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Feeding Ecology of the Eight Barbel Loach, Lefua costata (Pisces: Namacheilidae) in the Jusucheon
(Stream) Gangneung-si, Korea by Hyeok-Yeong Kwon, Mee-Sook Han' and Myeong-Hun Ko'* (Eco-bugs, Andong
36740, Republic of Korea; 'Kosoo Ecology Institute, Seoul 07952, Republic of Korea)

ABSTRACT

The feeding ecology of the eight barbel loach, Lefua costata, were investigated in the

Jusucheon (Stream), Namyang-ri, Okgye-myeon, Gangneung-si, Gangwon-do, Korea from January
to December 2013. L. costata mainly fed from March to December when the water temperature was
higher than 5°C, and the feeding rate peaked in April~May and September~OQOctober. Their main food
organisms analyzed by the index of relative importance (IRIl) were Diptera (77.1%), Ephemeroptera
(20.3%), Trichoptera (1.7%) and Odonata (0.4%) in Insecta. Other food organisms were various, such
as Arhynchobdellida (0.6%) and Tubificida (0.1%) of Annelida, Nematoda (0.2%), fish (Actinopteryagii,
0.1%), and Veneroida (0.01%) of the Mollusca. Major seasonal food organisms were Diptera (55.4%)
and Ephemeroptera (41.6%) in spring, Diptera (92.7%) and Anelida (6.8%) in summer, Diptera (70.8%),
Ephemeroptera (9.0%), Trichoptera (8.1%) and Annelida (7.7 %) in autumn. By age, juvenile (0 +) tended
to eat only Diptera (mainly Chironomidae, 98.2%) that were relatively small in prey size. However, as
it grew, the proportion of Diptera gradually decreased, and the proportion of relatively large Mayflies
and Annelids increased. The size of the prey organisms showed rapid growth, with 2.5+1.05 mm for
juvenile (0+), 3.2+£1.29 mm for one year (1 +), 3.7+2.05 mm for two years (2+), and 6.8 £4.97 mm for
three years or more (>3 +).

Key words: Lefua costata, eight barbel loach, feeding rate, index of relative importance (IRI), sizes of prey
organisms
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A (Choi et al., 1990; Kim, 1997) 3k o8 9] E3 25 of
ol sk ZAE T, HES/NL ZpolE Helth(Byeon,
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Fig. 1. Map showing the study stations of Lefita costata in the Jusu-
cheon (Stream), Namyang-ri, Okgye-myeon, Gangneung-si, Gangwon-
do, Korea, 2013.

Table 1. Total length range by age of Lefua costata in the Jusucheon
(Stream), Okgye-myeon, Gangneung-si, Gangwon-do, Korea, April to
September, 2013

Total length (mm)

Age
Season (Month) 0+ 1+ 24 >3+
Spring (April) 20~39 40~55 56~69 70~93
Summer (July) 10~33 34~49 50~69 70~85
Autumn (September) 15~39 40~53 54~69 70~91

wolpele] HAME 31

28 124 71202 25T W 294 o AH(HH 50 mm o]
‘2 7HA 10~1574A15 A Este] A27NAlE (A A AAA/ A A A
A x 100) FFA4F HILE 2ASH =T, Holg2 HAAA
€ 1ZY-400 (Innotem corporation, Korea)= ©]-83}4] 0.001 g
7HA A5t 9 WEE 42 AdE 491 79, 949
o A= 7HA ¥ Han and Ko (2022)°] whe} AZE 0+, 1+,
2+, >3+, Table )2 F&3to] 570AE AR AFE
M BFE AQste 23T WEES A& F sFdnF
(Olympus SZX9, Japan)Z}; 3335+& 0] 7 (Olympus BX50, Japan)
Aol A Jo (1993)Q} Yoon (1995), Won et al. (2005), Kim et al.
(2013), Kwon et al.(2013), NIBR (2022) S9j u}a} Ho| W&
B 54 A3kl eXcope (Dixi Science, Korea)S AM:
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Fig. 2. Monthly change in the temperature (A), feeding individual rate
(B) and average prey weight (C) and of Lefua costata in the Jusucheon
(Stream), Namyang-ri, Okgye-myeon, Gangneung-si, Gangwon-do,
Korea, 2013.

0016 0.2 Wolzirh. ueba] vl Tele] HAMA&H B

AFLZ & 1 F Hol&F A7]E £ 5°C ol He 387

B 287kA 2 FAE, 4AE9] -2 4~5Y, 9~10E 2%
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2. ¢ L=

Aujg|o] SYEES AFE2 243 Z3} Table 29 2]
et HolBEL Ao AEe ARF5ER (Arthropoda),

LZ7) (Insecta)d] 2% (Diptera)©] 85.2% =2 7F4 &%
3, 3 g0 2 33405 (Ephemeroptera) 6.4%, S =
(Trichoptera) 2.5%, A& (Odonata) 0.2% <22 WL,
1217} (Crustacea)®] AZH= (Branchiopoda) 0.9%, 21 €] A
HE5EF (Nematoda, 2.4%), 35 =5 (Annelida, 1.9%), &
A'5EE (Mollusca) 0.3%, 2458 (Chordata) 0.1% STt
5 27} 561704 (84%)= 7 Bted, 1 9
o &5l T} (Stratiomyidae, 370A)), Zth# 2} (Tipulidae, 2
WA, E7192] 2 (Ephydridae, 271A]), B3] 2+ (Simuliidae,
VI €02 WSkt F WA B 4} ZUE s1eaolg
2 &EelF Ao 3k (Ephemerellidae, 2770A)) , ‘G240l 1t
(Heptageniidae, 87RA)) , 3}F4o]2t (Ephemeridae, 57]A)), &
u}sHEAko] it (Baetidae, 370A) &C.2 Uehg=d, detetRa
o= QISIREANO| Cincticostella levanidovae (1370A]), 5=
8240 Teloganopsis punctisetae (17§A)]), v]54 7§A| (1374
At Al 9 B2 271 Yehd dEdE2 YR d =gt
(Lepidostomatidae, 127]A]), $Eg =7} (Limnephilidae, 2
AAD, 7S = T} (Goeridae, 174A]), YBlE = 1} (Lepto-
ceridae, 17Hiﬂ) S 3} (Phryganeidae, 170A]) <=o]ct 1
23 FA 8-S EFAE T (Calopterygidae) 170A17F, 24247
o] A& 7|2 E&H S (Bosminidae) 67047} T = ATt
1 9o APFEES ulFH 1670A7F BHENL, Y5
22 37} (Clitellata) 2] 4123 0] (Tubificida), 2123 o] 1}
(Tubificidae, 107§A)), B4 M2l &- (Arhynchobdellida), &4 ™2
T} (Erpobdellidae), =A™ 2] (Erpobdella lineata, 370A)) 7} &<l
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oo 2 H A7Eol HAFER, 9 olE (Cypriniformes), 7]}
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i, 0 o AREE 27.9%, §AYYE 13.4%, o5
71%, P15 83%, Bl 3.6% 52 «o2 A5H Uret
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Table 2. The number, weight, occurrence ratio and index of relative importance (IRI) of the stomach content compositions of Lefus costata (n = 60)
in the Jusucheon (Stream), Namyang-ri, Okgye-myeon, Gangneung-si, Gangwon-do, Korea, April to September, 2013

Prey organism Number Weight Occurrence IRI IRI
Sep. Total (%) (%) (%) (%)
(n=20)

Phylum Arthropoda 2% 5&&
Class Insecta %7}
Order Diptera 32| & 72 569 85.2 7.1 90.0 8304.1 771
Family Tipulidae Z}ct 2+

Antocha KUa H3FZtt} KUa 1 0.1 04 1.7

Tipula latemarginata °)©}0] =2}t 1 1 0.1 19 1.7
Family Chironomidae Ztuh=-3} 68 561 84.0 3.6 88.3
Family Stratiomyidae 5-ol|5-| 2t 2 3 04 0.2 5.0
Family Ephydridae &7}3}+2] 2+ 2 0.3 1.0 33
Family Simuliidae & u}2] 2} 1 1 0.1 0.0 1.7
Order Ephemeroptera 3F34o] & 11 43 64 38.7 48.3 2182.0 20.3
Family Ephemeridae 3}54to] 2+ 5 0.7 23 6.7
Family Ephemerellidae &2}H5}24o] 7}k

Cincticostella levanidovae 1 3}2210] 11 13 19 6.5 133

Teloganopsis punctisetae ‘55 dHF4r0] 1 0.1 0.1 17

Ephemerellidae spp. 13 19 15.1 11.7
Family Baetidae Z0}-3} 4o 1} 3 04 02 5.0
Family Heptageniidae ‘F2}3}3#4ko| 1k

Ecdyonurus levis U] 3} 52410] 3 3 04 43 33

Unidentification spp. 5 5 0.7 10.2 6.7
Order Trichoptera ¥ = &5 4 13 17 2.5 3.6 30.0 184.5 1.7
Family Goeridae 7}A]'g =2l 2+ 1 1 0.1 0.6 1.7
Family Lepidostomatidae 9] &%) = 2} 7t 12 12 1.8 23 11.7
Family Leptoceridae U8]'g =2l 7} 1 0.1 0.1 1.7
Family Limnephilidae 2<% 2 7} 00 00 00

Nothopsyche KUa ZA 9- BT ] KUa 2 03 0.6 33
Family Phryganeidae =2 2} 1 1 0.1 0.0 1.7
Order Odonata A2 Z 1 0.2 279 1.7 46.8 04
Family Calopterygidae 232}2] 2}k 1 0.1 279 1.7
Class Crustacea 7427}
Order Branchiopoda M Z-= 6 0.9 0.0 1.7 1.5 0.0
Family Bosminidae 27| 2| &4 &3} 6 0.9 0.0 17
Phylum Nematoda A ¥ 5 &8

Nematoda spp. 13 16 24 0.2 8.3 21.3 0.2
Phylum Mollusca A4 5EE
Class Bivalvia o] uf 5| 7}
Order Veneroida %35 1 2 0.3 0.1 33 14 0.0
Phylum Annelida 35 E&
Class Clitellata ] 7
Order Arhynchobdellida € # o 2] & 2 3 0.4 134 5.0 69.2 0.6
Family Erpobdellidae &7 ™ 2]}

Erpobdella lineata EAHg 2 3 04 134 50
Order Tubificida A x] & o] & 2 10 1.5 0.6 6.7 14.0 0.1
Family Tubificidae A %] & o] 2} 2 10 15 0.6 6.7
Phylum Chordata 4+5E8
Class Actinopterygii &7]7
Order Cypriniformes 9 ©] = 1 1 0.1 8.3 1.7 14.1 0.1
Family Namacheilidae &7+

Lefua costata B0 32 1 1 0.1 8.3 1.7

Total 115 668 100.0 10838.9 100.0
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Fig. 3. Seasonal and ontogenetic (age) changes in composition of stomach contents by index of relative importance (IRI) of Lefua costata (n = 60)
in the Jusucheon (Stream), Namyang-ri, Okgye-myeon, Gangneung-si, Gangwon-do, Korea, April to September, 2013.

A (1+)2 o5 87.5%, FFAOIE 120% 59 <02 134
Ho} mHEj o] &% Fastal shRiolEo] &% F7I5G 2
AR 2+)2 5 59.1%, SFEAOIE 34.6%, S=HE 4.5%
59 o yEht 1dARn w2 E2 gl fhasta s
ojg3t YEFo] qiF 7O, 38 o (=3+)2 o
25 59.5%, S5Ol E 233%, HPFEER 12.6%, AR E
3.6%, SEHE 1.0% 59 22 29ET FPFERT I
Aol SUIstAL shRAel g YEAES gastglon ot

252 H3t QlITh(Fig. 3D).

1) 2(48)

499] A Ho|xdL T E 554%, SRS 41.6%, &
AEE 1.9%, E=#85 0.9% 59 «A=2 Uehd s 53t 5t
Aol Ro] tRES AA|stgich AFERE B, G Aoj=
5}2] 0] 96.6%, M2 3.4%= e Fo] e £ ul &L 3}

3HQa, 1AL T2 59.2%, 3F54to R 40.8% 2 oha]=
o] ulgo] AAsA SRAolge] 343 F7ieAt Ed 29
A& sFRAto|Ro] 66.3%, TR 30.6%, FEHZ 3.1%2 1
AR} ShRol Bt Yrelgo] F7iet vhy selEe 329
Zaston], 384 ol SRRAlE 50.3%, WElE 40.1%,
A 8.1%, FEHE 1.5% §O2 Ueht 2348 52
Ao|B} FEdEe Fasty Ry YR F716H9
t}h(Fig. 3A).
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799 AHA| Yol HEE 92.7%, B FEE 6.8%,
FANE 05% 59 &2 YER 925 Hjgo] 453 &
Stct. Badet 198 w5 w2l Euk A4Sk, 2982 ot
2% 99.2%, AAEEE 0.5%, NP EEE 03%2 ote|=5o| ¥
50l wkom, 394 o2 w5 56.1%, BFFEE 40.9%,

_O‘L
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SHREAO|E 3.0% S22 2L‘V‘§EE¥ I
A3 (Fig. 3B).

H43] 78kl w52 343

3) 72 (98)

999] AA| Ho|2AdL T F 70.8%, sHFAIE 9.0%, &
THE 8.1%, BIFSEE 7.7%, APFEE 25% 59 42
Uehy uhg]29] vlgo| ml$ Eokth FEAlLe s 82.9%,
SRS 142%, Y= E 1.5% 59 £22 &7 Vet ut
259 Hlgo] 953 EUAL, 1982 T2 E 76.7%, sh54
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223%, SEHE 21.5%, FAZEE 11.2%, 3F24012 1.7%

wolpelel HAME 35

o OIrI

o =02 et 23R S FEEat HAsEEol 34
oL shRAol o] 343 HastAnt(Fig. 30).
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A= Ho|BEQ 7|5 45t Blugt A Fig. 49+ &
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9] Z71= §43] AXE FFE 9= (Fig. 4D), 44 +
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P>0.05), 1'dY 2882 FH o4& (P<0.05), 2
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Fig. 4. Ontogenetic change in sizes of prey organisms of Lefua costata (n=60) in the Jusucheon (Stream), Namyang-ri, Okgye-myeon, Gang-
neung-si, Gangwon-do, Korea, April to September, 2013. The diagrams indicate the median (horizontal line) and 50% range (rectangle). Open

circle indicate potential outlier and black star indicate extreme value.
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499 Ho|PE 7718 B, A 2.3+1.56 mm, 194
3.6+1.96mm, 284 4.6+294 mm, 394 oA 53+3.36mm
2 Ho|PEL Aol molRHA 48] AX= AFE BHe
™ (Fig. 4A), AR 942 a2 1~334 o4, 1d8 =
3P o2 RAF Aol E E L (P<0.05) 18T 2,
23T 33 o] FoRt AtolE HolA| YgtthH(P>0.05).
Ho|WES] = FdA 2671, 134 277, 2448 4570, 394
o 507= dAgo] FoMAHA BF HolBE = F7I8H

=

2) HE(7E)

799 HolPE 27|12 By, A 2.840.89 mm, 1A
2.74£0.93 mm, 2¥A 3.1+1.50 mm, 3FA] o4 42+3.32 mm
2 A2 dgo] woAHA AX = A3 BH o (Fig. 4B),
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o] 7H A it
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34+1.50 mm, 294 3.4+1.71 mm, 394 o]& 11.0+£9.71
mmE HoYEL Aol FoAHA AXE HFE H=t
(Fig. 4C), 3A3 942 gl 194, 22 A2 {9
gk Zpol7} QIle™ (P>0.05) 0|53 33X o2 BF & &
O3t 2to] & HTHP<0.001). HolFEL = FEA 3270, 1
| 3370, 294 367K, 39 o) 15712 FAaFE 238
A2 FARE Hol=E HElou 34 o] 42 0|59 ARl o]

3te] HolBERE Hof 20| F Byt

1]

i

Ang o] o E537le AANAET BHEAEeE B
o 2 $2 5°C o H= 3895 H 129742 YEhaL 4~5
4, 9~10€0] #A Ueha 945 6~7€E v @A U
BTt o] 2et Y2 4~590] ARtS A5, 9~1082 €5
< 98l dAlEel 3243] F7keht 6~78E HutE Qs /%
o] §43| F7sta Hol o] wol FAET| wiof Fast
= AoR dEFoH, & 79 £l (Jeon and Ko, 2021), <
Axlel m] 2]} (Cobitidae) Q] ZE7W Iksookimia koreensis (Ko
et al.,2009), 3E7 I. longicorpa (Kim and Ko, 2005), £5%
W I. pacifica (Ko, 2015), 9=7W I. yongdokensis (Ko et al.,

2016), 7N Cobitis tetralineata (Kim et al., 2006), &%
7N C. nalbanti (Ko et al., 2009)2} GAHA] & Ho] AHE B
Fo A A7l At Rpolg Hltt ¢ 9 ST
A )R] &7l (Kim and Ko, 2005)2} 2HE7) (Ko et al.,
2009), EHE7H (Ko, 2015), FEE7M (Ko et al., 2018), &
7N (Kim et al., 2006)9+ HEE7) (Ko et al., 2009), 1] SZ7H C.
choii (Ko and Bang, 2018) 52 F34 o|F=2, dEA| 20|31
Koreocobitis naktongensis= °F34 o1F2 E1E =6 (ME,
2009), 3% F/HI oFoAME o 5] gt A7 da
sl AyzHE et

Auels F2 £AEZSE 2 FEES A4she Ao
2 7FeFs] B 1E9l=d| (Choi ef al., 1990; Kim, 1997), &
At A AHiF 8/ A4 (IR1%) 2 43 A3}, dATEE
79| BB (77.1%), SFEALOIE(20.3%), TEHE(1.7%
& F2 JAshs 254 olFE Yepulth 22 2] Tk A
HE A+ (RI%)E 25749 ol & (57.0%) 3 shF4aol &
(29.3%), SEHE(13.5%) 52 F2 A8t Ao7 Hig
o] (Jeon and Ko, 2021) 8 HolPEL S Yslgl oL} H|&o
£ AolE B, g5 HoleE wel & (73.8%), shFA
o1& (232%), EEHE(B.0%) «2E EA vehdtt Bust
o] (Byeon, 2010) 8 HoAE A= 5Y3F 2L} H|&
£ AolE Bk B A HoflA] Zulftel= 424 40~80 cm
9] f&o] il S Hol £27F W2 Lo 2 A4S}
L Ao& W% (Han and Ko, 2022), £& A5t gta] =,
StEAoE, G Eo] HoPEL T2 H4 W {5 d
2] AAlsts AXMHPRFETTER, 5 AI719 2718 27]
7} theFate] Au)qte] o] S AE ukEy Ho|Yo R 47 o]
LEYS AoE Aok B3 2AF S ST F
8 Ho|YE H| oA zfo]E Hol A2 A7 Zpo], & FA
o EFMe g E5 & A F2 AAE] gi
ol (Byeon, 2010; Jeon and Ko, 2021) &u] 1|9} 2fo] & Hol:=
Ao FAHHL

AEE HolFEL F 4ol 25 (554%) stFAolE
(41.6%) 5=, A& (7L)°l T5(92.7%)3 P EE(6.8%)
5=, 7990l #HE(70.8%), 3t 5 (9.0%), F=H
Z8.1%), FFSEE(7.7%) 52 T2 Asle & XolE 2
Aok M= Eoll HEET} stRA)E, qFole shFAolE
I} wtel i, 7Rl gl B 95 A4Sk HlEo] &2
7o g B33} (Jeon and Ko, 2021) AZE F8 Ho|YE o
£ Ao)7t glou AFo| wet HolEe] IA Wl AL &
dstct. o] gt A2 HE A wzket o] =t (Wotton,
1990), £3] Aol wat F Hol &R $A2F2 550l 4%
o= 93lstal 79| AutR sl HolgEo| FARHA T2
gl Mizk7t ol7] W2l fS Ao wetdd

olf A4 mt Hol o] A wistsh=d], Zulie

N

i

=

o




AT 1dAE vlad 3717} 22 w2l &) ZuE
2 AAst Aol weh Zupto] vleo] s 2dS
ShEAlol &, 31348 o4t A FER, A e S ToE v
7174 & HolBE= HHYTh 53] 34 ol BT Ew
o] BAw e B AR Fol &, FAp &, o} 5 27|72 o
&t PATES A7) dize] iU ETE ol
7 A4 A o2 waEn. Fhe gdse] 2717t A2 =
A5} e E5S F2 AASHAT AstEA welEr de
2 Aastar 27|71 2 shRAdol R HlEo] STkt AL
2 R IE9 3 (Jeon and Ko, 2021), HIE5S7/= FdAo] =7]
7 AL gl 5S 2 AASHATE At A mhe] 5o vlEo]
Hasta 2717 2 Aol 5o Hgo] §43] 75t Ao
E HIE0o|(Byeon, 2010) AJsAA] 2R F7]2] HololA &
Hol29]| W3l FYUHF oY HolBE FAole AolE B
o
ASTA d Ao wE An|te]e] HoldL] BA &4 2
I, A HolHE] Bolds Hloy ol B ERdS
HolYozM ATste FAHETHE g AE 2 AsTA o 3
et Hol2e] 27|18 Aeio] e A ek, 53] o
SA AA AsDA A weF FAH]Eo] w2 H& F3
AL =X 2F9] v]&o] Eol(Dineen ef al., 2007) FHH L2
NAG7 g2 S 5E FHojdo s At A3 Hal
oz wdE, ofd JAIEY & AdARlEe] ¥ A2
Heog o] go|gt 239 ZuppRE Ho|goz A3
7] fiEo 2 Al

odo] A E BulHte 1704 (A 81 mm, A, 394 o4
9] HolgEol| A Anlfte] 17A|7F ==, o] A= 7
A x]olZ oF AAF 32.7 mm% Tt 5F XA (carnivalism)S 73
Z0]F 3 Ingraulidae, Essoquidae, Poeciliidae, Gasterosteidae,
Percidae, Cyclidae”7} tjEZ o] 363} oJAtolA EIEQY
(Smith and Reay, 1991; Manica, 2002), $-2|Ugto| A= E414
o] 73t LEF vl Micropterus salmoides©| X FFEA]0] X
1= JcH(Ko et al., 2008; Park et al., 2019, 2021). 3R] o}
7HA] vl date] ZteE SN} nlAtEd ojjolN FF
22 BE v Qo] Sojagos FRE)

I~

}

ox i

32

o OoF
pd =

An|Ite] Lefua costata®] JAYEHE €H8]7] <& 20139 1
dRE 129704 e oA SAH dFolA =4 A
Alstgtt. Auldtel= 2 £ 5°C o4 B 39RE 1297t
2 AL s, AAEL 4~59, 9~10¥9] BAL Eych
9 WEES Ads 84X+ (IRDE B4 21}, 2 dAF
=¥ (Arthropoda) %57 (Insecta)®] T}+&]5& (Diptera, 77.1%),

wolpele] HAME 87

3} 40| & (Ephemeroptera, 20.3%), 'Y= & (Trichoptera,
1.7%), A2 & (Odonata, 0.4%)°131o™, 1 €] HolP&2 g+
5 EE (Annelida)®] €A™ 2]E (Arhynchobdellida, 0.6%)3}
A A% o] (Tubificida, 0.1%), A1 %¥E=E (Nematoda, 0.2%),
o] % (Actinopterygii, 0.1%), A FEE (Mollusca)®] #3gt
& (Veneroida) & Th¥stgith AdERE HH, Foll= &
(55.4%)3t sFF40] & (41.6%)Z, A&l o215 (92.7%)
33522 (Annelida, 6.8%)<, 7Hol= w22 (70.8%)3} 5}
FAOIE(9.0%), ¥=H=F(8.1%), BB ETE=w(7.7%)= T2 A
Astgict A= B gAA o (0+)e HlaLE] Hol =27]
7} 22 g2 (F& Zw iyl (Chironomidae), 98.2%)% A 2
A HA, st A w0 Hlgo] A sl v|wE
2717} 2 stedelan P FERY vl&ol STk Yol
NE 371 A Mo (0+)2.5+1.05mm, 1A (1+)3.2+
129 mm, 29 (2+) 3.7+£2.05 mm, 39/ ©]AH(=>3+) 6.8+
497 mmE= JHsIHA 48] AX= HFE Zioh
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