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= HAANF vl=7FAl(Procambarus clarkii)®] AJEHUE S SFHAF 2411 37 2021 295 1097+
A Y, T, YAl Tl AL SA-A SaEkaich 2AMYS $Alg ST SEEAE o8t o,
eDNA 45 93l 8~10 Lo] &5 Aj4=stlet. 2AK] W] FagQl AAAd g FaFea T4 A Hr|&
4 g 7HR f8 @%E BEAsh 2AME uj=rs S 12270171 ERlE e, o)A 59704
(48.36%) = 7HY W2 A9t =2 S FH HeDNA)ZE HEE AL AEA sl &3 W=7 7P =0T
OFA} $=719] UL 21:52 ¢HHlo] SAFIgon, I eFlo] 72.2421.1 mm, 22710] 80.5£15.6 mm, oA/}
25.349.8 mmo|qlt}. o]l FYE v=THlE FAE A9 FHCR S Qs A0R FhotEglom, JhA o
9 7]150] = AAGollAE ERIFA] oottt vl=7HAel F-gAchs AR HolFE ERIEA] oroH,
U] S nla7 )= YEOAFE F=YH AR FFEUCk FHolA] f-EE L Q= 2 7HIF= 8% ool
Qlom, o= ulE7F(Procambarus virginalis)= 2021 0] Ao A G50 HEZ XA o7 mketEQich
=7k ZARA S Aol AlAlels ALY YRS ES F 3% 57 393 69F0] EdsYoH, At Eel
24.62%, GAHH E AR Eo] 2+ 16.92%E SASHA UERsth o] F Mt ilgE 15, dNEE 139
FHFEND R FRE = 1F, G4Fe T 6350 2dtath HA7 el s FotHeRert AA7 sl =
7joje 2 =Ra7l AA Aoz SAEte EEsth AR Y Yo njdrile o SHE AAJo] FREE 2GS
Asstn, o] gl oA Aol Zet Ao EAE QI A%l nje7Hls FaFolA Al Edsk=
SA AXBEL AT RIS AT A 0R Holn, Holxkgo 2 AEjA wEto] &H o7 dojd AoR
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ABSTRACT

Biomonitoring of an invasive alien crayfish species, Procambarus clarkii (Girard, 1852), was performed
from February to October 2021, along with environmental DNA analysis, at five locations including
Wanju-gun, Hampyeong-gun, Naju-si, Gurye-gun, and Cheongju-si. For the investigation, an umbrella-shaped
trap for adults and a hand net for young crayfish were used, and 8 to 10L of freshwater was collected for eDNA
analysis. The current status and past distributional records of crayfish in Korea were analyzed along with benthic
macroinvertebrates at each survey site. As a result of the investigation, a total of 122 individuals were identified,
and Hampyeong-gun recorded the largest number of populations with 59 individuals (48.36%) and the highest
environmental DNA (eDNA). The frequency of appearance of P. clarkii was highest in May. The ratio of
females to males was 21:5, and the body size was 72.2+21.1mm for female, 80.5+15.6mm for male, and
25.3+9.8mm for young crayfish. P. clarkii introduced into Korea is mainly spreading in the southwest region
and it has not been observed in Seoul where there had been a record of appearance in the past. No external
symbiosis (Branchiobdellida) of P. clarkii has been identified, and P. clarkii that has appeared in Korea was
presumed to be imported from Japan. There are more than eight kinds of exotic crayfish distributed in Korea,
and among them, the marbled crayfish (P. virginalis) was identified as a harmful species to the ecosystem of
Korea by the Ministry of Environment in 2021. The identified species of benthic macroinvertebrates inhabiting
the survey area where P. clarkii has appeared were 69 belonging to 39 families, 15 orders, five classes, and three
phyla. Among them, Odonata were the most abundant (16 spp.; 24.62%), followed by Coleoptera (11 spp.;
16.92%) and Hemiptera (11 spp.; 16.92%). In the survey area, one Korean endemic species (Rhoenanthus
coreanus), one species (Helophorus auriculatus) classified as Near Threatened (NT) on the Korean Red List,
and six species of Crustaceans appeared. In the functional feeding group, the predators appeared predominantly
while in habitat oriented group, the climbers appeared to be abundant. It was confirmed that P. clarkii in the
survey area prefers an area rich in aquatic vegetation with waterside vegetation, and has high resistance to turbid
water quality. The omnivore invader P. clarkii is expected to maintain a competitive relationship with
carnivorous benthic macroinvertebrates that are predominant in the same species, and is expected to continue
to generate ecosystem disturbance along the food chains.
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AME (IUCN)ll A Z{ote] ejgjE & shutoln, FA] f-2ut

=t 0|=t7}A(Procambarus clarkii)@] A Hil= 347
19979 M2&A] AV ISE-e] AollA AlZFE it @t
Lole B3 xFtsto] 7}R)(Cambaroides similis)S; HE
7V (Cambaroides dauricus) 14 230] FE3E3}31 ¢l o,
A A% ARe] Eiehe Ao YA Sk oA
W A3 Q9 A BHeoR 8] BEUHS
283, 48elo] Folud ojek ofo) FHAlEEL Fhol
FaE2 =YED Qo F £ Mol st $eiEn
ActJung et al., 2009). vl=7HE AAAAE DAY

2 Ehelo] kel le] WAYE Aoz wasn ot
(Lee and Park, 2019). W27 A= 11 $-9)E]= ol E
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Torrijos et al., 2018).
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BB o) Aale BAHA) A, dutom
7 A A= (Aphanomyces astaci)o|2tal &2]9-= Aol
ot E2F2E9] A H(Rezinciuc ef al., 2015)1} 57 %] 2}
ApA] FHol| Zus S tiol] Yojih= AYEiA wetat
1| Al E(Hobbs ef al., 1989; Correia and Ferreira, 1995;
Delsinne et al., 2013; Haubrock et al., 2019)-2 =+ujjof] &
ofd 7Fs/dol A= o] Utk o= Qls| AlA SL3LollA] A}
=9 BEALY} S 2oy Qs ALdAE] vl
71| 58, s s EAET 5 theket A

£ 48510 285131 ¢t Loureiro et al., 2015; Kawali,
2017; Yi et al., 2018; Yi et al, 2020). E3}, E<£9] 29
i 9le BY ZART Sl 4 glo] BEKAY
(environmental DNA, eDNA)S E34] =7| &%|8}a 4
Z3ts A3 43 E 3l Qlth(Mauvisseau et al., 2019;
King ef al., 2022). o] A% 2HAd) HTh7]H o] eDNAS
2-23517] YA 2021 287 AF8S|(Korean Society
of Environmental DNA)7} A %] 11 A e A AETheFAl
Q0] 2gel7] 9Iet ERH TR £} oo
(Kwak et al., 2021).

SOl v S ERelL ol AXA e
HEEEE AL FRoIL Oogo] £ BREoR
2AaBIAe] Holxs W shAE el 2 Hssto] o)
Z Q3% Ao At Merrit et al., 2008; Jung et al., 2017).
015 ulF71AI} - 417k Decapoda) & Aol Atyidae),
A A u| A -2 Palaemonidae), 7}A 2 Cambaridae), B4
TN Grapsidae), A THOcypodidae)E sl U &=
200] T 9 7|g=of sl Qloh. YR ARHAE
S0l SRS AYshale B A dEFESEs=
o| =79 FYoE kS 4= ¢l o w(Correia and
Anastacio, 2008), 1 mj&Q} e oro g r FAE 1
AL ol =g At wE 53], AT AAA
o] A7RES thafgt Aol e o] Holakso &
355 WA 4 Sl

U Eos AFHE v=7HE e AAE A
T2+ Kim et al.(2019b)o]] oJsf = A AAYeRA 2}
of &gt 7]50] 21em, Lee and Park(2019)] &fsf m]=7}
Ao} =l A RE2AY BrHE o4skAT: 3L, Park
et al(2020)°] oJsf ml=57}AHO] = A4 Fazof Bt dA+t
o} Choi et al.2021)] oI5t G4} FA(A A1) 9] wl=7}
Aol 4t e A7t = Ak 2R S A ol A]
+ i AR B 9 ofgof w3t Bl whet <o
e AURAP e} “AeA gt e DUEP S S8kl
Utk ml=7Ef ol Tt A 2 AR 2006, 2018 23]
AX 4P & O H(Kim et al., 2006; Song et al., 2018),
= w77 fEsks A @9 9 RUEEY 4]

20194, 20218 2219 AB=IcKKim ef al., 2019a; Invasive
Alien Species Research Team, 2021).

2 A= 2019 AEjAl s AE A vS7P.
clarkii)®] @A ZEH%} Y A 2AE S TU EE
KA1 9] AaARL JIRkS: wiIShH, 54 (sympatric species)
A AAMY dFFATE=e Fe A Hefsio] AeiA
g Aol A Aol BhibE ol whet a4 Hte] High
7|2ARE AlEstaat .

o

o
1. ZAXIE & A7

COEEERE VR L I FEW S PR
LA WI), Hehehol ) 32 2(RE: HP, U
A NI, T2 GR)®] % 4714 Sastglom, 20219
HEACH) BN 1|77 BEElo] 28
F2E AN PR HSERS Foste] 2AE S
stk ZAAI71E 20219 38-1097H4) 2742e] 717k
£339, 59, 79, 9] AA & 48] AAtgLon], 24}
AT NARE e drkFigue 1), A4
(DNA)E 913t 2 A|20] A4 29, 69, 9%, 10%e]
astecy.

- WIRHED): TR 9 Ak ARe) A
A (N 35° 59" 307, E 127° 12" 22")

« HP(FB2): Aehds 992 sl sue] mas
A (N 35° 10" 05”7, E 126° 36" 07")

 NIURAD): Alebds U dae eAle) 4R
(N 35° 00" 32, E 126° 51" 56")

« GR(FEI): Hebde Fe2 e el 447
(N 35° 11" 23”7, E 127° 32" 417)

s CIRFA): FHBE AFA AT S AR (N
36° 36" 46", E 127° 28" 077)

o~

2. FAMSH 2 BN

BRASL FHRAE FAsto] 2
2ol wolEEe sk A4S I3 SI8 SAHE
(umbrella type trap, @=90 cm, mesh size=5 mm)< ©]-&3}
of 7t Aol SAHH AH3te] 19 F FAGG O, JH=
Az ofRNA(RIZHNE Zsh] fl8 sZE(hand
net, mesh size=1 mm)E ©]-8-5}o] ul=7}27} A& qkgh

vy
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Figure 1. Study area indicating sampling sites with habitats (CJ: Cheongju-si, WJ: Wanju-gun, NJ: Naju-si, HP:
Hampyeong-gun, GR: Gurye-gun) in South Korea.

TR A Yl sh4fo] AFZGil ez FHE A
(=7 = 23S HFH o2 A8 ch(Figure 2). A
e =7 &S @3l 4] 96% Ethanol= 11743}
o, AgAR U F AuL 2elsto] Bef)(sorting)
A& 35tk #0723 2 (Vernier calipers)E ©|
&3t YZl(famale), 5=Z(male), 2]7FA(Young Crayfish) 2]
WA Z7(mm) S S48+ S H(Figure 3), Prism 7(GraphPad
Software, San Diego, California USA)S o|-&35lo] I
g Basg

HARE A 0= EH AT AR Baje
of Selfet 1ol Awo] wlatglon], A SalLkeolA

el 52 5 e = 7ROl HsiA A
(do]#(naver.com), F-=(google.com) 5)= &gt 4
og Basg

oYU AMY dFAFEES vis7HAE 28T
Y FA0 2 FTZLEH(hand net, mesh size=1 mm)S
ol-gstol A sHsA HHE FES Yoon
(1995), Kwon(1990), Jung(2011), Kim et al.(2013), Kwon
er al2013)% W5}o] EATAL, AR F50 Fey
% 5740] ojehe HEFS Hfamily) Ei Lgenus) 55
A Egste] EAo B3ttt ARl ThE ml=7)

Aoke] AT A4 B T2 AR AL S8 A
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Figure 2. Habitats of Procambarus clarkii. (Left) Umbrella type trap in the silt area, (Right) Freshwater crayfish hole.

Figure 3. Measurement of total body length (TL) for Procambarus clarkii.

4}7]"s(Functional feeding groups: FFGs)#t A4)7]15< 3, B4R XKEnvironmental DNA: eDNA) £4

(Habitat orientation groups: HOGs)& 43} tHRo,

2002; Ro and Chun, 2004; Merrit ef al., 2008). FUlell FESRAL Gl w7l Hiet 2Rk 24
= 8l 57 AHolM = AlRE A5ttt eDNA AR
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Table 1. Species-specific primers information applied to this study

Target species Name

Primers and Probe sequences (5'—3')

References

SPY ProCla F
SPY ProCla_R
SPY_ProCla_Probe

Procambarus clarkii

AACTAGGGGTATAGTTGAGAG
CAGAAGCTAAAGGAGGATAA
FAM-AGGAGTTGGAACAGGATGGACT-MBG

Tréguier et al.,
2014

SHZ oaf ZAXAA 1020 m & 1 L = 8~10 LS
AQ=slHct 4o E = 1 LE 0.45 ym cellulose nitrate
membrane &2 |1} & A7yt 3 A= 4 3
20Tl PFET 5tk eDNA 2404 F SojulA
(Table 1)e] A% 913 PAzRoz u2rlae)
Genomic DNA(gDNA)E AME-stE o, &% eDNAZ]
A% AN 913) PCREAS Sastal

DNA 9] %2 DNeasy Blood and Tissue Kit(Qiagen,
USA)E o]&3t3ier, zF Alzof gt Cycle threshold
value(Ct)E gt 5}GIth qPCR #4S F8f =54 Al
Zksielon, & SolutAo gt PCR 584 X A=A
ZH(Limit of detection, LOD)¥} AZF3tA|ZH(Limit of
quantitative, LOQ)S FA35}%thBustin er al., 2009;
Yusop et al., 2012). eDNA A| 7] gt qPCR EAL 34t
o= XFElon, JFgioA HgE 440 m R
LODZ Y LOQgt<s #hatsto] BUB e A5 B a4t
ZAA oA HEE vl=7H DNA g2 AlAkstaL oj=7}
Ae] A4 o5g 2o,

gPCR ®¥F-Z7E& 5 ul DNA, 10 w02 TagMan probe
buffer, 2 x02] DEPC water, primer(Forward, Reverse) 2}
probee]l thsto] 242 1 wiE AMESEe] & 20 w o, PCR
ZZ 2 Applied Biosystems quantitative PCRS ©]|-85}¢]
Az 95T A 3E87F AFA ¥ A (pre-denaturation)A| 7] &
95COIA 102, 60°ColA 3022 453] AX| st BE
ZAA|] DNA AR 5t PCR HA4Jol At 5
e Tl F ek
720 o "|=57HY eDNA WEFE F71 1l

F5715 10T, 200, 30CE AAslo] 742+e] ex
A daE AAT =l v=7H I7HAIE 244
O MET w=m7HE AlA T 24A1710] At
sho] BT
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1. = OI=71 X|9E 22 g

20219 @AY 0] By REl dehEE AR,
APt T, YA, 7T FYRE H2A 52

(

Fd
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=
> O

of| A RISk o]F HFAlE 2H2021E 3Y)o] 2Rl
AHo g2 18747} &elx]9) S H(Invasive Alien Species
Research Team, 2021), YFtoA]= 4714)(88.5£29.3
mm), HF oA S97)A|(46.2+27.7 mm), LAl A 54
WA (42.3+27.5 mm), FLE|ol| A 571 A)(42.1£26.9 mm) 7}
SHRI=| U ch(Figure 4). AA] 12270419 A2 719 H]&
= 21:52 o] fAIHA Edstlon, oRIViAES &
Wt A ol A Z2E 337]4)(46.5%), 357]A1(49.3%) &
A UEETE A71A e 2E Sl 7R B iRl &
Q=L Aute] JRFo s 7Y AR o s 3YH) A2
WAla=7E 1= Stk Figure ). AUAAIES SHRIEA] &
AR S At AR AR WollA HAlsk= A
Alefal ks k= o) QEAE A A Aol A ofg &
o8 fYEo] yehd Adutge FAEch oheba, 2ARRH
= Zfisto] AR Fa o] kil Akt et A
R | B e | P i R PR B 2 o | P I R PR
FUE = AZNHNA ElEo] o2 FAE U=
Ao m Wotet), Syt e AT A e s
A2 A2 FH A Ao dHog A A= = A
o8 FAEM, Haf e ohE Aol vl tha A&
Al etk shARE, SHE T LAl ol of A
g ofuzt AR AHSE e A dent @ 2
3 W2stel MASHL Q= o= mebEch FhEEel A
Al o] 54A9L Bk sHT AdEe Yo}
o2 Mt £t HAF F71E Ao Holw, 54A]¢] 5
S 4% i Ao BerEnh U oA ofd ot
ol ulm7Rle] shito] <l sk AAVA7IH WA Az
ghekelo] Hulaz]e) ol wlelo] Waslth. ulwiAel 2
o ool Hake 4 A €9l B9 sk
J)gisiz Qg oldtlel 2 SR AU R Qg o
W apElAe] A4ThE site 1R ek e(Lee
and Park, 2019; Choi et al., 2021), Z1of ©-E HETIFA
et olehsol foUElo] WA 4 i FHA FL
& Aoz g,

Ao 2 ulm7A7E ERIEIH A2Al 8419974,
20061) ¥ #A(2021) A4 WA S 21w A ok
1 glon, Mepd: UFAloA 2018 EHS 7R
Aepd e 3hedt, FAl, A4 20199), Hetae o=
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Figure 4. Scatter plots and meantsd of Procambarus clarkii
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size measured in the four sampling sites (WJ:
Wanju-gun, HP: Hampyeong-gun, NJ: Naju-si,
GR: Gurye-gun, YC: Young Crayfish).
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Figure 6. Map showing regional occurrence of Procambarus clarkii from 1997 to 2021 years in South Korea.
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2. D= 7HR2f el st 2|X|

AAIH o= oby Q=R A=l Q= nl=7HA
(Procambarus clarkiiy= 4ZF=(Decapoda) 7}A2{(Cambaridae)
2 2o A& shgol 7| xsle] “Fel7|(Clarkil)” E&= “u]
=7, PR A Sl Al o2 AL Fe
A o] A] /\]'T'u‘ WA Wellde T, 24, 2 Jix] 59
TR M-S wo] W8 R Q717 &2 7ROl
Aefetal o 2= o] Wil A H=rt H“}EU% = WA
23 Aol ek Aol A AALENA el AIA7F
o]l &AL &7} W2 Gherardi and Barbaresi, 2000).
E3E A dFFETEE, s, oF, ATt
A epefstAl Ak Al o= AejA HolAkeo] ekt
AR o] Bl wake Ao =l A Fast
7150 & &S uj2| il 9JcKCorreia, 2002; Geiger et al.,
2005; Alcorlo and Baltanas, 2013). AJel A HoJAl&ol Qlo]

AR IRplAfe) 22pabke] 23kl SiAakL Qs AoR
gheksol, 49) AR wo] 7ol nE AR o) W
J4 & SR AAA WA= ohefrt J3kE v A
et oh

FH g 271 4E(1927d =)t %’}(1920‘51 =92

oAM= A vl=7H= HeE Al oS eds] s
3t Ao 2 BHuEil 9l om(Kawai ef al., 2003, Kawai and
Kobayashi, 2006; Li ef al., 2015), AHIEE2] gafje} o]
7P T S A S 5 A 0
Nz lAIsh ol S SRl 9o ofelER
%’]O] = Oﬂtﬂ—o ‘(5‘]— 74 o7 _L]—l]:_]—E]tq ‘?I‘OlJoﬂ UL]—E ZOj—A}-
F) A A, ol Qg W Al W
W 5T ol A g et 2o ofs) %4
Ag} A=K Yue ef al., 2010).

oA AA7AA Y E v=7HE R4
A 2] A] % o] E(Branchiobdellida) 2] Z-zho] 29|
Sk QRBATHE of AW gRE £ 14EL
e 45 IR0 71900] gt £aT ARE ATeD
210](Gelder and Ohtaka, 2000) A& o2 U &3 7|A)
of Mgt ¥hzko] Wad Zow wekETh S A4 ZiA|
oANA A EAHYA GOl 77E EHEA] 2 22 Lo

A - SHEE v el FUR o 2 (Kawai

N

ﬂlm o;:l‘

ﬂ

2

JL&OFH

Z

i

and Kobayasi, 2006) ofut= <ujof EHitE A EL dE

o AMFEH =] & AU Aor FPHE O 1|
I 7FAoll oigt =] AEfE A9l ARF SarsfA]ar ohekgt
wofol| g3 A 4= Qlopar wekEh ot SHe &
§& melsto] FRASl A9 Rolwe 2 QJuE A4

Q1 Q7 SaElofof & Ao WHHELh

3. eDNAS 26t

Ol=7iH d&

1) #20 w2 O0|Z27txf eDNA LFZ H|w

o= AR Y] A% HA L Hal 2 S
Hojuhx] k=107, 20T, 30CE A3 &= 27 A
=7 AHAE 24417 FAE wek AlA F 2447 =
SR ARRRE BAE Cighe 10T oA R 20T, 3
0ColAl tel7h B A Uepdth £4 Algzie S3E
Zy2e) Ctghe AWAIZE & w2 ek AlA & Azl F7F
skelon, Zhzko] digt HwtA]= 10TolA 0.55, 20T+
2.2, 30C 2.539] Apo|7p TAEIGIT). AZolA 24A17F
A3t AlZollA= 27.799] Ctgho] S Sict o At
£ B3l 10Tl 24417 F<F DI%WH DNA 2%
o] &4 ¢ AoE YEhon, ¥ 2roA 9| n=7t
A DNA A& FaFe] A2 FFollxe Holgts Y
HALE 913t A4 g 5o Aler weEnh W 2
oA DNA E.E2o] ¢ FHoju7| ujZof 24 A3tz s
FEEo] Holdlt} stHgte HESES o w2 JoE
el th eDNA 241 0] &J3t v]=714) DNA HEE o
= Y B 2ARE WY el w4 AAF
ohFd 5 aclof o3t Fge] o & Aom FAH:

2) eDNA EMZ 1}

t]=7H4 gDNAS} & EojulAol| gt HeFid =4
Ay = 31003 + 464136 (P=0.9951)% 7125 DNA
copy = A4t 83 =418 SH G o, PCR as&
AAE Aif= 110%2 2RI le}. wehA LOD F7gof 23t
qPCR &40 w& Ctﬂ 43.6 ol HET gl WL
2 Uehdi, LoQ 2% A% 1 L 9 ul=7k4 DNA

549,211 copies ©|dl= A E7}2 &l ch
ZAMA Ao A 9] eDNA A& 8] gPCR 4] A3, 9Hg -
(HP)O| A= 351 5 oFgdukgo] yetuton, Ctgh 2
2(28.6), 6U(24.3), 9U(11.6)0] LFEFO.H(Table 2), 10
A2 AEEA Utk o2 AR v|asto] ul=71g
DNA HEE2 THT ZAXAHANA 7P =74 A&=]9
o}, 3RA|Rt 109 w|=714 DNAS| n|H&o] A= o]54
U 7HAS] eDNA 2485 A dATHA| 2 =314
gk QQ1% M YEsITE UAIND) A5 oA 2] eDNAZ
I v]=7H DNAE HEE A gkon, ol= nl=714 <
T SolulAe} St eDNA Ae=E HE 7Fah JARE
o} ol HENRSo] dojuA] o2 Ao r wEh wet
A eDNA £41} A A% ALY HUE ES st
th 9] 7Hs/dE& GolRaL um7HA e A4 AiE ad
dfop & o= AtmETh FHHGR) A oAM= 2
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Table 2. The result of the Cycle threshold(Ct) value and eDNA concentration(copies/L) in the sampling sites. HP,

Hampyeng-gun; NJ, Naju-si; GR, Gurye-gun; WJ, Wanju-gun; CJ, Cheongju-si

Sampling Site

Analysis Value Date
HP NJ GR W] CcJ
373 0/3 1/3 0/3 3/3
Feb. 28.6 - 44.1 - 28.2
1,149,153 - - - 1,174,957
3/3 0/3 0/3 0/3 -
Jun. 243 - - - -
Repetition(n/3) 1.426.545 - - - -
Ct value ——
DNA copies 373 0/3 373 373 0/3
Sep. 11.6 - 11.24 16.7 -
2,245,821 - 2,269,045 1,916,821 -
0/3 0/3 0/3 373 -
Oct - - - 27.79 -
- - - 1,201,406 -
eDNA A=o] tiste] Cglo] ol Had Aoz RIEQl &2 F 32 54 155 393 65F0] ARE {tKFigure 7).
o, v57H gDNAS B-85t0] A2kt AF=Adola & T2 A dFrdFsa9 ds dofste A

=2k LOD, LOQO| we 23S

11242 ZAE o] nj=7Pfle ufollAl 9o 71 &2
DNA ®&Eds Hole AZA Be 7H B2 Aeds
Hol= AJ7]¢l Aoz dsieich (W) A olM =
SHik7]of o] R0l ZAPAM Ctgho] 9¥(16.7) 10
(27.79)°] BRA=| Uk 9E APfA FARES2 ThHE A
A 22 dolow daEn, 7 52 DNA X5
7153k BFAC)) AR = AP fE5 ol
Ak vj=7H DNAZF &5 0] 28.29] Crgho] BHELE|Qle
o, o]l AEHA Gk ol &di(202149) #=L
2 " Aol obd FH o E St ml=77E A Akst
Al Fe Aer FAEY, 25 dARe A AEA
HE 58 Tae dart ol dekenh AR sfejof
A o=z AAAE QR Rt At Aol of
59%(Tréguier et al., 2014)Q} 70%(Mauvisseau et al.,
2017)9] w]=71A)e] AZEo| HREA) thaket H41A
el 27} mR7e] W W A4REo) nje AZ gl
sopd = AL ol A ke eDNAQ] thefet 283t
o] =Eojof & o= dekETh

4. SAB(KMMY HIRXESE)

a2 ddfella] W AA s

n)=7EAfeF 22 Qe FUAl A2 ol FFE W=
AET0] WskE motshy] fisteln, A wWe A-a o]
A R A fslol HAAE W) LR
0 el ek 2] ulAs 9% 5L 7k
Hhol50]11 Ql= Ao & #kotr| It Usio and Townsend,
2004; McCarthy et al., 2006; Souty-Grosset et al., 2016).
A AR T S (WI) A olA= 5 3% 47 193
22F0] AAlsh= Aoz Uebgon, SHEH(HP)} LA
(N)) ARolA = & 482 th=EAT, 2170 38 47 183}
23%, THITHGR) A[HolA= 32 47F 353} 47, FFAICT)
Ao M= 32 57 202} 2652] A4 Y FHFE=0]
AABhH= Aog BAESI ofF R v=7E £
ookl T 63 (=L el(Asellus  hilgendorfii), AM-S-F
(Gammarus sp.), ZM-(Palaemon paucidens), o]
(Cardina denticulata), A7 Macrobrachium nipponense),
nj=7Hl)o] EAsIoH, S 35, Qe EE 95,
SRR MEOE B 6550 FURATE. L 197
O 2= 735124 o (Rhoenanthus coreanus) 120] 233
o, @R MRS y70| 2918 (Near Threatened, NT)
of SFE= ELEW Do) (Helophorus auriculatus) 1390]
Sl S AR 2 9] S A9le] 8% 9
A] ARl 1700] S ol Sl ol S
4 9ov, e CiaRt FAMBIE U 4 %S AN
S5k
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4.62% 3.08% 4.62%
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Coleoptera
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Hemiptera
16.92%
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\ 24.62%

Ephemeroptera
6.15%

Figure 7. The relative abundance of benthic macroinvertebrates

species in the sampling sites.

M5 R(FFgs) T 41715 HHOGS) S BAIRE At
(Figure 8), Ao}, W ey, el A=2] Predators(28%,
71.79%)7} uf-2- =A YeRE O, Climbers(18%, 38.30%)%}
Swimmers(12%, 25.53%) 42 ¢Fo|A] $85= L£EHT}
A Ega} 71 55E s ERtsol $dsh Yok
webs vlR7e e s AAe] SRS AAAE
HEshe 02 Bersn, §2447h A3 £40] e
Fo A& Hido] Zgt Ao st EA e Al S A4
A A RE R meke oE(ulRT e $2UA°]
9 Q=] Aol e R A4 wet th=A]T
(Nystrom ef al. 1999), w|=7}10} 2he A1 0] 7HRs
AR T2 71570 BRPES AUTo RN Hol ALY
FLHA el ARt Gk vIAAL Y= Aom SRIES]
TH(Correia, 2002; Usio and Townsend, 2002, 2004; Zhang
et al., 2004). o2 U LR HoA v/ A= FF
AAH WO &A1 ANNET A4S ARBAZ FAT
Ao Yehs, st 14 B 5 A42el U
2 B chopst AT WMo ZHWE 42 LA}
o Zler ek

5. =L OV 7S & X EXH

2019y w|=71A7}F LR AER A GH o] R = off¢t
7ol @ AAgS B4 el oheket o R fEEar
U= 7HRoll et o5 HAEE AR A3t teket T2
TS0 f8skl = Ao R Uehth AR 7HlF
= YA 7} 5391 Cherax destructor(E5 2%, Cherax
tenuimanus(E20H2) 2F, QAR 7} 0=l Procambrus

alleni(&dY), Procambarus enoplosternum(ZE3HE L),

Predators [
Gathering-Collectors [N I FFGs
Plant-Piercers [N HOGs
Shredders [
Climbers
Swimmers
Burrowers
Divers
Clingers

Skaters

0 5 10 15 20 25 30

Figure 8. Composition of functional feeding groups (FFGs)

and habitat orientation groups (HOGs) of
benthic macroinvertebrates in the sampling sites.

Cambarellus texanus(B|AR=2), Cambarellus puer(R|Y&
2) 42, A7) EYQl Procambarus virginalis (WFE71A)
12, 183 genus Cherax spp. & TFsHA E2]1 Y=
THF AR, FEEE, 5, 95Ro) 5) &0 -5
3l Qe Ao R 2RIt o5 wREZHN(P. virginalis)
= 22 o150 ARR ARE Fo2 Ful] elE A%
Sefufet T4 Ae] QPEAol] R m1A 4 ol Folck
SEARE olu] o] S019f FE Il Q= AR TolE gl
o} oREZRA L ofu el s ejolA] Sof thefek 7ol
gk ARkAQl ApApt od A os ddEw, 454
FOAR; W WA Al HAE A7) A=t 2
Ao mpotett. k3, Ay n]Adsdt ofolEo] A A9
P Aol HollA 7194l Sl 7HES 7HAS BolE
Sz 2O Tt ZAbolA ZRlEglon, §9] f-EE0]
U AR A U Al o FFE mA=A] wS7|H
ot} 7oA = HARE w&o] o] FojXofp & Fow ik
ok @A ¢l GEIAE 20204 1197 E 2YES A2
gk 7HK(family Cambaridae)ol] &35l W= 52 578 <2
AEZ R A5 O m(hitps://www.env.go.jp/nature/intro/), 4]
ZH(Decapoda) 59 Astacidae, Cambaridae, Cambaroididae,
Parastacidae, Varunidae (family) tfF29] 22 XA}
Anele 4AkE viiellth FUME S5 WIS Al
5] wfofsto] thokRt WO QefE -9l S0l Wk
nhsiop & et St

@A 2

2 = S5 AldeR SHAEH Y] Ade ot
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