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ABSTRACT This study was conducted to elucidate the impact of invasive species, Micropterus
salmoides and Lepomis macrochirus in Geumgyeji, Samgaji and Naejangji reservoirs of National
Parks, Korea in 2020. In the Geumgyeji, 1,221 individuals of 11 species in 7 families were collected
including M. salmoides (relative abundance, 96.3%) and L. macrochirus (0.3%), M. salmoides fed
mainly on Rhinogobius brunneus (IRl, 37.2%), Odonata (25.6%), Megaloptera (11.6%), and M.
salmoides (7.0%). In the results of Samgaji showed that 854 individuals of 10 species in 5 families were
collected including M. salmoides (60.8%), and M. salmoides fed mainly on Decapoda (shrimp, 33.6%),
Odonata (34.4%), R. brunneus (21.2%), and Zacco platypus (6.1%). In the Naejangji showed that 1,075
individuals of 13 species belonging to 7 families were collected including L. macrochirus (38.1%) and M.
salmoides (9.5%), and L. macrochirus fed mainly on Branchiopoda (77.5%), Diptera (9.8%), Decapoda
(4.0%) and M. salmoides fed mainly on R. brunneus (73.3%), Decapoda (21.2%). M. salmoides of
Geumgyeji and Samgaji were apparently introduced more than a 10 years ago. The fish population
declined rapidly since the introduction of M. salmoides. L. macrochirus of Naejangji was introduced
more than 20 years ago, which increased its relative abundance to 40%. M. salmoides was introduced
five to six years ago, and the fish species and population declined rapidly since the introduction of
M. salmoides. Finally, we discussed the inhabitat status and management of M. salmoides and L.
macrochirus in the National Park.
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ol= it o]y 3t SHoA DMz ¥ WE=di7t 53 g Q7+
9] 7Ho] Hadte AQo AAYHA M & FAEH= XS
2 FE4dky QITH(NIER, 2011; NIE, 2015a; NPRI, 2019). 18]
U 22 293 Woll dAFY FYez s w2 A
o] Yojupar §l=t, e A wopY5E-L vl Micropterus
salmoides®} SF7 Lepomis macrochirus, 27172 (Rana
catesbeiana), FAAE (Trachemys scripta), 21| (Lycorma
delicatula) S°] tEZ0|Th(NPRI, 2014: KNPS, 2020). 0] =
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ZAHE B3l 2004 AR A A EFFo] BuE 2011, 2019; NIE, 2015b, 2016, 2017, 2018; Park e7 al., 2019).

(KNPS, 2004), °| 5 dE&AH} L4k, WAREE, 35, 554, b 2 d7e SHIE U AR o Fo] Bol A4
AR SOl AAlskE Ao #elEE S (KNPS, 2008, 2009a, sk diE ARl SAAFAN (FAA) 2 A7 (A 7HA),

2009b, 2011, 2013a, 2013b, 2016, 2017, 2018a, 2018b), A= WAAFA] (WA A o AT AejAlagkE2 A4 AH,
A, d 59 AedE FHOE F47] FAbEs FE Holx Ho|WE 55 A AEA LS ojFo= g HejA 3
Ak, SHARE FHFY Woll AAlst= A et oF<l viA S o] WS =oskarst sheith

of EF4 9 AL} o|F9 A E Tt gt A+

= Wo] 9 ER] QSFTH(NPRI, 2014; KNPS, 2020).

Kl of

AR o Fl vjAet SFLL Fol5 (Perciformes) A Mz U g
%23} (Centrarchidae)ll &3h= o172 YAl vF 5
Folot. HiAE 197330 AE EYH] EuAsA| e 2EE 1. ZAXIS & ZAAT]

o HRENYN, EFZL 1969 dEA Z=QIE o] BPFT o}t
AFE(1975), 2%2 (19769), FBZ (1982d)°l FFHA
o} o] % HiAE A FC R ofF it AR oA vigE
Kot AR o2 A9 742]7} sletE o] ofRlSo] FojE £
71514 I it ApR|o] HREL, 1990 Folw
A QSR Z13g WO HA Ao FREESH] FitEl= 4
IE 7tk o, B2 £33 AFAH 02 A 7427} sheE o
ojflEo] JolE E7|skaL HA=x9| A=A 9F Hel F2H92 v
FEchKim, 1997; NFRDI, 2010). ©] 252 19984 AJE)#|
AFRIER 2| E o] T Jon, vt AYof &
AtE]o] Ao 2 P3¢ AL = ALE HuET gk
(Ko et al., 2008, 2017; Lee et al., 2009; NFRDI, 2010; NIBR, A4 EE2 A2 12 A, Ak 2] A ARk

AR AR ofFo] Fol A4ste Aui=EEd
O FAA (BE FFA T71% 7)), SE=EEEY A7)
A (FH B2 SEAHE A7), WA= EEde WA (d
5 AN WS E AFstden, 2ARELS AeA W {4
SH A3 A9 238k AAstA=HE, AeA 27190
ot SARS} WA= 57 A, A7HAE 67 AdE 44
AR &G T (Fig. 1). A= 20209 693 9o 23] AX5+%
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Fig. 1. Study stations in the Geumgyeji (A), Samgaji (B) and Naejangji (C) of National Park, Korea, 2020. Gill net stations: St. 3,4, 8,9, 14, 15,
Fyke net stations: St. 2, 10, 14.
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<= A B (HE 6 mm)I S (FE 4 mm)E 0|83}

FE AP AAAAE (FE 4 mm, FAoTE =9
2.4m, Z29°] 20 m, 3EA)L 2447t ARF F AL, A
S 4 (TE 45X 45 mm, =0] 150cm, Z°] 50m)T 128 (F=
12X 12mm, &2°] 85cm, Z°] 50 m)S AAs}o] Ax|5la o]&
12X17F o] At §| Ak A o {E SIsHsich AHH
H ojF= 58 2 ARKEY F SA URIIo, jAae £
4L 10% 22T 8o 1sk3th o729 582 Kim
(1997)3 Kim and Park (2007), Kim et al.(2005) S0l wgrom,
BE2A) A= Nelson (2006)2 w5t}

HolgEo] BAL BEe BAS i8] A Az
A

HE A H 9 WEES S8 HoldES AAE
u] 7 (Olympus SZX9, Japan) 3}oll4 o}5F+ Kim (1997), Kim
and Park (2007), Kim et al. (2005)°] wa} 257 - 54392
o, £AZEL Yun (1995)F Won et al. (2005), BEAEZA
2 Jo (1993)0]] wet &7 5%t Asesty 5% &
TE AbetAth HolEL JAIS (%N)ZF T3 (%W),
U= (%F)E o] &3}o] AtE A X4 (index of relative
importance, IRI)E Pinkas et al. (1971)¢] ®H o 2 AXHIRI=
(%N +%W) X %F)&t 3 W& 2 3HAksto] (%IRI) B| L}t

pi
k!
=
=

T

2 o

1. B4

64T 9¥of HAIS o]FA ZAFE T} (Table 1), FAX
A= 6¥ol 63 6% 1,10770A1, 94 63 9F 11474717k A
Hoj BE 73 115 1.22170A7F A H A en, 452 )
2 M. salmoides (96.3%), oF-H%2 Uo] Rhinogobius brun-
neus (1.2%), 1 222 "2tu] Zacco platypus (1.0%), &5
4 Lepomis macrochirus (0.2%), W=X| Rhynchocypris oxy-
cephalus (0.2%), ZZ2AY Z. koreanus (0.2%), SAF2] Odonto-
butis platycephala (02%) 52 €22 Asl4ct. SH=17F
< FZAY, A 20, YfiFoln AEjA ok
ARES 2o ERZ 2F0], 2 9 S83olFE Yol
Hypomesus nipponensisS} B o] 2F 0] A=A

A7H & 12 2AH6Y)oNA 53 9F 611704, 22} 2AH9
H)ollA] 42} 7F 24370 A1 2 25 53 10 85470417 AR = K
ok $HEL Hi2(60.8%), OF-HES T2 (17.8%) R L, 1
o2 AZAAY (9.0%), B (9.0%), ZE Iksookimia kor-
eensis (1.1%), Zr&7 Squalidus chankaensis tsuchigae (0.8%),

B0 Carassius auratus (0.85%) 52| <22 A3}t o=
IES FEN, AEAY, SN 35013, A FolH ALH
AngopIYEE HiL 150, I ol S8 olRe 2ol 1F
o] E¥stA

WA= 12 2AHOE)A 53 115 SO17HA], 23k Z=AHO
AollA 61} 12F 4847fA1 2 25 71} 132 1,07570A17F A
HEh o] F £HFS EFE(38.0%), oOFFHFTS Hof
(193%)%91, 1 222 91| (12.7%), FZAY (11.3%),
Hl2(9.5%), 801 (4.7%), B8l C. cuvieri (2.3%) 5 &<
SABHAT =SS FEAY, A, AAATIA Lio-
bagrus somjinensis, F=A7) Pseudobagrus koreanus, RN I
oI, I ¢ SFF ol Fol 1Fo] A=A o]
F& 254, L, "5l 3%0] 2=, o] T AHA R
HopIAES EF4, vl & 250l

ZY e wjAet ER49 AR JfAl= Table 29 2t
vl e ARG A 85870, T 8457 A, AP 867HA,
Zd 871A| =olfitt. o] F FAGolA = Ba Zojgto] A
HE e, 12 2AFIA 15~25 mm 75074, 22F Al A
40~70 mm 31704 T A2 AA7E F=2 JHEUT. 274
BAY 15070A, A 147704, £ 104704, S 1271417}
A= o] AAGAA 7 B2 A7 A = A

M

b |

2. HO|ME

HI

1) HHA

AR Y A 9] WEES AR A= 649 40704, 9
T8AAZ 2F 18AAFL, o] T AL 3 /M-l 649 2270
A, 94 1071A 2 3270 (A& 27.1%) Atk HolBE 5 o F
£ 237041 (53.5%) 2, Bol GNAIg=8] 37.2%), Bl (7.0%), EF
2 (23%), 71EH R (7.0%) &I, P AXFHFFE
2 2070A PHAIGH] 44.5%) 2, TR 5 (Megaloptera, 25.6%),
WA} & (Megaloptera, 11.6%), 3F54+0]& (Ephemeroptera,
7.0%), TF&7] (Semisulcospira libertina, 2.3%) Z=o]9it}, AF
52424 (R1%)E AR 23, Yol (64.2%), FAE &
(25.1%), WA= (4.1%), B2 (1.8%), 3HFA0]15(1.8%) 5
o] ¢oz goje} wiRrtEFo] 7Ht Faj HolFEo Tt
(Table 3).

27119 HiA 9] WEES AR A= 649 54704, 94
527042 B 1067HAI AL, o] F A4 & A= 64 21
A, 904 1374412 25 34704 (A E 32.1%) ATt 2ol
£ 5 oF= BAAIGLI%E, ol (19.5%), 2] (4.9%),
FEMN(24%), FEMN(24%), v1EH oF(24%) =R, A
H AMEHZEEL 28704 (68.3%)2 FAAEE(29.3%), 4
Z}5 (Decapoda (A1$-7), 29.3%), 3154015 (7.3%) 52 &0]
Aok FHsAAFE AL AT}, A2HE(33.6%), A&
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Table 2. Number of individuals of Micropterus salmoides and Lepomis macrochirus by collection method in the Geumgyeji, Samgaji and Nae-
jangji of National Park, Korea, 2020

Micropterus salmoides Lepomis macrochirus

Reservoir

Skimming Casting Gill Fyke Total Skimming Casting Gill Fyke Total
net net net net net net net net
Geumgyeji - 347 25 804 1,176 - - - 4 4
Samgaji - 445 29 45 519 - - - - -
Naejangji 8 53 32 9 102 12 104 147 146 409
Total 8 845 86 858 1,797 12 104 147 150 413
(%) 04) (47.0) (4.8) (47.7) (100.0) (2.9) (25.2) (35.6) (36.3) (100.0)

(34.4%), W} (21.2%), W2k (6.1%), FEA 2.4%) 59 «2
2 veht Az JREE, Yozt 7Y F23F Yol &0l
At

WA oA A 9] WEES AR A= 949 477141
I, A4S 3 AHAlE 23701 (HA1E 48.9%) Xt Hol B E 5
o} 7= 387141 (70.4%) 2, B1(61.1%), 1]E7 217 (5.6%). I
2] (1.9%), EF4 (1.9%) wolL, 3 AXNFHAFSTES
16704 (29.6%) &, AZ5 (M5, 25.9%), FAHE(3.7%) &
o|{tt. AHFAAGATE ALt A}, Wl (73.7%), ATE
(21.2%), T2H] (24%), A 5 (1.6%) 59 €22 Ut g
ofz} 4ztBol VY F0F HolgEol At

2) =82

WA oA EFZY 9 WEEL odel ARE A F
3TMAIE AR AR 12704 (HAE 32.4%)7F HolE A
Yot 7o DolyEe WAFEE ALY 4UE
(Branchiopoda (EH&3), 90.2%)3 A% (97, 0.3%), &
27} 98] 2 (Diptera, 6.7%), = A& (Hemiptera, 0.4%), 3}F
2ol & (0.3%), A5 (0.3%) 52 ol 524
F(IRDE AR 23, ZHE(76.6%), T 5 (9.8%), A5
(4.0%), W u]E (Homoptera, 2.7%), A2 & (2.4%) 58 +2
2 Uit ziRol 71 F23 Holg R0l

T

o

al

1]

AR AAehe B0 JAES 27.1%2 WL, HolA
F2 R AHERE, 535%)9 Lol (372%), HE T2
£ (46.5%) ] FAE 5 (25.6%) % WAARE(11.6%)°] %=
A et ol FES DR 2R vjA7F =YE7] HA 2006
Wi} 200790ll= 5~8F9 o/t st 5 2 F34 o]
Q1 Wojel Fof, LAY, E117] F0] =2 HEE A45H4
U(GFERDI, 2006; You, 2007), ti&7F =¢1E 0]3¢] 2014

ot rlo ol

o
=
=
T

o du rw

o= 63 9F0] 2L A AT HHTRE 67.8%)°]
gom Qolet Fof, E117] 52 F o2 Ut
(NPRI, 2014) o} el & H3p7} USdth T3 2 ZAbo|| A
283 oL 77} 1120 YA T Hj27} 96 3% 2 RES 2}
A3l QU 20140 v A LASHA] E@sE Dojet
getu|, FZAUE FA3 Fagt A2 eyt (Table 4).
w20 =A7|E ARt 7152 gloy R 7SS B o
20009} FHko 2 FAEH, A7} =QEY] Aol 5 9
533 olF7F Wol AAstgeu =Y o] w29 ZAgo
2 Q13 $AH R "o} Fof, Eu7]9] FAT AT N
3 o]F o, met], FAAY T 343 gad AR #
et o]ggh o FA HIStE ISl 2 RAMA AFH wiie
F Holgo] Hi oJf Y F£0Z 3 tfy FHFFEI I
A E3 WA E7bA] A4 W97t S E A vl STt
o= Bt Hol RS HEo 8 AAE9 2077 A
A5t 2102 AzhE )

A7 o] A Alehs Hj20] HAES 32.1%FE RSl Ho]
AES dF FAFEE(68.3%) AL= (M-, 29.3%), &
A4 H(29.3%), SFRAAOIE(7.3%), 2172 BoI(19.5%), T2t
1] (4.9%)7F EA Uehd did FHEFEY] HEo| it 4
7HA] 9] o7 20039 9] AARFAZRA A 23t 45F0] A
3 AL HAISHA] eFgEOLF(KNPS, 2003), 2011 HjA
7b Agoz Aalo] EelE 1 43} 4F0] £FFYUTHEKNPS,
2011). 20144 ZAMA L 63t 10£0] AAleHe A0 R BHiE
A=), A AYFRELE 15902 ¥ Holglon], ¥34
olF<l wetn|7h st Wol, FEIN, Yol Fo| vud ¢
o] A4kl UARUTH(NPRI, 2014). & ZApf| A& Hij27F -4
%(60.8%) 0.2 uHH 9T, 20144 $4F0|E Ftn]i 5 1
FAR FERAAT Aol FRlEa oot FEA, Yo
T A& A7 FE3] AT A0 E depgTt ujag] =9
A7 AL 71802 B o 20109 AFE A=, wjA7}
T olF At AP0 Z g A AAFE HIFES A
29 off= /MAISTE 43 At Ao Uit et
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Table 3. Composition of the stomach contents of Micropterus salmoides and Lepomis macrochirus in the Geumgye, Samga and Naejang Reser-
voir of National Park, Korea, 2020

Prey organisms Number Number (%) Weight (%) Occurrence (%) IRI IRI (%)
Micropterus salmoides: Geumgyeji (n =118, 32 individuals eaten (27.1%))
Fishes
Micropterus salmoides 3 7 4.6 94 108.8 1.8
Lepomis macrochirus 1 23 1.9 3.1 133 0.2
Rhinogobius brunneus 16 372 49.1 438 3776.6 64.2
Unidentified fish 3 7 8.7 94 147.1 2.5
Large invertebrates
Odonata 11 25.6 21.7 313 1476.5 25.1
Megaloptera 5 11.6 7.8 12.5 2427 4.1
Ephemeroptera 3 7 4.6 94 108.8 1.8
Semisulcospira libertina 2.3 1.5 3.1 12.1 0.2
Total 43 5885.9
Micropterus salmoides: Samgaji (n =106, 34 individuals eaten (32.1%))
Fishes
Squalidus chankaensis tsuchigae 1 24 26 29 83.5 24
Zacco platypus 2 49 30.8 59 209.9 6.1
Iksookimia koreensis 1 24 2.8 29 154 0.5
Rhinogobius brunneus 8 195 11.3 23.5 723.8 21.2
Unidentified fish 1 24 2.6 29 14.8 04
Large invertebrates
Odonata 12 293 10.7 294 11752 344
Ephemeroptera 3 7.3 1.7 29 26.6 0.8
Decapoda 12 293 9.8 294 1149.7 33.6
Bryozoa 1 24 43 29 199 0.6
Total 41 3419.0
Micropterus salmoides: Naejangji (n=47, 23 individuals eaten (48.9%))
Fishes
Zacco platypus 1 19 395 43 180.0 24
Lepomis macrochirus 1 1.9 09 43 12.0 0.2
Rhinogobius brunneus 33 61.1 28.5 60.9 5456.3 73.7
Unidentified fish 3 56 1.8 8.7 64.2 0.9
Large invertebrates
Odonata 2 3.7 10 8.7 1195 1.6
Decapoda 14 259 19.2 348 1568.2 212
Total 54 7400.1
Lepomis macrochirus: Naejangji (n=37, 12 individuals eaten (32.4%))
Insecta
Diptera 67 6.7 1.1 833 649.7 9.8
Ephemeroptera 3 0.3 0.2 83 39 0.1
Odonata 3 0.3 6.1 25 1594 24
Megaloptera 1 0.1 1.2 83 11.2 0.2
Hemiptera 4 04 0.2 16.7 99 0.1
Coleoptera 1 0.1 0 83 1.0 0.0
Homoptera 2 0.2 10.6 16.7 180.6 2.7
Hymenoptera (Ant) 1 0.1 2.1 83 18.1 03
Unidentified spp. 10 1 37 50 2353 35
Crustacea
Branchiopoda 906 90.2 62.6 333 5095.6 76.6
Copepoda 2 02 0 16.7 35 0.1
Decapoda (Shrimp) 3 0.3 104 25 266.4 40
Gastropoda
Radix auricularia 1 0.1 1.7 83 14.6 0.2
Total 1,004 6649.2
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Table 4. Historical record of ichthyofauna in the Geumgyeji, Samgaji and Naejangji of National Park, Korea, 2020

Geumgyeji Samgaji Naejangji
Scientific name GFRD  You  NPRI Psrzfgm KNPS KNPS NPRI Psrteusgm KNPS KNPS NPRI Psrteusgm Eres*
(2006) (2007) (2014) (202(})/) (2003) (2011) (2014) (202(3)/) (2004) (2013) (2014) (202(3)/)

Cyprinidae

Cyprinus carpio 1 9 4 2 25 4 24

Carassius auratus 5 135 7 9 1 77 51

Carassius cuvieri 85 25 Ex

Acheilognathus lanceolata 47

intermedia

Rhodeus ocellatus 8 10

Abbottina rivularis 5 5

Abbottina springeri 14 28 367 E

Pseudorasbora parva 17 96 1543

Pungtungia herzi 10 48 1 1 4

Squalidus gracilis majimae 1 18 E

icgét}zlllglaug chankaensis 74 7

Rhynchocypris oxycephalus 3 32 15 7

Zacco koreanus 8 128 271 3 16 132 3790 77 50 61 71 122 E

Zacco platypus 440 12 1 43 152 81 203 1153 137
Cobitidae

Misgurnus anguillicaudatus 3 1 2

Tksookimia koreensis 9 10 6 2 E

Cobitis nalbanti 7 15 E
Siluridae

Silurus asotus 2 26 1 1 1 3
Amblycipitidae

Liobagrus mediadiposalis 1 E

Liobagrus somjinensis 2
Bagridae

Pseudobagrus fulvidraco 1

Pseudobagrus koreanus 2 E
Osmeridae

Hypomesus nipponensis 15 215 2 41 31 11 14 L
Adrianichthyidae

Oryzias sinensis 10
Coreoperca

Coreoperca herzi 1 E
Odontobutidae

Odontobutis platycephala 3 12 5 5 4 E

Odontobutis interrupta 1 1 E
Centrarchidae

Micropterus salmoides 3894 1176 28 67 519 102 Ex, Ed

Lepomis macrochirus 4 18 56 2656 409 Ex, Ed
Gobiidae

Rhinogobius brunneus 1112 14 2 23 361 77 10 53 21 208 L

Rhinogobius giurinus 12 1 59
Channidae

Channa argus 1 4
Number of species 5 8 9 11 4 4 10 10 15 14 20 13
Number of individuals 39 552 5750 1221 20 184 4404 854 306 559 6162 1075

*E: Korean endemic species; L: Land-locked species, Ex: Exotic species, Ed: Ecosystem disturbances species
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WA AAlste vl29 HAE2 48.9%= Hl1E =%
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Table 5. Appearance record of Micropterus salmoides and Lepomis macrochirus in National Park, Korea

Micropterus salmoides

Lepomis macrochirus

National Park

2th NRS* 3rd NRS** NIE*** 2th NRS 3rd NRS NIE
(2000~2009) (2010~2018) (2015~2018) (2000~2009) (2010~2018) (2015~2018)

Sobaeksan °

Woraksan °

Songnisan ° ° °
Deogyusan °

Jirisan °

Gayasan °

Naejangsan [ . . . . °
Mudeungsan ° . °
Wolchulsan . ° ° ° °
Byeonsanbando ° . . ° . °
Gyeongju ° . . °

*2th NRS: 2th Natural resource survey of Nationa Park (KNPS, 2004, 2008, 2009a, 2009b), **3rd NRS: 3rd Natural resource survey of National Park (KNPS, 2011,
2013a,2013b, 2016, 2017, 2018a, 2018b), ***NIE: Nationwide survey of non-native species in Korea (NIE, 2015, 2016, 2017, 2018)
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