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Abstract: Using the data from the national survey of fish, we determined the popul-
ation size and the distribution of Micropterus salmoides, which is a translocated species
into the aquatic ecosystem of Korea. . The spatial concentration of this species was
determined by performing an optimized hot spot analysis. After determining potential
invasiveness and risk assessment, we measured the disturbance of biodiversity in the
aquatic ecosystem. The result of distribution analysis indicates that the population of
M. salmoides was concentrated in the major basins of Han river, Geum river, Nakdong
river, and Yeongsan-Seomijin river, including the Jeju island. In particular, Nakdong river
basin showed the highest appearance rate. On the contrary, Yeongsan-Seomjin river
basin showed the lowest appearance rate. The Nakdong river and the Nakdong river
basin were the areas with the high spatial concentration of M. salmoides. On the other
hand, only Han river basin and Geum river basin had the lowest spatial concentration.The
fish invasiveness screening kit (FISK) was used to assess M. salmoides, which inhabited
a broad region of aquatic ecosystem: the assessment score was 31.0, indicating its ‘highly
invasive’ nature. Our study aims to encourage research that improves the biodiversity
and the conservation of M. salmoides in a priority area.
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59} ojzio] B3] ZokebA HWA omd EL
oSl efegEe] A £ 5ol Z71erA 9
A£0] 28 1ol 15aE Ao s ueltk BrjoA

L ojapyRel gdonye eet 14 AeAe A
2902 1717 el s ©9] FoHaeol AR
d B 9l o]gof et HE 75t QEdE e
AEe 85t Yok (Kim 2018). QA=) et
& 58] Ao dEe] e E S A, A
4 @ A5 dee AT AAH A S
o= Jagh Prprt AegE|ojoF gttt (ME 2019). 59
g FA7F AEFY T H§A Oﬂ EH
A=z 24 Bl 7]53]
2ot 7122 w7t nh s e o 1
T Eojof o Aoz wE “Eﬂﬁl
fﬂfa}/ﬂ ARl ol s X &

5ol weto] Fofste] gh Hzte]
‘:]'(Angeler et al. 2014). E73], QI7t
o 010‘31 A EAo]&

2o o= TRl ot A
F= 7] gZol, 4 F92 AEiA -
o] 'IAYsHH 3] Fo] e del= E4e 2
£t (Detenbeck et al. 1992; Hrabik et al. 2001; Beisner et al.
2003; Toft et al. 2018; Yoon et al. 2018). ©15F2] 44| 7t o]
T A2 AR Fo] EQEE A2 A R 1A
- ol A ANA O] ET A FIFE mIAHA B2
S AAA BAE ST A A9 wAE defer
M AR Ql A 29} 7] '5S HPAIA AEA Hd
Aol & kg op7|skeE Ao2 HAE I §ltt(Maclsaac
1996; Crowl et al. 2008; Carey and Wahl 2010).
=4 sl 2@ste Aor A L ol{= 27F
o]z H1Eo] 9o (NIE 2014), 5] 1970t Z=t
=Uloll E{iEo] @A7IA] FHLASH FASh= A o=
% WA (Micropterus salmoides)= =7 EZFo] 7o)l 7|
E ZAAT A ] FIFS e AR AFH
o] £t (Kim et al. 2013). £]o]Fol2} S5 A
TFo g 24 vie AA7EA] WA W WA o
A e EA AT (Lee et al. 2009; Kim et al. 2013)9F &
ol Fe}t AeiAlol vxl= F3F (Ko et al. 2008; Lee et al.
2020) 5 T T2 o= Aud ST AR g
= S FEt A7t fEo] @41 gk T2, Hi
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1. @07 &=

FUE EQEo] 2 WA ZAYGoR A
A AETF S ndA7 = Ao dHYl vjAo] B
AG-S mpotolr] ol Azak~A4z A=2pAgE 2 A
(1997~2018) A= E o]-8-5to] thefd WSS EA 5t
(NIE 2019). A=A E 2 A S E L] a4 wE
Aol AErtdd 9840 £ 9 A2 wtefolr] 9
Sho] AAJE AL Qlom, At e AMR A o] Hals7HH
A 2k E AP A at g-gof] it W-8o] Aolet &

52}

A)-& HQIth(ME and NIE 2017). 22} HA=2rd g7 %
(1997~2005)= A & 915-0] A9 & Aeid 4
o2 F71o] A H 9] 7]Rto] Bli= e - AL e}
A A7HFR DBE ok Hl Z-85tlon, A3zt
TAALH 2AF(2006~2013) = FATER 71E9] AAE
AR HPA O 82 ZAgksto] 4-distgiTh Alaat A=At &
AH2014~2018)= =E 9] At S0 e AAEE &
15te] RAME SeasHl). -2 uhet b A B
IO UYL E upotstr] Qs /A AT S EA
*E“OW Agshs A &9l 710l oA st B
FTHUY DR FEste] EdeS A6k

i A7F Exoks AF AAAY g Te I 5
A& mretstr] Yall 1A 24717343 (spatial autocor-
relation)= 11 #5}0] BiA L] BRI} =2 2]} A 4]%]
HFTE7t 2 AE ZASHLAR SkA3E 24 (optimized
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hot spot analysis)& A SHAT Bl A7 S @9 2|t <l
q A9 FRNEA S UL FANCE T 5
23t 2195 b, gt 2 W2 82 2EAT (cold
spot) 2.2 F-EH T} (Ko and Cho 2020). 57HE42 QGIS
(Quantum Geographic Information System)E ‘&l AA|S

At

2, ?lol’8 gt

1) FISK(Fish Invasiveness Screening Kit)

EE A A A=) wiAo] A54ES Bt
5171 91t 71H. 22 Copp et al. (2005, 2009) ] 2]5f 7H=
FISK (v. 2.03) & ©o|-85}ct & 7|¥-e A2 G4
HIEZE (LHF, o19F 5)= dez At del vl
+ A 9% Frletal BEete ntdsty] fish
RS, Cefas (https://www.cefas.co.uk) ol A Lt
\=5 FaE ASEAL A Zols 23
o =4 ot EReEe A5 37 71

ZzHo] /fdEA o, 2 AFolME ofF

= e r Agide B HHsH Brish]
ISKE -85t FISKE 271 A9 229
+ ol Z=0] 7 ]%(Biogeography and Historical)iq' A Estd
S} (Biology and Ecology)= 54 2= B71&9] 54
B7Fs7] S1et e F 49712 A7 o= o]Foixl
AR B AAE verdeh AEA e 9 F9 7]
A FA A= 3714 =2 AR 2 A (Domestication
and Cultivation), 7]%% % £ 3 (Climate and Distribution),
e} A2 9] 54 (Invasive elsewhere) 22 T o] Q1
ok A=t 9 A FAlOlA = s7HA] el sl
£73 (Undesirable traits), 414] Z E (Feeding guild), 4]
(Reproduction), +2 £/ (Dispersal mechanisms), A%
2 (Persistence attributes) 0.2 /=[] Ut} B7} A A=
T2 Sl Aol izt 274 A= 5 A= E2XE A
AlSHEE o] FolA] Qltt. -FHAF §15-2] vh 2] H71e]
S/4& Hol7] wizoll, BrHaute] tigt A=EaeES Als
St7] 91t 1 (very uncertain)~4 (highly certain) AFe]2] 3
5 dEsfof ettt T A54S Ul 7] =
£ Threshold+ 3TA9] 22 (low: 1<), 53 (medium:
1~18.9), =2 (high: >19) 2.2 o]Fo|A glon] ® a7
of[A]= Copp et al. (2009) 7} Kim and Lee (2018)2] &1 =}
22 FTsle] 2] 14 BrhE Feololct
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Distribution and risk assessment of largemouth bass in Korea
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1. @07 R |2 2= WY

1970t BiA7F S shd el ]l ofel AA7kA] &
At ARE wtefshr] Q1o A=AALF AL o F BE A
5 288 Ay, AP e A A o
7h #hitE e B Hole Aoz FAE A (Fig 1). A
FEE 2T BE Aol FHAT B

u

= Hol=t & 250 ghitstal 4
Aoshs vl A7) e v Fe
| AIE oF2d 278 SHeE

= 202 FeFe) T Hi A0 2
7gEut ofyet A o A e et
T Rt aclel ol 2dE 4 Atk Lee
etal.(2013)°] Aol oJ5hH, wlj 0] A4 7o whet 5
of iAol 447 s o] th=A vehe, 1% 2710014
Zpol & Hleh v A7 2t AQFo & AJe|A oAk
of dF= FHA S0l MAIRe] Aol Wt of7]st
= 7Fs/3& AARITE TS, Wl A7) =l AR Al ol R
Thol Fastal 12k ARl A4 A2 27
FLDAL} A2 2] WSt FrFE HA
< ©F7]| 3t} (Carpenter and Kitchell 1993;
Garcia-Berthou and Moreno-Amich 2000; Park et al. 2019).
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2 WO, AFATE 5} b B A HGF
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2 UePdt (Kang et al. 2019). 3 E/do] vjA FE Lo

T A RA AAR] = Ao ® AtgEY, A W A
E, 2k, it g F4H sHxo] 595 =2 &9

= oA v A 0] AA] gl FRT}E AR L322 B4
=2 HAAE Hol= A2 T E ) (Sowa and Rabeni
1995). HiA0] E4F BRI FA= AIZHe] S50 met =
7] 22} ZAbol| HISl 42} AL A L s o] TheFs
Ao = Uehth =iof = HiA7E =] Aztstod
ol m=A A3t Al Aoz FAHH Lee ef al.
(2008)2] Aol oohH, et 2 7} S50 i
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Fig. 2. Long-term variations of Micropterus salmoides as relative
frequency, which was based on NIE data (2nd survey: 1997-2005,

3rd survey: 2006-2013, 4th survey: 2014-2018).

She Hi2e 9 7E §24 A7t u)g o} shto] 2
o o Agolq Aoz SAEgS Ao 2ast
T 9Ick B Aol Alzke] Sgof whet wjs B 9 5}
Ato] Z7Vshe AFS Holk AT A BT s £
Aot g o, Ak A1) Gl ofst e 2o of
Q) it SHIRTEE 5 5 ol B U2 A9l
Ato] Aol 2 Ao ke

A5 24 A (Fig. 2), Wl BEE A7 wet 27
Z7¥ehe Ao BARIT Apt 2AAE A7) £

T tH] 0.52%2] E8-E&S UERHSLeH, A33F ZAF]A
L 1.18%, Al4xt ZAIAE 2.19%5 UER= Aog B
ALt AXA o2 5% n|ute] 4L A LS Hol= A
o8 FAE O, o= eyt EohdolA A H

€28 TR A 2 /e Hole
AR Ty E3h A=A AE ZAE 1 H A
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Fig. 3. Long-term inter-annual variations of Micropterus salmoides
as constancy value.
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Fig. 4. A comparison of Micropterus salmoides population in major
watersheds.
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Table 1. A list of the number of occurrence sites and the relative abundance of Micropterus salmoides, which was obtained from the NIE

fish data
2nd survey 3rd survey 4th survey
River Wiatershed
No. of RA No. of RA No. of RA
sites sites sites
Han river 27 15.98 62 13.75 11 17.26
. Anseong stream 12 710 31 6.87 10 1.56
Han river
Western Han 4 2.37 28 6.21 21 3.27
Eastern Han 2 0.44
Nakdong river 68 40.24 158 35.03 221 34.37
Taehwa river 1 0.59 2 0.44 8 1.24
) Hyeongsan river 1 0.59 5 11 6 0.93
Nakdong river .
Hoeya-Suyeong river 7 1.65 1 0.16
Eastern Nakdong
Western Nakdong 4 0.89 6 0.93
Geum river 5 2.96 36 798 58 9.02
) Mankyeong-Dongjin river 19 1.24 36 798 18 2.80
Geum river
Sapgyo stream 8 1.77 26 4.04
Western Geum 17 3.77 59 9.18
Seomjin river 19 11.24 12 2.66 29 4.51
Southern Seomijin 3 1.78 18 3.99 20 3.1
Yeongsan river 10 5.92 9 2.00 38 5.91
Yeongsan- Tarmijin river 10 156
Seomjin river )
Southern Yeongsan river 14 3.10 1 0.16
Western Yeongsan river 1 0.22
Jeju Island 1 0.22
Total 169 100 451 100 643 100
Aot Y5 2age A5 e A3} dashes A B A BT E@stgl o, v - FFAIE ARl HA
ovf, w2 FPAAL FUHs B ol AoR  AelA HA FUeke 1S Holk Aoz B,
ehdh G5 b AEAlY) GURA TR s20%0] QA HAFBAL A SANA Blae] Ede] )
Eo B0 ZAES UEhlo], B 20F 4] 5 AFel4H] Holod, o doat Ao Hlel 22 EdeS UEY
o) malo] Y57} ohRel oA 580] Z G Fol  glou], A BE WS gisjA 2 Aol gl AR
ohE Aol jsf wiae] FEEO] £ Ao Amg  wekE,
(Jang et al. 2008). AL HFFNTAE A LIt o+ = Gobd o2 AEiAnTEo] Sk 2FA A
T, HAAGA, AN A A BE E@sE o, ol ExFFo] AAE mRRt AETHFAE O HAE ol
WR5ANA 2 HAFAE Bol Zlog BaHItt sk ahy 4] Fo sty BAIE ofAx T gt
(Table 1). Y5789 Ya57dsasAE ALt S (Pascual et al. 2002). T W=H o] 21 o] A5l o
A, A, @A, 3ok A, e A HR7F olFolF o, o] ol27] BA WA A
SfrAloll A B S5t on, 5] YEdarAlelA Bl ol A9 gl= ol =2 Af Heoli AR 2719 A
A 22 P& Hole AR EAEGIY. a74d92 W2 AE-g sk, AEA HolAkgo| 2 wihs opY]
735 A, W - A, A A, F7 A s Al SHL = A oIt (Park et al. 1998). £JFF-2 A HAMS]E

212 ©2021. Korean Society of Environmental Biology.



T otz A AIAIA o & Aathddol Bt 4 1|
2L Qlek =2 EAYG o2 Aol AR A 915 2|5}
of BE2FO] Al A4 iA] HEE of7|stH, & Fof A
FrdEo M= dS EAsHAA A S 221 7]
5o WEAZIH, HolAks 2ot AHA ovA] 25
HPAZIHA YA 22} AB]20] AF FEg of]
S ok (Richardson et al. 1995; Simon et al. 2004; Gozlan
et al. 2005; Britton et al. 2010; Almeida et al. 2012; van der
Veer and Nentwig 2015). B]=9] 7%, 2jefiFo] YAYsh=
ZAAA S-S vlgo] A7F of 54919 fFHE WohA &
H] =30 QUA|EE, ofl 4k Bl H]s) E]2] ZF2] 8-8/d0] H]
WA e AZJolth(Pimentel et al. 2005). 2lEHEF2] U2
A7 w7l = A F o] Fo] fgrsto] 17+ gt U
o] w2 A ow yehdth £, oA B H|o:
Al F2lof whet ERiE o] ol A-gotal AR AR
sto] AEARE Hul= Zojth oe2Ql kologEs T8
o}E2Hd S St i, WA T Aol EF, A=

0% ©
i)

>

N
o,

$|l.'4
o
julit}
=2

£ mobst, 49 E A 59
of AR 2710 wE ke YAl
O 2 Atm It

2. HAIX| AT BBE

ZAZIZE Bt viATE EFS A H9E O R Opti-
mized hot spot =42 A At Ayl= T2} 2T (Fig. 5).
v EAT AT FEtEY
ARFARE FHOZ F 560719 AR A= 90H,
% 153709] ARF(27.3%) 1A TAH LR Fofqt A
o Ao 7 TEETE 286712 AXF(51.1%) 4= &
ot Azto] eptz] ¢heko, 121702] 22k (21.6%)°l
A BAHCE oIt FEAT 2|9 o= FRE|Q]L) 8
Agt B 0] e, ZAzkol wi A 2 ARe] B T F

=

QT 87 Bl0] 47} BTk 24 oJnlsh]

dv}

Distribution and risk assessment of largemouth bass in Korea

Cold Spot - 95% Confidence|

Hot Spot - 95% Confidence ,
Hot Spot - 99% Confidence

Fig. 5. Spatial concentration of Micropterus salmoides, which was
determined by performing an optimized hot spot analysis.

wol, 37 &9l AAo] £4 3] i 45 ohefstr]
= olg2 Hol qlek F7t=, A7t HAIE o A &
< ARAAE AL Zhm S 851317 wizel, viA &
dof| thet T FH O YYEE sfAch= b Fo7t Ee
& Ao PAHET FoRt AT 21907 FRH A
< HEAAG 0 dEATAE vEt e, folg 25
23 Ao r R A9 GAEY e <
et 2921 Aoz EAE T Hot spot w42 oA &
I A Fol A& FOJRt oA FHA T o] =2 A
At 2 292 ZIsto] 412 0 g A LT ]
4 dde ok sk A9 S 25D F U A S
2 Pkt 2 Aol A LR s0] A7
o] AFE A0 BAS|E A|H0 2 HELAS
AAekgom, AR Belst BT Aon PREE
ooz adds 94N QER AdoE 14
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S G4 A DEAQ A oiolna g
/\]-Oi HOH/\-] J.L=17]-_ /\1/\] St 7&]14—)317(—194 11/\/510] =2
Z (high risk: >19). 0% 7} AT (Table 2). =2 A=
oA Bashe & 7Fo] Heshu B aTro] Axle}
FUdol] B2 BE4S ehile 2o Brhsg A

ARl 9 59l 719 FA A%, o A B
= 3= o}cq = 16808 BAE90
A3, h2e 54 P20y

Rl

H 2 o mE of
oz B
i~
?lt i

Hir W
X;ﬂ—: rlo
o=z ?fl.;
i
e
I A

Table 2. Fish Invasiveness screening results of Micropterus sal-
moides in South Korea, which was assessed with FISK (Fish Inva-
siveness Screening Kit)

Score partition FISK
assessment
A Bi H 1. Domestication/Cultivation 4
- blogeograp v/ 2. Climate and Distribution 2
Historical )
3. Invasive elsewhere 10
Total 16.0
4. Undesirable traits 6
5. Feeding guild 3
B. Biology/Ecology 6. Reproduction 1
7. Dispersal mechanisms 3
8. Persistence attributes 2
Total 15.0
Total score 31
Outcome High invasive
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o] gsto] AFF Ex= ol UFY S-S Boket Add A
T3 v 3e o, 57ttt |ARE EAEER R 2 A
oA wij20] M54 BrHEME Ao r 2 HsiAd
< A0S Hol= A0 R THHE T (Mastitsky et al. 2010;
Almeida et al. 2013; Mendoza and Aguilera 2015; Marr et al.
2017). FISK B71& Q1% 2 Ao gHof digh A%
A2 0919 H A 2 AFeES Hols Aog #4
ek vl A= 19708 Hol =UH o] F Harol[e] A
2 Wstel 27 S0 NlAL 4% 58 FH0R okt
Q77} ol2ol4 7] el WS Slat vld chalE
A olol2l AT} A2 550] S )7 Ao
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