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Population Ecology of Acheilognathus chankaensis (Pisces: Acheilognathinae)

in the Churyeongcheon (Stream), Korea'
Hyeongsu Kim’, Suhwan Kim®"

29t

B ol HRRE 4w B 22 Aoold 20064 295 20074 7 TSl Al AeEALE
etk ZMAIAIEs Bl BEo0] Lelw spo] Fa mel, W, ko] njgo] w8 Selolx] At AlER:
Hoz A A%t A, AR 30~46mm o~ T 1EAY, 47~58mm o~ HF 2EAY, 59~68mm - TF 3EAY, 69mm
oPF o T 4 olFom FAEGIL AL IS EARNGSD = 3E(Y 12.9%, = 5.0%)0l 7H =3kl ARtdol/A|
ZHOvipositor length/Standard length)2] H]8(%)-2 4€(46.3%)0] 7P =90th A<eiel 1.6mm oA 3719] Wio| 2x)s}
+ HIE2 59(13.2%)0) 7Fd = Vet AR 58S S oR EARE Aut ARl 39 6d7R R Sl
(320 11.5-22.5C) ZAPIZF S0k AU 1:1.13($: 5 )o|oth Zalel 318+174.5 (50~583)7), Ad<&ahel 22041392
(50~406)7Y], Ad2sito] F7)= A 2.04+0.110mm, T 1.55+0.100mC8 LRIt 7HAEA]2]0] 28 o geo j1xs
(Bacilariophyceae)?| Fragilaria, Synedra, Navicular, Cymbella 53} =35 (Chlorophyceae)?] Cosmarium 22 2]
HEmEe] 2 BT,

St

o 4
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ABSTRACT

This study surveyed the population ecology of Acheilognathus chankaensis (Pisces: Acheilognathinae) in the
vicinity of the Churyeongcheon (Stream) and Seomjingang (River) in Jeonbuk, Korea, from February 2006 to
May 2007. The survey found the habits mainly in the slow-flowing waters having sand, mud, and gravel
bottoms. Age groups estimated by the standard length-frequency distribution of the population indicated that
the one-year-olds were 30-46 mm long, the two-year-olds were 47-58 mm long, the three-year-olds were 59-68
mn long, and the four-year-olds were longer than 69 mm. The gonadosomatic index (GSI) and the ratio of
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ovipositor length/standard length were the highest in March ($: 12.9%, 3 : 5.0%) and in April (46.3%),
respectively. The ratio of mature egg diameters that were 1.6 mm was highest in May (13.2%). The

comprehensive analysis of spawning characteristics showed that the spawning season was from March to June

with water temperatures in 11.5-22.57C, and the sex ratio of female:male was 1:1.13. The fecundity in the
ovaries and the number of mature eggs were 318+174.5 (50~583) and 220+139.2 (50~406), respectively. The
size of the mature eggs was 2.04+0.110 mm on the long axis and 1.5540.100 mm on the short axis for the study
period. Gut contents of 4. chankaensis were mainly phytoplankton such as the genera Fragilaria, Synedra,

Navicular, Cymbella (Bacillariophyceae), and Cosmarium (Chlorophyceae).

KEY WORDS: SPAWNING CHARACTERISTICS, SPAWNING SEASON, GONADOSOMATIC INDEX,
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ME

0JoJE{(Cypriniformes) Jo{THCyprinidae) FA}Fola}t
(Acheilognathinae) o)F= §H-2|Z3]of| E3ESl= Rhodeus
sericeus, R. amarus, R. colchicus 3Z2 A|Qsl11= HEY,

gk S, 2, g Al = Eash A AlAll oF
6001F AHA Qi Damme ef al., 2007). GAFol} o) F=
ARE717) = RO Aletto] AojA)m AP AktkE o]
&35to] Gt ofuis 27l(Bivalves)©] of7H|(A) Stell A
5| ok o] & Sfefgh SIS wli= =3l0] 27) F0
AR FAs Holg Welel 27le) o7t qlofA] o
o] AEKSmith ef al.,, 2004). $HE LS 3Y AT HD
EJo} AJ7Joj= Vo] §HS] AR oF 4% St 27 olo]
A A 2959771 EH AAR Z7) vro R wauke A
Flth(Aldrigde, 1999). -ejuzioll= HEE Aoz dul A

=780 R hondaed st 245 1550] AA7HA| Bl
o] QIti(Kim and Kim, 2009; Kim and Park, 2002, Kim
et al., 2014b).

7HEA|2)= Regan (1908)0] oA HH e
AR Acanthorhodeus gracilis= 7|7 2EgE 113501310
Kim and Kim (2009)2 59| A. chankaensisS} Y714 4
Hefjehx] HEE 53510 A. chankaensis®] EZo|9H(Junior
synonym)© & Hefgh v Qlrk & F& Syt Adsf At
07 52 off sPHo] F& AAleh= AoR I qlovt
ALY ARl ALY dElA IRl Yth(Kim, 1997). 7t
Al 2ol tiefiAls R4 HE(Kim and Kim, 2009;
Chang et al., 2014), =2 A-4Kim and Kim, 1998), Zz7|4¢
AU(Suzuki and Jeon, 1990a) 52| It =3 =9l L, Ao
oot A= ALY o]FoRA] Aot

WA (population)& Z-2- A|7], Z-&

Lol

fa)

A oA dopte

Banwol-ri St. 2

St.1

Nongam-ri
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T35°25'
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L
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Figure 1. A map showing the study site of Acheilognathus chankaensis in the Churyeongcheon (Stream), Jeollabuk-do, Korea. An arrow in-
dicates the study site (St. 1: Banwol-ri, Bokheung-myeon, Sunchang-Gun; St. 2: Nongam-ri, Bokheung-myeon, Sunchang-Gun;
St. 3: Giseon-ri, Bokheung-myeon, Sunchang-Gun; St. 4: Sanjeong-ri, Bokheung-myeon, Sunchang-Gun)
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Aol ofet ARE ST 5 AT,
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3= Hopo|7]= SltH(Song and Back, 2005). A YRS
oft o] 7o AT A= S HARH(Back, 2005)9f
AF=(Song, 1994), ZhekAt 2t QAR (Yang, 2004), 2
YA]2](Kim and Kim, 2012), Z}A]50{(Kim ef al., 2015),
SIGE N(Kim ef al., 2017; Ko ef al., 2019)5 thio=z
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2 AFe AEEE oA B8 A diollA 2006
295E 20079 SH7FA] wiE 25-30 Atelof] d 13] o4}
SaelsichFigure 1), 221X 874R0l0R o1%a} 422 o
A E9A28]=A7]|(Bushnell Sport 600 Laser Rangefinder,
Columbia, USA)E o833, 443 sH2e E4FE ©f
Bsto] SASHTE A2IA 9 ofgleha] g aglow 7|2t
T2 FRolA 24 124004 2% 24] Afolof] TiAE 2=
Al AkgBto] Zgalsich SHARE Kani (194), SHLR
+ Cummins (1962)9] 7]zze] we} -26130tE $A1E AR
£ 103, Ef 3035 7= 5, 99 23] AAJEIGlAL &
ERT HEL Kim (1997), Kim ef al. (2005)S wjeick

2. O™, AT dH|, ZEke, ASHY LIEE
ZHEAE RS R, 5xSmm), ZTH(3x3mm), f+<
F33m)yE ARSI ARE He e wEA

(MS-222, Sigma-Aldrich, St. Louis, USA)E ©o|-&3d}0]

100ppm =2 vlFAIZ] & 1/20mm dial caliper® A%}t

ARFROlE  0.01m7HA] SN, AlSe AAAE

(MW-200, CAS, Korea)2 AME5Ho] 0.01g71R] 24519

A 245 Slall 20061 49} 1140 ARE 2= 7]

Ao 2 AR e R H(Ricker, 1971)0.2 EAs1%c)
247] A QoE AR A<= X4 (goandosomatic index
(GSI) = goand weight / body weight x 100) ZAR= 20061
2205 20079 39744 i A dom ol4te] g4 10745
W oo 2ALRIAL, ARk 2ol Mk ARkl
%K ovipositor length (OL) / standard length (SL))2] v]&
(%)= HHZ AlSHo] SISt dd R Hat A4
TAGE Hole 93 3AIE te = siEEw|FE(HARO,
HITEX, Japan) slol|A F7d2 Z7ste] W 2719
WSS TERsIGIn Al 71o] A E A 107131 e
2 AP Ml T Asiglal 67 s S
7 BES hlslo] Asd 5 SRISIITh ZRAE R 29 4]
A4S Sfal] 20061 6 S7HAl dhell AR SAl 10% ZE
Tz uHsieltt AFAR o5t 3 Aslks A Esto]
Aoz 2| mhella, 30mee] SRSE Hrksle] o] &
Im¢E A3Io}e] gskan)|Z(carl zeiss, AX10, Germany) ]|
A Cho (1993)2} Chung (1993)0] wle} B-&at SAjatict

(oAl

1, k|)kl§|-7=l

=0

ARHE A7) AR sel 29 ARRE Fde 2
2 w7 olgE SFoks ©E Potomogeron
crispus, ALY Hydrilla verticillata, & Trapa japonica
o] tjek Sl AT BHHe) SIS 20-50m, HELS
5~30m, 54 0.5~2.0mo| gtk 7R )7t 7 Hol &
sl St 12 f50] =i, sk miefl, M, XA vl
0] 70% oVd== AAISITK Table 1). AR E] 7|23} =2
& B 1299 9T, 8TE 7MY WAl 7|22 84of 31T,
22 7ol 27CE 7 = YeEsiti(Figure 2).

ZAF Aol FAFO R Sk ofFE AR At B
T 38 53} 18%F0\9lt). 717 Squalidus gracilis majimae
(IHEHE, 15.3%)7F $HA 08 Sl Tho & 714
GR]8(14.3%), ZAY Zacco temminckii (12.7%), ZEA5
A. koreensis (12.3%) <02 UERITE dl=k 18322 920
2 A AE o7 5 50%E UERsTHFigure 3).
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Table 1. The environmental conditions at the study site of Acheilognathus chankaensis in the Churyeongcheon (Stream),
Jeollabuk-do, Korea, 2006

- o
. Rl.%r Water width Water depth  River Bottom structure(%) * No. of Relative
Site width L
(m) (m) (cm) type B C P G S M individuals abundance(%o)
1 20-30 5-15 50-150 Bb 5 10 15 20 35 15 373 449
2 30-50 20-30 30-200 Bb 10 25 25 15 15 10 63 7.5
3 20-30 5-15 50-150 Bb 0 5 5 20 40 30 189 22.7
4 20-30 15-20 30-200 Bb 10 10 25 20 25 10 204 24.6

* Cummins (1962): B (boulder, >256mm), C (cobble, 256~64 mm), P (pebble, 64~16 mm), G (gravel, 16~2 mn), S (sand, 2~0.1
m), M (mud, 0.1 mm> )

35

—8—Air Temperature ()
30

—&—Water Temperature (C)

25 -

Temperature (C)

Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May
2006 2007

Month
Figure 2. Monthly changes in the air and water temperature in the

Churyeongcheon (Stream), Jeollabuk-do, Korea from February
2006 to May 2007.

Squalidus gracilis majimae ] 153

Acheilognathus chankaensis ] 143

Zacco temminckii ] 12.7

Acheilognthus koreensis ]112.3

Cobitis tetralineata ] 8.0

Pungtungia herzi ] 8.0

Zacco koreanus ] 6.7
Odontobutis interrupta :I 53
Zacco platypus :I 4.7
Iksookimia longicorpa :I 42
Odontobutis platycephala :I 3.1
e e— T

0 5 10 15 20

Relative abundance (%)

Figure 3. Relative abundance of collected fishes in the Churyeongcheon
(Stream), Jeollabuk-do, Korea on May and September 2006.
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3. &1 20061 4 ZALS 702 AR Bt A 4B A
O] AP vI5Et AP 30~46mm & BF 1AY, 47~58mn
APgRlmgaos 7RgR| o] dAxs 4% Ak 2L gk 2WAY, 59~68mn -2 U 3WAY, 69mm oA} S-S ul
Figure 49} Z}. 7RAIGA[E] oFp] 2 B 1dolM= 4y opppom zxxjoint
QA Akegto] UEREA] oot o] of At 1tk 23
oV WA A2 AR} QM0 SFo] ZHsEIglT)
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Figure 4. Standard length frequency distribution of Acheilognathus chankaensis in the
Churyeongcheon (Stream), Jeollabuk-do, Korea in April and November 2006.

20 50
—] C—1Ovipositor length
—e—Female
-1 40
15 r ——Male

4 30

4 20

Goandosomatic index (GSI)
>

‘AT

Ovipositor length / Standard length (%)

&
¥
L L L

0 . . . . L O . . . 0
Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct Nov. Dec Jan Feb. Mar.
2006 2007

Month

Figure 5 Monthly change of gonadosomatic index (GSI) and ovipositor length
/ standard length of Acheilognathus chankaensis in the
Churyeongcheon (Stream), Jeollabuk-do, Korea from February
2006 to March 2007. Vertical lines show SD.



120

o
ottt
a)S

7IAEAE] Y] A ASA1E ERIsk] el viE ARE A
A9 BARASEARNGSDE AR At (Y 4 1
T 295 S7Rsh] AlEske] 3€(Sk 12.9%, 7 5.0%)0]]
7P =7 YRR, TG 1.6%)1 8Y(5: 0.5%)0] 71
opglon ol thA] ST Altbdol/Ale] vl
(%) Aol fARE Aok Holet] 295 E 7t
sl7] Altste] 4(46.3%)l 71 =94aL TH(1.2%)0l 71
solgltt thA] S7FskaithFigure 5). W W &E0) W W
3L= St A} AA| agkoA Ao s wetEl= 1.6mn
oo} o] AA A RSk BlE 29 0.3%, 39
6.6%, 4% 10.6%, 59 13.2%, 64 0.1%2 LJEPd 795
e R UEEAY F4Eo] W I ofske] midsd
Th g1k Figure 6). 2 F2] A2 FA%= 3~62
AR5 10% o1 A 107A19] 235 Al=3t
A7} 318+174.5 (50~583)7)2 ZAFE|QLTL, Aleko] Zojzl
A 54.8~72.6mn Afole] oA 67HAIE o E ERE ot
st ARRES S3 Ues ASdeE Aest 2y
220+139.2 (50~406)7]15 ZAFE| K Figure 7). Ee=e} A
S ] 2717t S7RkA ol AR e
), A2te] F71= A7 2.04+0.110mm, T 1.55+£0.100mn
O 2 YEPHTHn=30).

Table 2. The sex ratio of Acheilognathus chankaensis in the
Churyeongcheon (Stream), Jeollabuk-do, Korea
from February 2006 to May 2007

2

Sex ratio b4
Month Female Male (3/9)  (chi-squared)
2006 Feb. 12 13 1.08 0.04
Mar. 18 20 1.11 0.11
Apr. 87 123 1.41 6.17
May 28 57 2.04 9.89
Jun. 23 10 0.43 5.12
Jul. 16 10 0.63 1.38
Aug. 24 10 0.42 5.76
Sep. 23 22 0.96 0.02
Oct. 33 31 0.94 0.06
Nov. 74 82 1.11 0.41
Dec. 24 21 0.88 0.20
2007 Jan. 10 12 1.20 0.18
Feb. 16 12 0.75 0.57
Mar. 14 11 0.79 0.36
Apr. 30 63 2.10 11.71
May 57 57 1.00 0.00
Total 489 554 1.13 4.05

The critical value for ¥* goodness-of-fit test of equal numbers
of females and males (1df) at 95% significance is 3.84.

oY
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=2,
ALN:
oL
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i)Y
el
_O‘L
i)
el
2
r]I

[¢]
N
=
o
me
flo
T
A}

< HaL SR =gn] 7PRE] B2 H2Mo] FojA|= E4o]
LT 2AF 717E E9F o] 48970, 7o) 5547317
Ao drle 111324 719 Hge] LA, oF
Tt Agufoll A= F-oJ7k Aol7k LrEhbA] ehatth(Table 2;
X?=4.05, P>0.05).

Table 3. Food composition of the gut contents of
Acheilognathus chankaensis in the
Churyeongcheon (Stream), Jeollabuk-do, Korea

on June 2006
Gut Standard length (mm)
Contents 548 60.1 664 70.8 72.6
Cyanophyecae”
Chroococcus + ++ o+t
Phormiduium ++ T+ + i
Oscillatoria -+ ++ ++ ++ +
Bacillariophyceae”
Cyclotella ++ + +
Melosira ++ + ++
Fragilaria +++ A+ A e
Synedra 4+ + 4+ ++
Cocconeis + + ++
Pinnularia + + ++
Navicula P+ A e A
Gomphonema ++ ++ + 4+ +
Cymbella -+ A A A
Nitzschia + + +
Surirella + + +

Euglenophyceae”
Trachelomonas + + ++
Chlorophyceae”

Scendesmus ++ +++ + +
Pediastrum + + ++ +
Ankistrodesmus +
Staurastrium + +
Cosmarium ++ + +++ ++

Others**

Plant leaf + + +

Copepoda + + ++
Sand and mud + + ++ +

*

+: 1~10 cells, ++: 11~50 cells, +++: 51~100 cells, ++++:
above 101 cells.

+: 1~5 individuals,++: 6~10 individuals,+++:
individuals.

sk

11~15
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Figure 6. Monthly variations of frequency distribution of egg diameter
(the long axis) in the female of Acheilognathus chankaensis
in the Churyeongcheon (Stream), Jeollabuk-do, Korea from

Number of eggs

Figure 7. Fecundity (O) and number of mature eggs (@) of
Acheilognathus chankaensis in the Churyeongcheon
(Stream), Jeollabuk-do, Korea from April to June
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5 Astd LIS 2% AT T 5 Y], BHAT A signifers ARIEFR
7 Aok LA FEB 2N Lamprotula leai®t 2%

PhIgRIle] A4S clohaz) Sla) 6ol ARIE SRS
GptoR AT RS ZAR 2T AR SYaE £
2 3RoIE)}ict. F2F(Bacilariophyceae)] H|E0] 7MY =2
AR et BRABFIEO 2 2215 Copepoda)’} 4
oF AL SWYl = 25 = Fragilaria, Synedra,
Navicular, Cymbella 50] ZA|5h= H]&o| =911 E2&
(Chlorophyceae) & Cosmariume= IFEE|ITHTable 3).

>

nE

AN 20 HAA B ES0] Lol ske Bt
s} g 1 2lolgic). olk Ak B AAlSH
L UxFol} oJR 2= SESUEI) Rhodeus ocellatus, T
=790] R. notatus, ZAE0] R. uyekii, ZFA|E] A
macropterus, 'FA2] A. rhombeus7} E11% o] It Uchida
1939; Kim, 1997; Kim and Kim, 2012; Kim et al., 2015).
3 o} ofRe] TAAAAIE BTS84 5 B2 2]
ol2joli AlRRsZRel e olujajel 2 AESHE 29lo] %

7N Unio douglasiae sinuolatus®] <2273} F-ASE 4415k
740l F=2 AAlgckal e vl 9lckBack and Song, 2005a;
Kim, 2014). olo]] RE¥j9I9} AR} 243k kol
ofRe] A4 1HE 9 UL S wHEA] T ofofagel
AAj20] dig Q17 aEofo} o Aow Ak,

B A Ao SRk ol AR AR g
Fol 930 FuEo) A Aslelch FATIUOR
Fo| THOMAI= QIARE o2t} 47t W R Thedt A4
2ol 2AERAL, FFAEY el SH8HAl A4St
Flom, Hap mejz o]fol7l sHrR QIse] A ofF
o S@R=7} A vebth(Kim, 1997). A2 7}
g Qi AdseR sSPHFEH I A HEE A § SR
A & HEFAL Q= Stolrh SRRt 2 4o SAKt
A3 el B2 A 9e] s AT RS et
I glem, Qe felos Qg BExlolRE9] wsjdrt
Hawa QEo R FEshA] ghon SPIAEAIE Heslee
Z=A0] ieHo| QFHE (Ko ef al., 2008; Lee et al., 2009;
Park et al., 2019).

£ $9 Aol Wt Ayt E v glou thE JR kR
o} offe] A Fgauet vlasiE FuA|Ele v 194

Table 4. The comparison of spawning characteristics of Acheilognathinae fish in Korea

Species Egg size (mm)

Fecundity

mature egg number Reference

Rhodeus ocellatus 2.66x1.51"

R. pseudosericeus 2.9~3.1x1.6~1.9"

Kim and Park, 1985
Park and Han, 2018™
Kim et al, 2006°
Kim et al, 2017"

. Suzuki and Jeon, 1995

21 (18~24)"

14+7(5~45)"

R. uyekii 3.3~3.8x1.4~1.7"  124+18 (104~168)" 1246 (1~22)" , "
Kim et al, 2015
R. notatus 2.6~3.2x1.3~1.6 - Kim, 1997
Acheilognathus lanceolatus 4.58%x1.49 85, 106 Suzuki and Jeon, 1990b
. . " Back et al., 2003
A. signifer 2.19x1.85 225 (141~314) 20 (10~30) . "
Kim et al, 2011
A. koreensis 4.35%1.76 46 (10~80) Kim et al, 2011
. ” Kim, 1997
A. somjinensis 3.6~3.8x2.2~2.4 12~27 s
Yang, 2004
A. yamatustae 1.8x1.6 381 (289~514) 10~60 Song, 1994
A. majusculus 2.12x1.86 72 (40~112) Kim et al, 2014a
\ .~  Suzuki and Jeon, 1991"
A. rhombeus 2.58x1.77 3616 (17~75) . o
Kim et al., 2020
A. macropterus 1.92x1.60 680+209 (432~1,058)  156+121 (30~338) Kim and Kim, 2012
A. chankaensis 2.04x1.55 318+174 (50~583) 220+139 (50~406) Present study
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o] FAF 30~48mm ©|3}, UF 2WAY 48~58mn, Tk 3UA 5864
mm, TF 4 320] 66mm ©A(Kim and Kim, 2012), 243 5=
2k 1dx8o] AP 40mn o18}, ¥ 213440] 45~50mm, Bt 31dAH0]
55mm oJA(Back ef al., 2002), EATE A. yamatustae=
ok 1 dAgo] A&} 30~50mm, T 2340] 50~70mm, T 313AY0]
70mn ©)/F(Song, 1994), ZtAl-ol= Rt 1dA¥o] A3 24~29
mm, TF 2 3AY0] 30~35mm, ¥ 3 3AYO] 36~39mm, T 4 FAY0|
40mm ©AH(Kim ef al., 2015)0.2 R Eo] F3x|2|e} 71
FAR YRS Mo, A T Rl
F50] ujsto] 4ol mEu] dAo] 2 djEel oz Azt
Sk B A7 53 3 hIgAee) Aol Slel A1)
AR A 54.8m o|kee] ol T 2ue] AR 1
UL, 24 T 241 O Aslof Mo A Aow
Wzl T dAkRola) ojRel A4elnu Rt
(Song, 1994; Kim, 1997; Back et al., 2002; Yang, 2004;
Kim and Kim, 2012; Kim et al., 2015).

TR 2] o] A AR 39, AletEd oAl B
B2 49, WA Y] Asdol] ARJeks vIES 5o 71 =9
I 7ol K 7P WolRl= ZoR FAEe] 2 Fo| Akt
7z 3~6H7A| = FHESIE U HRFol olF & HA|
2]o] A7 911498 HuEglal g $52 4~79 A}
ofgfal A IEHKim, 1997). 7HA A2 o] Zetol 4
U= ZE2E 318+174.5 (50~583)7H, 220+139.2 (50~406)7H
2 ZRIE|o] Il JRFoR} ofF Folls 7MY B ERE
Hol= 4|29} v]s3l9tiUchida, 1939; Song, 1994,
Back et al., 2003; Kim and Kim, 2012; Kim et al., 2015;
2017; Ko et al., 2019)(Table 4). T2} GAFol} ojF=
oJoji} o)=el Ho Carassius carassius 200,000~400,000
N, o Cyprinus carpio 100,000~300,00071, m|2hu]
Zacco platypus 920~2,5007}j0] v]a} v 28 s 7}
Al =Tll(Aldridge, 1999), o= Yol o7t =& HiE
ARtk HHARIE] Risl 2 ofl} o= &= o83k 2
Qboll Atsl= WAl o R 27] AEES =Y 4 S| fiEes
A7t

HARRoRL o] 7o) o mokt H7)of wh A% (bulb
type), F(spindly type), AlHIF(pear type), EFAF
(ovoid type)o& 31 v} QIthKim et al, 2011). 7FAEHA]
2]9] o2 TR, "R2e}t fAH BRdEolst=T, BH
PO G2 7|7} AL ARk STl WRko R AEE ol
Z Ao BRIk 53], W5 7o) vl 71 FejE 27
O el 71914171 o1H7] wiiZoll RS He 54 7H
o} Aol o2 FRMT HIRAMYY] EAE Holn| s
717 FAEAL A 0] U5 AlRteks FEOIA Yeh=
FEjo]tHTable 4). o]} Zo] &2 ofa} o} 7o thefst Fej o
U2 AR Al Foix]= 27 W o] W A719f At

wo] QAL o= NERE S| 2 ESS WA f13t A5
Ao 2 A A QTHMill and Reynolds, 2002; Smith er
al., 2004).

A2 SRIE 7HAEA| 9] o ndsd e AsdriA]
ofg] @A) dEAZ7} SRIE]ICE ol SEAIE e g W
7 W8k B33k Kim and Kim (2012)] G179 AL
ZPAFg-o1o] AAA rEabgoll e Leh= TRt FEfo] ta
£210] HM3}E FAshAA Tl = 243 An (1995)
o] ALt fARSIGIEE ERF BHAT = 2 W Al
60 F2F 2t 63717 At Afgto] 7Sl KAl HE
ol & o} olf= M U 3 v 2o AlRtslA]
a1 ofe] mEjofl Urol Algksial, 11 ARIE 7= thelit
g0 2 wdErkKim ef al., 2011; Kim and Yang, 2013).
7R 2]S] ARl b7t 1011308 A9 Skl
A 1:0.999K= FARBHAL ZHAlEe] 1:0.77, HEARF
1:0.781}= k7t z}o)7F UEPdTtHBack er al., 2003; Kim
and Kim, 2012; Kim et al., 2015).

¥ o} ol R FFoIR FYSHEA victe] f718
2 MAJsI, wolaks Aol wheba] AellA] Zjols) ekt
L 108 dejA QlekKim, 1997). & @7 A Wk we
o] H|go] 11 $EAE] B MRS Bk 7]
210 2BHPR gL 5 Hhclolut SAjAlEe] BAE 25
(Algaey7} F= BRI §7183 AR FEAEFAEo|
RlE]o] Aol ARt A ol e, ol =
AR, YA, SEAE, AAEolet fARE 2aE Bt
(Back and Song, 2005b; Song, 1994; Kim and Kim, 2012;
Kim et al., 2015).

2 Aol e 7R Al 270 tisiAe= A
R e i R i 2 P B e L o 2 1 v et o S o o)
HA|E]e] gt Ao ZR22I)e] ARt ERlE =t
(Kwon ef al., 1993), & £90] HET} B3FE QA= Algks
T2l it F71AQ1 A7t s ojof & Ao AHZE
=3

ZAe| =

GAEATARY] B SaME FRE 9 29 dy
(R2021040)9] 2|91} 202191 AL ol el
e met AE =UE ATARINIE-HHAT-2021-09)
o Aoz SaE AT,
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