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Fish Community Characteristics, and Habitat Characteristics and the Age of the Eight Barbel Loach,
Lefua costata (Pisces: Namacheilidae) in the Jusucheon of Gangneung-si by Mee-Sook Han and Myeong-

Hun Ko* (Kosoo Ecology Institute, Seoul 07952, Republic of Korea)

ABSTRACT

This study investigated the characteristics of fish communities, habitat characteristics

and the age of Lefua costata in the Jusucheon of Gangneung-si, Korea from January to December
2013. The survey collected 23 species belonging to ten families from 6 survey stations. The dominant
and subdominant species were Zacco koreanus (relative abundance, 22.1%) and Rhynchocypris
steindachneri (20.1%), respectively. The next most abundant species were Tridentiger brevispinis
(10.7%), Orthrias nudus (9.7%), Zacco platypus (8.6%), Lefua costata (7.9%), lksookimia koreensis
(6.0%) and Pungitius sinensis (3.0%). Among the fish species collected, one species, P. sinensis, was
class Il endangered wildlife by the Ministry of Environment, and four species (Z. koreanus, I. koreensis,
Silurus microdorsalis and Cottus koreanus), were endemic to Korea. Additionally, five migration fish
species (Tribolodon hakonensis, Hypomesus nipponensis, Gasterosteus aculeatus, Oncorhynchus keta
and Plecoglossus altivelis) were collected. The similarity index based on species composition and
numbers separated fish communites in the Jusucheon according to main section, i.e., uppermost (St. 1),
upper (St. 2~4), middle (St. 5), lower (St. 6). Ecosystem health of Jusucheon Stream (fish assessement
index) evaluated using fish was assessed as very good (5 stations) and good (1 station). The main
inhabit of L. costata was the middle-lower stream of aquatic plants habitats with mud bottoms, very
slow water velocity and water depth 40~80 cm. The age groups for L. costata (female) estimated by
the frequency distribution of total length in the spawning season (May) indicated that the 24~37 mm
is 1-year old, the 38~51 mm group is 2-year old, the 52~63 mm is 3-year old, 64~77 mm is 4-year
old and the 80~91 mm is more than 5-year old. Finally, characteristics of fish communities, habitat
characteristics and the age of Lefua costata in the Jusucheon was discussed.
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$2 9 B T2 REPYS 1A 590 Nishimura,
1974; Kim, 1997; Moyle and Cech, 2000; Yoo et al., 2016). T
AT 53 9 Aruelz w454, . 325 4
4, ehze) 24, RN BAL S84 2w SOl A9He 2
Qo qla) ol W FUTE0] 2 GG AL Aoz »
=3 Qltk(Jang et al., 2006; Kwater, 2007; MAFRA, 2010;
Ko et al., 2017b). o]FH EAL 2 2FL vt 45
=, FH = 59 +HEA (Margalef, 1958; Pielou, 1966, 1975;
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McNaughton, 1967)& 53] H4=901 A2 Sajubeto]
& sHHoA AHE o7E ZAZE sHH WS B7kste 7]
wo| 7jrE]o] A AREE T QlTH(MOE, 2007; NIER, 2015,
2019).

Zede 2UE F2A 4AT A o2, 4
1415 km?, ©23% 21.1 kmo|th (Kwater, 2007). 2=
AEA 25 TR A FES oFA Y (Eastnorth Korea
subdistrict)} F8F o}&] ¥ (South Korea subdistrict)®] 7 A5
o 9113 SstolThKim, 1997). oot B4 SHsAE
2 qlojeh AR} 5 B4 oIFF 27T BE
I 5 o 77 AAlske Ae® BiuEa ¢len (Choi
et al., 1995; Lee et al., 2010; Ko et al., 2013; Byeon and Oh,
2015), B3 ZHUE Fa HRA| el AR 24 A3 1A 5
o W7ol olRBo| JHAY 5o O A o|Fo] A
A= Ao 7 G A QIth(Choi et al., 1990; Choi et al., 1995;
Kim, 1997; Nam et al., 2002; Kim et al., 2017). 3}A|qt F52
< o3t A YA, A A FoA = EstaL oPA7HA] T
o154 A3 9l BNIER, 2011) F47 AA) o154 2
o521 54o) teln A7EA) ettt

B IL2] Lefua costata’} 43 713 (Namacheilidae) =
% )& (Cypriniformes), 94242} (Cobitoidea)oll &3t
epxjots} o e @ umote] @A7HA] 424 618%0] WTH T
(Kottelat, 2012; Nelson et al., 2016), £z} Z/lToll= &
u|3te], &0 Barbatula toni, WEZ7N B. nuda 2% 350] A4
3}l Ith(Kim et al., 2005; Kim and Park, 2007; Chae et al.,
2019). |2l Lefua OhF-E 4%0] FRolAlo} Aol A
A3HaL glom (Hosoya, 2019), & A% Av|ite)= St
o} %2 BNok(AElohe] SRt %, 3ol F i)
F2 ARSI Aoz I AT (Choi et al., 1990; Kim et al.,
2005; Kim and Park, 2007; Hosoya, 2019; Fishbase, 2020). 2
wpele AFES Zoe Seltel elo] WA sk A
©° 2 BHIEOY(Choi et al., 1990), < =73 X A 4 3}
HEA, A4 o) B2 Qs AR Bol et Ao
2 BuEgon, ojgd Yooz HMARMNHE 20119
ZHEF(NT), 201992 HAHGZFT(LOLE B7hd v it
(NIBR, 2011, 2019). 1 &] A&w|3tgjo] thigt dAs Iy 9
A7) EA (Park et al., 2020; Kim et al., 2021), 58+ A
(Yang et al., 1991; Kim, 2001; Lee, 2011), 7+2Fet B E3}HE] E
Ao]| s At R 1% © ™ (Uchida, 1939; Choi et al., 1990;
Kim, 1997), oFA712] A 412 £4 9 A9 59 A2 54
of sl A=A Gt HZ s A e BA
o] FoAHA sk AZHdS B7IsHAYH(MOE, 2007; NIER,
2015), SFAE-QUALY (Park et al., 2009; Choi et al., 2011; Lee
and Choi, 2015) ¥ EZ97|£9 EAHsH A+ (MOE, 2009,
2010; MLTM, 2010) 5°] AHFE 1 Q&=d], o}Fo] S A2
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1. ZAA7] & ZAKIHE

T olRy B metsly] fla offjet ol 674
A¥S AT F 20139 F(4€ 239), 95 (7Y 149), 7
(1049 19¢)E o] 33] ZARE AAISHTH(Fig. 1). &u]dte]
o] AAZ] EA 9 AgL A Fulqte)zt go] A4t
I e U= FEA SAW (St 5)0llA] 20139 19
B 129714 Wi 14~162 A 32 RASIGoH, BT <
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Fig. 1. Study stations of Lefua costata in Jusucheon, Okgye-myeon,
Gangneung-si, Gangwon-do, Korea. Habitat analysis of L. costata was
performed in St. 5.



ol

162

o

Dlé * J_'—?:):'T'_—

St.2. AR 454 SAW pAe shhE
(37°3426.90"N, 128°57'42.06"E)

St.3. 39 B34 SA HA
(37°35'23.22"N, 128°59'40.28"E)

St.4. A% F3A SAW g 2
(37°33'58.39"N, 129°0'47.77"E)

St.5. A% F3A SAH gl
(37°3529.99"N, 129°2'2.62"E)

St.6. 49 H5A SAW el 24w
(37°36'54.47"N, 129°2'33.73"E)

T AL sHEY %, A, PR, S E, 2
T, PR 55 A=, sHd2+= Cummins (1962),
8H 32 Kani (1944)9] WS AR89, I+ Google
Earth (Google Earth Pro, USA)¢] ARE o] &3} o, 1A%}
= (stream order)= &3] 1:120,000 7|&22 AASI LY. o]
38HA AL 7|23 =2, A7|F =% (Conductivity), §=
(Salinity), pH, -§-&4t4:%F (DO, Dissolved Oxygen) 5= T3t
B A ZA7] (HI-9828, Romania)®} T A €% 4| (T-250A,
ASAHI, Japan)S ARESt] #(4€), 95 (79), 7 (1082
ol 12418 71202 2,

3. 0|72 AHEUH

AR HFPL FL(FE 6 x6 mm)T Zof (Y= 4x4 mm)
£ AR 2 1, Kim et al. (2005)3} Kim and Park (2007)
of met 54 - BRI AFE AAl= @A T5F 2
A% ¥ FA RS Al AP 2022 1x1,
4x4mm)E ARGt s, JHE Bl i
FA o) A T3] MS-222 (Sindel, Canada)2 13t & o214
A A "L 25797 Ueide AFEEAE Ao, UEhd
A e WAREE Aolz FRIAL, Aokt AZ AL 2
BUL geRE S, dea ged ehies FRage
™, A% (total length, 1 mm)I} A5 (body weight, 0.01 g) 5=
245 F vh2 gRsc

o}79] 73 B 93]7] 8l = (dominance index)2}
TFFIE (diversity index), o5 (richness index), 5% A4
(evenness index)E AF&3F¥TH(Margalef, 1958; Pielou, 1966,
1975; McNaughton, 1967). &3 72 A ¥E &3 &3 7
A4=E ZAZ Primer 5.0 (PRIMER E Ltd, UK)& 0|43}
Bray-Curtis FAI=E A4tsto] =238kt sbd A7 3

7h= 8P A4 (stream order)oll @2t 8712 WiEE (S F9
Z 5, A2 AN T, UETS, WAEFY A v F
AZ9] A v, = TY ST A vE, AR-E =
W F9 & A, v18A T4 A ve)EE S AL
% 3HAste] o] FH71R|4= (FAL fish assessment index)S Ar&
SHEth AHEE ARAEAFE “uf$ £5(80~100)", “EF
(60~80)", “XEE(40~60)”, “L&E (20~40)", “Hf-2- & (0~20)”
o7 =348 FESFYETH(NIER, 2019).

5. Wn|Tale] MAIX| SXTt SR

1) MAIX| 24

Au|g|o] njAxAR] B4 9~10¥8 AAGg e, A%
BleR Tl wet BEA0+), 1A (1+), 2948 (2+), 394
old(3+=<)o=2 FEst MR 77 H S SHsA=
o], AAR] §8& ZA $2AY (H, mud)$} 2= (boulder)-=
(cobble)2 FEBFATE A 241A o] T2 Wt ZHE ]85t
0.5m*e] A4 RS ZAste] shebsigict. Aol mhe A4
A W 4] BAH folAd2 SPSS 21.08 ARgate] YYufA|
BEAREA (One-way ANOVA, a=0.05)& $85t1 AZEA O
2 LSD testE 33ttt

A e] o] 4 9 A7 AEHERER (Ricker, 1971)9]
weh 195 128704 Wig R Zojet GA, AR
ot g APNELZ =S =43lsto] A AlS4
% o] E4 AlFe] ¢E3tE= ol AR A A
A AFE 2AR AAdsti.

2 i,

1. MAx| EF

F5H 0] AAA] 7L Table 13} Zth, =231 g7of A
LSt 1,47} 2%} 3P o2 BHE 20~40 m, FE 10 m 0|32 &}
9k, St. 2, 3, 5% 32} 3HH o2 BHE 40~100 m, S 15~40
m%om, St. 6 43} BFHOZ FHE 100~120 m, FE 30~50
m2 7P FAth $£42 03~1.5m2 B|iE & 2}o]§ Ho|x]|
AU, TTE 4~222m HHR ARAA HRE 248 4
3] dolglom, HFL St. 1~4+& 47 (Aatype), St. 5& F
7% (Aa-Bb type), St. 62 373 (Be type)°| iet. sHTFER=
St. 1~47} 283+ E9] H]go] 70~90%2 % &9k, St. 5,
62 =, &=, A2 (pebble), B (sand), FAFZ (gravel), B &
o2 wA ekt o|skshy A 22 AFRAH (St
1~4)0] SRR (St. 5~6)HTt 2~5°C7} ¥, §EAIETF
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Table 1. Physicochemical and hydrological environments at the study stations in Jusucheon, Okgye-myeon, Gangneung-si, Gangwon-do, Korea

from April to October, 2013

Stations
Items
1 2 3 4 5 6

River width (m) 20~25 40~50 80~100 30~40 50~60 100~120
Water width (m) 3~5 15~20 20~30 5~10 20~40 30~50
Water depth (m) 0.3~0.7 05~1.5 03~1.0 03~1.0 05~12 03~1.5
Altitude (m) 222 111 55 88 28 4
River types* Aa Aa Aa Aa Aa-Bb Bb-Bc
Stream order 2 3 3 2 3 4

M 10 5

S 20 5
Bottom G 10 10
substratum
(%) P 10 10 10 20 20 20

C 30 40 40 50 30 40

B 60 50 50 20 20 20
Water temperature (°C) 11.5~20.5 13.2~26.2 13.2~26.6 12.8~23.8 13.7~20.6 11.9~255
Conductivity (ps/cm) 115~185 202~320 210~360 123~222 123~229 190~426
Salinity (psu) 0.06~0.12 0.13~0.15 0.13~0.17 0.07~0.11 0.07~0.14 0.12~0.20
DO (mg/L) 7.6~11.2 7.55~11.0 7.28~11.6 7.1~11.2 9.8~10.7 69~11.6
pH 6.3~7.6 6.3~7.6 6.4~7.6 64~7.1 72~7.1 6.5~7.9
Etc*** w w W, RW

*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: disturbance of habitat by river work.

I} pHE AR o2 vud SASIETH A7 A== dr=
St. 2,3, 6°] St. 1, 4, 52t Z+Z- 100~200 ps/cm, 0.03~0.06
psuzt &7 tebeteh.

2.

A X =
28 0182 54

-|>I

1) o7y
Aol 67 AP 33 AR A3} 103 23F 2,03670A]

=z

7 ARSI (bl . A2 29 5. 19 3502 713 2
L, St. 2~4+= 4~5%, St. 5= 10F, St. 62 18% ==t
Gs 547 B8 S FUE 3 SATE LA

Y Zacco koreanus (22.1%), oF-8HE-L WE7 Rhynchocypris
steindachneri (20.1%), 71 TS0 2 UEHZATE
brevispinis (10.7%), tWSZ7N Orthrias nudus (9.7%), %20
|2 Lefua costata (71.9%), &%
N Iksookimia koreensis (6.0%), 7VA|IL7] Pungitius sinensis
(3.0%) 59 o2 LAsI BARAY HE7] oA
£ 7M7) 150] St. 5~6014 HHE AL, Uﬁﬂ%%ﬁ
LAY, =), u)8-7] Silurus microdorsalis, S37) Cottus
koreanus 49|, 384 o]F o2 AFIA o]FL 3+ Tribolo-

Tridentiger

Zacco platypus (8.6%),

don hakonensis, ¥ Hypomesus nipponensis, Z7}X|1L7]
Gasterosteus aculeatus, 0] Oncorhynchus keta 4%9], ¥Z3]

|4 0]£ 02 29 Plecoglossus altivelis 150] AR = 31t

Ly

2) ZEEM U X, 51H 1LY TIL

FAEE St. 10] 0.99% 7P =33 32 7HHA RobA
St. 5~62 0.52~0.54%ch. =S FHEE HHHE St 19]
242} 0.66,0412 74 W9k3 SFR-2 7 A oA St.60] 7t
7} 2242672 7P &9kt FEEE 060~0862 WS B
St St 10] 7H8 WAL St 30] 7P w3tk A2+ Fig.
29t Zro] HAR(St. 1) R AR (St. 2~4), TF(St. 5), 3HF(St.
O)Z FEHAR. AFBIAeE T sHH RS B
23, 678 A 3 570 Aol Wl Fa, 170 AW (St.2)01 ¥
SO8 BriHo] AAHOR FLA AL e F2 A
O 2 UERTH(Table 3).
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Table 2. List of fish species and number of fish collected in Jusucheon, Okgye-myeon, Gangneung-si, Gangwon-do, Korea from April to Octo-

ber, 2013
o Stations RA*
Scientific and Korean name Total (%) Etcs**
1 2 3 4 5 6

Cyprinidae % o]z}

Carassius auratus -1 3 3 0.15

Zacco platypus T 2ta] 80 95 175 8.60

Zacco koreanus ZZAY 100 100 35 215 450 22.10 E

Rhynchocypris steindachneri ¥ E7) 92 65 40 90 123 410 20.14

Tribolodon hakonensis 31 38 38 1.87 An
Namacheilidae 3713+

Lefua costata &m) 32| 150 11 161 791

Orthrias nudus 5N 43 18 82 40 14 197 9.68
Cobitidae w1 2|3}

Misgurnus anguillicaudatus 732 18 1 19 0.93

ITksookimia koreensis %7\ 19 10 86 7 122 5.99 E
Siluridae 7] 2+

Silurus microdorsalis V|7 1 1 0.05 E
Osmeridae vtths) o3}

Plecoglossus altivelis 21 53 53 2.60 Di

Hypomesus nipponensis ¥ ©] 1 1 0.05 An
Salmonidae 93}

Oncorhynchus keta 91 40 40 1.96 An
Gasterosteidae 27X 17]3}

Gasterosteus aculeatus 27} 1L7] 2 2 0.10 An

Pungitius sinensis 7tA1L7] 7 53 60 295 En-II
Cottidae 55713}

Cottus koreanus SZ7) 1 1 0.05 E,L
Gobiidae g50]3}

Gymnogobius breunigii '€%% 2 2 0.10

Gymnogobius urotaenia EA - 2 30 32 1.57

Gymnogobius opperiens =25 15 15 0.74

Gymnogobius petschiliensis 33T 3 3 0.15

Rhinogobius brunneus 2 15 13 5 33 1.62

Tridentiger brevispinis W EAYEE 217 217 10.66
Channidae 7H&x] 3}

Channa argus 7V 1 1 0.05

Number of species 3 4 5 4 10 18 23
Number of individuals 136 184 256 175 708 577 2,036

*RA: Relative abundance (%), **E: Korean endemic species, En-1I: Endangered species II, L: Land-locked form, An: Andromous species; Di: Diadromous species.

5~60| A7t A At &
Alskar ek mlaA A A
2317041 (94.7%, n=17), &
A= —’Féxlﬂi(é)ﬂl
3, E3 ARAEEE 4 o (2
E-E2670A05m> (n=4)2
Hl7} 28 Ao g yehygth 4

S]S

1= s H7vll7} *1*‘ O}F’- R
H) 367H7<]]/05m n=17), &
F2AY (F)7t F5-EHtE52

Ado] +=BAEL JALAE

L

A
=

=

ol HAD Hydrilla verticillata (L. f.) Royle, A541E¢ &Y
o] Nasturtium officinale R Br., 210}2] Persicaria thunbergii
(Siebold & Zucc.) H. Gross 5°]%+=d]|, £35] AALL 44
40~80 cmol] YAYSEIL lglom Anlate|7t HAY Ko J
o2 AAskal I

@Y TLAAAE BT 27 (Fig. 3), FAA 7ol 0+)
£ wE gz A o] AR 2143 194 o4t
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Fig. 2. Dendrogram for the cluster analysis based on similarity index of
the fish species found among the stations in Jusucheon, Okgye-myeon,
Gangneung-si, Gangwon-do, Korea from April to October, 2013.

Table 3. Community indices and fish assessment index (FAI) in
Jusucheon, Okgye-myeon, Gangneung-si, Gangwon-do, Korea from
April to October, 2013

Index St.1 St.2 St.3 St.4 St.5 St.6

Dominance 099 090 0.71 0.74 052 0.54
Diversity 066 095 138 1.16 180 224
Evenness 0.60 0.69 0.86 0.84 0.78 0.77
Richness 041 058 072 058 137 267

Community

Fish assessment index 813 750 813 813 875 813
(grade) A B A A A A

(1+~3+ <) 2 At @)% Z=+=°l A A48t o
=, #2AY (@)l A™E AAe 1982 73704 (194
A 94.5%), 2348 83704 29X AA| 86.7%), 34 ©]4F 30
WA (3EA AA| 80.0%)2 =2AH (F)9 H&o] wi-¢ =8k
on, Ago] ForAHA F2AIY (F)9 Hl&o| 254 st
st= AES B4t 42 gaAo] 633+£133 cm, 19439]
59.0%14.7 cm, 2¥@480] 58.4+159 cm, 3@A o]A}o] 59.1+
148 cm& BHEE AY FASHEL, A4 Fo2 dd
A 134 (One-way-ANOVA, P=0.046), B A1t 2L=1A§
(P=0019) oF7Fe] o3t Ao]& Hou I Qofl=
gt 2o & Ho|A| gITH(P>0.05).
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Fig. 3. Comparison of micro habitat (A) and water depth by age
(B) of Lefua costata in Jusucheon, Okgye-myeon, Gangneung-si,
Gangwon-do, Korea from September to October, 2013. The diagrams
indicate the median (horizontal line) and 50% range (rectangle). Open
circle indicate potential outlier.

2) Mzt ol o EX

Audte| o] gz ol Aol 6¥o A% 10~21
mmzZ A PAHEUL, o]F 79 10~33 mm, 8¥ 7~35 mm,
94 16~39 mm, 10¥ 18~43 mm=Z AR o 11YEE
12¥97HA = 20 YWH7tHEA 2 #37t glsitt. 399 A
& 24~37mm9] ol 59 24~39 mm, 7¥ 34~49 mm, 9
4 40~49 mmE FAT S HQl T M3 3= leH, 7
o o] S HE A Ao HE Fo| VEhHA oF- 7
Hlct 399 A& 38~49 mm IF LS 54 38~51 mm, 7Y
50~63 mm, 9¥ 50~59 mmZ F43% AL Bl T Hx &
3= ieh 399 A 50~59 mm AP E FUHA 9¥THA =
H 22 whE s BEou o] % Hat 3 i

Abgto] AZEE 59 7|20 d9E FH5H, o+
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Fig. 4. Total length frequency distribution of Lefua costata in Jusucheon, Okgye-myeon, Gangneung-si, Gangwon-do, Korea from January to

December, 2013.

7} FEER e A% 24~37 mmE T 1A, ¢HA 9] 38~51

mm= 9 238, 52~63 mm= T 3

@A, 80~91 mm= T 594 oo

Al 64~77 mm= T 4

, A9 36~47 mme=

ot 24, 48~57 mme T 3WAY, 60~70 mme T 4WAY o]
dog AN, gL gHlo] #ARG A st

o] A% 10~20 mm7} © Foh(Fig. 4). 98] A 7HA14
AR AFare] BAE AR 23t 32 y=3E-05x>""
(R?=0.9957), &2 y=2E-05x*"¢ (R?=0.9967) 2. & }e}5t
o} (Fig. 5).
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Fig. 5. Relationship between total length and body weight Lefua
costata in Jusucheon, Okgye-myeon, Gangneung-si, Gangwon-do,
Korea, September, 2013.
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o179 *ggxmwzi Al|g]obte] F5EE ol x| A} F=
op9] gt opx| 9] Ao $R|FtAL =t (Kim, 1997), &
53 opXd 9] ti#F] BE= 2 AIA ZYA A4
Ao Z2 Ueh} FES ofX 9] B AR o R wrhE ]

CHHH E OE 55 o di#E EE A= A48

1o Aoz VeEPEET), Ko ef al. (2019)2 BHE/)9] Hzs
% | ARARE FHAZA R HustaA g8 FH0 A
, A 9 A1 9] £3 7|2 (Choi, 1986; NIER, 2007-2015)&
550 7Hs S AR HE 9lol, BEE ok o] hEF B
EMet SN BE AFA|Gof| Zol7t Sl ALRE W

fo 2 ol &2 —erlr
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Sl 33 olelg €lol BalHE 7t @97t Wastchn 4
ZvElth T B, YT E90t FHEL TEHoR 1:].01:*6]- 01
79 B4 053 27HI 7% BEelHvh Aalshe 2
RIE 3 =g (Choi et al., 1995; Lee et al., 2010; Ko et al.,
2013; Byeon and Oh, 2015), & XA A= 3|F-A ofFo 2 4
5t ol FQl dof, Fof, Wof, 7M7), S/ 7Y
o] & 5F0|, &7 17|} ojFE 7HAL7)e E7HA 3] 2
Zol, =0l olfs EUE, BAF, FHEAF, AAEA
Do, =AY S 65°] A4St glol FEEH U Al {
RpAS L %3119_ TR AH A, 7, v, -
£ A35E 59 YRle= A ARl Al
Alste o7t X}ﬁT"rﬁ’JEM MAst= Aoz BuEy Qe
H] (Choi et al., 1990; Choi et al., 1995; Kim, 1997; Nam et al.,
2002; Kim et al.,2017), B ZA} Ao A AR 27},
F - StRole A7 FUE AAsta Jglen, £ F
e HlaLE A2z Ho] aﬂJ— MAlT= Bkeh T3 o]&fo=
2 321 3 F S/ AR AA, koA, wjE
A Foll, IMe Ad, AFeAH, vk, 7, e
A 5ol FrdEol AAs= Aol HuHITHNIBR, 2019). ]
T gl AAshs e F9EAEA E =gdY
FFoz oA et F7EA] T A FUE Aoz
H 3150} (Byeon and Oh, 2015) =¢] ¥¢lo] x}o]E BTt

B AN 2HG WARSES P TY] 1EOR St 5~6
of M@ W AT AT glo] FEE g, 7T
71 HAxtE FriolA 201193 20164, 20199 2% HoF
(VU0 B7slo] BEFSFol EPE 9, G2,
AN, +409 5 A0 ANA o] Fadte RO
2 BIFESIH(NIBR, 2011, 2019; Ko, 2016). E3F & ZA}0)
e SIS sten 20174 HARAT WS chye
9] 4314 olfel AAel7 372 st 6o 241l Ak
St Hgol &9E B %Q%E}(GITV, 2017). A%
o= HA Lyt St AT Fefiete Yud, AN
o= AAel= AoR BIES O (Choi et al., 1990; Kim,
1997; Kim and Park, 2007; NIBR, 2011), ZZLoll&= AAIX]7} &
3| gaste] Fajete] 3 QR el FHskE Ao
2 iﬂE]J_ 9ITL(NIBR, 2019), HAz2 0] £ 03 H7}o]
At ohgRo) 24, 4404, 37 59 Aelo® 201149,
20199 E—,— 271 (EN)Z H7}=]thH(NIBR, 2011, 2019).

F4US TATFRAN A BT L ARG 1~4), FF
(St 5), B (St 6) 02 FHHY O, T4t H4F W 477}

~5%, 57 108, 317 18F2C2 SIRE A FH3] 5
7} Z7Veta thkme} FRETL Zrlete A 2t o]

T AL 54 olF R 7150l Aake FSolztet 2t
A 27\3 olF7} o] AXs] tholgiet. sHl 1 7t
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Table 4. Comparisons of habitat and age among Namacheilidae species in Korea

Lefua costata

Ttems Species Barbatula toni B. nuda
Female Male
. Juvenile (0+) Very slow 37.6+£26.79
Water velocity (cm/sec) 42~143
Adults (1 +~) Very slow 13.3+17.33
Water depth (m) Juvenile (0+) 633+13.3 13.3+£947 15~ 46
i ater de m ~
Habitat P Adults (1+~) 58.8+15.14 25941031
Juvenile (0+) Aquatic plant (mud) Pebble (9.5 +6.66)
Bottom substratum (cm) . Cobble and boulder
Adults (1 +~) Aquatic plant (mud) Cobble and boulder (18.0+7.63)
1+ 24~37 24~37 60~81 58~99
2+ 38~51 36~47 82~99 100~120
Age 3+ 52~63 48~57 100~119
4+ 64~77 60~70 120~140
5+< 80~91
Reference Present study Ko (2017), Jeon and Ko (2021) Byeon (2010)
oA St.2(BEHE At BF Wl F5(ATHLE ¥ ol B4t
o] 1 ABHE AAHo L Aoz BuEdh 3 B oY AYE FAEI Metaschisiuraol A
XIUP Ao o] A==t 27 (St 2, 3, 6)0A] Hf HuE e, F7E 471 (Ko, 2017), H5F71= 270 (Byeon,
¢ = Yl o 79 AR WHelishs 2o @Z]‘— 01%—9] 2010), B. barbatula 47} (Eros, 2001), Metaschistura cristata

A4 8 ol5o] metaclom BerEYT Heb F4A S
i WS Ah 3ok BAgele) AAlat Tt 8l

7 07154 ofF Sol A wEel] A4 BETY A
%A BAIT HIFH HAA BB7t Basteha B

fﬂ O_L.

=
ol ele) HAR W 9 B 2 BTl 4o
W SR (Table 4). Bl Fe] AAAE 2 240] &
S50l Laln] 527} Be B4 &, 5eme] g
A= Aoz °"E=]7°‘5Eﬂ (Kim, 1997; Kim and Park, 2007),
2 ZAOINE g S kRl fo] Lol
o Se B o]0l ol F2 AAstel BUsAT %
Azl 2%} Bh8EAE BT o] HlnH W2 ol
57} 252 olgoll To| AXshs AR X150 Byeon,
2010: Ko, 2017) Bu|Telst 2 Ho|E Weic. w3t Al Tie
€ & AR 3R Aojek Foj(1d4 o] w53 A,
sl ol7t 78l gl AL Uegot, £70 T A
ofe} ol (194 ohe] vl 2A A 2 Ho| Holtr], T
HA XojE f&o] M2 (37.6126.79 cm/sec) 40 EL
(13.3£9.47 cm) AZ v (9.5+6.66 cm)f] 2 A 4]sk= wF
W Aol §&o] HlwA g1 (13.3+17.33 cm/sec) AL
H|ZA 70825941031 cm) 7 ZE(18.0+7.63 cm)o]
HAIste] K417 Zjol Mol o2 s} (Ko, 2017) %

o 12 tE i o[n

R u

Sx7t WO

+= 3~57) A=<= (Smyly, 1955; Sauvonsaari, 1971; Mills et al.,
1983 )OE E_I’_E]‘H 0131 %]—Z':o]] Ebﬂs}_ H&}O]ﬁﬂ ol _:,'j] ;2].
ol gl= /\—i HuE et A fte= 5719 dR2es y
el B3 FI0e}; B. barbatula, M. cristata®t B33 /\]—'6]-
For} - /\‘,] AR o|go] =3t gk 2\l AY oA oA ¢
o] AREZ | 2 2}o)|7} Kol EIME, MetaschisturaIt 74'01
g nyr
ol Tele] AN ERIES B 6URE 99 B 15
mm oJste] A7 N4 HO R Gehte 2L BAT 4 919
oh wu| P o] 271484 A7 2 W, A4 15mm o]ARe
2 gstelw 2ok 5 ok 209e] Al o2 Baso] (Park
et al., 2020; Kim et al., 2021), 4%-& Jo 2 ARSI A2
£ U SYRH 8Y7HRAZ AT Kim er al. (2021)2 A
NagEE W 9 Sl ojo] 27, We) Be 58 2
Az AR SURE sYAAR 24T ChEARES stk
R0 o} Qo] B 2AF Ao} A7} A sk EATel
Z71 9 5371 (Byeon, 2010; Ko, 2017), B]F& 7} oJ&F (Ko
etal.,2017a)= H2E Fo] 27|71 dA5He 3t A|7]9 Aksts}
AoR BaEo] & £ S0 2 o] S BT} A
Tejol fA1SA ThE] ArRsh olf $Atel, 2ol Aekst
= ARt} FFa7|4 Fol EiE = (Kim and Park,
2007), 53] A= 5~790] At7]olm AP A AHF



O Yt 228 YASHA A 5HH HAF ARte= AoE B
J_E]01 (Kim and Park, 2007) &0|32]9} of$ S-AFSE Zoz

= A

0]

OoF
=

FA FAY olfa E4 & Au|fd A4x £4
AES 9s]7] faf 2013 1€RE 129714 2AE A

st o7 AR 23 FHLE 103} 23F0] YA E
22 AZAY Zacco koreanus 22.1%), OF-HE

WE7 Rhynchocypris steindachneri (20.1%)F2H, 1 o
NEHADE Tridentiger brevispinis (10.7%), &%

N Orthrias nudus (9.7%), T219| Zacco platypus (8.6%), &
u| 2] Lefua costata (1.9%), ZFEN Iksookimia koreensis

(6.0%), 7YX 2L7] Pungitius sinensis (3.0%) 5 «22 ¢
Alstch BAREAY BEH7] oMBBES 7HALY] 150]
AHEAL, F=IL/FFE FEAY, M, vlR7] Silurus
E3570 Cottus koreanus 4%0], 354 o1FL 3
o] Tribolodon hakonensis, ] Hypomesus nipponensis, =27}
Aol Oncorhynchus keta, 21
Plecoglossus altivelis 5°] AR E QT FHFRE FAF(St.
1), A7 (St. 2~4), F57(St. 5), HF(St. 6)= FEE2H, 5t
A 374 B7ke WS G ARHT F2071 A= &
Tatqich Amlate] o] 8 AAR|= sk F- 8k (St. 5~6)9
Gz ARz el B olRolA08 44 40~80cme] 45
o] =¥ ALdo|th E3F A (YH)E AN ERITE =

A5 A3t peto] AFFE 59U 71E 24~37 mms W 1WA,

38~51 mm= T 2WAY, 52~63 mm= T 3WAY, 64~77 mm=
9 4348, 80~91 mm= T 534 o[ o2 AT Fo g
244 oR2A 54 2 viReel A4x ST 43 S0

el =ojateit.

o rlo 3|:~2 > K
i
o

microdorsalis, 5

A 317] Gasterosteus aculeatus,
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