7R Kruskal-Wellis

(Sung et a, 2018)0] 7| 2% ople] HEek Hjol7} glaick
A& Eof AERET S H(Bombus hipocrita sapporoensis), ©F
W2 (Coelioxys yanonis), W7} H(Anthidium
sibiricum), X5 2| H(Eumenes labiatus flavoniger), 7

S INEG A (Anterhynchium melanopterum), ©]2]=
F7F)E(Megachile remotissima) 5, Th0 FE0] A=t

o Edsk= Aom Hako] Qitk o]2f3t Aol= ATt
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Figure 2. Relationships of species
numbers classified by
forest climate zones in
South Korea.

opge] Bl 7 5ujslel BAE AL Slstel &
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Rank Sum test (Shapiro’s test, P<0.05), Welch test, and
Brown-Forsythe test (Levene’s test, P<0.05)& ©]-8-35}¢]

gz o g AAsEAcE AT Super family) "Zoﬂlﬂ‘*
99% ode] Alg|aollA 715l wet Zpolzt = AL

Z UEPFOH(P<0.01), & 21 95%9] Alg]2=2(P<0.05),
MAG= 90%2] A= Oﬂ/‘i 10% oJHj(P<0.1)= 2}l
Qlti(Table 4).
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7} BARIA Q)82 Ho]Foj(Adhikari et al., 2020, Shin
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Table 4. Nonparametric analysis of wild BW’s distribution on climate zone

Type Method Formula Statistic Degree of freedom P (p-value)

Kruskal-Wallis Count ~ Climate zone 35.94537594 3 otk
Super family Welch Count ~ Climate_zone 18.09583812 3 oAk
Brown-Forsythe Count ~ Climate_zone 18.59855917 3 ook

Kruskal-Wallis Count ~ Climate _zone 8.184660313 3 *E
Species Welch Count ~ Climate zone 7.928221717 3 wE*
Brown-Forsythe Count ~ Climate _zone 4.331072928 3 *E*

Kruskal-Wallis Count ~ Climate zone 6.642973809 3 *
Individuals Welch Count ~ Climate zone 4.818211195 3 HokH
Brown-Forsythe Count ~ Climate_zone 3.294533495 3 o

*¥Pro¥ < 0.1; **, < 0.05; ***, < 0.01
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Figure 3. Wild BWs’ regression analysis (red line) on average temperature (TAVG) and

Growing Degree Days (GDD).
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Figure 4. Emerged bees’ (black spot) distribution on SSP scenario using BIOMOD ensemble model.
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APPENDIX
Appendix 1. Research sites for collecting wild bees
No. Site Latitude Longitude A"l\"/:ﬁse Cii(r)?;te Year
1 Ay e 2okd 7lEe (oA ) 34.9299 126.9637139  111.1754309 wZ 2017
2 AY A ZEW g (Fupgal FH) 3462011944 126.8360944  113.2933596 Wz 2017
3 AY 1EF ZTEW 2Ee (upEAl ) 34.52700278  127.3743528  116.8773329 Wz 2017
4 A A AFE (dEA F24) 34.98238611 127.4612667  116.5705656 Wz 2017
5 A AAA AW 2Tk 34.88074167  128.5084667 114.486728 wZ 2017
6 A UHA FAAH TH (it F3) 36.08294444  128.5084667  108.9009554 wZ 2017
7 AE QAE AW =g 36.43028333  128.4599167  107.2000734 cSz 2017
8§  ZB A AW g (AR F9)  37.05642778  127.9760806  98.53931838 cCczZ 2017
9 AVE BEA Haw Bl 37.44544444 1273320167  106.1264214 CcSz 2017
10 QIAHA] 27 Fol& (Folx) 37.39613611 126.4101056  101.0238355 CcSz 2017
11 249 2394 Hehd JFT (L4 F2H) 36.441875 126.6592083  105.5703806 cSz 2017
12 AZEEARAA 29 A (FHAF FH) 3642811944 1273247389 105.9784926 cSz 2017
13 AHE 933 939 1y 36.03565278  127.3433167  104.5848091 cSz 2017
14 AE ZAA S AAZE AAE 35.81869722  126.4752694  111.2208115 4 2017
15 A g9 2o¥ gie gdes2ey 3435898056  126.6768417  114.9095299 4 2017
16 A teld Fod oo KA teEs 35.28579722  127.4524222  103.8873128 CcSz 2017
17 AE AFA ZE5W otg 36.06335 129.2711806  108.7975438 Wz 2017
18 7Y dYd S5 F2g ofnit 37.15190278 128.6352861 94.22787936 Cccz 2017
19 729 oA 798 AZe FAuS 38.03516111 128.4551889  92.14117521 ccz 2017
20 #AE AL F7Ed L 36.91420833  129.2424417  102.8084114 cSz 2017
21 S AL vpAE S Y 36.029775 126.7266028 112.5921428 wWZ 2017
22 AFE AFA dF TeeEd 33.47044444 126.4937361 97.0598518 ccz 2017
23 AFE AFA sfiks o5 33.40475833  126.4760056  83.92818517 CNZ 2017
24 AFE AFA FES FoE FoE 33.40475833  126.3055556  121.4614797 \4 2017
25 AFE AHEA A% 110012%] 33.35805556  126.4638889 9292110136 cCcz 2017
26 AFE AF:A BE EAo 33.40833333  126.6072222  90.70675235 cCcz 2017
27 AFE AAEA A x| AAREEH 3346638889 1269155556 126.774249 wz 2017
28 A= AlFAl 2y sEE sHEA 33.52111111 126.7269444 124.1137949 wZ 2017
29 AFE AHZA FES e Eooty 33.36888889  126.6936111 112.619794 wZ 2017
30 ATk AFA ofdE FHe whAlEA 33.36563333 126.5056917  56.14898714 CNZ 2017
31 AF% gekal ofg)E 1200m 33.38346944  126.4984472  77.86903197 CNZ 2017
32 AlFk grepil AAEEA 33.37669722  126.4980833  72.14881917 CNZ 2017
33 AF% ek A0S 24 33.36999444  126.5088972  59.55007607 CNZ 2017
34 AFz el G R 33.3597 126.5245611  55.46029038 CNZ 2017
35 ZUT HuEA Fujsgelt 38.03292222  128.4650528  91.80784751 ccz 2017
36 7Y% AEA grEEelL 38.04443611 128.4746083  91.56002176 cCcz 2017
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No. Site Latitude Longitude A";/err?ge Cilgllzte Year
37 T AEA ARRGA 38.04953056  128.4811389 91.7842047 ccz - 2017
38 4 AT b SHAAEY 36.029775 126.7266028 112.5921428 4 2018
39 AY g WS Hutg 35.29274722  126.4150139  112.9046538 wZ 2018
40 A S 2o AEg 3434752778  126.6787583  114.3767763 wZ 2018
41 A e FoH 29 35.28826944  127.4444528  104.3837166 CSzZ 2018
42 Ad oy 899 ¢ad 3535195556 128.2743306 111.6562064 WZ 2018
43 BASAGA 7)AZE 714 UE 35.21946944  129.1748694  116.9882441 Wz 2018
44 TP AA AT HES 35.79894722  128.6743917  103.8270404 CSZ 2018
45 A7) A FHH AR 37.00356667 127.3841056 105.1095689 CSsz 2018
46 =4 oY AYW 437 36.78105 126.1753861 104.5357175 CSZ 2018
47 QJAHFAA Zopt S=d 44 37.67018056  126.4671389  104.6595351 CSzZ 2018
48 7Y AL g Arse 38.05993333  127.7295917  93.28457373 cCzZ 2018
49 7Y nAT 29 Sy 38.33703611 128.4854083  90.74824509 cCzZ 2018
50 A A APdH AR 37.78850833 128.7976444  93.70625355 cCzZ 2018
51 2B pog iy Aug 36.51503889  127.8092028  93.26954608 cCz 2018
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Appendix 2. Specific wild bees in each climate zone on collection from 2017 to 2018

Species Climate zone Species (Korean)
Ancistrocerus densepilosellus CNZ g ged
Eumenes labiatus jejuensis CNZ AFs ey
Rhopalum gracile CNZ el
Rhopalum kuwayamai CNz Fefofn g g 2F=Fold
Rhopalum pygidiale CNZ ARz 2ol
Trypoxylon exiguum CNZ Hato] gty
Vespa simillima xanthoptera CNZ Sy
Bischoffitilla exilipunctata ccz e Al !
Bombus hypocrita sapporoensis ccz AxEEgd
Coelioxys hosoba ccz oz
Coelioxys yanonis ccz Ofl- B
Discoelius zonalis ccz S5 el
Euodynerus nipanicus nipanicus CcCcz HEYHAEd
Euodynerus quadrifasciatus atripes ccz gyzied
Hoplammophila aemulans ccz Gty
Lasioglossum calceatum CcCz AR Rk
Lasioglossum denticolle ccz gy mopEy
Lasioglossum miyabei cCz Wedgmopay
Lasioglossum nipponense ccz ERnpid
Megachile maackii ccz HA7HE
Nippononysson rufopictus ccz Fodlozgold
Pemphredon podagrica cCz LA EY
polistes rothneyi ccz ohatctE]
Psenulus gussakovskij ccz SERupyd
Scolia oculata ccz g
Seladonia tumulorum ferripennis ccz 7t e te ety
Stenodynerus pullus ccz o] upzbed
Stigmus convergens cCz -
Symmorphus apiciornatus CcCcz FEQAF Ao e
Trypoxylon koma ccz aHol gty
Trypoxylon sapporoense CcCz Ak 2 o] 2l Uy
Trypoxylon varipes ccz ZHA o) gl uy
Vespula shidai ccz ifupeg:)
Ancistrocerus parietinus CSz SEd
Anthidium sibiricum CSz A=l Se =ty R
Dasylabris siberica CSz EErR Loy
Eumenes labiatus flavoniger CSz Ty ey
Hoplitis scita Csz o]z w7191y
Lasioglossum circularum CSz -
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Species Climate zone Species (Korean)
Megachile abluta CSz S E
Megachile willughbiella CSz w7k
Megachile xanthothrix CSz 7Y
Mutilla mikado CSZ T ud
Nomia incerta CSz o aoby
Osmia excavata CSZ 28719
Pemphredon krombeini CSz -
Psenulus laevigatus CSz Ad e oty
Scolia decorata CSz Zujd
Stenodynerus clypeopictus CSz vojupdlu) mupEld
Symmorphus decens CSZ ol ulH}uf ol H g Ao ek
Trypoxylon fronticorne CSz o]g Uy
Amegilla zonata WZ =l
Anterhynchium melanopterum WZ Aoy Ed
Carinostigmus filippovi wZ S| mupLyd
Ceratina jejuensis wz AFFA L
Elampus bidens WZ EIR=SA =]
Lasioglossum primavera Wz U= mnlEy
Megachile remotissima wZzZ ozl Z%7F9d
Nomada japonica WZ o etz
Orancistrocerus drewseni wz EFudd
Parapolybia crocea wz -
Pararrhynchium paradoxum paradoxum WZ Z7Ed
Polistes japonicus wZ TupE A
Psenulus nipponensis wzZ A E Rulryd
Trypoxylon koreanum WZ ool iy
Vespa velutina nigrithorax wZ Aoy




