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Report on Settlement of Alien Species Red Swamp Crawfish (Procambarus clarkii) in Korea. SuHwan
Kim™* (0000-0003-4831-5071), Hae-Jun Baek (0000-0002-6324-5131) and Geun Bok Yang (0000-0002-9452-9508)
(National Institute of Ecology, 1210, Geumgang-ro, Maseo-myeon, Seocheon-gun, Chungcheongnam-do 33657,
Republic of Korea)

Abstract The Red swamp crawfish Procambarus clarkii is native to the southern United States and inhibits
all over the world including the United States, Asia, Africa and Europe. In Europe, it is known to disrupt eco-
systems such as competition with native crayfish. In this study, habitats of red swamp crawfish were identified
in Jiseok stream (15.5 km section) and Daecho stream (6.1 km section) of Youngsan river. A total 33 red swamp
crawfish were captured. A female captured in Jiseok stream carried 215 newly hatched red swamp crawfish in
her the burrow. As a result of the analysis of the habitat environment, the water temperature was ranged of
2.4~32.8°C, conductivity was 53.4~502.3 uS cm™"' and DO was 0.74~22.64 mg L. As a result of measuring
HOBO, the temperature ranged from —9~48.1°C, showing a change of 57.1°C throughout the year. The vari-
ation of the water temperature throughout the year from 2.9~33.9°C was found to be 31°C. Red swamp craw-
fish have a high adaptability and a wide range of environmental resistance, and report a sharp increase in newly
invaded areas, negatively affecting indigenous organisms. In addition, it can be used as a medium for the spread

of diseases and parasites, so prompt investigation and research should be carried out.
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=7} (Procambarus clarkiiy= A2+ (Decapoda) 7+
A} (Cambaridae)ol] &3t= © 7Y E vl Fo] A ofjut
F7F YAte g2 opxjof, §9, ok ezt F HAA] dY &
3zt F4ol= 15em W, AL F24, A4, 27
A FEA 5 OggsHA Udetua, Hols &9 AR, A4
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Aoz &4 A Qrh(U.S. Fish and Wildlife Service, 2015).

fFaolAE Y I JYAYHAT 550 =
Qe FHY EF 7HIE Dojdl= AHA ZAE o]
stF o, Hol| AR o7 (Aphanomyces astaci)’s A3t
ANA B T ZHATI= AL&2 g2 glt}(Catherine
etal.,2016). d2oJA = JPLJHBEE Belsta glon,
& Ao AA gt FxsH, 5= FEAE AZsHA 1
St Aoz A gt (Kawai, 2005). T =
19709 = F27 {99 TR0 3 &4l Al&st
Qo 71s9] FE3 29 RE02 Qldj 49| 2
2 st A= Zotg o, o]F 2001 95E FHo] A &
ol osf 109 d&= 7|7 St AEH o7 FAlo] Al
Holon, EAQ A4 7P AuiS s =
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Fig. 1. Study sites in Yeongsan river and JiSeok stream.

3191 CH(Wang et al., 2018). SH=af| 7t
oA 20159 Fo| A WET} H% %7k 20%HE o]
FE FEIL YE ALE ZAEI Qlof, hFORE F4
ta Qlow, F=o g FAlo Fa% FES AR5t
2 & 4 Jh(Kim et al., 2016).
=Y A A 2= AHA NG =2 HFE Ad=x
AL ARl Q=] e A A AR AFellA 1987
W A SAIE T YA £ A dE Heg B
E vk ok o] F 20069 ATFolA AE SAIES T Y,
FAbe] stopa]of bl H o, A& Ta o] FAH, B, e
A dd, A 1Y FAA 4o 24 A3t 198749
o] A4 Aol np7EA R g4 7HEFE W AR AT
A AL 18 I (Kim et al., 2006), o] F Z 2] A 2]o]
U, 37181 A o] Fo XA ¢kt

nx7kfe 2 W48 5Ho7 =¢EH glo,
A 27] & AAAHAR f715hs 5 A9E 2l 9
3 AAYHE Y= AR FHH 2 AfolAe
)= 7k S A4 9 Hg RS mpotstglon, GAt
A AARAA Y w=7EA Az 2 A4l B szt
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AR F O] & u|F7HA) 9] EAE FAFS
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Fig. 2. Method of surveying red swamp crawfish, (A) scoop net, (B) traps, (C) kick net, (D) night survey.

0}04 HE, $F 59 FoEol A AL 2AFSIL

XA AR ET A7 E1S H8l S A
ZJrEP o)A S0 (FE: 1 x 1mm)%F EAQE 085t A}
stttk T35k of7tol| EEshe AH 542 Hste ofgt
ZAE B3t AASFAT (Fig. 2D). ul=7FA 9] A1 418
7 ZAE 98l 2ARA A A 3E=EE3 7] (YSI, pro-
plus)E AHgsto] =2, §E4ATF(DO), 7| A== (Con-
ductivity), 40|25 =X (pH)E A8t E3 v|=
74 S ZAAYENA A2 RS et A42] S
Ags] =etstr] flst] A AR 9] 7|23} =29 HFE
s SHstAth 42 25 =0 °|E 24 (Hobo Pro
v2, U23-00)E At 23 (St. 4)] A5} 20184
14 31955 20199 1€ 2347HA] =23} 7]2& S435t
of 7|83t4th A= 9 542 308 TR SHSHHL, 1
o 2§1(12 00, 24:00)2] Hlo|E|ThE F&3to] AMS-SHATE
F22 A Im WY olA St o, {7k st o
2 g5 =4 4lof Hsrt Q.

Zn Y 0

1. O|=7tXH (Procambarus clarkii)2| MEstH EM

aj27e) Ry ARt SAsI A e 2717}

Fig. 3. External form of red swamp crawfish, (A) dorsal view, (B)
lateral view.
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Fig. 4. Red swamp crawfish (A) and young red swamp crawfish (B) captured in St. 4 on March 23, 2018.

15mm W2 W A4st= 7H (FZ o], 65 mm W)
(Kim, 1977)Ect & At ojupEe FujEo s Jdas)
o vuA gom, 7ol FH AFHo= AEE gl
TgAolY utETL Qith mYuit = 7t2R FPALR
U, & & 7FEREE A2 7 FokRAL, | 7HEAE
£ o Holth. 52 AFEY AT v e A
AL O o= F 58 tH(Kim er al., 2006). A|17H5
= 23 JAE 7HAH EHY| E5EFT ¥ =
717} ow, A2~3ttE] o= Bl Z2A7F Ak (Fig.
3). gutd o g f&o] =7 3HH, A, 552 oA A4
s, AF E&A YA, o] uj-¢ wWE Holy,
Az3 el A= 470 7HgF L] 7He3teh(U S, Fish
and Wildlife Service, 2015). HA]7]7} E|H $=3& &2 9]
= Holr 4¢o] 17km7HA] 0|58 4% vk (Loureiro
etal.,2015). &7He] A&7t e BN E AAE 5= 9o
o, Hols 2 JASR, =17 Ao, F& =Y AHA|
= Yeth ol de ARG e S44S Holw &
TE AP vk QAT HE 2 AExZolu &
AZE Aot S Holn, ML wigt x99
Ae B8 7HEE A 23] o4 AbEkstaL, =717F 10em
9] AL 500709 ¢S ZHT = Utk A Y vt
oA Aolls gol wo] 9o ¥4 &L 1 RFE 98
<= 5w, go] Wojx|R] gA ok Al 2] 7]7ko] F&
HO g 4~4 570 Dol th-SA|t ] ABAke] 7Hs3dtth(U S.
Fish and Wildlife Service, 2015).
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I @A U3 shRolA AAH FFEIA Y A (St
2 6.1km T h2A YRPAH G Be G
M (St 3,4) 15.5kme] LA TSRS AL 3
AstATH 3 A A M4 AHAAYZ 2km7bg Eoidl

FA FE5 SHATAANAE v=7H 1A 7F &l
3l ol pE7H= AE 58 olFEut oflet &
A, 552, 534 5& 5% ol5°] 7k, ol wE
FY o] 87t S AARRT

2 AFolA HYE m=7H= F 337040 A9 =
7l A% 14.9~108.8 mm, 7] 0.06~33.4 g2 =2 B13}%)
o AR E AA Y 4R A 2 AHl= 1:0322 4H9|
SAISHAl E@sten, nldsdt Al 20704171 24l E
Aok v=7HA Y] ERIAH S ZARAH F AAHRA 11
WA, A 12704], 2AZolA 10703171 gH1= Ak A
Ao A= 393 59 RAMA A7 4k, e A 29
A= 9% mAds iAIZE EIE T 3] 39 23U A4
oA AFE AR 7HAY BERoll= 21570419 o A7HAY
7F 20l U= Aol A=A (Fig. 4). v]=7HeF F4 A
Aot ANPRAFTELS AAISER, 89582 2
AFEEY 3% 67 T 82F0] FUHUT. =AM F EF
7ol 9% (11.0%), o137} 4% (4.9%), RIE7: 15 (1.2%),
AT 2F (2.4%), FA7 45 (4.95), 374 62F
(75.6%) 2.2 AL olF v=7Het 22 A5
ot & MfHYo| (Caridina denticulate)} FEZH A A
U] A|-$-(Macrobrachium koreana) 20| A= 31t}
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Z33 A3} (Table 1) 322 24~32.8°C, B 18.6+8.5°C
2 ¥ste] Zo] A Yehgod, 128 (12¢ 29¢Y 2449
gy 74(7¢ 299 1240l HgE UERTh 199
A 24 5°C W99 S Ho|tirt 3YRE FHHA A
sto] 793 8ol 30°C WE HohgtS Holil 9YHH
AR kst 12€¢] 5°C W9 ghe Yehla glom,
HE ZAXHA FAREE ¥t diS Beoh AV|AdE
T 534~502.3uS cm™'9] M & W 238.8+110.6 uS
em™'& YEMIth EAF o2& St. 6 A F AT 53.4~
963uScm™' 22 AZ 100uS cm ™' ZHS Kol ThE 2|H
9] 86.9~5023 uS cm '] & Hol: Ao ulsle] WA
Uebstth. ol St 6 o] 27 A BEH 5
o ¥ EAL Bt 202 woHrt o]99] AV|AE
Tof digt A3 sluEe SQlER] Pyt FE2A A
ZF(DO) 0.74~22.64mg L7'9] M S Yelyx glod,
E3] o580l st.3 A 2 g& Uehlet. o] & st
3 A o] B AR FEY =4]o] ¥l F9] 5F0] A
o F2 A EY a7t FEA Ao 1ol B AR
Hrp @2 S2AAgS Hols 202 T AHEE
Hatf "ol A= 527 dE B2 3 fAsF A4 @

Table 1. Water quality measurement at the survey point (Jan.~Dec.

2018).

Measurement item Range Average +SD
Water temperature (°C) 24~328 18.7+£8.5
Dissolved oxygen 0.74~22.6 9.8+4
Conductivity (uS cm™") 53.4~502.3 238.8+110.5
pH 7.1~9.7 83+0.6

oA H, 8¢ o]% ThA| EolA= HE S UEhLL Qi 5
20| 2F =X (pH)= 7.1~9.79] HHE Yeyton BE
AR oA 2 W3t glo] A% AR A& EoF4l
ot =7 e S A AR RE wdsta I A
A7 S motstr] Y8l 25 =H o8 £A (Hobo Pro v2,
U23-001)3 o] 83 2443} 7|22 20184 2¢¥ 8Y 24:00
o HA —9°CE 7|23}, 2018 8¥ 24 12:004] 9]
24| 48.1°C, A%+ #T VA= 16.1+£10.6°CY] o=z
71859, A% 7]22] HslE-L 57.1°CE &= ot (Fig.
5). 28z = 3t 7|2Z Holthrt A A 3| AFgdte] 3
doll= 49 7125 35 o, 3 o|F A3 7]
o] Asste] 8¢ 2 F g HoliL, o] XA 3] 517}
of 129 Zof tHA] G519 7|25 Hol= Ao RIS
ok =7 Y A A AHE Aol e 29 #I=
20199 12€ 29 24:00A]9) 2.9°CZ HAE 7|235}3 2
o, 20189 7¢¥ 29% 12:00A]°] 33.9°CE gk, AH+F
T HAF= 17.1£8.6°CY] 3 Hglom, =29 §3tE
2 31°CE U= $Uth(Fig. 6).

20] W3} S 2 ollA 3U7HA] 5°C Q| S
Holt} 3¢ o5 A A3] Asdtt, Asdttt shddte =2
o] ¥i3} Hje S Holil gl ol= A4 5 2GR g3l
HgE = Aoz AT 69 2HE 79 27A =
H7hE 20°Coll 4] 25°C Abol o] YT 3=
Ak A7) A&A Q1 A2 Q3 = MEEo] A2 A
© 2 AZrE e Auprp Sual vhA] 8971
Fes Hojw, 78 I gk Holthrt 1149 27HA] ¢
A shFetth 119 1345 H 3048714] 18Y &8 7]
7] LFE 3l 54 AE7F AAE e, 114 309 o] %
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Fig. S. Graph of temperature change during the survey.
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Fig. 6. Graph of water temperature change during the survey.
OHA] AR 7|55 0] 5°C R 20199 149 2297k o] EIHGeH, 7Y $ T2 ofFf 9 279
A ZAEHJTG. nZ7A e AR 37 EAAuel 535 Microphallus, Maritrema obstipum, Sogandaritrema pro-

AREA AR Y WA FABAe 2018We] e
Z47F(0.8~29.1°C, 15.0+£9.3°C)S v 3] Holx= & 2}
o|2 HolAL gt} o2 EYE nR A ) 47

A Aol A4 8 GEo] 7Hsd Ao Tasn, 5
3552, AR 5L Tt E WA G4 987 Yot
webd m=ARIe] A4lo] SelEs Al AE H3He)
53 #5305 Ao BT 4 Ik WUt
ahglo] a7},

4. 0| 717H el 2l

=7 = A4l tgt

e AU 7T 9]

ZANH Y AAjo] 7}

SAA, HA, 54,80 § o
SO, W2 BHUHA-AE 7HA =& 12ppt ©]47HA,

pH 5.8~10¢] | DO 3 ppm ©|5t7HA], A 4] =2 He=
0~40°C7}HA] H-g3t A4 7Hast Ao g Bustal ok
(US. Fish and Wildlife Service, 2015). jj20] F-4H A Y
oA w2 A st JfA o] A3 Tt 8 E
HAYE Ao RAH FFE vAH, 53] FHY B
A7 AR o ABAQ] FFE vjA= AL
B 33}31 lth(Catherine et al., 2016). T3 G-H 2] 2991,
ojgtg|o}, 2|5l At 5A& ofZ 7+ Ak FAl
A FAE A ARHAQ FFS Basta vt vl=
7Hie A¥E AgstAY 71852 st = vl=olA
N7 =018 A HE (Aphanomyces astaci)¥ W43

H}o] 2] 2 (white spot syndrome virus, WSSV)E ujj 7] 3}+=

geneticumS W7ttt B 135t ) (Loureiro et al.,
2015). B3t = ot= P o2 5k 9 FRo 1S &
o 59 2 FAge g g sty = et kA )=
7H ] Aol ERIE A HoA= ul=m7tA 7 w7 & S
Ue AL 7|85l dE 2APE 8=, A2
T7t #2 AYE b A, w42 oA = 7] dF
O 2 Qg HIE A T 4= AEE T2l FAF
oF 3tth(Song et al., 2018).
¥ e

|7} P. clarkii= 1= 58X Fo] YA W, u]=, o}
Ao}, otz )7t 3 5 A AlA] A A4lE, f-HolA
£ BTV B 5 AHAE nitstes A eE geiA
Atk &2 ZALA GAFAS] A3 (15.5 km +7h3 of
Z7(6.1km FZhHo A Bl=7FA 9] A A]o] =it A4L7|7k
¢ AFE w=7He F 3370A01H, 3€ o AFHE A=A
IAAAE E5 o = 21571419 AA7FR7}F &g
Aok dFEFEAESG7E 83t A4 3o EAT
£ 2.4~32.8°Co W= ALY, A7| A==
53.4~502.3 pS em™, A1719 Ao whak AAe WSt wiE
< HolAE Yoy, §EALTFL 0.74~2264mg L2
ZAA T Aol wE W3t Zo] A Uelgt Bt
AU 23 7|29 H3kE motsl] 93 5= olE
EAE AAst] AT 29 7122 -9~48.I1°CE IF
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7] W3lEo] 57.1°CE & YA vegon, 29
29~339°CE 95 4L HIEL 31°C2 It 7]
29 WglZo| gA Yehd olf+ 25ZholgEne] A
A& AARAY &2 EE FAE A7) gz o
% 7|29 WEEIE= thh zol7t & 4= Q. u|=THA
= 52 F58y Y SAFYAN HYE 7Y, A=l
dd A GolA FHsHA F7tete] B E FHZF A
S uAE AoE Busta 9ok B3 Ayt 7|AF Hut
o] w2 A g3t & = PFoz A3 FAFRL F
A7) gl of7|e 4= glo] o] tigh A&t RAReL A
T7F == ofof gt}

HAEE 442 FEgHY 2997Y), BalE FH
B A7), FTEEFANHY 97

RAZIE A% A58e & a78 4Astn 535
goun, FEAR W, FLEL FEOR B AT

[}
Folshgom, B A7 =8 453 Wero] 4ns
o}

OIS £ AT =29 BE AR osfure] FEo]
gle-g ws =gy

S| & d7E TP RAEATIY A4
ol o3l saAugon, 55 ARARTAZE
(NIE- 4 87-2019-09)9) Abg] A€ol o3 4=l 9%
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