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The Activity Period and Feeding Ecology of the Korean Eastern Spined Loach, lksookimia yongdokensis
(Pisces: Cobitidae) by Myeong-Hun Ko', Hyo-Jin Kim? Ra-Yeon Myung' and Yong-Jin Won'>* ('Division of
EcoScience and “Interdisciplinary Program of EcoCreative, Ewha Womans University, Seoul 03760, Republic of Korea)

ABSTRACT The activity period and feeding ecology of the lksookimia yongdokensis were
investigated to obtain baseline data for its ecological characteristics in the Chuksan Stream and
Gokgang Stream, Gyeongsangbuk-do, Korea from 2015 to 2016. /. yongdokensis were active on
cobble, pebble and sand bottom from March to November when the water temperature exceeded
10°C, but tended to overwinter in cobble and pebble during the winter months (December~February)
when the water temperature was lower than 10°C. During the day from 9 am to 15 pm, individuals
of I. yongdokensis were highly active with a high rate of food consumption. I. yongdokensis activley
fed on the surface of stone, pebble and sand as a filter feeder. Their main food sources analyzed
with an index of relative importance (IRIl) include Chironomidae (54.7%), Branchiopoda (10.1%),
Rotatoria (8.7%), Arcellidae (8.6%), Chlorophyceae (6.5%) and Bacillariophyceae (5.1%). Juveniles of /.
yongdokensis (total length 20~39 mm) fed on small-sized preys such as Rotatoria, Branchiopoda and
Arcellidae, but they exhibited a transition in their prey-size markedly dominated by large-sized preys
such as Chironomidae and Ephemeroptera as they grow.
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M E QA 24, 231 Adolgt A48} (Kim and Park, 1997).
5“*—'—711% AP EA (Kim ez al., 1999)& 3l 4914 BEZ

w2 7} (Cobitidae) ©1F+= 9 o] 5 (Cypriniformes), 9] 32 golEo] FEHkeky T vhof] WHk L Z (Park and Kim, 2001),

3+ (Cobitoidea)oll &35t F-2Aot (Eurasia)?] 733} sh3 o
QA AAste AAAY 2FoRE 214 17150 RuEUY
(Kottelat, 2012; Nelson et al., 2016). $-2| Ut = 54 16%0]
ML, o] % 34 13%0] BF Lid, TREOE U4
A Y, AFEo] &3 FFIME IksookimiaS 6] A EF
© 2 Yy¥H o] AAska 9tk (Kim, 1997, 2009; Vasil’eva et al.,
2016). FYE7) Iksookimia yongdokensis<= 1997 Kim and
Parko]l &3} 57 1. longicorpa®t 7+EE = AF02 HEH
gom AHor ezt FER A9 FiAGT FY
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I. koreensis (Kim, 1978)¢} £<FE7 I. pumila (Kim and Lee,
1984), |2 0] 32| Koreocobitis rotundicaudata (Byeon, 2007),
]2 Kichulchoia multifasciata (Chong, 1986), H%
W 1. hugowolfeldi (Choi, 2003), X7 I. pacifica (Choi and
Byeon, 2009) 52 Ho| 27 B4 =, 47 (Kim and
Ko, 2005)2} %7 Cobitis tetralineata (Kim et al., 2006),
FZN, AEZEN C. nalbanti (Ko et al., 2009), 7| &Z7) C.
hankugensis (Ko, 2009), 'F¥57] (Park, 2016)= Ho] 7jA]
o B2 Uiro] ALY, F452] K. brevifasciata
(Kim et al., 2011a)8} SEAZ0|FE] K. naktongensis (Hong,
2012), B]&27) C. choii ME, 2011), 7] (Ko, 2015) &
< ol 9 Ry, 2ARNEE 53 AHFS LA A4 (index
of relative importance, IRDZ AFE . T3 Fof wat A
1} o &% 3F7] (Kim and Ko, 2005; Kim et al., 2006; Ko et al.,
2009), A8 9 A A1Z4 (Kim and Ko, 2005; Kim et al.,
2006; Park, 2016), /g7l W& Ho] 44 ¥ =7] H3H(Kim
and Ko, 2005; Kim et al., 2006, 2011a; Ko et al., 2009; ME,
2011; Ko,2015) 59 A77F =it
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Fig. 1. Study stations of Iksookimia yongdokensis in the Chuksan
Stream (A) and Gokgang Stream (B), Korea.
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(Kim and Ko, 2005; Kim et al., 2006; Ko et al., 2009)°] 23]
3to] 10% Z2E $=8Mo] AT F Ko ef al. (2016)] w}
g APYR FEI A SRS EYFATH AAUE
E2 AgAoA d|FE&u]7 (Olympus SZX9, Japan)d} 33}
H w7 (Olympus BX50, Japan)& ©|-&3lo] EAs¢LH]|, 4
AZZEL Yoon (1995)3+ Won er al. (2005), EEAZHIEL
Jo(1993), 27+ Jeong (1993) 5& FaLste] &5 - $48ko
Agstal RuE A4S HolFEL A (2N)&F F
T (%W), AR = (ZF)E ©]-&3to] 4524 A4 (index of
relative importance, IRI)E Pinkas et al. (1971)2] Yo 2 7
AF(IRI=(%N + %W) X %F)gt & WE&=2 At (% IRI)
Hwstgith. 223 AFEE AdFadAFE ALbste] A
ol w2 Ho] HM3LE ARG oH, Ho| A7]= JjA27]
7b 21 A F_AAAF7E w2 57 (Insecta)d] Zoh3t
(Chironomidae)$} 3}#4ro] & (Ephemeroptera)®] A71& &4
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A EFF71E Yotiy] fiste] 1dzk € 7123 =24
AT, JAMNA&E A5G (Fig. 2). 39S £ 9.3°CE
ATFL 0021001 g, AAHAES 25.0%2 WL}t o] %
2o] FsstaA M S, 482 A 004+
001 g, AAMNAEE 40.0%Q 59 A 0.09+0.04 g,
AAMAEL 80.0%2 A HA FAS B} o|F 6¥w} 7
4ol HAFL A9 FYU3A 004+£002 g2 Ve, A
AMNA &L 242 714%,500%% AE A2 AFE 2E
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Fig. 2. Monthly changes of temperature (A), prey weight (B) and
feeding individuals rate (C) of lksookimia yongdokensis in the Chuk-
san Stream, Korea, during March 2015 to February 2016.
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Fig. 3. Changes of temperature (A), prey weight (B) and number of ac-
tive individuals (C) of Iksookimia yongdokensis in the Gokgang Stream,
Korea, observed at three-hour intervals on August 22~23,2016.
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Table 1. List of fish species and the number of fish observed by the methods of snorkeling and set net in the Gokgang Stream, Korea, on August

22~23,2016

Snorkeling (time, hour)

Set net (time, hour)

Scientific name

0 3 6 9 12 15 18 21 Total O 3 6 9 12 15 18 21 Total
Cyprinidae
Carassius auratus 3 1 5 2 7 3 1 3 25
Pseudorasbora parva 2 1 4 3 3 5 5 7 30 2 5 2 4 7 8 2 30
Squalidus multimaculatus 350 260 514 480 650 612 570 540 3976 60 130 57 65 283 271 302 193 1,361
Zacco koreanus 2 2 3 2 1 10 2 3 5 10
Zacco platypus 157 65 128 154 170 131 155 180 1,140 23 6 3 6 7 9 12 37 103
Rhynchocypris oxycephalus 20 12 13 15 15 11 17 17 120 10 9 30 7 23 19 5 10 113
Cobitidae
Misgurnus anguillicaudatus 1 1 3 5
lksookimia yongdokensis 3 37 51 71 65 53 1 281 12 8§ 13 10 1 1 45
Bagridae
Pseudobagrus fulvidraco 1 1
Pseudobagrus brevicorpus 1 1 2 4 1 1 1 1 4
Osmeridae
Hypomesus nipponensis 1 1 1 2 3
Adrianichthyidae
Oryzias latipes 32 18 6 56
Odontobutidae
Odontobutis platycephala 12 7 6 8 7 6 10 14 70 1 1 2 4
Centrarchidae
Lepomis macrochirus 1 2 3
Gobiidae
Rhinogobius brunneus 5 3 23 23 32 29 27 25 167 4 3 3 10
Tridentiger brevispinis 2 1 3 2 8
Gymnogobius urotaenius 2 1 2 1 1 1 1 3 12 2 1 3
Channidae
Channa argus 1 1
Number of species 9 10 10 12 11 11 12 14 16 5 6 8 7 8§ 10 7 8 13
Number of individuals 552 354 734 741 961 866 844 799 5851 95 149 111 122 354 330 336 248 1,745

AF Al 7] L 242~30.3°C, -2 222~252°C WS
SHE gkl 42 (05:50) 3 06400 A AEke] 0.02+0.01

go 2 HAAE Hlon, FE5/AsE 5B A= 374
A7F #HEE T, A= 1270317 AF = Ak o]F 09
AIEE 157 = A ZT A7 B4 Ui,
AAFL 15419 0.08+0.06 0], +F T2 A= 124]9]
TI7RAI7F ERl= gl om, dZgo A 12419 137HA12 A7
o] o HAA+E BAT. o] F YE(18:50)0] 7H7hE 184]
o= AAlgFo] 005+0.03go 2 thah A, EE A%
£ FEHENA 53R 2 gastEar, dzhgel = 170A
o] AT o7kl 21~03A7HA] = AdA1Fo] 0.02~0.03 ¢
o2 Woky, 3 E 2AIA 0~370A17F ERlEieH, d
1Yo A 0~17HAI7F AP =] fREY AL &5
ok gu mefjol Az, EFE 7] ol 2AlEgth whebA 5
B3N NS 2 57hA HstE & o) Wl vie &of
A et e at A dhaL ofttol A= mefet A, EFT
7] Lol SAlstE A R E L}E}‘*t}

£ XAPlA ERlE AT 3TN 7 163,
Azhto s 87} 13082 BE 97} 18%01 Q1= A (Table

. 25Ho2 X422 HEIN Squalidus multlmaculatusﬁﬁ
I, o FL e WEANAN wetu] Zacco platypus, B2
oA WEX| Rhynchocypris oxycephalusR 2™, 1 Th32
w2 7l, Do Rhinogobius brunneus, 359 Pseudorasbora
parva =22 LA 28F 5 R Ao Eol ¥
I FFAdo] w4E olfe A= w2tn], SA Oryzias
latipes, &2 AY Z. koreanus, W54, Zolglon, =&
HF Azt o] wEEL EEAdol lx'%”t* ojFE= EAFAAN
Pseudobagrus brevicorpus, $At2] Odontobutis platycephala,
BA T Gymnogobius urotaenius, AN P. fulvidraco 5-°] 3}

=

=
o
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Table 2. Composition of the intestine contents of lTksookimia yongdokensis (n=20) by the ratio of number, volume, occurrence and index of rel-
ative importance (IRI) in the Chuksan Stream, Korea, May 2015

Age (total length, mm)

Prey organisms Total Number  Volum  Occurrence IRI IRI
0+ 1+ 2+ 3+ < (%) (%) (%) (%)
(20~39) (40~65) (66~99) (100~130)
Zooplankton
Phylum Sarcomastigophora
Class Rhizopodea
Family Arcellidae 400 284 148 44 876 149 03 100.0 1517.3 8.6
Phylum Trochelminthes
Class Rotatoria
Order Bdelloidea
Family Philodidae 2 12 12 4 30 0.5 + 20.0 10.3 0.1
Order Ploima
Family Trichocercidae 140 52 20 16 228 39 + 80.0 3129 1.8
Family Asplanchnidae 336 180 120 44 680 11.5 0.1 100.0 1166.3 6.6
Family Brachionidae 12 16 10 4 42 0.7 + 50.0 36.0 02
Family Euchlannidae 8 5 8 8 29 0.5 + 350 174 0.1
Phylum Tardigrada 7 40 38 34 119 20 05 70.0 175.1 1.0
Phylum Arthropoda
Class Crustacea
Order Branchiopoda
Family Daphniidae 136 44 42 10 232 39 09 90.0 439.0 25
Family Bosminidae 208 258 112 38 616 10.5 25 100.0 1295.0 73
Family Chydoridae 16 12 12 4 44 0.7 0.2 40.0 370 0.2
Family Macrothricidae 12 12 6 4 34 0.6 0.1 300 214 0.1
Order Copepoda 32 24 98 32 186 32 0.6 80.0 302.5 1.7
Class Insecta
Order Diptera
Family Chironomidae 208 320 308 452 1288 219 75.1 100.0 96932 54.7
Order Ephemeroptera
Family Potamanthidae 16 4 20 03 151 20.0 308.4 1.7
Unidentified spp. 4 46 43 93 1.6 45 550 3324 19
Phytoplankton
Class Bacillariophyceae
Navicula spp. 12 10 8 8 38 0.6 + 500 323 0.2
Cymbella spp. 27 8 24 9 68 12 + 70.0 80.9 0.5
Synedra spp. 24 36 122 25 207 35 + 80.0 281.7 1.6
Fragilaris spp. 8 2 4 14 0.2 + 20.0 4.8 00
Melosira spp. 72 40 72 94 278 4.7 + 100.0 4759 2.7
Nitzschia spp. 8 12 8 14 42 0.7 + 350 250 0.1
Class Chlorophyceae
Cosmarium sp. 2 2 + 50 02 +
Peridinium spp. 28 4 4 4 40 0.7 + 400 272 0.2
Gonatozygon spp. 28 18 4 50 0.8 + 50.0 425 0.2
Closterium spp. 224 172 168 68 632 10.7 + 100.0 1077.6 6.1
+: less than 0.1%
2) A5t B2 E (Ephemeroptera, 3.6%)2 734 o] 3} (Potamanthidae)
SHENY A GotEy] fiste] dFER L3 W& 7F 1.7%, nl57°l 1.9% %tk 22 29 27 (Crustacea,
& AR A3} Table 29} Z9tth Ho|YEL A TEA 11.8%)% M ZE (Branchiopoda, 10.1%)2 27| 2| &5H &3}

(Zooplankton)¥} A]&4] (Phytoplankton) 2.2 Wiro]Fon 7 (Bosminidae) 7.3%, =% S} (Daphniidae) 2.5%, =3 &4
A &L AF e AR (IRDZE AALIRS W 22 88.4%, £ 3} (Chydoridae) 0.2%, 8 2 &4 S 3} (Macrothricidae) 0.1%

116%2 ek} $E4 wol7h 953] Bttt o £02 H]go] %I, B7HE Copepoda)E 17%5 A
SEA Yolx= A FEE (Arthropoda)?] H|-&o] 71 & A5ttt 2385 E & (Trochelminthes), 37 (Rotatoria) 2]
k=, o] F Z57 (Insecta, 58.3%)2] 2] & (Diptera)= + %95 (Ploima, 8.7%) A+ FHY-a% 3 (Asplanchnidae)

Z- T3} (Chironomidae) 7} 54.7% 2 1j$- =911, dlF4to] 6.6%, F12&F T} (Trichocercidae) 1.8%, W &F¥
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Fig. 4. Ontogenetic changes in the composition of intestine contents
by the index of relative importance (IRI) of Iksookimia yongdokensis
(n=20) in the Chuksan Stream, Korea, March 2015.
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Fig. 5. Ontogenetic changes in the size of prey organisms (Insecta) of
Iksookimia yongdokensis in the Chuksan Stream, Korea, May 2015.
Circles and bars represent the mean and range of the size.
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L2 8~10°CET £97] el &577F Eold AesE &
@& 9t (Kim and Ko, 2005; Kim e? al., 2006; Ko et al., 2009;
Ko, 2015). JA/NA& A= IS 593 9ol &
A dehta 693 74l WA vehde BEFE Hol A
(Kim and Ko, 2005)2} €7 (Kim et al., 2006), AZZ7] (Ko
et al., 2009), ZE7 (Ko et al., 2009), EW<E7] (Ko, 2015) 5
I vl wd AR =T, YT 992 Attt A FH| fiE
o2 EA U, 691 782 ARt 9 o] o
oAl = AL g FHHU.

e ¥ T A0 ot 2P off o 1
FojAl e, B2 o7t FPHeE d2A YA T (Yoon
et al., 2011) Yo} (Cyprinidae)®] 4utR}t Gobiobotia
naktongensis®t 12 G. macrocephala, 54 G. brevi-
barba (MLTM, 2010) S3} o|7|3} (Siluridae)} 7}t
(Amblycipitidae), A7} I} (Bagridae) 52 olHF+= ofside
2 4HA Qh(Kim, 1997; ME, 2006; Kim and Park, 2007).
o ofF FollA FF7M (Kim and Ko, 2005)2F £F71
(Kim et al., 2006), ZZ7 (Ko et al., 2009), FZ7 (Ko et
al.. 2000y AZFRE BEARSL HAANAS 24 A3t 7
B iRz musel ¥ ATE FUstg s By
FThe AE A 9 JAF &4 23 1247 H
24X 72 BEshe ALe® U o7 oS H 3 (Ko,
2015), SENZ 0|2 Koreocobitis naktongensis~= L& 9|
F2Y 9% A7 B HOE el B ofgdoz B
5o} AolE H T (Hong, 2012). & AN 23T &
2% 5 HEI Squalidus multimaculatus®t T 2+a] Zacco
platypus, SAH8] Oryzias latipes, &2 AY Z. koreanus, W=
X Rhynchocypris oxycephalus, R © Rhinogobius brunneus
5o BUEAG A FHYOR tehgeh e 17
S AN Pseudobagrus brevicorpus, AN P. fulvidraco, SAt
2] Odontobutis platycephala, Z-A7+ Gymnogobius urotaenius
Se ofygom 2Aso] B 3 Ao|B ueth wetuls}
FAN, BAEAN Y 542 o] B (Kim, 1997; ME,
2006; Yoon et al., 2011)} SARIE L, UH R 259 54
of gk A4t FotE & St & 28F 5 SolskA
AN AA st HAZIEE A455% 9 SHFEAA
FTH7IMRE I o2 AYE BAFAAN7L AP
T o ARl BAFANY AAZH QA HFRE A4
o] & J&H| (Yoo et al.,2008; Kim et al.,2011b), & A7
9 A2 §AANE FF7ISH Y 71Fo] galEe] <l

ps

B aE of

S|
FEENY 23 YWEES FHF LA (IRDE 74
I} Zc}hL T} (Chironomidae)7} 54.7%% 74 =% 1
2 M|Z+E (Branchiopoda) 10.1%, %7} (Rotatoria) 8.7%,
HE T} (Arcellidae) 8.6%, 27} (Chlorophyceae) 6.3%,

o
i

27} (Bacillariophyceae) 5.1% 52 «o|itt. n]da]z} of
F F 2371 (Kim et al., 2006)2F FZEZ7 (Ko et al., 2009),
u|Z2F 70 (ME, 2011), 537 (Ko, 2015)9] Ho| H|F2 Z
oIt 7B w2 AR BuEe 2 Fak fARE 23k
A, 22 &o &t Gt e Rt oA st
Fabol g3t Zvktiirt, N oA aZ4-53 At
7t A U o] AtolE E it wlRtE|at o] 7o A
A2 MAReL A= o] 9T, %457l (Kim and Ko, 2005)2k
ZE7 (Ko et al., 2009)= F%0] v 3 W23 (10~30 cm/
sec) AT Fo| W2 s AA517] wj&ol o] gt x| e
o] A4k R4l HS Wo] A AR A4 ut
,SHENe AL &, 2 vietel] 1 AAlsta §-40]
g L (4~7 cm/sec)oll AA3H7] W (Ko et al., 2016) 3}
FaolRRTE ZttaE ol A Ao g ddEi
E3 FHENE 27 (Algae)?] H|& (IRI)°] 11.6%Z e
U 9571 (Kim and Ko, 2005)2} %71 (Kim et al., 2006), &
27l (Ko et al., 2009), ZZ 7 (Ko et al., 2009)2} SAFHA.C.
U 2755 A9 HAHA] g2 E4EH (Ko, 2015) Al 5%
7N (ME, 2011)&H= Zpol& B oh FaA Xoje 2717k 22
ST ANE 5 T2 FAsH ARo] EolAWA ol
o] vl &2 Zotx|aL 2717} F ZAvht e} spFAFO| | HE
o] Z7}5te] 71&o] ¥ %470 (Kim and Ko, 2005)9} 2
27l (Ko et al., 2009), 27} (Kim et al., 2006), =Z7l (Ko
et al.,2009), 1] ZZ7] (ME, 2011)2} v & {AFstTt

&

Ir g

o OoF
= =

r=FFE FHEIN Iksookimia yongdokensis®] P57
o AAYEHE Bs]7] 8l 20159 RH 2016@7HA] FAE
% ZAAT TFRANH 2AS ANHET SREAE
2°] 10°C o) 5= 347 11¥71A &3 24, =& Bt
goll A Ut FE3FE AL, 10°C ©]3171 HiE 1295 E ol&
a 287 A= 71" £o= oal Eo)7t dEsgth 5k 5
o= A IAREH 2% 15AI71A] &ddt S5 £ 44
Fe 2tk e 2 & 2HolU & & 2 EF
A oA SHAT. &3 WEES AHSRAEAS
(RDZ ZA% A3, Zth3 3} (Chironomidae, 54.7%)2F Azt
£ (Branchiopoda, 10.1%), &%7 (Rotatoria, 8.7%), 2|
I} (Arcellidae, 8.6%), 27} (Chlorophyceae, 6.5%), T7F27%
(Bacillariophyceae, 5.1%) 59 A2 =4 Yetgt. dUA
Aoje Ho| A7|7F A2 &54% AAE, 29ddH 52
wol dAstgout AAstHA Bo] 277t & Ao te} 5t
40| & (Ephemeroptera)& 2 A43to] HoldehE H}

=



o] =& 20159% AR (vRF=AT)Y AHUoz T
FAFA T YL ol $HE V)2 ATALY @AM
2015R1A2A2A01007117).
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