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Abstract

Brachydiplax chalybea flavovittata, a climate—sensitive biological indicator species, was first observed and
recorded at Jeju Island in Korea in 2010. Overwintering was recently confirmed in the Yeongsan River area.
This study was aimed to predict the potential distribution patterns for the larvae of B. chalybea Havovittata
and to understand its ecological characteristics as well as changes of population under global climate change
circumstances. Data was collected both from the Global Biodiversity Information Facility (GBIF) and by field
surveys from May 2019 to May 2023. We used for the distribution model among downloaded 19 variables
from the WorldClim database. MaxEnt model was adopted for the prediction of potential and future
distribution for B. chalybea favovittata. Larval distribution ranged within a region delimited by northern

latitude from Jeju-—si,

(37.366734° ) and eastern longitude from Jindo—gun,

Jeju Special Self-Governing Province (33.318096° ) to Yeoju-si,

Gyeonggi—do
Jeollanam—-do  (126.054925° ) to Yangsan-si,

Gyeongsangnam—do (129.016472° ). M type (permanent rivers, streams and creeks) wetlands were the most
common habitat based on the Ramsar’s wetland classification system, followed by Tp type (permanent
freshwater marshes and pools) (45.8%) and F type (estuarine waters) (4.2%). MaxEnt model presented that
potential distribution with high inhabiting probability included Ulsan and Daegu Metropolitan City in addition
to the currently discovered habitats. Applying to the future scenarios by Intergovernmental Panel on Climate
Change (IPCC), it was predicted that the possible distribution area would expand in the 2050s and 2090s,
covering the southern and western coastal regions, the southern Daegu metropolitan area and the eastern
coastal regions in the near future. This study suggests that B, chalybea flavovittata can be used as an effective

indicator species for climate changes with a monitoring of their distribution ranges. Our findings will also help
to provide basic information on the conservation and management of co—existing native species.
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AAZeZ AR A= A 031}4 —aoﬂ Stz ok
gt AAA oldt AT AHAE FHTh(Farheen et.
al., 2022). f-2jvete] 2% /‘1°H°h«1 ot w2 of

SA7F EAokedl, shraAe] Afolx Hicket sk

= d4ste AHszarA AE2F ttddo] FHotol A
] 7127 =oH(Lee and Youn, 2022). $2UEtolA=
%2) AWo| £ o] WA, By 9 YRR = @S
mpef 9= APH QL FA9 7FHd WS 1
et AEE ddy PdEd 22 nEdt Aot
(Kang et. al., 2022). 5219 a&4¢ #E fIsto] &
Ar2 o A= %Z]E e FEste] EEstehlnt
(RAMSAR, 2016). FAeR= ot 52 F30 A4
She Fo2 52 AHA $a% 4ol

FAEEe A ANAHDOR 6,379F0] LA 9o
H(Paulson et al.,, 2023), olF =uetelE 133F0] 7]
E5]o] QIth(National list of species of Korea, 2022).
vt JAAER Fole @7 ES] dEg
22| (Libellula angelina Selys, 1993)9} Zro] ZH7g=s}o|
FloFsto] Aol Fash Fol lal, W] 7% wist
FFOoE AFopa|opet F% T4 59 Ao A4St
= Fol Il AEA FdEe]l BEEZE (ung,
2007). vlAFoz G DA (Pantala flavescens
Fabricius, 1798)= QI=ollA Q=S AY FotZgrtz
ol 53t & o]5s] & A7t oA k= IR =
A 9 w2 T T4 FFS T, HHY
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(Hedlund et al., 2021). 281} o] &2 St
o= 0]45}@3 o, AtehE Sl
= AR BT FAEX
=2 Sltt(Jung, 2007).
7= Gl A (Brachydiplax
chalybea flavovittata Ris, 1911)= A2 2(Order
Odonata) ZA+2] - (Family Libellulidae) ‘& ojutztatz]
2(Genus Brachydiplax)©| &dt= FO72A F2 QL e}
Iyl AleL, EH%Q ot A rhER ot z o] A
Alst, 4ttt 3 8~12¢0] Aud Falste, {57]= oF
IMd= “H—?— e Zox d#A Qtt(ung, 2012:
Choi et al, 2020). FEotAGNA Uz Fdd Fo
2 FAH= "”“O]UV}X}FJ& 20109 AlFod A
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o2 moHEYt §F2 AE mhgoly HejEt 2 o}
A EAHES AsstH BRI (Paspalum  distichun) St
ZE(Zizania latifolia) @ A A-ero] $H-35H= 4 Ao
A48 Choi et al. 2020)

A F= %76‘%3}0“ 1718 A 7Fo] Wi, HolAks
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HAHAR (P favescens)®t 2 & I+ A7ARE olF
ke AR 2Rk o] e (biomass) FYE
(nutrients)& AAIAH o= ARule] 7]ofgteh(Hedlund
et al, 2021). YWrHoR HALFE A=t 4, 4
Ae A, PR, AR, da TR 59 +E
a0 ooty FExel thefido]l AAHEh(Maltchik et
al., 2010; Lee et al., 2018). TSt AAlz] o]AAL T4
e A FHSFEEO] et tdd fAlol Fast
A, ClEe] Eolit FEtel] Fad 4¥e Frh

[PCC(Intergovernmental Panel on Climate Change) A6
2} W7YR 1A (The 6th Assessment Report: AR6)(2022)
of e o] 7|$Hste] JFor FAA HE S
dol St 49| Hlket Aert Frkshes Aol A
Aol 27344 Q1 FFor AHA HetE Z#stal QL
A, 72 geIet FRe HA Skt FAlOlY HEEE
Z(RCP, Representative Concentration Pathways) A|12]
Q= 715Hgte QA% JFS dSste Y FAgACR
Agot oy, Fdoe AEAAHE 7o 7|eH
stoll ot ¢sket =l uwhet FFARS] A7 = (SSPs,
Shared Socioeconomic Pathways) A|U2] & A|AlstL Q)
ot &, SSP1({¥7d A% A, Sustainability) 2 SSP5(3F
Az ¢]E& HH, Fossil-fueled development)= W21
FHSASHA w71 i S Afshs B =olal, SSP3
(71595t HoFdA, Regional rivalry)® SSPA(FZ3} A
%, Inequality)= Aoz =9 ti7]d AdS 78S
Alug] @ olct, SSP2(F =A% A2, Middle of the road)&=
718 el e Fa APEA|E, SSP1F SSPSE =
dHAeR We BSE 7Pt

o]}, MaxEnt(Maximum

Entropy) 292 &3 =T (presence-only data) 22 F
A9 ZxE BHd-sty] gl Hdf AE=D S o
oto] Tt et 45k FAS AMgste W8 7]

A gF Hol, T B mEdd e HAgE Ao
Ut AHA AQAREFH WA BEFe] Ad
2 98 54 2d(niche-based model)-> FAMH 2H73 2}
Holl A Fo] e 21919 AR E Uehs dRtxo g
212H F3ro] Bgste] o Fo BEE oS5 A
A gode AZACHElth et al, 2011, Phillips et al.,
2006). o]&Ft ol-4=Z MaxEnt ZEL ZU-9] thaket A
=% 8ot k. FWolA MaxEnt BES o] 8§37t
BIE S AT £ 2opllA 7RISt g Adn
2| AW (Luthrodes pandava)®] A2 E Lo Z=(Shin
et al., 2022)7} 7|®3ste| wg &L UH(Lepralina
unicolon®t  AM(Miscanthus sinensis)®] FAZ EIE
(Adhikari et al., 2022), 71 H3}e] 93t HoZFl Q0%
W e(Thrips palm)®] 2ol g A =(Hong et
al., 2019), FE&GNZNn](Lycorma delicatula)®] A2
ExdZ(Namgung et al., 2020) o] Jow, A& Hof
ANMEe AU (Pinus densiflora) FAEE o= 2 37
49 A BA(Cho et al., 2020), FEA G FH2E2E
AP SR =(Sung et al., 2018) o] Ut It
Tzt At g A AAste SAEES o
S5 MaxEnt BdZ o]gsto] njg] 2xE A5 4
At vl EETh

2 AFe 7IFHIE RE7F STtk Aol fev
g Aoz AAHLE ST 7Hedo] =2 FAout
22 o] HAA B E ASstal, 7|5t TE 442 9
SEAZLE fofsto] AT ol s FHAEE AAstazt
sttt & A9 542 Jiolnpateof tigh @zjet n
o] A AL Hstol| gt FRE Al-Fsta, 7| TREt oS
= 9% AR A B 2A 9 &g THAE g<lst] Q%]
H, FF AAAE FHoe AR EAEY B 9 HeE
A 7NxARRE E8E 4 s Ao= goHnh

H g

_,d
4o Ny

2.1, Mo[orRtzle] 2R £ Y HURA}
211, ‘GMo|OREAIRl] BN SX

FAolnbgate]l f59 Wes AwA
Aepigol s, Melde] 2.5~2.6 mm, we]

Fig. 1. Selected photos of (a) larva and (b) adult of B. chalybea flavovittata observed in field survey
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11~127°]ct. Hf
gresje] R4t

=4

AL mu, viHel=

ot Awe #He d PR leTl
= 15700121, SHAFR =
SHol= 7HERE Hl 2714 Sl
I th(Ishida, 1996)(Figure 1).

2.1.2. LI-AHO||:||-ZI-;(|-E|O| ng'-ﬂ AZI

Yolulxiztels 2ot 7)5Wst AEXE 1005] X
e Fom QlE, FHOMIOL EE=, 4E, &= 5ol

/\1/5}5}“ G AE ZFo|tk(National Institute of Biological

chalybea flavovittata Ris, 1911€} Brachydiplax chalybea
(Brauer, 1868)2 GSAEl 3Aoew AHME Fsto
3,150708] B. chalybea®t 31870l B chalybea flavovittata

of tigt ExA=E Yot th(Figure 2 (). F% F
Zo] g E=std HEst apdch E3 Buzas

20199 5YRH 20239 5E7EA] FAompAte] {50
MAZF FA @ mefstr] flste] A3 Rt At
E Z3sttH(Table 1, Figure 2 (b)). ol AAz]= FA
2 SARY E7AA w2t 2R5t e (Ramsar, 2016).

2.1.3. MAX] ZAL

= 7|F0] Axo o =o0] zb g =i
Resources, 2022). ‘gAolupdztals 92luetell Brachydiplax OGBIF ° 4 ]L]]o I T?;] L‘i:} XL;E F;
& [Zuto] 7|EEo] glout, AAAYETIFAAAHR 7Tl <= A S-S arefste] Aol 7}—5_% AR o=
B Ade FHOR A4S SUsiAn BFEAE 49
GBIF APOIE(AMY, 2023. 07. 3Dl Brachydiplax
Table 1. Occurrence records of B. chalybea flavovittata
Observation Date| Longitude Latitude Area Type”
2019. 05. 09 126.744676 | 35.051183 Haksan—ri, Noan—myeon, Naju-si, Jeollanam—do M
2019. 05. 22 126.892806 | 35.249194 Yongjeon—dong, Buk-gu, Gwangju M
2019. 06. 03 126.791917 | 35.085500 Bondeok—dong, Gwangsan—gu, Gwangju M
2019. 06. 06 126.877944 | 35.240750 Yongjeon—dong, Buk—-gu, Gwangju M
2019. 09. 18 126.738278 | 35.041889 Wongok—ri, Geumcheon—-myeon, Naju-si, Jeollanam-do M
2019. 09. 27 126.612444 | 34.879667 Wollong-ri, Sijong—myeon, Yeongam-—gun, Jeollanam-do M
2019. 10. 26 126.628083 | 34.976667 Juksan-—ri, Dasi-myeon, Naju-si, Jeollanam-do Tp
2019. 10. 30 126.759611 | 35.068222 Seungchon—-dong, Nam-gu, Gwangju F
2021. 04. 07 126.769509 | 36.023254 Seongdeok-ri, Seongsan—myeon, Gunsan-si, Jeollabuk-do Tp
2021. 04. 08 126.925110 | 36.133090 Nanpo-ri, Yongan—myeon, Iksan—si, Jeollabuk—do Tp
2021. 05. 10 129.016472 | 35.296028 Gasan—ri, Dong—myeon, Yangsan—si, Gyeongsangnam—do Tp
2021. 05. 27 126.909461 | 36.260657 Gunsu-ri, Buyeo—eup, Buyeo—gun, Chungcheongnam-do M
2021. 08. 21 126.221495 | 33.337153 Josu—ri, Hangyeong—myeon, Jeju-si, Jeju—do Tp
2021. 09. 27 126.346934 | 33.454435 Haga-ri, Aewol-eup, Jeju—si, Jeju—do Tp
2021. 11. 01 128.426333 | 35.361833 Guhye-ri, Daesan—myeon, Haman—gun, Gyeongsangnam—-do Tp
2021. 11. 01 128.397973 | 35.349695 Hagi—ri, Daesan-myeon, Haman—gun, Gyeongsangnam-do M
2021. 11. 01 128.403444 | 35.352047 Hagi—ri, Daesan—myeon, Haman-gun, Gyeongsangnam—-do Tp
2021. 11. 01 128.447667 | 35.842833 Gwakchon-ri, Dasan—myeon, Goryeong—gun, Gyeongsangbuk-do Tp
2022. 04. 20 128.946320 | 35.128297 Daejeo—dong, Gangseo—gu, Busan M
2022. 06. 01 126.054925 | 34.243954 Gwanmaedo-ri, Jodo—myeon, Jindo—gun, Jeollanam—-do Tp
2022. 08. 02 127.544608 | 37.366734 Sangbaek-ri, Heungcheon—myeon, Yeoju-si, Gyeonggi—do M
2023. 03. 27 127.686026 | 35.146979 Pyeongsa—ri, Agyang—myeon, Hadong—gun, Gyeongsangnam-do M
2023. 03. 27 126.185298 | 33.318096 Yongsu—ri, Hangyeong—myeon, Jeju—si, Jeju—do Tp
2023. 03. 29 127.094472 | 35.824412 Wansan—gu, Jeonju—si, Jeollabuk—do M

*Ramsar Wetland Clas

(a) ¥
Occurrence site
''''' 4 @ R chapten fnovitat Ris 1911
@ R duapve (Braver,1865)

(W)

Altitude(m)

I 2000

P y 0

300 km
)

Fig. 2. Geographical distribution of B. chalybea Hlavovittata in (a) Asia and (b) Korea.
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Table 2. List of bioclimatic variables

Code Bioclimatic variable Units
BIO1 Annual Mean Temperature °C
BIO2 Mean Diurnal Range (Mean of monthly (max temp — min temp)) ° C
BIO3 Isothermality (BIO2/BIO7)(*100) %

BIO4 Temperature Seasonality (standard deviation *100) %

BIO5 Max Temperature of Warmest Month °C
BIO6 Min Temperature of Coldest Month ° C
BIO7 Temperature Annual Range (BIO5-BIO6) °C
BIO8 Mean Temperature of Wettest Quarter °C
BIO9 Mean Temperature of Driest Quarter ° C
BIO10 Mean Temperature of Warmest Quarter °C
BIO11 Mean Temperature of Coldest Quarter °C
BIO12 Annual Precipitation mm
BIO13 Precipitation of Wettest Month mm
BIO14 Precipitation of Driest Month mm
BIO15 Precipitation Seasonality (Coefficient of Variation) %

BIO16 Precipitation of Wettest Quarter mm
BIO17 Precipitation of Driest Quarter mm
BIO18 Precipitation of Warmest Quarter mm
BIO19 Precipitation of Coldest Quarter mm

BE FHoR st AEd=oA D-frame net(width

size 30cm, mesh size 1X1mm)Z}t Scoop net(mesh size
IXImm)< ©o]-&sto] A4AHE Fstarh. - A
gt dFofA Ethyl alcohol 95%°l 1A, AHA
oA Zgl7](sorting) &% ¥ 70% Ethyl alcohol®]]

4 mpshgtt,

R

2.2 271
2x ndo] AHER AN E 7R} FLrEE VIERR
5}04 Hop A28 oujg 25 #HEE 197
45 WorldClim dleJgj#lo] A (http://www.worldclim.org)
Oﬂ’ﬁ Wit tH(Table 2). A= CMIP6 Model
HadGEM3-GC31-LL& o839, 1km??] F7Haid=
& 7| A5 dHolHE v e s oAgE 1971
SHSE o] 85t tHHijmans et al., 2005). 2AHASTE
A (average for 1970~2000)2] tﬂo]‘ﬂ% Ediz A
¢l AMEEE S5t mle 9] 42 IPCC ARGl
AEA =4H HE ARAAREE Ve R 73St
of thet ¢hatet wof wheh AAJE 57HC] ml Alvbe|e
(SSPs) ol F=e] SSP1(H&HE A% =)zt SSP5 (3
Adm & ) ARE 750 R A555H. olF 7%
Aste] g G ompdAte] R WS Hlwstr] 95 7t
7+e ul(average for 2041~2060, 2050E)e} = w]
(average for 2081~2100, 2090¥) 25 F=3}Ath.

o]

27

1

_I

2.3 MaxEnt 25 0|83t 3 U Dj2fe| X oI5
MaxEnt 292 op5E SAXF Y YA HolHE HIE
oz ALY FETY EX 1Y TAE BEPs=T
o dEZ 1 HH(Maximum entropy approach)< ©]

T rgn:?rrsh

U U

r O?Jrﬂd;l
w o

of ol

oo e oo
09.«
ool N,

P

(Phillips et al., 2006). o] ZE2 Hjxo=z &2
olH 2k /%’%%— BIE gygor Q
o] HEQ|7|Z3} o] S AEZC
G-85ltt(Hernandez el al., 2006).
(Bootstrapping) ¥} &2 FAA 7]‘?31% %OH g oz
EGAAGE AT 4 JAoh(Phillips et al., 2017). MaxEnt
Hdle eby mdy, At A, Bd B2 5
BopolX BEEY, BYT BAWskel] gt
TF2A Q1A it} B A Gonidzie] EXE
AdEote RS Zdstr] f1siA MaxEnt T2 7]
EE AMES AL, BE9 oS Aee g FUstr] flsiA
dAolnp 2] YA Hlol B E otsH|ol e et HSH ol
27y 15%%t 25% 2 BEstiy|, REAEDY €S
ol-gsto] 103] WHESA HElls 4aFstlry. MaxEnt ©H
Pt Atr o= %7 ]%7 Ql raw value= 9
1 gAolmpate] 7t E@g A xolA HAaE vt
T do] gow ‘/}E}‘HE} o] = == JH7t
wAe2 sl A1 el 03 124012
2t & cloglog(complementary log-log) 2
olgatel FAolkaAtzle] A ]
4 7}ol 9 th(Phillips et al., 2006; Phillips et al,
2017). MaxEnt 229 o= A= ROC(Receiver
Operation Characteristic)®] AUC(Area Under Curve)=
ol Brtstadch AAA 2 7FsdE 0~19 gE= A
I5h=d], 19 7k 2 &9 7MsA8e
ofmgict, AUC A5t ), 0.60 ~ 0.70
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£E0

+2), 0.70 ~ 0.80(%2%), 0.80 ~ 0.90(%
LOO(-% =)o o4l 7k MF=2 U 4 Qth(Hanley
and McNeil, 1982; Phillps et al., 2006).
Wl e] A BRI GFE Fi WA
F7te mde AielA  AlFshe 719 % (Percent
Contribution)?} %8 & (Permutation Importance)& ©]-&
Sttt 7ok 7t SERT BRdl] o Zof dup 2
FEFE A=AE oulshe A ;olt. RH o] kiAo
A ZF W] A A E dYEtlE Gain g2 BHY7F
o Ao nd ANE &3 4 9= Zhzto] g
ofe} el ZlolE st s e, BE SRSl Slolw
dAatst 100%7F ot S8kw g SR olA
dAolntte] o] el A HolEE o] &3t H-¢-of T2
= WA AHolEE o83t A= FEoto] AT
el o Aot o] WS o] g]trt, AFetwr} Yot A
U wobdaE O WS Fake w1 299 95
get o] Hert gt S Heo] ekt Urhe S
olu|etth(Phillips et al., 2006). 7]%-¥3}of| wg Ao}
2ty 299 bﬂﬂ}* AEst7] s AHEE Tl
ZlZHst AueEle ZaE SSPI(HRE A% wd)wt
SSP5(EM AR o IH) FETY 2050 tH(EA
2041~2060)eF 2090 (F++ 2081~2100) 7]Fw3}
AuE e mE olgotlrt. EAoludAtE] o] R
S =35 AxE QGIS 3.2244TEH0IE o]g3dto] A
Z

%), 0.90 ~

i

4 o

3. Zn Y %

3.1 HMojopar2le] 2

M o|ub 22 (B, chalybea flavovittata Ris, 1911)&
Ak, Q=uAof, HIEW, gl F=, 4d&, = Sl
AAstE Aeg Z|FEe] SledH, SEvetells A
AFERAAE AFA(33.318096") 56 H7Z o]FA]
(37366734714, AEA HeEbdz Hd(126.0549257)
BE ZAAEE FAA(129.016472°) 7k = A cH(Figure

2). 59|, o] @Molupdat ol tigh REXALE Fot
of 3~590] tho] FAA FFe WEFORHM =
Az Fof E%Fote Aoz woHnh HFFEe vt
of 22 29 FUENS o IR Fo] st
TR AZS WE SRl Iyt oz= QAL
oloz]1#] ¢F=th(Inoue, 2004). I} FMHo|updztal=
HAE BRG]} o] gest Yy Fom R
ShazlRt, @A ol H&ste] AAAE dxp Ffistar
At

Choi et al. (2020)2 FFMAMyriophyllum aquaticund),
EJM T (Paspalum distichum), &(Zizania latifolia) ¥-=
o] A= AAX|o|A FAolmpRtE] o] AL LTt =
1, A& m¥(plant debris)olyt Rl (sand) Bt Y&
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Type of Wetland

0 2 4 s 8 10 12
No. of Wetland

Fig. 3. Habitat types (%) of B. chalybea flavovirtata based on
Ramsar’s wetland classification system (M: permanent
rivers, streams and creeks, Tp: permanent freshwater
marshes and pools, F: estuarine waters)

Sil) SHBAA B Sarecka st & Aol
A ot §ARE @ e HYon X2 R4

(Genus Typha)=}
Paspa]um) 5ol &
A 2] =

Z4(Genus Zizania), M= 4(Genus
@ 2eo] Alasiact dei 2 A
Z3H(Family Nelumbonaceae)®] 41&Eo] WAy}
S —/F’\@’%]%J} e Zxo] diside F7HHQ A3t
QIFHELH Eot JAonpztels AEA|7]o] A5 A
AR A nFgAE, DA, weesiegaty, A
o 5 oE wARs A=Y $AF e A4l w

st wAES 43 PAFFROI} Hol, 0] 5L

]_E-— ’S—Ad' 7]'5*“)] O‘E}(Chm et al., 2020). ©]
3t o2 B Fit FAohH: EF AE %—L}—J A
Fof §gots A9 Molabge] digt AFE

4 2] 2F LI_LEX]—’] AAlEol F
5 AAEY
ZIAHEo] %5‘—@ 4;':% A 53ttt (Ishida,

1996: Jung, 2012). & ATolA ZIH 247[4-9] FAjo]
npte] AAZE RS2 ERAAC e &
F519-2 w, M(permanent rivers, streams, creeks)-F%
o] HFA7F 12704(50.0%)2 71 @tal, Tp(permanent
pools)F&o]l  11704(45.8%),
F(estuarine waters)F@d°] 1MA2(4.2%)2 ZEZFEHATH
(Figure 3). ©] FolA MS3d 5A+ 24, 9484,
7, 5 diskd AQAef QlFAor A AH-E
= 9} Fﬂﬂﬂ AAE e, TpRd &

=S q

freshwater  marshes,
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3.2 LHHO|OJRIR[Z|] ZAHK AMAIZ| o

2 T2 20109 AlFEolA Hx= BEE o] YFo
= AM%*%% Steffste] Hap ZRAA 0 e ToRA
SEARE §F AAA HiRE 442 AFrs Ao
E} MaxEnt 2@ A %ﬂThVE ARgote] @A 7HA]
EE oAt §3F9 AAXE Edi2 FAE
AAZE dSotdS o, AAHA Fo ¥4 =2 7t
S5A0] 075 oAl AY9e 1.4%(1,327.83 km® ),
0.50~0.75 oJArel A 9e 4.3%(4,239.1 km’ )& e
t}. MaxEnt 229 o& Azl ROCS AUC Ftol
09722 mj% Lokt WS F 719k BIOL0
Vg 9 B7] gd7I2)o] 45.7%, BIO0S(FE <53t
27 @7]2)0] 22.4%, BIOOL(AFEHE 7]=)0] 10.5%
2 1y Agro] gt 7|oje 10% oo &ota, &
Q= BIO10°] 63.5%, BIO08°] 19.5%=% Atdoz
=2 42 e tH(Table 3).
AR PEE AAR] Qo AAEE, deRE, FHEL
o g2 2doA dehd o= dS=Hh Ee, Al
Lot FFFAN, depds 7P Y2 WA A A4
7HsAdo] =2 Ao ERIFGLE 7|E A4R] 99
APF ALt F Al D] A A A ThsAdo]
ka1, HSACHHAD T F (oA, A A (4,
ZAEEEA], AAFAA) e AAT Rog o
= Atk (Figure 4). EMolnzte]= Hx #EE o]% 10
do] 21 A|HoA HetRret FEEsA] ExH 7t
wWolgletl, ol 71 Aol o3t 7IeHst Fa o
Qo8 woEh AH7|E ofFA] ddf A= 20224 8

b Bl mo mok 4N ofn

Table 3. Bioclimate variables and their relative percent
contribution and permutation importance in the
MaxEnt model

Probability of distribution

l High: 1

. Low:0

@
. 0 100 200 km

L E—

Fig. 4. A map showing the probability of distribution for B.
chalybea flavovittata by MaxEnt model

] de A5 *“EHZH 2917}
F0AAIL AEAC TAE 9% 5
2 a s},

3.3 7|=tHstof| wE EAo[orAt2|e MAZ| ol

AR FAA Bro =i} v wste] SSP1-2.6= 2050
o] ZAwet 224t 5 WEgThe] et & 4t
25 Alelotar \A gt om, Ex AA7HsA0l 0.75
oAl 2132 2050t 13.3%(13,093.7 km® )ellA 2090

Code Percent contribution Permutation importance dadl 30.2%(29,667.4 km® )2 =715ttt mprA =
(%) (%) SSP5-8.5% 2050 thol| 34.0%(33,407.1 km® )ollAl 2090
ggég ‘2‘21 fgg ol 25.8%(25,304.0 km® )& FAA AATSAol
BIO01 105 05 =2 ooz uepdtth SSP1 AR B¢ ArI7HsAY
BIOO0S 42 0.0 o] &Aoo FIUloke AR YEgTE 1=y SSPS A
BIO04 34 1.0 2] A 20508 o= AA7Hs/d ol S7tstetrt 2090
BIO06 2.5 0.0 o= tha Hashs AR eyt didez & 7t
BIO12 22 3.7 7] Ag REZoA AH HAsHAo] AR Aog
Egéi fs ;; Uette Aoz =5 dck(Figure 5, Table 4).
BIO16 1.6 1.4
BIO11 13 0.0 Table 4. Changes in the potential distribution area (km2) of B.
BIO09 1.0 0.0 chalybea flavovittata in Korea
BIO13 0.8 1.2 Suitability Class | current SSP1-2.6 SSP5-8.5
BIO03 0.2 0.3 2050s 2090s 2050s 2090s
BIO18 0.1 0.4 Low 025 [86,332.5| 16,732.7 | 10,0317 | 35869.6 | 7,610.1
BIO15 0.1 0.0 Medium |0.25-0.50( 6,292.0 | 19,122.4 | 15,2952 | 94442 | 35,2183
BIOO7 0.0 0.0 -
BIO19 0.0 0.0 High [0.50-0.75{ 4,239.1 | 49,242.6 | 43,197.1 | 51,470.4 | 30,059.0
BIO17 0.0 0.0 Very High| 075 | 1,327.8| 13,0937 | 29,6674 | 33407.1 | 25,3040

Journal of Wetlands Research, Vol. 25, No. 4, 2023



342 J|ZHsto) w2 HAolobaat| A AMA2] U 02 2RO

SSP1-2.6, 2050s

Fig. 5. The predicted potential distribution maps of B. chalybea flavovittata in Korea in 2050s and 2090s under SSP1-2.6 and SSP5-8.5

scenarios

IPCC AR6 WGI HEIA(2022)°] ©Jst# 7]FHst=
st A AAHC R B7F dFA AEF F oF AN
of FAFLR olFstAL, SANME T=T H &2 X
O R olFstE ALR AAstAt. o2t olf = Aurhek
4 SHolA Z1eHgtR %t RAH JF2 F=2 FA=
2 A= Ao A vehtARh, R u9E 2=
38AA GFo] TSt ZloR Egint d7 o Aol
A gdelnbtatEl s #z Z1ETol EH (AR B oIT £
Zspgl o, ZhaAtR (RS R), LTI iR
B), JAN7HIA(RER) o2 A7 Foists AL
2 AZ% 3 (shida, 1996). & A5 Fstol HAjon}
HArAls 7120 AL FoR T Aol e
Aleell AR A7 &AL 7HeAgol wA SH A ol
g olfE FF AKAQ] BUHPS S5t MAAE &
frole B4 AAAEAe B 8 e g 99t 7124t
=5 ATE & A& AR Tt

4. 2 £
FEluete]  ZleHet AEAE FAolnb Ak (B,
chalybea flavovittata Ris, 1911)= 2010 AT A
Hz2 715d olF, i Lol dFol I,
2 AFE T f§52 A=Y AFEEAALE AFA
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(33.318096° )FE A7|& AFA(37.366734° )7HA], 7
A AehgE Aw2(126.054925° )RE AAEE
A1(129.016472° 742 WEE. & 2 7]&] &9
2 AR Qo] AYEE, AR, SHRE 528 i
A7F =T A= AR FAFE ERAA
w2t M(Permanent rivers / streams / creeks)H32 &
27 127020G0.0% 2 7P Wk, Tp(Permanent
freshwater  marshes /  pools)f-&ol  117H4(45.8%),
F(Estuarine waters) F3°] 17/14&(4.2%)°1+=Hl, &<
2 T A ] g oge FARE o
F7HARD AAR] ZAReL EAJo] g7 HT @A E2X]
= EW® MaxEnt 29& o|8ste] A £xE o
gt Aa, 71E AAA Lof] SARFAAL} dEFIA I
g7t AA7VEd0] =dem S H@EHADR FwH (of
ARAD, AR A4, FRASEEA, dHFIAD
el AE AA 7HeAd-S gelstgicth. b, mlE Alue
25 o]ggt 2050ddiet 2090 tie] Ex JHzx|o]
Holz2l= Aoz AZEHth. Ay oz Folupyate]
= 77k mlEel AARRI & FHsAdel wA A5
Helth 2 a7 dde FF A58 BYEHYS St
o AAAE FTRcte EF AR 2 2 &
& g 712ARE ATE & dS Ao=R gk

o
P2 A

=

=
=
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FAIN (ol = Unraveling the world’s longest non—stop migration:

The Indian ocean crossing of the globe skimmer

2 ATE 4% IUPHNY SARE NN BT W dragonfly. Frontiers in Ecology and Evolution, 9:
2247 7)22AHNIE-H4 ¢7-2023-18)"9] 28] o]2o] 698128. [https://doi.org/10.3389/fev0.2021.698128].
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