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Fish Community Characteristics and the Influence of Fish Sampling Gears in Lake Singal, South Korea"
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ABSTRACT

Fish community characteristics and the influence of sampling gear were investigated in Lake Singal, South
Korea, from August 2020 to October 2021. The employed sampling gears included a kick net, cast net, gill net,
and fyke net, which are commonly utilized within the lake. Across three survey stations, a total of 18 fish species
from seven families, comprising 3,501 individuals and contributing to a total biomass of 117,670 grams, were
identified. Dominance among species was assessed based on individual count and biomass. Pseudorasbora
parva was the most abundant, constituting 29.9% of the total catch, followed by Zacco platypus (25.1%) and
Micropterus salmoides (19.3%). In terms of biomass, Carassius auratus was predominant, accounting for
45.1%, followed by Cyprinus carpio (17.4%) and M. salmoides (14.3%). Among the sampled species, three
were identified as endemic to Korea: Squalidus japonicus coreanus, Cobitis nalbanti, and Odontobutis
interrupta. Additionally, four exotic species were recorded, including M. salmoides and Lepomis macrochirus,
both classified as invasive alien species, along with C. cuvieri and a variant of Cyprinus carpio (nudus type).
Analysis of the average standard length (SL) and body weight (BW) revealed significant size variations among
species. P. parva, the dominant species, measured 60 = 24.1 mn (SL) and weighed 4.4 = 3.42 g (BW). The
subdominant species, Z. platypus, exhibited an SL of 82 £ 17.6 mm and a BW of 10.4 = 7.27 g. M. salmoides,
another dominant species, registered 96 + 25.1 mm (SL) and 24.9 + 96.02 g (BW), while C. auratus measured
1254 77.3 mm (SL) and weighed 168 +336.5 g (BW). In terms of gear-specific performance, the kick net captured
eight species from three families, totaling 302 individuals with a biomass of 1,269 g. The cast net was more
effective in coastal zones, collecting 11 species from four families, amounting to 948 individuals and 31,343
g of biomass. The gill net yielded the highest biomass, capturing 13 species from four families with 682
individuals weighing 69,695 g. The fyke net recorded the highest species diversity and number of individuals,
capturing 15 species from seven families, totaling 1,569 individuals and 15,362 g of biomass. The fyke net
proved most efficient in species and individual counts, whereas the gill net was superior for biomass collection.
Conversely, the kick net demonstrated effectiveness in collecting small benthic species in coastal areas.
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Figure 1. Study stations in the Lake Singal, Yongin-si,
Gyeonggi-do, Korea.

2. EAPLE

1) MAIK| Eeel

—

Fo

o

B4 agle

EEREY SECHEE 13
TR 5L ZARIIT o1F o1ET §3, 4l A7
ZJ(Yardage pro Tour XL, BUSHNELL, Japan)
o]-gsto Sttt s+ %2 Kani(1944)0] w}
TE3FAL, SR Cummins(1962)9] WM S 58
A oA Soto g FESITE 1% Google Earth
(Google Earth Pro, USA)9] ARE o] &3]

il
Y

FEALEHDO), BT AL LT

RTH(COD), F-H=2(SS), THR

©§2(TOC), =40l 25 = (pH), &

7IAEE(EC), PEA-a) FE8TS W EHAIA(RAWRIS,
2022)9) AmE Q&AL 7 THS S YEAIAE



AZBe] iR B4 W ol A At 4 266
Table 1. Physical environments at the study stations in Lake Singal, Korea from 2020 to 2021
. River width Water width Water depth  Altitude Bottom structure (%) 4
Stations Etcs
(m) (m) (m) (m) M S G P C B
St. 1 60-80 20-40 0.3-1.5 47 10 30 10 30 10 10 W,RW
St. 2 550-650 500-600 0.5-5.0 44 70 - 10 10 10 -
St. 3 60-70 15-25 0.3-1.2 34 10 10 20 40 20 - RW

"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< mm) -modified Cummins (1962), “W: weir, RW: river work.

o 4 9 AR A g 7]l whek THA S5l -
F3(la), F5(Ib), oFF T2, EFAI), o HE(IV),
LHE(V), 1 BV L2 Lo BH7FFtHRAWRIS,
2022).
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=09tk ZAM| 7)o whet %%Wl & 2lolE Bolow, Az
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Table 2. Water quality status in Lake Singal, Korea from 2020 to 2021
Date tem\;’jrt;ure 4 EC DO TOC COD TN T-P S Chla oo
(C) (us/cm) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/m)

2020-02-11 7.1 7.9 512 12.6 4.6 6.4 6.12 0.02 6.6 23.0 11T
2020-03-18 11.6 7.8 572 13.2 5.8 4.3 6.94 0.07 2.8 10.4 v
2020-04-14 13.5 8.1 576 10.8 4.4 6.7 5.52 0.01 5.3 7.0 11T
2020-05-07 18.8 8.6 618 10.9 5.9 8.2 5.25 0.01 5.2 9.2 v
2020-06-10 23.8 7.9 603 7.9 4.7 6.5 4.57 0.01 4.6 43.3 11T
2020-07-07 24.4 8.2 524 7.7 4.6 5.4 4.06 0.02 7.2 13.6 11T
2020-08-21 25.7 8.7 263 8.7 33 4.5 2.75 0.06 6.4 32.8 1I
2020-09-17 21.7 8.1 368 8.6 4.8 5.9 3.24 0.05 19.7 32.7 11T
2020-10-14 19.0 7.7 429 7.9 3.2 5.4 3.38 0.02 10.8 24.1 1I
2020-11-03 14.0 7.6 759 8.6 3.6 4.9 4.23 0.02 10.6 6.7 1I
2020-12-03 7.6 7.4 538 10.2 3.7 4.5 5.04 0.02 15.6 4.8 11
2021-03-11 10.9 8.3 651 134 5.1 6.1 6.17 0.03 5.6 23.6 v
2021-04-09 13.8 7.6 631 9.5 4.3 5.6 6.08 0.03 1.3 3.5 11T
2021-05-12 16.4 7.7 605 8.7 4.5 5.8 5.39 0.02 6.4 7.2 11T
2021-06-07 19.9 8.2 541 9.0 5.4 5.8 4.70 0.03 4.6 24.9 v
2021-07-07 23.7 7.9 495 7.5 4.3 5.5 4.27 0.03 6.1 10.9 11T
2021-08-06 29.3 8.7 476 10.0 6.7 8.2 4.25 0.04 19.7 34.1 \%
2021-09-06 234 8.1 418 8.7 4.3 5.9 3.96 0.02 3.6 17.4 11T
2021-10-25 16.2 7.6 491 8.4 4.4 5.2 4.39 0.05 15.0 16.9 11T
AverageSD ::67.'393 7487 ils f 3 1 ﬁ:g3 13:29 ﬂj:fﬁ 117??) iOOOO2 19 5 ig..iS ii?éZ

"River living environment standard grade (RAWRIS, 2022)

T 12| A 71 wekom, AR sAplA 7 =7
Uit 2R 29 St ojzlCyprinidae)’} 10%
(ZFA1): 55.6%) 2.2 7P Weko ], ujdte]Cobitidae)
2} AA -7 Centrarchidae) = 23(11.1%), H)7]2(Siluridae)
2} A1) #H(Odontobutidae), Y5Eo]ZHGobiidae), 7H=X] 7}
(Channidae)= 712} 15(5.6%)4 =@kt 7HAl=H] -4
F2 ZB0y(Pseudorasbora parva, 29.9%), o452 ¥
2}1|(Zacco platypus, 25.1%), L TH2O 2 vl|2(Micropterus
salmoides, 19.3%), B-o|(Carassius auratus, 9.1%), Ho]
(Rhinogobius brunneus, 6.1%), 5572 (Lepomis macrochirus,
4.2%), GEO|(C. cuvieri, 1.2%) 59| 02 LA|5}%ch
A SHEE 501(45.1%), oF-HES Yol(Cyprinus
carpio, 17.4%), 1 The-02 Hj2(14.3%), T hu)(7.7%),
H5-01(7.4%), 2H8-°13.9%), =F4(1.6%) 52 o= %
Aletlch(Fig. 2). 2@F 5 =155 EMN(Squalidus

Japonicus coreanus), &5 7(Cobitis nalbanti), BEFAt

2)(Odontobutis interrupta) 30|30, QJefo]E o,
ggol, v, &4 4F0]n o]F ujAel EF4- A A
wek gEe A4E Folgltt

2) X|

St. 1o 41&= 33 63t 115 988714 21,852g0] A= S
£y, o)F Eth 22 37} 63 20104 AR 448g,
© 2% 33} 6% 4104 BAF 16,690g, AL 35 43}
8% 71Nl AAI 2.033g, HAHLZHE 35 53} 8%
300717) A 248007 FoE At YA, A
o} AT o] g wgkch

St. 20 A+= 35 63} 143 1,8877)A] 78,993g0] A= 3
Ly, o)F Srii 2 33} 43 56744 A 92g, FHS
25 23} 8% 2377h A, AAZF 7,795g, A2 3E 33} 115
432704, A 59,9298, AT 25 43} 8%
LI627WA, A 11,177g0.2 Sanet ARjE o] 7
AsE Aol 7wtk

HE =g
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Figure 2. Comparison between number of individuals and biomass relative abundance in Lake Singal, Korea from 2020

to 2021. *Cyprinus carpio (Nudus type).

St. 304 22 63} 122 6267114 16,825g0] A=
=0, olF = 25 33 75 45704, A 730g, £
o 25 431 7% 301704, Ak 6,858g, Ao 25 33}
7%, 173704, AYAF 7,533g, AR L2 25 53¢
8% 107704, A= 1,705g0. 2 F+= A, WA=
Y, A 2ol 7 Eqkch

3) o7&

o] R A E o] Fi=(Table 3, Fig. 4), ZjjoA 2%
33} 8% 302704 ABAIF 1,269g0] Atk AA 4= Y
(62.3%), 5-01(12.9%), H12(8.6%), Z5-01(6.6%), ¥]2t]
(4.6%), =F4Q2.7%) o w22, YAFu= W
(41.9%), 5-01(35.4%), 4°1(10.9%), L |(5.9%), =] e}tv]
(3.0%), F51(2.3%) 52 =22 SAekatt. AFH of
7o P AALS 47.1£29.5mm, P YAFE 5.6+11.1g
o]ttt

FEA A E o= 25 43 115 94870H) A
31,343g0] Atk AARHE T24)(59.0%), B12(28.3%),
HHe-01(4.3%), 501(3.8%), Yol(2.3%) 5] o=, YA
FHl= Jol(57.8%), 2tw](18.4%), wi2~(16.6%). o]

(6.4%) 59 o2 ABFATE AAE o7 Bt A%
2 91.2+40.8mm, Hd AT 35.6+187.3g0] T

Aol A AR E oF= 35 43 135 682704, ABAF
69,695g0| 3t} Z|A|=H]= B 2(31.8%), 5-01(27.3%), ¥
2H|(8.1%), F5-01(8.1%), &F4(6.7%), ¥°1(6.3%), 9
5-01(6.0%), HefFX](2.6%) 52 +=o2, A=
(70.7%), G5-01(12.4%), Hi2(7.6%), YFo1(2.5%), EF4
(1.3%) 59] o2 A5t Q= ojFo HAE A
£ 118.7+58.5mm, Bt AATFL 106.4+270.9g0] ATt

ARG PHE o 7= 32 77 155 1,56971A]
A=F 15,362g0] 3t} WA= 501(59.3%), T
2H](16.1%0, H] 2(10.6%), E272(5.5%), £-01(3.6%),
Dol(1.5%), "ol(1.3%) 59 =2 &, A=k = A
(37.6%), Z5-0](25.1%), T 2}1](13.7%), E=72(6.0%),
501(9.0%), Yo1(3.2%) 5o o= AT A
® o]79 Hi AL 68.4+31.2 m, i WA FS
11.4+72.9g0] 9l t}.

T
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o7t AYRE o7 Al Wt Fol e B e =9k
© H(One-way-ANOVA, post analysis(LSD), P<0.001), A
ol tiet oS St ARl disiAnt f2/4dol

P>0.05) 71 9]9] ofgtofl= B & {oAS Hel
THP<0.001)(Figure 3).

9 Yo A% 9 AS5E Table 59 Zo] e,
© A2l AE ol A& 60+24.1mm, H|Z 4.4+3.42g0] T,
0}%@%01 wabu)= A4 82+17.6mm, A|= 10.4+7.27g A

A AA 96+25.1mm, A|Z 24.9+96.02¢,
Hol: iﬂxg 125+77.3mm, A% 168+336.5g, Wol= A%
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Figure 3. Comparison of fish sampling gears by standard
length and body weight in Lake Singal, Korea
from 2020 to 2021. The diagrams indicate the
median (horizontal line) and 50% range
(rectangle). Open circle indicate potential outlier
and black star indicate extreme value. KN: Kick
net, CN: Cast net, GN: Gill net, FN: Fyke net.

26+6.8mm, 3 0.4+0.38g, 22
13.0425.2g0] 2t

% W SAF Fgolet e, W, gof, Wol
E57, 9Jo], HH o] 89 AAH =R ET L Figure 59}
ol Liehet. A $4F ol A% 24-96m
SR 40~70mmo]| =2 WIS Bl oF-E<l wlety]
= 23~132mm HY=Z 60~100mmo] =& NS HQr} Hof
£ 25~384mm= =4 30~100mm, 100~250H1H1 280~384mm =
—"r’-erloq o 1 280~384mm= 7fA| 4= & o1} H|Z0] 800g
oo R 2 AFS ok %‘01% 18~47Tm = 71 &
L HE HY=y|, 34 18~20mm, 34~47mmz FEE] QO
i 18~20mmof =2 WL E Hit)h oJoj= 35~440mmE Y
< HE EYo 40~120mme] =2 W= Helrh 9
Q1 HiA= 50~455m=E 52 HE H o 50~150mn
Q22 AL =2 M S B, E542 20~151
mm W2 FA 20~50mm, 50~100mm, 110~151mm= FEZ]
om, HEol= 64~344mm HYZE 90~120mmo]| =2 Hlx
£ HAth

28 AA 53+£30.4mm, A=

Table 4. Standard length and body weight of fishes collected
in Lake Singal, Korea from 2020 to 2021

Standard Body
Scientific name N length weight
(mm) (2
Cyprinus carpio 94 131.5£102.93 218.0+540.08
Cyprinus carpio (Nudus type) 1 65.0 8.0
Carassius auratus 317 124.8+77.31 167.5+336.49
Carassius cuvieri 41 135.0+£73.85 210.9+442.67
Pseudorasbora parva 629 59.9424.11 4.4+3.42
f(‘f;’:j;‘i‘;s Japonicus 16 75.7+14.43  9.6+5.45
Pseudogobio esocinus 28 117.2+11.35  25.9+7.37
Zacco platypus 880 82.2+17.62 10.4+7.27
Erythroculter erythropterus 1 255.0 28.1
Hemiculter eigenmanni 11 145.1+£31.53 49.3+33.83
Misgurnus anguillicaudatus 2 117.5£3.54  14.2£1.06
Cobitis nalbanti 1 85.0 4.2
Silurus asotus 6 240.5+£84.75 162.9+139.43
Micropterus salmoides 677 95.8425.10 24.9+96.02
Lepomis macrochirus 146 53.4430.38 13.0+£25.20
Odontobutis interrupta 17 90.4+£29.68 25.0+16.74
Rhinogobius brunneus 215 26.3+6.82 0.4+0.38
Channa argus 2 89.0£8.49 9.5+0.71
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Figure 4. Standard length of eight dominant species in Lake Singal, Korea from 2020 to 2021.

ZAF A7, AW 2REA AT Table 49} 7o)
et SAEL St 10] 0.83(0.63~0.97), St. 2= 0.69
(0.54~0.81), St. 32 0.75(0.63~0.89)= E}L} St. 10] 747
=10 St. 27} 7 Wl ohoke= St 10] 1.05(0.40~1.68),
St. 2= 1.43(1.14~1.83), St. 32 1.26(0.92~1.69)% St. 27}
7P =31 St 10] 7P Wttt obe == St 10] 0.57(0.21~

0.76), St. 2= 0.67(0.46~0.83), St. 32 0.65(0.51~0.81)%
St. 27} 7P =131 St 10] 71 Wokth FE == St 19]
1.08(0.60~1.53), St. 2+ 1.53(0.99~2.02), St. 3> 1.37(1.01~
2.02)2 St. 27} 7 =11 St 10] 7P Wkt 2y rs
A5 7rollA] St 13} St. 30] FolaL St 271 &]Zte] |A[5}3]
o, PYEAo A= T FAgo] 7Y FARSFLAL
1ol AEAbdoel, ZHi7F 7 @)ztell f1Askelch
(Figure 5).
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Table 5. Community indices in Lake Singal, Korea from 2020 to 2021
Ind August 2020 October 2020 April 2021 July 2021 October 2021 Average
ndex
St.1 St.2 St.3 St. 1 St.2 St.3 St. 1 St.2 St.3 St.1 St.2St.3 St.1 St.2 St.3 St. 1 St.2 St.3
Dominance 0.63 0.79 0.66 0.97 0.54 0.86 0.87 0.81 0.63 0.78 0.78 0.72 092 0.54 0.89 0.83 0.69 0.75
Diversity 1.68 1.14 1.37 040 1.83 0.92 1.01 1.14 1.69 142 1.41 127 0.72 1.63 1.06 1.05 1.43 126
Evenness 0.76 0.46 0.63 021 0.76 0.51 0.73 0.83 0.81 0.65 0.61 0.79 0.52 0.71 0.51 0.57 0.67 0.65
Richness 1.53 1.61 1.65 1.02 2.02 1.01 0.78 0.99 2.02 1.44 145 0.80 0.60 1.58 1.34 1.08 1.53 1.37
CN
5t
FN
St.3
GN
St. 2
KN
50 60 70 80 9 100 40 60 80 100
Similarity (%)
A. Stations B. Sampling gears

Figure 5. Dendrogram for the cluster analysis based on similarity index of the fish species found among the stations
(A) and sampling gears (B) in Lake Singal, Korea from 2020 to 2021. KN: Kick net, CN: Cast net, GN:

Gill net, FN: Fyke net.

o

£ 2APIRE 5RF Sche £, A, PAFE olg3tol
AT A3k offE XA 23t 35 73 1850] A
HEglon, gofat o157 10502 714 cefslgla ot
TR 35, AAFE 450l sl ALB MY
oA EARE o] RolXA] gho} vlmE 4 gloLk, s
oF fAret el AMETR 24 B7IE ASAE] off
ZAFAINChoi et al., 200605 W, 2342 107} 2653
LHE 5 AT 3, G9AL 93 BIEAFIEE
2, A 19), YA 83 IBHRRTRT 05, 2N
159), B9 93 21HRAFTHE 15 IS 159, Y44
17 9FEEIGE 15, JF 28), 394 97 19%
(FHIRE 05, AT 15)0] Fsfe] s fake
FHE Holn FHHOR Jolat o7 1Y wol FAY

E3 9HE, ol u%0] olA] A HeAL Al
Aot FUsHA HE2 a0, oF-ES wetv|=
POt 11 Q) A4R| = AXR] Hemiculter leucisculus7} $-
4o wuso] A0S MYt W AL 9 5
7o 7|g=eo] 2 A4sh= A o= ik o|(Choi et al,
1990) 747 AAof| E@TE AA= A2 E 257g% 7}
40| 7] WRo] 27 A%} Bash Azt A
2Eol4 AUE FRAGES B BRI, ASEA
2] 3%(16.7%)7to] A= o] WA veht el Hao
T 1183} WIEQl 28.4% (Son and Song, 2006): th Lot
o, A7)% AFAFdAE 0~5F 02 WA Fds3th
(Choi et al., 2006). HIH &]efo]F-E o] Aepall¢)o]e} w5
of, v, SR 4F(22.2%)0] Edsto] Bl A E2 Hl&
(22%)% B0, A7E A%A 135 ek B T
ATHChoi et al., 2006). £3) AEAm=t B2 2 H 5

f
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ES
H] 4.2%, A 1.6%)2 =2 HER A48kl 9lo]
XS A= 197340 A == oH RS
9 FolHA] FF 2 Aol FEEsHA AL &
F4L 19699 =AE AL FANSEFOE B 9 Sk
ItKim, 1997; NFRDI, 2010). o] & &£ &)zt A
off ShtEHA HeAIE A WA= AR A&H L
2 BuE3 kKo ef al, 2008, 2017; Lee et al., 2009;
NFRDI, 2010; Park et al., 2019a, 2021).

2 ZAPA JHE 1F ol St 1-3 R4
A= oL St. 29] HE-0] 89.2%= w9 =QkaL, Bt
AAF 59.9424.1mm, 4.443.4g(n=629)0]|H, HAH == v
A Al RS Bk AZIEE YHANATE B
2020 8 759711, 202018 10 37714, 2021 7€ 1917
A, 202149 109 5970A2 A&7 2020 0] 1]
2021d0f F43] Hagt Ao & vepyith o}-E Tzt
L St 1~3 BEFoA A= IO St 19] BH]E0] 75.0%=
71 =oka, B A 82.2+17.6mm, H|Z 10.4+7.3g(n=880)
ojm, A== v A FPARQ] EXEE Hof dis
(Kim ez al., 2019) et} Hw A [GARBFITE S5 A
AR E A= 20208 807)A, 2021 H(7~10) 127174 =
Aeolet v 2 543 AaE Btk A4S Bole
St. 1~3 RO A A= o} St. 22] H]E0] 56.5%=
7V =9k, Hot A 124.8477.3mm, A 167.5+336.5¢
(m=317)°]H, AFgHE= 22 AFH(30~170mm)7} =7
UERLEE 542 Bolrk wiol st 204 AYH AL,
B AR 135.0£73.900, A% 210.9+4442 7g(n=41)0] 1, ]
AP AL AAT60-150m)7} 7 Lkt ofet At
skt dlgE(Kim ef al., 2019)2] o= B A% 306.6
mn, g-ol= 211.5m=z HilEo] A% Fgho] - A2
E4e Hiltk 42 T2 S¢F98.0%)1A A= 3L
a1, 2020E(7371A)), 2021 d(7~10Y) 667f- = & x}o]7}
gilom, A A 53.4430.4mm, A= 13.0425.2g(n=146),
A== 20~80mme] Ay} THdAY o] A Vet
H| WA 495 (Song et al, 2012), dF3(Kim et al., 2019),
3H4d 5 (Jang and Bae, 2020)9} S-A}SHILE HjAE F&2 St
2(55.7%) 2} St. 3(36.0%) oA ARE QL HoF A4 95.8+
25.1mm, A 24.9+96.0g(n=677)°| AH|AH == 50~150mm
Q1 Az 019 vlgo] wie- A UEpyth oldt 54
o|FE(Kim et al., 2019)9] vjA H A7} 241mmoy| H| |
o9~ A2 27|12 F Aol HAth jHE Hj= 2020
151714, 2021(7~109) 5267HA| = 7WA|4=7} F25HA| S71
o= Ao YER=d, of=eh Yle= Qlsf St 29 A4
ate ZHgoleh mlehu| ] A= 2020 Tk 2021 of
T43] dagt deloz e webA 2A)4do] At

aiAo] TRAI STk AlE O] AZksE AeA k] jlo]
H 4= Q7] whizoll ExIete] 23k Hejdide] dasita
whehei

2 RAR= 2958 53] AR A=, 33 AR
20219 4948 43} 8F 1007)A2 1 9 FAMRT 49}
A7} vl9- A HHE At o]HFE A ZAA] 42
20] 14CE 1 9 ZA7Y & 19~24CH} of$
Q7] wEld], U ofFe] BE2 2 10~13CEL 7|
o8 SET|ot EV|E FREE Ao HAESY] of
Fof(Ko et al., 2018; Jeon and Ko, 2021) ttt9] ojF
g=20| Go} Z-g/do] Hol Wol A=A & Ao #
T SEA|RE o] AJ7]= golet ghof, oo 5o 4kt
2 dA glom - SEdt &5 Hol=t|(Kim, 1997;
Kim et al., 2005b; Kim and Park, 2007), & ZAPA =
Ao A golel w507} Wol o] 7P =& A
= Hoth E3l 2 2ARIA SRR AR Wo] Eg
4go] 4Akt7| = SRt Se-3 Holal w2 A7 =]
= EAS HQtKChoi et al., 2006; Kim et al., 2011;
Byeon, 2015). @A 492 H|uA] A2 F4= 9 ko Tk
& HolAHE Ui o|FFY Alt7]0]7] witol] RAF =4
of wel ZAZIE F238] Aesiof & Zlolth

T aof|Ae] ofF AR d¥bHoR Zdjo} B, A
o AX S ARR-5Ho] $FOL(Choi ef al., 2006; Byeon
et al., 2008; Kim ef al., 2011; Byeon, 2015; NIER, 2016),
7ol et et Fi(Yang, 2010), oot £, A5
A (Jang et al., 2020), A=A AAHKim et al.,
2005a), 34, S, £, A, Ay, 2W(Han and An,
2010), Ay, AA 24 FY(Kwater, 2006; 2008) 5
okt o5 ARgSte] AL ZSE Qlch g SR
Ut O] HppAH o] RAPTHE A4
St B, AeAE, 4t B olA et £,
AN, Ao 2 HAskal Stk & 2ALo| A St
F, ASAPY, AAYS o8sto] 2ARE At AW
St A7 7S wol AHE o FAAL, AT
#3 U 534 ofF7t =2 AR =L A F] 7H B

ToTE E3F B A Y] S} AAIE sk
ol ZRel i, Zlie Tk A, AT 2R 7P
Ao A4 agolRrt gol A== 54 HIlt
vt T4 2AF F o AFALE AR A=
A %24, Han and An(2010)> oA o582
ZARRE Al £ 28 3,56770A), AAY 155 3,108714],
AEANY 1458 STINA|, AP 7% 107704, 34 6 5974
A, £ 5F 957 5 L A7 7S Hol AR H
ofit= FHo R Ueht & 2AF AIFAYL; Aol E K
Fout M AA APE o= ZHE B & 2AL

|
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A}o} U5t E3E Jang et al.(2006)-S 34 S of| A
AR Apde] fg-g vugt 23 Yol 83t 21F
8,168 714, ZP”“’] 67} 165 4587)A17F A =] o] Aol
AHEG T 9 AT B AR Ueh 2 2AL
27} TI’/\]'OI'(/:&E}'- 71 Qo 2% W e HollA By
I ASAEY] QoI [E 2ARE A3 B2 4lo] 2
A, A ol AAY A E AARI oA
= Ho|7] tizol ¥ AREShe Aol A aeS wY
4 9ot B EItHYoon et al, 2015; Kim et al., 2020).

o) 2R AU ol FE FojrEY 2L 43} 11

< 1250714, 32,612g, S+ EE+AEANY 28 olA= 6
_L} 152 1,93270A), 102,307g, SW+EIHAHAY X3+
73 163 2,81970A], 47,975g, EU+EU+ASAY+A X
o 71} 18% 3,501 704, 117,670go. = LEGT) 51
A ARG S+l A Aol F7tEW 53] AYA|
% ol A% S7AHAUCEA 86.9%) A7 ol
ol HI(AA| 552%, T4 3E A, ZH+E] A
Wol F71A sk A4S Hitol FAsHA FrhEAw
(AA F== 88.9%, 7MAl= 80.5%) BAIFe] 43| a3t
ALHCAR 40.8%). THeba] B0k A, A S BHo
2 3 ZAR= 2019} Bl APy, AR 15 ARe-s)
7o) 7HF F& ol Aeow FehEglch Tk 2 )
S 8 Sk AR Asfol] ulize] 445 o7
A2 915 A2 B8] SlaAE o) agsn}
45, 495 SAAE 27} At Basn @

ol jwe o] Wesat U AL skl
= ’3]- H(Choi et al., 2005; Park et al., 2019b), A1Z45 9]
TAL Bt RNz ofF A7l & dF2 vAA

Fe Aoz FAHYT EF ALEE ofglo] FH|Ho]
QI AR YR A9 A 7ol WAZH FAse] gl
% of gLt f9)%

529) AA8o] vlmA 2 BEE T g

S} RERE AR AW T T SR AT
[¢]

A7 AWEE 5 wekaclo] BelEglch weka Aol
9701 059 HAS YaHE HEET ShHTAE 4

x} oHO]: 3 Ao
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