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Abstract The red swamp crayfish (Procambarus clarkia) originated from the North America distribute
widely as invasive species throughout the world including Europe, Asia, Africa, North America and South
America. The red swamp crayfish is also an invasive species in South Korea. We aimed to characterize the
occurrence and distribution pattern of the red swamp crayfish, and evaluate the potential distribution of
this species in South Korea. In South Korea, the red swamp crayfish was firstly reported in Seoul in 1996,
and recently its occurrence is frequently reported at streams or reservoirs at different regions, showing the
expansion of its distribution area. The red swamp crayfish has high potential to occur in the nationwide scale
in South Korea because of their biological adaptation, effects of climate change, changes of their habitat
condition, and various types of human activities. Finally, our results revealed the necessary to conduct an
extensive field survey, to keep up a monitoring program for the occurrence of alien species, and to implement
a strategy to prevent the dispersal of alien species in the natural ecosystems.

Key words: invasive species, current distribution, potential distribution area, effects of climate change

N = A% Add GaRtHe A7 5] o A7EH 9%

o2 gojyrt. Az FEe] o TALL Fo, T, ot

A3 Tt 71 WA, AT 7 FYRE ohyst & 5 B4 BAL 98 ABES JEHOR $E AS
A 2ol 98 L BH WEIL L oRolAW k. 9 UE BF F FLHOR vYEHoR 7|k F9}

I A3} thekst AR E g X Yol AAlsH=s AESo| 2 Qlth(Hellmann et al., 2008; Kawai et al., 2015; Choi et al.,

Az Ao oFsto] A% W AAsH o] WHel  2017; Lee eral, 2017). $-2hee] ABTRy 22 9 of

A Qoluhn 9t (Bang er al, 2004). 0|23t WBFE] o] gof T WBAAE ols Lo gFonre ANH E
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2k QAZF Esoll o3t SHbel 93 ofr|E 4= Qlom, W Hloju E2A5HA H AES g ECl AYst it
(Park and Kim, 2015).
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ANA AAA EAE FEdsto] S2u=hEnt ofyzt A Al
AFoz I EA7} AstE Qlth(Auckland, 2000; CBD,
2002; Bang et al., 2004). @A 2 Z71 9 AI27} &
FANA Y ATl o3t FaE WA &2 Ha3}st
7] 98l B2 =32 7]&0]2 It} (Henttonen and Huner,
1999; Bang et al., 2004; Pimentel et al., 2005; Xu et al.,
2006; Oreska and Aldridge, 2011; Scalera et al., 2012). %
guet Al ol2gt YfF oz Qg st A&For
FAst glow, o] 5 WAtz 201349 AHETHEA
BA 9 o]go #E HE S AL HPET, AH
AT AEF, Hel2F = ARt dstn U
Qe olelat wejol Bt Fu 4E YREL
2009 894Fof|A 2013 2,167F 2 F e wjd A
Z7}8l= FAlo]th (Ministry of Environment, 2014). %
H oHE T TEL o7 885F R MY WA gl
2 OS5 332%, TRF 202F, L5 1455, 27 135%
LES A BHFFE 103F 5202 EuHAGTFH
A e, http://kias nie re kr).

FZ v/ (A DS, 7F 2 Procambarus clarkia (De-
capoda, Cambaridae) (©|: H=714, I : red swamp cra-
yshy7h S BF SodolM Edstel AEH, aHoR
e B W ok 0 FAAE WD 25 9 ol
FURI QRARA, 20, YL, ojgelol S| 4
2ol 53 444, Fuloly % 9R, BA, g 5
SoAotR e BHtE| o] B2 FAIE oF7]skal )l (Xinya,
1988; Huner, 2002; Gherardi, 2006). 7| =27} = *& &£
Ao Yol e AR UHA Qo (Bissattini et al.,
2015), A AR oA 2L T FA T2l AR S
ZANA FAMEHAS 22X D 4= 9th(Haubrock et al.,
2019). o]o] wzt NARA R A AW (TUCN; https://www.
iucn.org)® DAISIE (Delivering Alien Invasive Species
Inventories for Europe) A= 0|71 E 2| ote] Ll E
100 5 sFU=E XA A3ETH(Vila et al., 2009).

ME A H Sl AE A4sD gl Sl
F Q3 (Song et al., 2018; Kim et al., 2019), I EE FY
L x&For FE Ao=Z JAtETTH dukd oz Q)
e 2= =9 sEHEd MAA B 2= 22 59
o2 7|5 ARl o3 ZA FFE W=Th(Hellmann er
al. 2008). TFEbA B QAT AL et} ey L B
Z 540 2A% VA A B2 G B
8lal, 7|12 gle] ko g HEF £ Q& ;g—xHx—l By o

< WrletmA S9lnh o2 B v e BE B
2 oAIStE BT AT 712H e 42E AT
3 shsiet.

Mz H U

£33 A2} A AR 2 A A9 (IUCN; https://www.iucn.
org) @ CAB International (Centre for Agriculture and Bio-
science International; CABI; https://www.cabi.org)©] A&
st YPBEF DBolA ml=7HA 9 AlAAQl £X2E =
Atstglon, 3 A 2l HASE sto vt
o4 TlFAAY 2R W BE QoS 2AeTt. a8
Seleteld BlZAAY w9 EE 89 712L Tals
7] 938 dlo]¥ (www.naver.com), 7+ (www.google.com)
T T AAANS AHEsto] w5 7EA ol s 2A 2:
£ AT SIE p=7H Y SU e £2+= A E
AEA A" (GIS)= ARS8 UE lTh (ArcGIS 10.1,
ESRI). 71822 ‘ZZ EHE (Google Trend; https://
trends.google.com)’ & &-83to] ZUjof A “li‘ﬂxﬂg} o
A Aol (WFAHY L B A ANES Ax
2 2319
=02 e ZAZ S8l v=7H £xo FF=
= A &, uEtol A ml=7HA
o] HAQA Hix J9S AEstth vt A oA
£l 3¥F w94 fFdEHE BS €% 78 57 Ad
A A2 Bx 7He/dol 3A AFE nHchBac et al.,
2012; Kawai et al., 2015). ‘I}E]' A B AP E g4 2
T B30 4 IAH Ex F95 Brhsta, ulFef 7]
Slof| W& P F7Hst7] ste] 2050d e A
& Briskglch AMEEE 2% A= B 1Y 3
7 Ag+ 71 2E ARkl B 7S A EE 7
S A B XY (http://www.climate.go kr)ol| A A|-&3}
W 2o 7|33 AlUE] 2 (RCP4.5,6.0 AU 2,
7—3‘1} =7]: 12.5km)et F7Hs A7) GAE o A A& 5
& o Al AR 71 F = (3§ SERS AIB AU 2, AZL
37]: 30 m)S EF5te] ALEEAT, ule 7)AF AR &
W 7)o} 7]998} RCP4S AR 2.8 AHgalsict.

Za o D

1. 01=7t02| 222 I 7o

IUCN3} CABIS] T2, v 27h4 £ 4 2felofd]
27t otz gzt 8 A, Fotrlor A i 337] F7ol
E 323} 1O (https://www.cabi.org/isc/datasheet/67878),
o] F u|=& AT 327 FTtA JHYEFLE 7|F
591t} (Fig. 1a). 121} Selufetol Al BEE obx CABI
ol T55o oA genz eueE Frtsk AA A
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Fig. 1. Distribution of Procambarus clarkia recorded until December, 2019. (a) Global distribution map based on CAB International, and
(b) location of P. clarkia observed in Korea. The number of recorded area (n=33) (Background image sources: Esri, DigitalGlobe,
Earthstar Geographics, CNES/Airbus DS, GeoEye, USDA FSA, USGS, Aerogrid, IGN, IGP, and the GIS User Community).

o2 347=o] EEst= o] 7|5H =9 FL, w=
EERT ofyz} ofg] 7] %o &3t stetolot EEzt
7157 AujAQl A7t A Q7HA] RESL Q). o=
=714 9] 2 A9 AF B2 15~30°C, 7P F
& &9 F#7]-2 2~10°C (CABI, https://www.cabi.org )&}
2 Sk HE Hojus ALoR ol 7|EEY X o
R 71 2N AAE 5 J5S Held o] gWHA
oz NEo] 7IXE EJoZ 2L 314 A FHLs)
£ Ao}

SYvgtol A mF7tlE AEAl SAZEE T Yol A
199749 9¥of A Ao, 2006 = o2 7HA]
7F A= o] (Kim er al., 2008) 35 2| Hofl A 2| &2 2l A
A 7He S Bt ¢hE, A A4 2018 A
g WAl AN A w57k 7F AASHAL gl Aol g
AL, eDNAE 3 vl=7H A4 o RE 245 2
I, AepdE YA A HERE opygt AetEE QA
UL ASEEA FHT HES W AR HAAE
PCR ¥WHgS 2o, 3jd A oA nj=7p4] 4] 7t
SAo] Q= Ao g Yelgth(Song et al., 2018; Kim et al.,
2019). 20199 0ll= T3 72] A7l WX &} &4A), izt
A5g 5 324 RuE Qo (AFRA 2019.07.17) (Fig.
1b).

Ul vl=74e) &8 9 A4 EEXA7}F F7tsta
UE A2 A7 Fatrt A9 acld o3t f9ez
o] ARt} (Kim et al., 2019). ¥H=of A3 $-2vtat 22
st EAQA WEZHAQL rl=7H e 19 el s
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Fig. 2. Changes of searching rate for Procambarus clarkia using
Google Trend with keywords “®]=-7F4] (American freshwa-
ter crayfish)” or “&-2 7} (red swamp crayfish)” in Korea.
Relative searching rate was rescaled according to the ration
against the maximum year.

U fFdE Aog FEE ul= FolA vl
 HFE A8S Al FAH, FAFAA 1 shH o]
U 5AAR Y=Y, vt A dFEeR v
THE 012 ¥ 718 FolA A & A HAatEE A
o] F Yo g A

22l HA Qg o]&ste] FHolA rl=7HE A
gt 7188 2ARE A}, 2007~2008 A =R E FLE3] of
&g ul=7EA el digt 22kl 78S EIE 4 it
E3 ‘-2 EFE (Google trend) & &-83to] ul=7HA,
‘HS 7H e F Aold digt AA 71ES E)Ig 2
T}, 200790 ez g2 HAo] © ¥ 259
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Fig. 3. Distribution of estimated current temperature in South Korea in common years. (a) Average temperature in January, and (b) annual

average temperature.

20119 o] F A&HH oz F71ste] 20199 128 = &
A 7 & AN =S BAth(Fig. 2). o2 % AN A
F2 B2 E2A vF7A O it B A A
E2A W57 A4jo] HuswA A3H Bl F7t
3H7] Eo2 AL £3],201999] & HAE
20189 SAAE Y AL A3t dSiAE F8 S
olF, ul=7hA ol thet Eobxl 29 Hilo] vtgE A
2 BZdr

fo i rfo

2. 0|77k Ay 22 7h

olr

X

12

oS 7E7E AA =l A EAQ A nRFes
Zh-gtoll whet, mj=7hA o et thgH e A7 g
AYE T Qo =7 o) WA B AAIR 8, B
it Fol et AT AW o] B 9T (Espina and
Herrera, 1993; Daniels et al., 1994; Ackefors, 1999; Gher-
ardi et al., 2002; Dong et al., 2015). Tk4=2] AFo|A 7]
9 48 S0 exs} mIAAe] o} A4 Fas 87
ados Agsiget A mIAe He L2 WY
L 21~27°C, & A% & 234°Co|aL, 12°C o]3to]
Me AEstA ge A= I#A Aok (Ackefors, 1999;
Espina and Herrera, 1993). 23y & A4 AR+

20| 133°CY o HH 9 A AEAHE EYth=
T Au7F BuE 8} 9 29 (Peruzza et al., 2015), &A]
TR vl= gL AQAAE 574 27t
Eelslo] LE7} vy F2 AN T &g AAE £ 9]
== ® 3t (Fig. 1a).

CABIOA AAS 7 & 2 (1¥9)9] B 7|3 o
Bt 712 A 942 ALt koA w7t
Ao JAH 2 7Me NG9S Hrbekeh evete] 1
4 B 7|2y AT 7122 Fig. 33 2k $Euet
oA wF7MA7F HEE N 19 HHF/22 —-19+%
14°C(HF+FZ2HA), BT 7€ 123+0.5°C, ABF
A4S 1263.7+£342 mmo| itk B 2 He] 1€ FH
7|1 2&& HA —4.6°C7HA] 71E35t5ith o] H3 AR E vl
o2 1Y B 7|2 d¥H 7S VRS E FofA
=7k o] JAH AAXE AFA5HE, 2018W = HA
B ZARNA vj=7E 7 DA YFAIE 23| A
5= AAA 9 QAN S} FHEE =4] GE7L 25
o, A9 A YFA g7t 23rE 1Y B
7S VELRE FREE HUT 2 AAAE Z3S
Aot ddi7bA] w7 S JAH A4 7Hs AFoeR
UERSTE RCP 4.5 m|Ef 7]F AlUE] e RRE o]&3 9
et 20509 vl 71 S=E ARe At (Fig. 4), A4 (%

hil
A
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Fig. 4. Distribution of temperature estimated with RCP 4.5 scenario in South Korea in 2050. (a) Average temperature in January, 2050, and (b)
annual average temperature in 2050. Future temperature data in 2050 were obtained from Korea Meteorological Administration.

) 7150l vlsf vl 1€ Fo 7] E A¥A 7o) 4
o vl=x7H o] A4 7Hs FHo] uie B IsHA |
olFth 1Y Bt 7|2 7S & 20509 v=7H S &
WA HAAE BAEE ZFAILL JAMFIA dE71A
Zste= A2 UehT

REQ AARE 715 59 8910 93 Mutzoz 2
EZ FFo] ARHAT HA A A RE:= E23EHA,
AESHY 87 20S ZF ot ohdet AAA 270 9
3 J3FS Wr=Th(Li er al., 2014; Lee er al., 2018). TakA]
=7k o] Bk g A Al Hxe AR 24, F,
A, 4, 5 74, Blol T thddt 2ol 1d H7t
7} B astch H 2 Kim er al. (201902 FA7}F XG4 1]
=7H9] =y I ol et Bk FA A4 A9 ot
&g 3 2AS AL Rustth 2y FY B
275 Bt FEstA motstr] s @A7A vl=
7HA e Aalo] Baug o] theFet 87 279 AL
Zasirt.

3. 0= 7txi2f MElA ¢isis

ng7i = SEvEt EF 79 2] =2 AR o
3t e YA HYE 7K 219 (Huner and Barr, 1991;

Bissattini et al., 2015) &3}5 St oA A 20| 7}&3}t}.
ae)m AA|e] HOlE wEAR AL 4% F9t 17
kmE OIEF & U AR BE o|FHS AT ATt
(Gherardi et al., 2002).

T3 vE7HE 2 2U3E Ao AAsAT 54
7o) =7} 25°Co A= AEStA] F9jo= WAol Sl=
Ao B3 9o (Vesely ef al., 2015), SHA Y & =
G @ W7o, YEBE BE Solx BEE Souty-
Grosset et al., 2006), 1] =7} 9] H5of it 7Hs/do] A
71=]32 QIth(Haubrock et al., 2019). O]=7H A+ AX3}HA
U 2%7b )9 RobE AES 915} o] 40cm o]
=22 e 2oz g8A A=t (ngle, 1997), o] 2 F AYH]
2 Yo7t 5 Aol A& Aoz qAZ n|F7HA
o BEL eURNE Aol 4 ek ol o]k &
NS S B4 GABE F SRel 2990l (Pomacea
canaliculata)®] X L XA A7} 1tk (Bae et al., 2012).
ol DAL B, B4 5 S BF 40 A4
NN 5S¢ Y= 7He S AAE &t

ol A w7 o gt AtE AT W BE A4
A A DB Q2 (Song et al., 2018; Kim et al., 2019)
BESH U Ay Q7 voig Aol A
Jeld BEE v BEL AREHOR vegn
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CABI 5ollA AA== 7120 & =E 7l ¥H EZH
SHolA At 2 gt A qos AHom UEhg
ok 28y o]n| 20060 7 ¥ A 4lo] ghlE A& HL 1
4 B HA 710 —7°CE CABINA AAEE A4
7hs MSIE Holui gtk E3 A5 9 1€ 7] 20] W2
g 27 A= F27F SElEo| nj=7 Y] A B2
P2 P W2 712 AG7A] giE 4 o o] gt
E4& AAA vl 2& o1 A4shs nlm7HY &
41t S gt Ag ol 7]Qlst= AR HrtE

57 e ZARE Ho| AbgolA 9ol HAIsHH,
B2} 7Hjet A4)R] 9 Hol Fof AR sto] BE2F 7HA)
9] Bxof ¢J3& vtk (Hernandez-Suarez and Nejadhas-
hemi, 2018). E3F Bl 7H47F A W = 25 2=
4ot 22 AEZF WP (Gherardi and Acquistapace, 2007)
® ohyet £ 9 Hy3e) 41 57 e HAR B
o= g ZFrh= B} Utk (Angeler ef al., 2001). @
A v=7HE Uz g AEAE LHA7]AL )5
£ &4 s A 98 2471 € Ao wodch

22 9 ofg = Ade FHAA 2A Stk
AL, FHET oyt FA| A= LS| o] FojX| 1L QL
ot o]t o TE AYS B 7HAE e g2 ¢
HAYE FAke] o] E7] Hth(Chucholl, 2013; Kawai er
al., 2015). St grAEiA W mj57EA 9] g of
g2 ASEHY AEe] A AR FAHHA
Uehd Aoz AgE =g 22 HRYES T
W AHAR FYEE, g uhd 2 v oo, g
AT A A A= BT = 4R G o
AEol o A wta AHe] 9 FAA HiE 17
A= FREGE JHPEY W F+US e Aol 7
& sastth webd @A B A oA =S AA
skal o] o] MEE A HofA EA & kS A Ajtst
of eA meE WAISHL AR AAA E4S Has)
stojof gtk 3 AR P E U U2z oAXA
= e 9 AL gHREY Ad AEA FYS 9
Al A A A= opd, A= A R AR
2 QA g 52 A% k=go] Bagh Aol

2 £

R WA Selubeel ) AR Kool A Tl
Hglont, 27 o) el the A4, 7 Hs @ A
A7) 87 Wsk 5o o059 WA @ Ad A4 7Hs X
de &Ko F7bE Ao Bewth vehy v}

| S B34
4 Rl Al
AN AEH wol

Al I3 ENA mHE o)
A4 A%H TUEPH B B
BeAR FUHE AS YA
Y e

MAFSE o)t (F e mhsta sk,

T Ig)

=

34 (33

o

RAP|CIE o|th4: 42 43 W 24, U3 24, 24
AT MAL AR B4, A3 HA

OlSHRHA| olaheHA7E flsrUTh

SITH| E ATE AFATAT ATTHA] (NRF-2016R1A
2B4011801 & 2019R1H1A2080107)2] A Y Hto} £=3j
Hsyct
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