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ABSTRACT

To reveal the feeding ecology of Rhynchocypris semotilus, the survey was conducted

in Songhyeoncheon, Songhyeon-ri, Hyeonnae-myeon, Goseong-gun, Gangwon-do in April 2022. As a
result of analyzing the contents of the stomach using the index of relative importance (IRl), the important
prey organisms were mainly Trichoptera (46.6%), Ephemeroptera (27.6%), Diptera (12.6%), Odonata
(9.7%), Plecoptera (2.8%), Coleoptera (0.6%), and Hemiptera (0.1%) of Class Insecta, Phylum Arthropoda
in that order. As a result of analyzing the trend by calculating the index of relative importance (IRI) for
each age, it was found that those born in the same year mainly feed on relatively small Ephemeroptera
and Diptera, but the proportion of these gradually decreases as they grow. And the proportion of
relatively large Trichoptera and Odonata gradually increased, turning them into the most important food
source for those over 3 years old. Additionally, prey size was the smallest at 2.8 +2.5 (0.6 to 9.0) mm for
individuals born in the same year, but gradually increased to 5.1+6.1 (1.1 to 17.0) mm for individuals
born more than 3 years. As a result of examining prey selectivity, Plecoptera (+ 0.78), Trichoptera (+ 0.66),
Coleoptera (+0.66), and Hemiptera (+0.03) showed positive selectivity, while Amphipoda (—1.00),
Ephemeroptera (— 0.24), Odonata (— 0.13) and Diptera (— 0.05) showed negative selectivity.

Key words: Rhynchocypris semotilus, endangered species, index of relative importance (IRl), sizes of prey
organisms, prey selectivity
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2kt A (Choi et al., 1990; Kim, 1997; Kim and Park, 2007;
Chac er al 2019)7b0] Y B AT AT AP=IA] £ak5)
o,

Q77k WY SRR TAFH Te] BEA Hef A
AR 2 (BCP, 1974; Son and Jeon, 1991; KFS, 2000; Choi et
al.,2021), 2vet ERA 99 25T e 24T dUH
o YIXZ FYshHol, sb AA7L RIFSAFAA o] FEAHe
231t} (Kwater, 2007; NIE, 2015).

2 QTOHE BV HETIA) HES et A7) o
PO, olia) ATEA e SRS HAAE Let
ARl SEHANA Atste] FESHY EAS HelL 2ATE

3w - e olat A} s

HE7HA 9] AAAEHE 8871 sl HEZHAI7E ol A4
SHL Qe A= IAT WY S8 $RMS dfer o
75 Y8t (Fig. 1). # T2 SBFAE BFH7] oA
= g9 ARE ofFel7] o] dFAged 3o 249

East Sea

Gangwon-do

Goseong-gun Songhyeoncheon

38°34"

0 0.5 1 km
1
| | oy
128°21" 128°22

Fig. 1. Study station of Rhynchocypris semotilus in the Songhyeon-
cheon, Songhyeon-ri, Hyeonnae-myeon, Goseong-gun, Gangwon-do,
Korea, 2022.
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Table 1. The number, volume, occurrence ratio and index of relative importance (IRI) of the stomach content compositions of Rhynchocypris
semotilu (n=20) in the Songhyeoncheon, Songhyeon-ri, Hyeonnae-myeon, Goseong-gun, Gangwon-do, Korea, April, 2022

Number (Age)
Prey organisms Number Volume Occurrence IRI IRI
Total (%) (%) (%) (%)
(n=5) (m=5) (m=5) (n=))
Class Insecta =27}
Order Trichoptera =& 31 352 30.2 70.0 4576.6 46.6
Family Hydropsychidae &&= 3] 3}
Cheumatopsyche brevilineata X1 0}&'g =2 1 1.1 6.6 50
Family Goeridae 7}A| g =2 7}
Unidentification spp. 16 18.2 24 250
Family Polycentropodidae %' = 2}3+
Plectrocnemia KUa 219 = 8] KUa 3 34 0.2 10.0
Family Lepidostomatidae Y] =3 d =2 3}
Lepidostoma sp. Y 2 =3 & 1 1.1 0.2 50
Family Stenopsychidae ZV'g &= 2] 2+
Unidentification sp. 1 1.1 8.2 50
Family unidentification spp. 9 10.2 12.7 400
Order Ephemeroptera 3}54Ho] & 27 307 235 50.0 27109 27.6
Family Ephemeridae 3}54to] 1}
Ephemera strigata F-X| 3} 340 1 1.1 2.8 50
Unidentification spp. 3 34 9.0 15.0
Family Ephemerellidae &2}3}F4 o] 1}
Cincticostella levanidovae 71 3}5410] 5 57 12 10.0
Unidentification spp. 15 17.0 10.3 300
Family Baetidae Zu}3}3#Aro] 1}
Unidentification spp. 1 1.1 0.1 5.0
Family Heptageniidae g2}l F4to] 7}
Unidentification spp. 2 2.3 0.2 5.0
Order Diptera 3}-2] & 17 193 3.1 55.0 12343 12.6
Family Tipulidae Z+t}h7] 2}t
Antocha KUa BFZIth3] KUa 5 5.7 14 20.0
Family Chironomidae Zwht3}
Unidentification spp. 8 9.1 04 350
Family unidentification spp. 4 4.5 1.2 200
Order Odonata FA& & 4 4.5 335 25.0 9523 9.7
Family Gomphidae &3} 3}
Davidius lunatus 2 &8 7 A} 2 23 333 10.0
Family unidentification spp. 2 23 0.3 10.0
Order Plecoptera =& & 5 57 8.2 20.0 2785 2.8
Family Perlodidae 187 &= 2} 7}
Unidentification spp. 4 4.5 8.2 15.0
Family Nemouridae ¥17} = 2] 3}
Unidentification sp. 1 1.1 0.1 5.0
Order Coleoptera T3 | & 3 34 0.6 15.0 603 0.6
Family Curculionidae B} 2}
Unidentification spp. 1 1.1 0.1 50
Family Coccinellidae £33 2| 7}
Nephus (Nephus) phosphorus 3378 o] 7| -3 | 2 23 0.5 10.0
Order Hemiptera A & 1 1.1 0.8 5.0 96 0.1
Family unidentification spp. 1 1.1 0.8 50
Total 88 9822.5
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=7} (Goeridae) 2] ©]5A (Unidentification spp.) 167§A], 71
=33} (Polycentropodidae)®] A==l KUa Plectrocnemia
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Cheumatopsyche brevilineata 17§, 4/ 2 G =) 7} (Lepido-
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I} (Stenopsychidae) |57 1704, vl 9744 S0l &35}
k. stEAol oA gt RAto] T} (Ephemerellidae) ] Rl
32A4F0] Cincticostella levanidovae 570A|, B[54 15714, 3}
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AA, w1578 370A, FRstEA ol T (Heptageniidae) ] W&
% 271A, ZupstEAol 3 (Baetidae)d] HEA 1704 5ol &
@ttt vhe] &2 Zwt 3t (Chironomidae) 71574 8704, 2
o+ 2 (Tipulidae)®] HFZFt+H KUa Antocha KUa 5704, O]
B3 44A Fol FRAIENL, AR F A= SRS
(Gomphidae)®] ZHZA2] Davidius lunatus 2783, v]53 2+
20, BB 2B =T} (Perlodidae) T1EA 471,
U= o (Nemouridae) 1574 1704, B dHolAe F
T Y 7} (Coccinellidae) 2] 2N 7| H3| Nephus (Nephus)
phosphorus 27§A), BFu] 2k (Curculionidae) U154 170A17F &
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ol FAA(0+) 1970A], 7F 138 (1+) 25704, 9t 2y
2+) 17704, 7 394 o)F(=3+)°] 2771A1=2 1k 334 o]
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(15.0%), A4S (5.0%) S22 Ueh} dd|=o] 1 %9t
o},
Holo] 4=, B, B S wtgsto] ALtste T84T
(IRDE B=A5(46.6%), SHFAOIE(27.6%), T (12.6%),
A (9.7%), =5 (2.8%), TH L= (0.6%), =A==
0.1% £22 F2T Bo 4= ekt

2. 3%0 mE Ho| =4 H 37| Hs}

e m2 Hol 24 9 7] W3 Fig. 29 2k &
FH2 AQF oA TE AL A, FAY (0+)S A
o1& (59.0%)% 2|5 (26.1%), =W F(11.5%) 5= F=
AR, T 194 (1+)2 3FFA01 5 (85.9%) 3 =&
(93%), AAEE(3.6%) 52 At o, w23 2+)S &
ZPE(59.4%), SHFAOIE(22.3%), T2 & (10.9%), ==
4.1%), A E(B33%) o=, T 394 o] (=3+)2 2=
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Fig. 2. Ontogenetic (age) changes in composition of stomach contents
by index of relative importance (IRI) (A) and sizes of prey organisms
(B) of Rhynchocypris semotilus in the Songhyeoncheon, Songhyeon-ri,
Hyeonnae-myeon, Goseong-gun, Gangwon-do, Korea, 2022. Circles
and bars represent the mean and range of the prey size.

£(74.3%), 3FF20l 5 (10.4%), 2} 5(6.8%), A= E(5.0%)
o2 FE 459t wEtd dadE vlwd 27)7h Z2 5t
FAbo| B} 2|58 2 4SRN A o] whet o] &9 H]
&2 A2 dasta vaAd 2717 2 GRS AR S
H|&o] A} F78HE L B 34 ol idollA= o] 71t
23k Hol o]t} (Fig. 2A).

go| 271= iAol AMA7F 2.842.5(0.6~9.0) mmZE 7HF
Zrout gt 1A 4.0+2.6(1.0~11.0) mm, ¥k 2WA 4.6+4.5
(1.0~15.0) mm, 9 3FA o4 5.1+6.1 (1.1~17.0) mmZ
et B4 37] 2 97 3283] AR = ALeE ULt (Fig.
2B). A% Ho| 27| FY4E £A% Zat, FdA o 1k 34
Ay o)A (One-way-ANOVA, p<0.05), 9t 1328 o 7t 3WAY o]
Z(p<0.05)0A4T F944E B ot Ay o vk 194, gd
A gk 2@y, 1dAy o 7 2dA8, gk 2d A of T 3 AY o]
AL F94d0] fATHp>0.05).
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Table 2. Environmental prey organisms of Rhynchocypris semotilus in the Songhyeoncheon, Songhyeon-ri, Hyeonnae-myeon, Goseong-gun,
Gangwon-do, Korea, April 2022

Number of Scientific and Korean name Number of

Scientific and Korean name L Lo
individuals individuals

Phylum Nematomorpha $A3SEE Shaogomphus postocularis epophthalmus ©] 2 &8 2212

Class Gordioida ¥17}X] 7
Order Gordea 97X &

Sieboldius albardae 18] 7F47A12]
Family Macromiidae Z+4H3A}2] 24

Family Gordiidae €7}A] 2} Macromia amphigena ZHAF AL 2
Gordius aquaticus Q7 1 Order Plecoptera =2 &
Phylum Mollusca 93| SE&& Family Nemouridae 17 % 2| 2}
Class Bivalvia o] v 5|7} Nemoura KUb 117} =2} KUb 1
Order Veneroida W 3% Family Perlidae 7%= 2] 3}
Family Sphaeriidae A+ 3} Kamimuria coreana 3+=-7} = 2 1
Pisidium coreanum AF&Z 7| 2 Order Hemiptera 2 2| =
Class Gastropoda -7 Family Belostomatidae 7373}
Order Systellommatophora 4§ ¢+ Appasus japonicus SA-2} 1
Family Planorbidae FEo}g] 223 o3} Family Nepidae &-ofjv] 2}
Hippeutis cantori 302 B2 0| 1 Ranatra unicolor A o} A v] 1
Order Unassigned Family Notonectidae 4733 4 X A| 2}
Family Pleuroceridae t+& 7] 3} Notonecta (Paranecta) triguttata 5738| 4 2) A| 1
Semisulcospira libertina Th&7) 1 Order Coleoptera T34 =
Phylum Arthropoda 2 X5 &% Family Hydrophilidae 9 o]z}
Class Malacostraca 977 Laccobius (Laccobius) bedeli 75 o] 1
Order Amphipoda 925 Order Diptera 3}2] %
Family Gammaridae &9} Family Athericidae 7]-&%5°l| 2}
Gammarus sobaegensis 2 Z A A9 33 Suragina KUb 717]-&5-9|| KUb 5
Class Insecta &7} Family Chironomidae Zu}+3}
Order Ephemeroptera 3} 34o| & Chironomidae sp. Zo}5 38
Family Baetidae 2 u}-3}34to] 3} Family Simuliidae ¥ 3} 2}
Baetiella tuberculata °l| .35} 540] 4 Simulium sp. H¥2]F 16
Baetis silvaticus 73 % 3}540] 2 Family Tipulidae Z}c}# 2}
Labiobaetis atrebatinus Q& 3H410] 3 Antocha KUa %52t KUa 3
Procloeon pennulatum Z318] 8}F4F0] 3 Hexatoma KUa AR <7 ZHch4 KUa
Family Ephemerellidae &2}3}F4 o] 2} Order Trichoptera 2= &
Ephemerella atagosana 2r}24k0] 3 Family Goeridae 7} 2= 2| 2}
Serratella setigera ¥ 22| 3174 0] 30 Goera parvula 1-=7FA =2 1
Teloganopsis punctisetae ‘5= 3} 24ro]| 40 Goera sp. 7HA S =7 1
Family Ephemeridae 3}34t0] 3} Family Hydropsychidae 24 =22}
Ephemera orientalis &% 31540] 36 Cheumatopsyche brevilineata T 024 = & 3
Ephemera strigata F-X|3154Fo] 2 Hydropsyche orientalis 5% &2 =) 1
Family Heptageniidae 'g2}3} 34 o] 2} Family Lepidostomatidae Y] 23 =] 1}
Ecdyonurus kibunensis 533} 34k0] 3 Lepidostoma KUb Y23 =& KUb 1
Epeorus pellucidus 52| 5} 54F0] 5 Family Limnephilidae $-53 = & 3}
Heptagenia kihada 3 'd 3} 540| 2 Hydatophylax nigrovittatus WF-5]$-Eg =2 2
Family Leptophlebiidae Z-2)| 3} &4 o] 3} Nothopsyche KUa ZHA9-E-Jd 8] KUa 2
Paraleptophlebia japonica 722 5} 540] 11 Family Odontoceridae B}~ 3 = & 3}
Order Odonata Z#}2] & Psilotreta locumtenens =G 2 g g = 2
Family Aeshnidae %-3-%}2] 3} Family Rhyacophilidae 53 =2 7}
Boyeria maclachlani 77 3] 2] 31 A}-2] 4 Rhyacophila brevicephala ¥ 2] &2 =2 3
Family Calopterygidae &%#}-2]3} Rhyacophila clemens S| N A EG = 1
Atrocalopteryx atrata 722372 3 Rhyacophila lata &30l &'d =2 3
Family Cordulegastridae 47%2}-2] 2} Family Stenopsychidae Z'3%x 2 3}
Anotogaster sieboldii Z7A2] 2 Stenopsyche marmorata R 0|2 =) 1
Family Gomphidae 3 7%A}-&] 3} Total number of species 47
Davidius lunatus 2 ZHZA2}4] 1 Total number of individuals 288
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= -

= A% A, 23R 42F 2517041 (87 .2%), ¥

F 37T (12.8%) 2 257 BTl #3%th 2579 &
Ho|AWE H|E (pi)2 FFAIE 50.0%, FHE 21.5%, =
HE 73%, FAAEE 59%, HAE 1.0%, =2 0.7%,
AEYE 03% 59 o2 stRgo|Eo] 7P 3, vt S
F+ AAF5EE (Arthropoda)®] A7} (Malacostraca) ©2r-5
(Amphipoda) 11.5%, QASEE (Mollusca) 1.4%, FAH 5=
£ (Nematomorpha) 0.3% 52 +22 Ueht} A7 942459
H|&o] 7H =34t (Table 2).
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A WEEY ERaE Bl @) EEHE 35.2%, A0
2 30.7%, B8 193%, ZEHE 5.7%, ZAEE 4.5%, GF
HeElE 34% 59 «o= Uehdal, S Hol & HlE(pi)< 3t
FAPO| & 50 0%, T 21.5%, BZHE 11.5%, 9235 7.3%,
AAEE 59% 59 22 Yeiyth 9 WEE v&dt 34y
o| & Hl&Z o|-§3te] Hol| A A4 (E)E ALkt A}, 7
23} (40.78), SEHE(+0.66), TRHHEZ(+0.66), =
AAE (40.03)2 ¥ AL, 2= (—1.00)7 shFAtol &
(—0.24), AR = (-0.13), & (-0.05)2 29 A&
Btk (Table 3).
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Table 3. Prey selectivity of Ritynchocypris semotilu in the Songhyeon-
cheon, Songhyeon-ri, Hyeonnae-myeon, Goseong-gun, Gangwon-do,
Korea, April, 2022

Taxa (Order) ri* (%) pi** (%) | ik
Trichoptera 352 7.3 0.66
Ephemeroptera 30.7 50.0 —-0.24
Diptera 193 21.5 -0.05
Plecoptera 5.7 0.7 0.78
Odonata 45 59 —0.13
Coleoptera 34 0.3 0.66
Hemiptera 1.1 1.0 0.03
Amphipoda - 11.5 -1.00
Others 0.1 1.7 -

Total 100.0 100.0

*ri: relative abundance of prey category i in the stomach, **pi: relative abundance
of prey category i in the environment, ***E: index of selectivity
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Table 4. Comparison of the prey organisms of Rhynchocypri and Phoxinus in Korea

Characteristics R. semotilus R. oxycephaluis R. steindachneri R. kumgangensis P. phoxinus
Analysis method IRI _ _ IRI (sprill\ltrlngﬁi:mer
(month or season) (April) (Jan.~Dec., every month) autumn)

. aquatic insects,
Trichoptera (46.6%), crustaceans, aquatic insects, Diptera (43.5%),
. Ephemeroptera (27.6%), Ephemeroptera,
Main prey - lugworms, crustaceans, Ephemeroptera (32.2%), .
L Diptera (12.6%), Lo Do . Trichoptera,
organisms small aquatic animals, small aquatic animals,  Trichoptera (5.9%), .
Odonata (9.7%), L. Diptera
plant fragments, attached algae terrestrial insects (18.4%)
Plecoptera (2.8%)
attached algae
Choi et al., 1990; Choi et al., 1990;
Reference Present study Kim, 1997; Kim, 1997; Choi et al., 2006 Back ef al., 2002

Kim and Park, 2007,
Chae et al.,2019

Kim and Park, 2007;
Chae et al., 2019

o] Z7IB . R EQI 31 (Choi et al., 2006), 7Y Orthrias
toni®} B Lefua costata= 37|17} ZH fAIE°] o2&
<= T2 AR AAtol wet sl B} Yo v
£0o| 23] Z7}3}9 (Jeon and Ko, 2021; Kwon et al., 2023),
I Gobiobotia macrocephalaw= 37|17} 22 7| A 50] 3%
Ho|23} wlel g 2 ASHE ATl tet Y ee) v
20| F33] 7= Ao g2 BuEt (Ko et al., 2011). HE
7R 2717 A2 a4 Z|of7) stR4de| Bt wElES
AABHAE Agtol et o549 HES sty dredaat
A FY Hgo] F71ete B4 Hof vjwA Hpejel fAt
gt Ho|HeE By}

R AR 2 ARG 3RS AR BN
3= 4-$7) w2d| (Kim and Park, 2007; NIBR, 2019; Chae et
al.,2019), FLsHA 27| AlFol AAlsteete 4o et
AR o] Z}o]E Hlth(Baek er al., 2002). E3F FAE}IE =
FAEAE o] AWS ] wigol aFel Wi eAY -
F#Ho|| "ol 25 55 A4St B AEE A= Yol o
2 3] wjZel vigelu & B £o%le HolE 72 4
Al5to] mjaxf A x]of Aol & Hol= Ao HIErh(Back e
al.,2002). HE7H = ZAFT FASHL Ql=tl, 235 dA=
FARA], Lo FAEAY HEN, 2 AFAA FAH
o= HENS FASHL AT (Choi er al., 2021). FSAHNA H
EMe A bl Wol A4lstt MEZHA = S44F A53
oz AAEHaL 9o} (Ko et al., 2023) 4220] HE7FA] A 412 A
Faglo s FHHY, FS HEMN HETHRY BRATA &
TE3t7] el MEAN tiet 71 A7t Basirkar Az
EI HEZHE o] AW e =2 Higo] Qe EedE
¥} R4l R, SRS HAstE o dF SR =9
B3} gy s, g2, 5ol E 5 £EH FoXl &4
L= A Ak Aoz Uehd, S7FE A9 Bl aL A ARG
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2] & (Diptera, 12.6%), &A=& (Odonata, 9.7%), ==
(Plecoptera, 2.8%), T HH = (Plecoptera, 0.6%), A=
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