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- The genetic diversity and population structure of United States (Louisiana), domestic aquarium and invaded natural

populations of red swamp crayfish

(Procambarus clarkil) obtained in this study provide valuable information for inferring its

population size and introduction routes, given growing concerns of its rapidly spreading invasion in South Korea.
- Genetic data obtained in this study can be used for analysis and monitoring of future mass occurrences of invasive natural

populations of P clarkii.
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Abstract: The invasive red swamp crayfish, Procambarus clarkii, is native to south-
central United States and northeastern Mexico. Recently, it has been being spreading
in the wild in South Korea. However, its primary sources, introduction routes, estab-
lishment, and expansion in South Korea remain unclear. Here, we analyzed genetic
diversity and population genetic structures of its domestic natural populations during
early invasion, commercial stock from local aquaria (a suspected introduction source),
and original United States population using mitochondrial COl gene sequences for 267
individuals and eight microsatellite markers for 158 individuals. Natural and commercial
populations of P clarkii showed reduced genetic diversity (e.g., haplotype diversity
and allelic richness). The highest genetic diversity was observed in one original source
population based on both genetic markers. Despite a large number of individuals in
commercial aquaria, we detected remarkably low genetic diversity and only three
haplotypes among 226 individuals, suggesting an inbred population likely originating
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from a small founder group. Additionally, the low genetic diversity in the natural
population indicates a small effective population size during early establishment of P.
clarkii in South Korea. Interestingly, genetic differentiation between natural populations
and the United States population was lower than that between natural populations and
aquarium populations. This suggests that various genetic types from the United States
likely have entered different domestic aquariums, leading to distinct natural populations
through separate pathways. Results of our study will provide an insight on the level of
genetic divergence and population differentiation during the initial stage of invasion of
non-indigenous species into new environments.
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)= 7 Al (Procambarus clarkii)= HA|F B-55 e} 0
= FEE7 Y491 AZHE (Decapoda) 7HA I} (Cam-
baridae)°ll &5t= A4 HPFHFES=2A, 2vhet
£ ZS 3470 =710l Frd =] AHAE wTAI7]= Al
AR AR AR TUCN) oA 2147t Zete] 2= &
sz & d#A Stk (Lee and Park 2019). Ol=7Hl+=
2 8F 440 oA AEC] ZFE5HL, Bk &
dor BEAAES] AAAE shyste Aow dEA 3l
© ™ (Bissattinin et al. 2015; Haubrock et al. 2019), 34173
o2 EX%3} vlo] AAL slo] EXFO] AAL el
A, M A& L L7)= TR (Aphanomyces astaci)
£ Hupeto] 219H AHE zefjote 5 A heF
e EAE dol= Ao R BRI QIth(Richman et al.
2015; Catherine et al. 2016).

ol 19878 A& 8AVISSUolA Hxe &
do] HaEglom, o]% 2006d0l= S4AVIESEY W 4
Z9] AR Aol FRIE AT (Kim et al. 2006; Kim
et al. 2019). 20199 7Tl A== A HH
o|% FEAF B /A 4 HUEPo] A &KMo 7 471
of, W FF A9S FHoR B A /A 4 7t
ot A 8 A9 AAlo] RIS (Song et al. 2018;
Kim et al. 2019; Lee and Park 2019; Park et al. 2020; Choi
et al. 2021; Jung et al. 2022). 2018 € 1WZF HepPdx

TA, Skt dojo] YA A7 B 2R 87 bl
A Z 3370A19] o] 1 E O™ (Kim et al. 2019),
2020 THEZ} GAEE oo ZARE Foll A AR
A9 6.1%°14 A4o] I ATt (Park et al. 2020).
20219 Aol A A2t 2] (g, o, Y=, ) 9
of THEE AFAGer 11 Fart S Zlo] Kk
At (Jung et al. 2022). 2022 B 7} EEZA] 31

O O
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T2 (eDNA)E ©1-83 771 3= e, FEAS
oA AT B B FAA AR NN 7 w2 A
Aot =2 o] AFFAATE HEH O, vl=7HA <
HEZA] FEFAA 240 =Y E ST (Jung
et al. 2022). HHH9] =2l A vl=7HA 9] 2 ol 57+t

oA LA = FARAES FE NGO R ALS
=HE AIEe] AR o] AAEAR FYH A= F
=1t (Song et al. 2018; Lee and Park 2019), = 7R
O] -4} Aupr 2of ol 2bA5] G 7] vi= §loH, &

8, 271 ) AT 12} by % AR
A 725 A AT R 540 e ATE 5
2] okt Aot HH-Rrdet 242 HAE
7HA &€l (population dynamics) 2 =4 (dispersal) =

ofsfistr] fls &3t A7 WH oz FHLASH AFEE]
0] 2+ 0 ™ (Le Roux and Wieczorek 2009; Kang et al. 2023),
04 BHE AEY fUFRI} 9, FAPRL]
W 877 58 5 JUF Beio} b W SRk o
]2 53t H B E Al5-sl2} (Ghabooli et al. 2011; Kim
et al. 2020; Song et al. 2022). ¥ | = F= Pearl River
Aol A A QI o T} Z-2 Q17 E-5 (anthropogenic
activities)= ‘& HI=7HA ZAAIEe] -l A9 o]
0] 7hs e 291444 vt 71 HeRAdst 24
H& ARE-SHe] 851 2™ (Huang ef al. 2017), genome-
wide SNPs (single nucleotide polymorphisms) =41 H'H
= o83l 1%t FFofl o5 Y= W= m=THY olF
goll Bt A7t =71 = SHATH(Yi et al. 2018). T
2hA Aesha ]l HEet HEo] vl AfAEe] £
2 oy Ae-radetel tieh JEE vl=7H =W A

Ak GRS 2ok o] thS £-8T PR B
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Fig. 1. Photo of Procambarus clarkii in natural sampling sites (N1, Jiseokcheon, Naju-si) (Table 1). Dried fish were used as prey for sampling

trap (left).

Zoltt. TS F2 FA¥o® A= ool A
3 e A Folle DA, QRARA, skt 5
oheFet AM (color morph)= ML §1O 4 (Jung et al.
2022), AAZNAIZ A A RE Aol A= TRt A2
71 7HE AR R] =t (Fig. 1). wHebA] AlAof ohE
2] Wol Rt AdmE P vt glet

2 AolAE FEY 9 B2 FAEE = A
At 5 QTS tde= FaA oddat Ja
Aot 242 Fof =l 271 A AANAES] 4
P o

=
4 EAT FYA=E olslistazat gtk

lo do nin

FoH 4o Bohsl Aol $498 Ao o
22 21o] (Oficialdegui et al. 2020), P]= ZHA|w-2 v]=+

oA g2 e g wufsEl= /HAe-S ARSI PIE
ZEd ot cor 7378 v 240l =W v, &
T 2199 6719 A AQNAT 33704, A =l
A AR S ARAIE 226704 (15, 277, 2lo] E 7}
A, itz dRl vl= 2 npRlo A g = A4
< (Barton Rouge, Louisiana, USA) 87HAIE A-85to] &
26771191 7NAIE 24 5H3AT (Fig. 1, Table 1). 291744 Bt
7 719 A o W AR B4 flsid= 1)
o= AT ®2= 170 Al A 25714, 2) ) A
MAEe == A w212 270 ZiAlEelA 33704, 3)
FEH NAIEO R F S 3789 FellA =343 100
WA 29 F 1587112 WAIE AHE-SHH T (Table 2). 2
S AL, A2, A3 HERHLCH, AL, A3 7HAlE2 €
A ZEARE 2070414, A2 F1+9] 79 3709] color morph
¢l &M (White, WH), 554 (Orange, OR), #+21 (Red,
RD) 7HA Z} 2070414 A8}

ol

2.2, Genomic DNA =% 9! DjE2L2|o}
COI QA7 HI NS BN

Genomic DNA (gDNA)+= oflgt&o]| By u|=7j 9]
Z 2o 5] DNesay Blood & Tissue Kit (Qiagen, USA)E
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Table 1. Summary of genetic diversity statistics in invaded natural (N), aquarium (A), and original (O) populations of Procambarus clarkii in
South Korea based on mitochondrial COl gene

Population Sampling sites GPS Saé“a?'emg ing\?iaz;ls ,;ll(ljél?ef hag‘lg'tfges ds:rcslﬁst(gem dlvHeiz:?;{geE)
N1 ::Esa;;'egl‘;igr:‘é%o” ?g’;?ﬁfgg)'é 2020.V.19 9 0 1 0.000(0.000) 0.000 (0.000)
N2 ﬁ';ﬁaglizgﬁ;fgf;’”dg‘yeo” ?5602£§5NE 2020.V.19 9 2 2 0.009(0.011)  0.389(0.164)
N3 ﬂ;ﬁ?gﬁgg[@ﬁgﬁ‘gygo”' ?g;igg&NE 2018.V.30 4 0 1 0.000(0.000) 0.000 (0.000)
N4 HZ?U”S:' Dy eong D, o 20181X18 5 2 2 0.029(0.026) 0.600(0.175)
N5 \?\?;ntjsngug feo(jfar;a’:‘ny%%” ?275?2523259NE 2018/X18 3 0 1 0.000(0.000) 0.000 (0.000)
NG w'asrﬁj'_s&:g\]de"o”llga;?;f; “ ?275170322972NE 2018118 3 0 1 0.000(0.000)  0.000 (0.000)
ar o ocalfauanums 2019 26 2 3 00200016 0252(0.034)
01 Barton Rouge, Louisiana, 2019 8 2 5 0.045(0.033) 0.857(0.108)

USA

Table 2. Summary of genetic diversity statistics in eight populations (aquarium, invaded natural, and original) of Procambarus clarkii for
eight novel microsatellite loci

Average gene

Population N Na diversity (S.E.) Ho He Fs AR HWE Note
Al 20 4.500 0.468(0.281) 0482 0524 0.083 4.251 0.109 Aquarium1
A20 20 4.571 0.474(0.276) 0.456 0.592 0.234 3.952 0.000 Aquarium 2 (orange color morph)
A2R 20 4125 0.389(0.241) 0425 0439 0.033 3.796 0.386 Aqguarium 2 (red color morph)
A2H 20 4.750 0.554(0.323) 0487 0542 0.105 4.564 0.000 Aquarium 2 (white color morph)
A3 20 4.375 0.514(0.313) 0418 0505 0.177 4.090 0.164 Aquarium 3
N1 15 4.875 0.590(0.336) 0485 0550 0.122 4.798 0.238 Natural
N2 18 6.250 0.685(0.381) 0669 0.695  0.039 5.943 0.518 Natural
O1 25  13.875 0.808(0.432) 0794 0.859 0.078 11.003  High. sign.  Origin

N: sample size, Na: observed mean number of alleles across eight loci, AR: allelic richness, Ho: observed Heterozygosity, He: expected heterozygosity, Fis:
observed inbreeding coefficient, H-W tests (P): P-value for multi-locus tests for Hardy Weinberg equilibrium.

ARg-sto] &5l Eh P EFE 2o} cytochrome c oxidase
FHAE FF5E7] f18l polyLCO (5'-G
AYTATWTTCAACAAAATCATAAAGATATTGG-3")%}

subunit 1 (COI)

7k A

, 50~52°CoflA 30x%t 2
A 1~287F A% (extension) ¥H-9-2 &

o, o] & 72°CoflA] 72T FF

polyHCO (5-TAMACTTCWGGGTGACCAAARAAT 3519t} PCR producti=

CA-3') primerE
AHE-S-(PCR)2

328

o] &3t TH(Carr et al. 2011). THEA
S 20pLe] Fu= AYsiglo
oflA 3027t 7] ¥HA (denaturation) & 94°CollA] 30%

™, 94°C
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= M AT

|5ttt

23 (annealing), 72°Cell
2 & 359] HHESIle

A% (extension) B2 4=

1.5% agarose gelsell A 7]
S o 55 &<Istal, ABI PRISM 3130xl
Genetic Analyzer (Applied Biosystems, USA)E ©]-&5}
onﬂy]/qo:l H0 /ﬂ,\

=2 =
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Table 3. List of eight microsatellite loci for Procambarus clarkii used in this study (NIBR 2020)

ID  Repeat FORWARD PRIMER (5'-3) Tm(C)  REVERSE PRIMER (5'-3) Tm(C)  PRODUCT size (op)
1 (AATI13  CATCAATCTCTTCTGTACCA 52.01 CCACTGTATCTTCTTCTCTC 52.18 286
2 (ATT13  TAATTGGACTAGTCGATTCC 51.82 CTCCTAACCTACCAGAGAA 52.06 247
3 (GT)19 TTATATACTGAGGTGTCTGG 50.77 TTCTAGAATATGTGCAAGCC 53.07 173
4 (GAN19 ATCAGTGCTAATGACAGAAC 53.03 CACCTTCCTCTTGATGATAT 5171 260
5 (CAI8 GAAGGAGGAAGAGGTAAGAT 53.13 CCACCGGCAATGTTATATAT 52.89 204
6 (AC)18 CATGGAAGACAATTAGGACA 52.58 TGGACCATTATCAAGTAGTG 5198 231
7 (CA17 CTCTAGGCAAGGATGGAC 53.69 CGAGTTGCACATATATACAG 5135 243
8 (CAT11  AGCTATCTTACGCGTAATAC 52,51 TATGTTCTTGAAGGTGGTG 52.11 295

2.3. 29| Kl (microsatellite) 0}7| LHEX} 2
(genotyping)

2 AFEO ol Aol T F 7o 294
A u}AE ©]-8-5ke] (NIBR 2020) l=7HA 15878l o
QF genotyping= A AISFTH (Table 3). Z+ primer set™
fluorescent dyes 5'-FAM.C. = F |53 2w, Z} PCR §Hg-
2 Z 20 uLe] FEE ABI 2720 Thermo cycler (Applied
Biosystems, USA)E AF8-5to] th& 27102 A8Ysteirt.
95°COf|A| 287F 27] YA (denaturation) §, 95°CllA4] 20
Z7t WA, 50°CollA 3027 2% (annealing), 72°CONA]
3027t A% (extension) ¥H-6-& & 353] FHEs19.oH, o]
S 72°CON| A 727 FE A% (extension) §H-9-2 21385131

. %% PCR productE ABI 3730x. automated DNA
sequencer AF8-5t0] 2245131, GENEMAPPER software
v.5 (Applied Biosystems, USA)E A8-5}1] fragment size
£ 25k,

—

2.4, DEREL|of R U 2/ H| OFA 7[ut
X

—
QET LYY Y WTHO A B

=7H & 267704114 @2 rlEZE=]°}F COoI #
A2} A|F2E AREQUIN v.3.5 (Excoffier et al. 2010) 2
DnaSP6 Z2 13 (Rozas et al. 2017) ©]-85t] TS
o 7l 9 A g A5 24 5HATH (Table 1).
% YIE = (haplotype network analysis)== HAPSTAR
v.0.7 (Teacher and Griffiths 2011)& ©|-&5}o] 2513t
Z 9784 BHF/d (Microsatellite diversity) +41= ¢lo &
u]=7 A 15870A17F A% 2™, mean number of alle-
les per locus (Na), allelic richness (AR), expected (Hg) ¥

observed heterozygosity (H,), observed inbreeding co-
efficient (Fis) S GENEPOP v.4.0 (Rousset 2008) ¥} FSTAT
v.2.9.3.2 (Goudet 2001) T2 T8 52 Al-gslo] B4519
t}. MICROCHECKER v.2.2.3 (Van Oosterhoutet et al.
2004)S ©]-85}F%1 95% confidence level 41 1,000 random-
izations 551 Null alleles2 2151t GENEPOP v.4.0
ng 1S ARESte] ShHHIRIHIZ T F Y (Hardy-Wein-
berg equilibrium (HWE)), Z21/d4] 2219 null allele
frequency, §714 =3} (pairwise Fsr) 3= Altotal, =
A mtA 718F §44 E-S 2A45E7] 215l Bayesian
clustering algorithm 7|5t STRUCTURE v.2.3.1 (Evanno et
al. 2005)°14] admixed ancestry model option= AF8-5F31
t}. Likelihood scorei= genetic cluster 4 K=1-8= &
£}, 1,000,000 Markov Chain Monte Carlo (MCMC)
iteration =3¢+ ¥, 100,000 burn-in step= A&t
2| 7V A3t K valuet= web-based tool Q! Structure
Harvester (http://taylor0.biology.ucla.edu/structureHar-
vester/)= A8t AAJSHAT

Xk
=]

3. 24

b=l
B

2ot COI 9HR} THIY W THARY

3.1 0ERLE
E 2|3 (haplotype network) &M

HEH

B2 AFofA mlm7A o] itz Rl vl= ANA,
S A AN (et A o), A S5
AL, & 26770A12] CoI 574604 bp) £ AT} F 8
o] g (haplotype)o] ‘%}@QﬁQ(Fig. 2). YikA] 0l
a]=t 7| (87HA0) 2] haplotype diversity+= 0.8572 7H3
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[ Louisiana, USA

|:] Local aquaria, South Korea

|:] Wanju (natural population), South Korea
D Naju (natural population), South Korea

H8(1) H1(1)

H4 (198)

H2(1)

Fig. 2. Haplotype network of cytochrome ¢ oxidase subunit | (CO/) sequences from Procambarus clarkii specimens collected from South
Korea. Each line represents a single mutational step, irrespective of length. Numbers in parentheses represent numbers of individuals belong-

ing to haplotypes.

= vrEht o w, th o] A AAZAITelA 178 =
270 9] o] AR o] w9 2 {AR S qu
FUTt (Table 1). =2 7WAL] 73, 2} 7709] =4
A HHR Z 2267KA A & 37H9] D‘r*JOé(H4 7, 8)°]
ARG ™, haplotype diversity= 0.2522, W2] 3
A AAZNAITR N2 7 (0.389) 7 N4 ZHAIE (0.600)
Hrop w22 {52472 oS Uei e 58 7ol
A AR A, A, 52 7] Az ohE Al
(color morph) 7te] mtDNAFOlA 9] -4 Hol= &
ZE7] gt HIE UIE = (haplotype network) &
A1 A3}, unique haploytpe<> 571 = LEFE O W, 7)Ao
Srote T2 H3, 4, 701300 7HY 22 JhAIS
zotols A2 HAR - 198709] ZHA oA vehst
ow, A ml= A, A AARAE, = 0
Aol A 25 SRIE AT H3 B39l 45 et A
= ZRAlTel A UERg o™, H7 @3-S &A1 %

Al A A S AT (Fig. 2). = Al
2267MA= Bl ZNAlEE O oF 2841 2] ZA 7 7 /‘45104
O}, tif2o] 59 DS 7HA AL Jlo] 2 A o
G} A =T FRAITEO] B2 sourceol A FUH A
9] 7RAoll A SA1H inbreeding /AAITE 7Hs/d= Al
ARRIEE, ERE = TRl A A SR E2 1700
A1 671 Ate] 2] ui-9- A-2 mutational step 2= AA = o] Q)
o] o] F Ato]€] genetic divergence= H-¢- W2 A0 2 H
o|m, ol itx| e 3 ATl A A A AN
Ao & 0] F]lo] 7hsehS HolwErhal o 4 Qi 387
= Ao M A H

e
uol'

0

9] mutational step= H.0]:= 4

330 (©2023. Korean Society of Environmental Biology.

PO =2 {4 Aol HRES] & ERTOlA
2~3% o)de] CcoI A9 3 77 Zpol7t Ueh=
S 112]5HH (Hebert et al. 2003), ©] 7HA17} v]=71447}
oid th& 79| 7Y 7Fs/dol =, HAHE (cryptic
species) 7Hs /3 BiAIS 4 gt (Jang et al. 2021). PIE
ZElot cor 7ol B4 At vl= A Ze] 7 =
2 07 TP ERRSATH(Table 1), 2 AF0A] A}
251 vl A AQVIALE 0hS We 84 o

73 (genetic diversity)= H.oIFH, 1~27112] TS/ adnte] 2

Ao, S 27] A AL A 2717} ohg 2
2 M5 BAZT SAO] AT RRE A%

A7 (founder effect)= S A9t 5342 Fe5dA o 2
e ‘:]'C’“LO‘ UeRH-& AJAFRCH (Hartl and Clark
2007). & o AA7RAlZA EE == 2ol He
1<l 5T ujs WA B 5T WA o
UE Aoz Hof, Axo] < AAZRA
]%l 2 Qe pETolA AR 7
2HE FHEUNE 7HeAS Holeth

|t

)

".

T

[¢]

o
o

ol
o

M o2 o
. orlo oft
e
2o
—?L rlr 1:])4‘

i
mTﬂ *

£

3.2, 29’44l O1A 74t S HX} ChFd 9
oS X 2N
Z o144 ulA 7)8k & g/] A2 15870A1Q] -9A}
thekAd B Ayl YAtz 2 g7l ul= Aol A 44
2 tFd A7t 7V =4 dER T tiE-Rdate] £
(N)E 13.875%2 AFANAT2] sl N2 ZHAlEE Tt 2
Hi A =28 Zhe vetyidlod, 5T Aol vl



Skof oF 3uf o] tiy-{121e] 5 YER It Expected
heterozygosity (Hg), observed heterozygosity (Ho), allelic
richness (AR)?} &2 THE F-42F thedd Apoll A= 2t
7} 0.794, 0.859, 11.003 2.2 1|= 7RAtol| A H53] =2
e BTGl ol vl= ZiAlwte] & 1709] ZiAlZRt
AR E =l Eotal, rlEE =0 col /A o
F FA At R 2, MY w2 v HolE
O = Y42 AT 54 Tedthal & 4 9l
(Stepien et al. 2005). L2t} 2 Aol A= P41 9] local
marketol| A AT HAE0| B, FF wl= ofg] 299
AA7NAlEo] 2R S Foll AR el digt
AEE A& 4 US Aolth 5T AT 1) AN
A2 v S o tiFEe] thd 214+ (ll: Na, AR
A A AAZNAIE (N, 2) et W2 g2 UERi S, o
A2 =2 Inbreeding coefficient (Fis) #t= WEFH=H], ©]
= 2 5 AR S At 2R p9lE Ao
AAelA BH FL F2 /R =RE g SA ] 23
W Hf (inbreeding) = 1o} W2 742 S BHAS
7Fs/d& BolEth(Hartl and Clark 2007). 53] A2 %
A2 Ao whet thE TRl e &2 RS,
T34 WA (A20) 7 DM AT (A2H) O B =
Inbreeding coefficient (Fis) # f-2]8F HWE 312 1]
Fo|Ho} 53] inbreeding®| 7Hs/do] =rhal & 4= Qlrh
7k WA 7he] {4 I (Pairwise Fst) 4]
T2 Aol A AR wl=mTEA o] ek 2F 2] 23k
(Fsp)& 58 7IAI2 7] 22 v WS Al oJstales ti7
o] JRATE Hlol A AR R FoJgt gh2 LEF S
Th(Table 4). ¢ AFAZRAIE (N1, N2)-2 =53 A
o] 4] BT (Fsr) %ol 0.2 oVd oz B2 w2
HhH, 3818 )= A7 = o2 Fsr 4k°] 0.2 ootz

it
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e IR E Uit ol= A AFARA el
Aol A AR 5 AAlTel A A e = /Ut
Hhs, vl=r9] ofg] ZiA|to] of 2] = S50 8
ol A2 g 22 IY AT 2 Y=
7FsdE FEO B 4 vk T3 T 7R AARA]
(N1, N2) Atol9] Fer 240l 0.091= fo]m|et 2ol &
= A2, @A A AAZR Aol A AR A 7t
A4 55 (gene flow) Hoh= A= thE A 24 2] 94
o] & 7Fs/3& YehdHth. STRUCTURE analysis 27},
delta K=39] gt= AgloH, £+ /A (GH), A
AN AT 2T, AR Bl A (1A o= F
3709 A2 o2 5734 cluster’t SRIE I} ofgk H
AR AT WA N4 vl= ZHAF = WA FAA A
3& 7 AAEo] T E o £19] FrdB=ol gt 7Hs
& AR o o Q& A olth(Fig. 3).

2 AFolMe 15t B ERE FAEUE nl=7HA
O] +Z T AT 27 =W A2 WA FAxt o
4 2 AT F42 Ak, A5 AR 27
A ANAe] e AR ol B 2ot S9IsHA
o}, o= 7] A& AT 7B ol A g e F
AE FiAlTe] Ao ® FAESE 7ol loH, &

742 ERFOFS & 98-S UEPATH(Kang et al. 2023).

A7) 3R] & Ao & Holuf, A
n|=7kA o] A TEe] 2717 S7Fstal R 917 S

o z& N rlz 18

oy

o
2
A

ke =
jaba)
oo
ol
1o
o
jinss
o,
H
o
=
)
By

oz rk
o
&

Table 4. Pairwise genetic differentiation (Fst) based on eight microsatellite loci genotypes for eight populations from aquarium and natural

sites for Procambarus clarkii from South Korea

Al A20 A2R A2H A3 N1 N2
Al
A20 0.033
A2ZR 0.135 0.096
A2H 0.005 0.033 0.142
A3 0.024 0.077 0.191 0.030
N1 0.262 0.231 0.203 0.253 0.295
N2 0.205 0.207 0.204 0.207 0.226 0.091
o1 0.177 0.186 0.208 0.171 0.188 0.172 0.095

http://www.koseb.org 331



| I
Korean J. Environ. Biol. 41(3) : 325-334 (2023)

Local Aquaria in South Korea
1.0

Natural Populations in South Korea Origin (USA)

0.8
0.6
0.4
0.2
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Fig. 3. Population genetic structure of eight Procambarus clarkii populations determined using a Bayesian population assignment test with
STRUCTURE based on eight microsatellite loci. All individuals are shown along the X-axis. Y-axis denotes the probability of that individual
belonging to each genetic cluster. The most likely number of genetic clusters after Delta K Evannos' correction is 3 (K=3).
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