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Fish Community Characteristics and Distribution Aspect of Four Endangered Species in the

Byekgye Stream, Korea™
HyeongSu Kim?, Myeong-Hun Ko
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ABSTRACT

This study conducted a survey to investigate the characteristics of fish communities and the inhabiting status
of endangered species in the Byekgye Stream, Korea from April to September 2020. A total of 3,415 fish of 9
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families and 31 species were collected from 7 survey stations during the survey period. The dominant species
was Zacco koreanus (relative abundance of 31.2%), and the subdominant species was Z. platypus (15.0%),
followed by Pungtungia herzi (11.7%), Acheilognathus yamatsutae (5.4%), A. lanceolata intermedia (4.8%),
Rhinogobius brunneus (4.4%), and Pseudopungtungia tenuicorpa (4.3%). Among the fish species collected,
19 (61.3%) were identified as Korean endemic species, and two cold-water fish species sensitive to climate
change (Rhynchocypris kumgangensis and Cottus koreanus) were collected. Four species were designated as
class II endangered wildlife by the Ministry of Environment: A. signifer, P. tenuicorpa, Rhodeus
pseudosericeus, and C. koreanus. A. signifer and P. tenuicorpa mainly inhabited the mid to lower streams, R.
pseudosericeus in the midstream, and R. pseudosericeus in the upstream. P. tenuicorpa inhabited in large
numbers, and estimating the age by total length-frequency distribution in July, the total length of the 26-35 mm
group was estimated as 0 years old, the 54-75 mm group as 1 year old, 82-97 mm group as 2 years old, 104-109
mm group as 3 years or older. The cluster analysis showed that the dominance index decreased from upstream
to downstream, but the diversity, evenness, and richness index increased. The water quality of Byekgye Stream
was evaluated as good overall since the river health (fish assessment index, FAI) using fish was evaluated as
excellent (5 stations) and good (2 stations). Byekgye Stream has relatively well-preserved habitats, but
conservation measures are required as habitats are disturbed by river repair work in some parts of the midstream
and downstream areas where many endangered species inhabit.
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(Nishimura, 1974; Kim, 1997; Moyle and Cech, 2000;
Yoo et al., 2016). $-2veh= QA Bl EARE 913 A
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9, sHt5 Sol ol AAE e, s HlSAL YHE
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HAHLS 7% FETt AEHol A5k, kel
1,157m)of|A edsto] H3H} sFHE fYEm, 2o
26.91km, F-= 1% 30.6km, F-9H 22 78.03kin' Q] A2+

So| glov), Sug ogigo] ga ABAo] vwH 2
HZE o] QlthKwater, 2007). HAIZ o} F/4fol tgh A2
QA7 ARAAREEAL Ao ARAK(Lee and Kim,
1998)2} AH|3xHYang and Lee, 2007a; 2007b; Song and
Jeon, 2009)7} QA=Tll, ARA} ZAfo|A = S FAE HES
71% g2l 71=%117|(Pseudopungtungia tenuicorpa)s
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et al.(2005), Kim and Park(2007) 5ol ujgkon BE234
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Figure 1. Study stations of Byekgye Stream, a tributary of the Han River Drainage System, Yangpyeong-gun, Gyeonggi-do,

Korea.
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(NIER, 2016; 2019), 1%+ Google Earth(Google Earth
Pro, USA)9| HHE o]-§53ith o] - 3}5H4] &7 5 7]
I} 528 XY % A|(T-250A, ASAHI, Japan)Z, 27|
% & = (Conductivity)2} §-EAMAEHDO), pH, HE 52
257 7](HI-9828, Romania)E AHE-3to] 57 5H3ich

ofFo 4 SA4& Wel7l ¢Is $%=(dominance
index: D)} t}oF=(Diversity index: H), 5= (Evenness
index: E), =X = (Richness index: R) Z|4E AF=3S9IC)
(Margalef, 1958; McNaughton, 1967; Pielou, 1969; 1975).
THAFEE 2AAE 28 S RS A= Primer
5.0(PRIMER E Ltd, UK)& ©]|-&3}o] BrayCurtis F-AH=
£ Anket 3 =A8sIeItE 2AREEY) 17 Sy
2} sPRAA7E7EE Slel e REE o]8sto] shdAt
Z*(stream order)of we} 87]9] HEYMI: FHF F F
a5 M2: oA AAES, M3: Iz, M4 WAdE9] 7
Ao vlE, MS: ZHA1E0] HAl4= v, M6: lE9] 54
< WA vlE, M7: - SS9 F 7iAlS, M8: B
&0 WA vle) HE e AklRE 3 tsto] o7
EX|4(Fish assessment index, FA)E At=E5F3c) AEE
oNFAEA = M-FHA, 80~100), F(B, 60~80),
E(C, 40~60), LFE(D, 20~40), T]S- LH(E, 0~20)0.2 &
& FEIIACHNIER, 2016).

AL o] 74 vl APRARR] A ATH A 2
ZHLee and Kim, 1998)3} 3x{Yang and Lee, 2007a; 2007b;
Song and Jeon, 2009)%] Ata5E Ag|ste] H|u s} Th

1. MAZ| Ed

A FHS R =2 AR EERie] glo] A7t
Bow spd FEsel 9% 547 @ vrbh Qe &
AR 9] 8122 100m o], §-3F-2 70m o2 H]w A
F4% 9 shHolal 42 A= 0.3~1.5m= FARH S
), I1E= 36~460m WY PR (stream order)=
1~32F=2 B9k, P32 7= AlS3(Aa type, St. 1~2)
E= 73 (Aa-Bb type, St. 3~7)0|3leH, sHF> EE
(boulder)T} (cobble)o] =& H]&-L 2B} 9T 1
o}2- 0 & 2}ZH(gravel), X fj(sand), ZHA}Z(pebble) 50
o 22RO St 6ol Rt A Ho] Ygion], A
ol 315 U] fei(st 2-7)e SUAR Aol Zo]
okt

olsfely 87 % 428 HAsal St 10] Zakgal St
7 B} 4-7C7F @l ol 5(79Y), 7R99), B(@Y) 0%
=9kt A7|AEEQ} dr zFzF 27~131ps/cm, 0.01~
0.06ppt M= Forom FUsHA JRolA stR= 7HaA
23 ROl ARG Btk SRS 49 10.1-
11.7mg/L, 79 5.35~6.33mg/L, 9 5.41~6.58mg/LZ XA 7+
ofli= & AolF HolA] gistout AR & AolE B
3, pHe= 6.39~7.60%2 o577} A A87 o Aqet A Sich

2. 0=y

ZAPZI1ZE ERE T8 AR olA AHEH o= F 91 31
341571 A9t Table 2). 1P &dEE= 9]o]T|Cyprinidae)
7} 18%02 747 wropy, 1 oS0 2 uTaalCobitidac)

Table 1. Physicochemical and hydrological environments at the study stations in the Byekgye Stream, Korea from April

to September 2020

Stations \;Rvi‘éf}rl \\Xlezitf}f \(ﬁ?ﬁf lt{ive*r Altitude Stream Bottom structure (%)”  Water Conductivity Salinity DO pH  Btcs
m) (m) (m) ype (m) order M S G P C B (C) (us/cm) (ppt)  (mg/L)

1 10-12 2-4 03-1.0 Aa 460 1 10 20 70 8.6-17.9  27-33  0.01-0.02 5.5-11.7 6.39-7.60
2 30-40 15-20 0.3-12 Aa 264 2 20 80 10.2-22.3  45-64 0.02-0.03 5.4-10.7 6.39-7.13 A
3 50-60 20-30 0.3-14 Aa-Bb 217 2 20 40 40 10.2-23.1 64-93  0.03-0.04 4.7-10.5 641-7.12 A
4 30-40 15-25 0.3-1.5 Aa-Bb 181 2 20 10 10 30 30 11.4-254 70-111 0.03-0.05 5.7-10.4 6.41-7.36 A
5 60-70 20-40 0.3-1.2 Aa-Bb 96 3 10 20 70 11.6-24.5 76-131 0.03-0.06 6.2-10.1 6.68-7.05 A
6 80-100 50-70 0.3-1.5 Aa-Bb 63 3 10 20 40 30 12.5-249 79-123 0.04-0.06 6.2-10.3 6.70-6.85 A,W
7  70-80 20-35 0.3-1.5 Aa-Bb 36 3 20 50 30 12.7-244 99-122 0.05-0.06 6.3-10.4 6.85-6.90 A

"River type: by Kani (1944); “M:

mud (<0.1 mm), S: sand (0.1-2 mm), G: gravel (2-16 mm), P: pebble (16-64 mm), C: cobble
(64-256 mm), B: boulder (256< mn) -modified Cummins (1962), “"A: amusement park, W: weir.
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Table 2. List of fish species and number of individual fish collected in the Byekgye Stream, Korea from April to September 2020

Stations

Scientific name Total RA(%)" Remarks
1 2 3 4 5 6 7
Cyprinidae
Rhodeus pseudosericeus 6 20 2 28 0.82 Enll, E
Rhodeus notatus 57 57 1.67
Acheilognathus lanceolata intermedia 164 164 4.81
Acheilognathus signifer 11 19 5 35 1.03  Enll, E
Acheilognathus yamatsutae 184 184 5.39 E
Acheilognathus rhombeus 6 6 0.18
Pungtungia herzi 67 66 101 65 55 45 399 11.68
Pseudopungtungia tenuicorpa 48 69 27 2 146 428 Enll, E
Coreoleuciscus splendidus 6 12 30 48 1.41 E
Squalidus gracilis majimae 3 5 8 0.23 E
Hemibarbus longirostris 14 7 6 8 35 1.02
Pseudogobio esocinus 1 14 9 13 3 40 1.17
Microphysogobio yaluensis 20 32 52 1.52 E
Microphysogobio longidorsalis 18 10 4 2 34 1.00 E
Rhynchocypris oxycephalus 49 7 7 63 1.84
Rhynchocypris kumgangensis 123 123 3.60 E, C
Zacco koreanus 146 200 227 177 172 144 1,066 31.22 E
Zacco platypus 8 32 19 119 333 511 14.96
Cobitidae
Misgurnus anguillicaudatus 1 1 0.03
Koreocobitis rotundicaudata 1 8 4 2 15 0.44 E
Iksookimia koreensis 8 12 28 5 53 1.55 E
Bagridae
Pseudobagrus koreanus 2 2 0.06 E
Siluridae
Silurus microdorsalis 2 1 1 4 0.12 E
Amblycipitidae
Liobagrus andersoni 9 3 2 14 0.41 E
Cottidae
Cottus koreanus 2 2 0.06 Enll, E, C
Centropomidae
Coreoperca herzi 5 8 9 9 7 1 39 1.14 E
Odontobutidae
Odontobutis platycephala 2 1 3 6 0.18 E
Odontobutis interrupta 1 2 3 0.09 E
Gobiidae
Rhinogobius brunneus 151 151 4.42 L
Tridentiger brevispinis 102 102 2.99
Gymnogobius urotaenia 24 24 0.70
Number of individuals 176 228 326 499 406 512 1,268 3,415
Number of species 4 6 12 14 15 17 18 31

¢} =07 Gobiidae) 3=, FA}2] T Odontobutidae) 25, E370(Cottidae), AX|T(Centropomidae) = Z+2t 154 &
AP Bagridae), ™|7|2KSiluridae), 57122 Amblycipitidae), datdict 28F 5 FHESS EAY(Zacco koreanus,
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31.2%), o8& Heu|(Z. platypus, 15.0%) 3L, 1 oF 3. 2B} AEEM, AEFEX

207  Ea17|(Pungtungia herzi, 11.7%), Z=9AF _ _
(Acheilognathus yamatsutae, 5.4%), GAS(A. lanceolata x]xquueﬂ “Cl)‘ﬁ%‘% St. 2~6> FHAAY, 24473l St 1_%
intermedia, 4.8%), A |(Rhinogobius brunneus, 4.4%), 7} TR, ZoRel St. 72 wEhn| ik ok TS WEA
=E117)(4.3%), 53R X(Rhynchocypris kumgangensis, 7F 10 AR 1D, F3L717F 570 AF(St 2, 3, 4,5, 6),

3.6%) 50 == A8 tHFigure 2). MAETES g
AEA HELN7] oA E Tl SHAA. signifer),
7h=Ea), AEEAN, S5O0 40 Sk Al
T2 EEN, BEAE, S9AE, 7esar), 49
(Coreoleuciscus splendidus), 71E=7W(Squalidus gracilis
majimae), =R Microphysogobio yaluensis), BJ7}AE]
(Microphysogobio longidorsalis), w73 2X], ZAAY, A2
v It (Koreocobitis rotundicaudata), FZE7W(Tksookimia
koreensis), w5 A 7\(Pseudobagrus koreanus), B|-8-7](Silurus
microdorsalis), %7}2|(Liobagrus andersoni), ==7Y, ZXA]
(Coreoperca herzi), “§AFe)(Odontobutis platycephala), 4%
FAFEI(O. interrupta) 5 19F(2L-8-3H8 61.3%)0] &1
o, 7|SHINAL(FFA o18)S 54X} S50
2F0] Y= Atk

Z. koreanus

Z. platypus

P. herzi

A. yamatsutae
A. l. intermedia
R. brunneus

P. tenuicorpa
R. kumgangensis
T. brevispinis

R. oxycephalus
R. notatus

I. koreensis

M. yaluensis

C. splendidus

P. esocinus

others 7.5

0 10 20 30 40
Relative abundance (%)
Figure 2. Relative abundance of the fish species found

in the Byekgye Stream, Korea from April to
September 2020.

SHAREE 17 AR (St 7)ollA LRt -3 =(dominance)
= 2R St 10] 09772 7P =aL stF= A J3
wolA] St 70] 0.408% 1A Wokth thoF=(diversity) 2}
ZH T (richness)= A E9} HF 2 St. 1(ThS = 1.004, =
FI= 0.580)0] 7Fg Wtou shR= 7hHAl zobA Hfee
St. 7(2.166), EEEE St 6(2.379)0] 74 =9kl FEE
(evenness)= St. 70] 0.749% 74 =9ka1 St. 271 0.503 0.2
7P G A debgTh BAA s ST 0462, TS E
2449, 455 0720, =5 3.5652 H|wF LA} 45
= WOl gFeel FREE U tHFigure 3). AR
FAE(S. 1), AZ(St 2~3), SF(St 4~6), (St N2 &
Holon 4Rt SR/ BlaA 7H7hdck(Figure 3).
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Figure 3. Dendrogram for the cluster analysis based on
similarity index of the fish species found among
the stations in the Byekgye Stream, Korea from
April to September 2020.
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Table 3. Community indices in the Byekgye Stream, Korea from April to September 2020

Index St. 1 St. 2 St. 3 St. 4 St. 5 St. 6 St. 7 Total
Dominance 0.977 0.934 0.816 0.657 0.606 0.568 0.408 0.462
Diversity 1.004 0.901 1.291 1.774 1.834 2.041 2.166 2.449
Evenness 0.724 0.503 0.520 0.672 0.677 0.720 0.749 0.720
Richness 0.580 0.921 1.901 2.093 2.331 2.565 2.379 3.565

4, ShEiziZEEL T

S AHFADS shd Apseol] whet AR A3, 574
ZZ(St 3~7)2 mll-- Z2(A, 83.4~100.0), 27 AJF(St. 1~2)
2 Z£8(B, 70.8~77.1)2.& H71E3itt. FEX o Z A5
HlE&(MA)T BISF] Al vlE M) B A o)A
2] golaL, FUlEe] & FFMDe} ol AMFS
M2), A sHES F MAFMT)= SHRolA &2
e, AAE Al BlEMS)T SUEe] F4F Al
HIE(M6)> oAl &2 gho= UeEyith(Table 4).

5. HEESE MAISE

S RA B o= IR AYE =57
oF EEAN, FEAR, 7=Ea] 450] RlE Ak
S7he 2R St 1ol ARt 270 A7 F AR = AL, e
e S7Q St 3, 4, 6014 28707, HEAF= F3HT
St. 5~70llM 35714, 7H=Eal7]= SR St 4~79A
14670A17F AR = Aok A7 vl 22 S571E AlLfst
T AN REES AT AiFigure 4), 7Y 7|E0R
PGS A 22-33md= TAAN(0+), 44~51m= TH
A1), 62~65m TR o2 <)0 R FHEAT,
SR A 22-31mi G, 46~53ms 1A,
62-67m= TR oo FAHLOw, By
A% 26~35mm= A, 54~75mmi= TH A, 82~97mmi=
TR, 104~109m TR ol FoR FHE )

==

ro N Hr

HAHY o7 E ojFa el B APA= A2t
A2 87 ZAHLee and Kim, 1998)2 27l ZX|&(H 23]
ZApelA 63t 1650] AL, A3 A=mAAghd =
AKYang and Lee, 2007a; 2007b; Song and Jeon, 2009) =
S/ AR 1~23] 2ADOA 93} 18F0] Al4leh= Zlom
HIE It Table 5). & =AY 33] 2Ah= 257 770 A
A2 o 33) 2ARBte] 97 3150] Ao] T Falwct
12~15%0] e, ol2ist A AWATI 2AA A
o 25712 A1 ZAHSE o 1282 H37] YEoR
weEch EBE #AM A 5o skl fYEE A
Fo) o RARS LA 67 175, YA 53 20%, BEH
41} 178, 223 53t 19, 254 53} 1750] 3t
H 115]0J(Choi and Yun, 2020b, Ko and Choi, 2020) ¥ 4|
Hol 1 ge Fol AAskT ggick

Azl A 2SO £ Al A A5 g
Fo golon, B 2l AS0R 2% FL W

Z7N, W& ol(Rhodeus notatus), SATE, HHAE, &
GRE, IR 24, rhombeus), VEHA W= (Tridentiger
brevispinis), A5 Gymnogobius urotaenia) 8%°|]c}.
o] T2 FE FotFolA Al4lo] ERlE =T, & &
A7h MRARS) Sl ZAAA 9 2} ot o
Be Fol AUY AT BUEL HAR HRRGL 7

Table 4. Fish assessment index(FAI) in the Byekgye Stream, Korea from April to September 2020

Parameter St. 1 St. 2 St. 3 St. 4 St. 5 St. 6 St. 7

M1. Total number of native fish species 4.2 4.2 6.3 12.5 12.5 12.5 12.5
M2. Number of riffle benthic species) 4.2 2.1 8.3 12.5 12.5 12.5 12.5
M3. Number of sensitive species 8.3 8.3 12.5 12.5 12.5 12.5 6.3
M4. Proportion of individuals as tolerant species 12.5 12.5 12.5 12.5 12.5 12.5 12.5
MS. Proportion of individuals as omnivores 12.5 12.5 12.5 12.5 12.5 10.4 6.3
M6. Proportion of individuals as native insectivores 12.5 12.5 12.5 12.5 12.5 12.5 83
M?7. Total number of individuals 10.4 6.3 12.5 12.5 12.5 12.5 12.5
MS. Proportion of abnormal individuals 12.5 12.5 12.5 12.5 12.5 12.5 12.5
Total 77.1 70.8 89.6 100.0 100.0 97.9 83.4

(grade) (B) (B) A) A) (A) A) A)
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A. Rhodeus pseudosericeus A(Lepomis macrochirus) 5°] AAlgtctal HsHETH
: T {me,; ; PP E (Choi and Yun, 2020b; Ko and Choi, 2020). HAA FE5t
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Figure 4. Total length frequency distribution of Rhodeus
pseudosericeus, Acheilognathus signifer and
Pseudopungtungia tenuicorpa in the Byekgye
Stream, Korea from April to September 2020.

= e ER1E F 5 gdEriol, JAE, S9AE, HAl
o, NEARYE, BAT 630 Belsle] TRuGIh B
7 otoll AREE AR A dAR, 58, £3
A, A5 shRFe 14~17F0] AAste] S4F A Y9
4TERT 23 B o Rrk AASHE AR Msjge
), B5) Sl Aol ol el ZAEel(R. wekid,
wE780], 7MY A 2l(Acanthorhodeus chankaensis), ‘g
AT, SYAReL ol o] 7l Ao} Wof, HEH

A=, AL 39] v (Micropterus salmoides)?}; B

and Yun, 2020b; Ko and Choi, 2020).

SRR EE7] o E I3Y 7h=Ear]= A3
ZAFRL A22F AARAAEE ZAKLee and Kim, 1998) 77§A
7F A= A AR F(NIBR, 2019)00] &3 7150] A3
onf & AP A= SRS 4~T)oA 14671171 A7 =]
of HlwA & Yeke Pk AAlete Aor FAHE.
7h=EA7]E 20059 SR RAY BE7oPYEAE T
O 7 AAEJSH(ME, 2005), g+ A e AXA
of AAlatm F& Fo| Wil Algo] Wl Aol HWol
A A1GHHKim and Park, 2007; Chae et al., 2019). E35H
SES AekE S FHA| ), 2K %(Coreoperca) ©15)
Aretzto] Elgh(brood parasitism)sh= B} S50 Algks)
= EjAteHcrevice for the spawning)S = Ao &2 47
A SltKLee, 2011). BAHS AlSpo] & WdEo] Qlal F&
I} HER|7} gol vl g JiAI7L AAlehe Ao A7t
o, e R v 797|E Fa(EA 26~35mm),
9k 1328(54~75mm), Tk 23 48(82~97mm), T 3HA o4
(104~109mm) © 2 2k LEE| 31, FRA|ol| A d g} 1d
o] 2948} 3 o]t} ot Bl QA Q1 A
CREEIEE Helon, vuA &4k HeFAI (Ko
et al., 2019a)1} GARSH AW EEXIES HYch

SR FE7] o= 9] idE7l= A2
AL, A3 AmAA G AN S5 e 24
A2 Z(NIBR, 2019)0] &@7]50] I, & ZAM A=
(St 3~4, 6)ollA] 287]A|7F AR =] ek rEE =
20129 SEFAA GE97] oPYE g2 A AQH of
FE(ME, 2012), 3H}9] 57 A7 2341, =4, A7,
T, FRG T, A Soll AAlekar gl
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Table 5. Historical record of ichthyofauna in the Byekgye
Stream, Korea from 1998 to 2020

Scientific name (ll\gg‘g) _(22]\5[):)%) P;flfg;lt

Number of surveys 2 1~2 3
Number of survey stations 2 4 7
Cyprinidae

Rhodeus pseudosericeus o

Rhodeus notatus [ )

Acheilognathus lanceolata intermedia [ )

Acheilognathus signifer ([

Acheilognathus yamatsutae [ )

Acheilognathus rhombeus o

Pungtungia herzi o o o

Pseudopungtungia tenuicorpa o o

Coreoleuciscus splendidus o o o

Squalidus gracilis majimae o o

Hemibarbus longirostris o o

Pseudogobio esocinus o o o

Microphysogobio yaluensis o o

Microphysogobio longidorsalis o o o

Rhynchocypris oxycephalus o o

Rhynchocypris kumgangensis o o o

Zacco koreanus ] o o

Zacco platypus o o o
Cobitidae

Misgurnus anguillicaudatus [ ) [ )

Koreocobitis rotundicaudata [ ) [ )

Tksookimia koreensis [ ) [ )
Bagridae

Pseudobagrus koreanus ] o
Siluridae

Silurus microdorsalis o o
Amblycipitidae

Liobagrus andersoni o o o
Cottidae

Cottus koreanus o o o
Centropomidae

Coreoperca herzi o (] ([
Odontobutidae

Odontobutis platycephala [ ) [ )

Odontobutis interrupta o o o
Gobiidae

Rhinogobius brunneus ] o

Tridentiger brevispinis {

Gymnogobius urotaenia (]

Number of family 6 9 9
Number of species 16 18 31

"ME(1998): The 2nd National Environment Investigation of Freshwater
Fish(Lee and Kim, 1998), ME(2007-2009): The 3rd National Environment
Investigation of Freshwater Fish(Yang and Lee, 2007a; 2007b; Song and

Jeon, 2009)

2E2dk 2 7l(Unio douglasiae sinuolatus)ol| AretshH(Kim
et al., 2017; Ko et al., 2018; NIER, 2019), = HAAM7}
Qe wiA =Y 9 FAL AL EeH TOE A4
A 9 A7 548] Fagt Ao HAEUTHKo et
al., 2018). HAH | AAlsl= ebdE7ie AANA 7T
WA kot e R woll A BAACAA 22~33mm), T
18 24(44~51mm), T+ 2134 0| AH(62~65mm) 0. 2 JLE L] o] H]
A SANGT fARE APREE Holi(Kim er al,
2017; Ko et al., 2019b) FFAo] 7 1 J3AY, Tk 2/ Ho}
ol Hlu A hg Al AANIERreE Helch

SHAFRAE BE7] oA E 1T FEAF= A9
ZAbo| A E@7IF0] gloloL), 2 AIA Ao S5}
F(St. 5~T)ollA 35S7NAZE A= AT SRR 19964
HHFRAY EQHTAER AL AYEHUSH(ME,
1996), 74t zI7koll AAlekar gzl A2y
2 XA FE=Z 2N (Lamprotula leai) 50| At Baek,
2005; Kim, 2014). HAHA HHE SHAF A=
WA kot 799 HAANIERELEA FEAYHF 22~
31mm), TF 1 3AY(46~53mm), 9+ 2 3 o]AN62~67mm) S & 2
FEEeH, dF Exs Hay SHYAHKo e dal,
2019b)3t ARSI T

557 SARAY 9E917] oAE Ig H 7] H
SMIFEC R APRAtz A22p A=mApAgg 2Abof|A] 1
7N A|(Lee and Kim, 1998), A|32} HA=AF AL 2Al A 1
NA7Y AR =R 3(Song and Jeon, 2009), ZARLEZ
(NIBR, 2019)0] &@7]50] qllom, & ZAE 24+
Q1 St. 104 270A17} A =] o] Aayane} Lt &
FM= 2005 A RAY FE7IoPYSAE o=
A= A7HME,  2005) 2012 de] A= 3 SH(ME,
2012), 20224 0] thA] 122 24 A= QATHME, 2022).
A gelufere] A AR, Y AR 2 5
oF ok 59 2Tl = s, BA A7 S,
WA Aol E2d7150] oy dA= A4lskA] got
ps

et al., 2019; NIER, 2019).

HAHAA 7] FHSEF(E oS S50 7
A B2 7 AAlee A er e, S45A=
ARz A=mAAgd 2A A= 107]A|(Lee and  Kim,
1998), AI3R}F HA=AASH A A= 3074A(Song and
Jeon, 2009), & Aol A= 2 AFFQl St 1o ARt 123714
7F A= o] FEEGITh o] A3 BAKE T 1,157m)o]
Qs 12} 8129 AR S 460mE w7} = Al
B(Aa type)S W7 wZol] the ARt 4=20] wol W4
3 ol S SAEATE A4S 4= Qe Aow wdt
ot S4EAE feuete] e AR AR S A

A
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ol TSN AAlshs Aer A WKHH and
Park, 2007; Chae et al., 2019). 747]5.4 EIRARE= A=At P
SNt S RA AR BA g2, 5571 HAA
(Lee and Kim, 1998; Song and Jeon, 2009)} & (Han,
2007' Moon et al., 2010), ZZ%7(Choi and Yun, 2020a),

Z3QFH(Choi et al., 2020), EStAH-ZU(Ko et al., 2021),
% < ZI(NIER, 2019) Fof, 574%%= A % (Lee and
Kim, 1998; Song and Jeon, 2009)™} 7175 X (Hong and Park,
2020; 2020b) SofAuF A= Ao W yE 9t

HAHL v F x}oﬂz% oz Z H2Eo] 91 FARA
X WESl7] PR el RN} By, Tl
B3], SEN 459 7 PATIAEA ol S0
oF FHRA 28, AIFE 196 E3fe] 3159 v
3 olR7k A4Sl ST Ea 2RO SHE
o} FEEL Wi ropee} FREL Foo] spHULAL
HYRRE Aen vl £L02 BiHo] S5t
SAlek WA IRel $4sto] BAAZ AHe)
Eou, YRt = PP FAE s = Zlo]
ZHE Qlek w3t 2 A o S5 AU PSSl
ke AAStE A9 UA| et s RlSARY RS
AL FAQIAH 07 o] folA FARE AE| A ulgto] HAYs}
1l Q= A oltiKo et al., 2018; 2021; ME, 2019; Park
et al., 2020). ©2tA HAH L] ot Al o]F A4S Y3l
A ST SFIBAR SHEA] pstelo} sk, B3]
71&0] ol AAlst= WA Folrie dA7IdEeldt
AAHAR S Fo= AYsto] Hodl= 5o HWHE 1y
wojof g Aojt},
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