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Abstract

Invasive predators are one of the most damaging species groups to biodiversity. In the Nakdong

River, the lake skygazer Chanodichthys erythropterus is a dominant species that is fiercely carnivorous and a
concern for commercial fish. Although it is important to understand the ecological characteristics related to the
feeding habit, studies on the diets of lake skygazer in Nakdong River have been limited to studies of gut contents.
In this study, the trophic position (TP) and feeding habits of C. erythropterus were studied by calculating TPs
using samples collected from 13 sites throughout the Nakdong River. Compound-specific isotopic analysis
of amino acids provided reliable TPs from the muscle of Lake skygazer C. erythropterus without any isotope
baseline. The results were approximately 3 to 3.6 and suggesting a carnivorous but size-dependent prey variation.
In particular, the TP variability of C. erythropterus observed in the Nakdong River showed that it had a selective
feeding habit compared to carnivorous fish species of relatively similar trophic levels.
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(Thompson et al., 2012). YetF o2 Z2 1= AEH A L2
£ Z2AstE 23 4 240|H (Karr, 1981; Rodriguez-
Lozano et al., 2015), ]2} &3] mesopredator release
hypothesis (Soulé et al., 1988; 27|17} & EZA|X7F BAIH
HolA 57 2719 EART BRAAE L Y
st= 7)) o] Y (invasive species)®ll 23l 4341 HA ol
U= AE FH BEEE= U 5 QA HolLxo W
3 A7F 23] APE 2 Tk (Carey and Wahl, 2010).
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AN 54 EAF) B0l G ) 5 Y Y
QLe thorg, Q1914 2%, 84 o4, 1elm 71§ W

2 Tk A4AS B WILE ofo] EFHL Het
AF7HA] o] 2L Aglol| o5t A A Fx2 ¥sE =
UESHE AL SAHA BEE 8 Bas A7l
Qurael ol glolgi.

B3R Chanodichthys erythropterus (Basilewsky, 1855)
&= 9o & (Cypriniformes), % ©] T} (Cyprinidae)®] 43}=
oAz M dEFNA $HES Eolenl ool o
FAHA F2o BE OdFYS = 'c:>° e A 43
& BANAT UokT magel gL B
(Jeong and Han, 2018). ©] &2 53| 79
o] 3 ZFO] ¥ oA F=2 ‘?1?14.5]
cm7Z7HA] AR ste & 3719 g9 IE}(FishBase,
http://www. fishbase.org). -2 L]-E]-C’ﬂ/ﬂ% 2000¢ o] =4t
IO LHFTLE AL 24 ZARE 73
S44 A4 EA el A BF 9tk (Son and Byeon,
2001). 224 o] Fo| Skt RS T e &
P4 Ay g2 G54 sACde 9 AAsHA gt
¢ Zo|¢len (Kim and Park, 2002), 20049 Y57+ 57|
o ogH ol AAHOE AN ZAhete] HZ
& A A FREo| $5te] @A el wet —’F’%‘Eﬂﬂ]
TS ARIPIE FEE 5 ATA SIE 29

I Qe AeZ dEA JdrtJeon, 1999; Jang et al., 2001;
Jeong and Han, 2018). @A) F7FA7| | ALE ZALE
011— 14-571— EE,,] e Z/\]-Z]Z']jq- 71— HHb‘/_\.x]o]
Fol= A3 ot A= 57 A A
228 o]g]E oz BE319THMOE, 2016).
5N A5 $E SaokEd 99 JEe
2 2 AAXIL Ql=dl ol ZAEAC T2 S44

T/H7F 71&8] Bogo] wgke] lof F2
Folt}. Kim (2002)3} Yoon et al. (2018)
8 oIF AEA EAAS 049, 3902
S e o 24 A B AP BER 1
o71g 4= U2 AAE B QUTh v*?o}ﬂ] Capps and
Flecker (2013)2 #A|Z7}of| =1E w7|FE o=
& AP olUe ojFol e B
A8z A5 FeAE AN A G -5—94 117“ oL —{E?& %
TS TAE AT S Uik ol 59
BEAT el F el BBl SR RE HEt
Soi7] 845 T A% o AAE 9 40 Age
4 2o @Ho] Hold o] F S} EolHTin
=3l 3lem (MOE, 2021), 83 A9 9] o] d&-Fol ¥
2 718 4 U2 Aolehs S A Al 27}
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of tigt =7+ A, A &
I Q= F°ltH(MOE, 2021).
Se gEA 3t B2 ATt qgozAel 45
St Eof digt =9 AL (Li et al., 2009; Kindong et al.,
2017), =W AFE2E ol AAsHE T8 Al §4] oF
o A4 AT F A Tz 9 HEE 24 7]4t 3
Hol7} AFH H} 921 (Son and Byeon, 2001), 52 €l
oAFAF 2A A7 U] £ = (Jeong and Han, 2018, Byeon
2019) 2 FohRolA SFFA7E o] &3 o5 A+
(Yoon et al., 2012), 28] HA} THE 7|AZ(Z2F)
B3t AL (Heo er al., 2018)2 3+ = o] £=3PE|Qlch E3
57l AAsHe ZEX o dslixe 249 22
A A Yol THE oAFH A AHA ol F2 4
= A= AFA A oF F sttE ZAFE o (Oher
al., 20195 A &JstA o] ojFo] of7|st= e £4
£ A9sta B3t Hol a3t AE H4 541 ¢
oFatA 2]¢] (9 ©A, trophic position)o] et A7 of
A7) S8 o ick 2R e oK) geret

chap wete] 78

4 2919 AEE AYA B 3l wAsHE nUn B
A ZEAS) AR 23 LYY ol £ Belol

olH Fad A7t B 4 e

olF9 A2 A4l FH?_P ATE AT oI Wl
EAst=tl, o W8ES T4t BA4sk= B (micro-
scopic approach)@ ¢ W-EE F doldlE HolMES #
xR AR EXLS o] &3l U (metagenomic approach)
Sol glen 44 BAS ok HPEULH] B
7] ¥ (stable isotope analysis approach)©] QIt}. o] & &4
o A HEEHYanE A4 Yol FgetE 24
(BLDAN Hg BEE Uehd 4 glof A=A A
tjokst YES Aoz Hol 122 FAlsts o] o

S5 &2 = ok 53] Ax AFALRH= 13
AYAERL] ghol A A4 DA met A dAZE (o
34%0% S7] WEOZ 13 A4S Au|ete] Fo)
2 B9 JUDAS ot 4 Atk FEAS Tee of
2 ol g wo| F2E ST 4 AT 5]
of BelA %4, 2, A4 4 YHAEE 2 T ol
3] GFAAZS v A} 3G 2 (Oh et al., 2019), &
i ML E o] 83 JdTA 4 S o
TR 22 We 9S LR st dFolA = A
o Ane| A=t ¥ 4 ks 237t HAR7E F
o AAE 2 A3 AR Y A 94 AAAZE 9
MAEA, B 7 A7lof whet AHE, A7 g ¢
e Hdan ol 2x Aol AolstA YEtue
o]¢] thefol ERIEE ALE HFoR JYHAE

A
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Z3517] ST A4 ALY V& #E I
7B FEEFIESE (AY F$ Uehts HE
et A E A718HATH(Oh er al., 2019). ©]+= ThFe 2
29 fo= 1 AR A EEZTIE)Y oY
a7t HEAAE 2= W A9 SRS o7y E4
turnover rate’t Z¢] 1 & H|wdt= A oA HAsH=
2}o]Z oJu| 3t} (Choi and Shin, 2021).

| o] & HAE 5= Sl HHOE AAY opw|iAt A
2 A FHLRBE o] &3 FYDAE stz 7™l
F& 931 Qlt}(Chikaraishi et al., 2007; Choi et al., 2020;
Won et al., 2022). o= RHEA W Ho|2FRE 7]Qls}= ©
u|ieAbe] thAbe) EAE &-83 o R Ho|Y e
A3}3 9= source amino acid®} A A=, & o
Aol 235 Ho{F = trophic amino acid®] 59 {aH]
o|-§3t= A4 O R, FITAA AdolA vy & £E 3%
< Z¥+= trophic amino acid®} G YA oA ALl ¥3}E A
oF= source amino acid AFo] ] Z}fo]E o] &3ttt E35] 9]
712 HolE glo] BREE st t AR (eg., °1F)
o2 AejA W e AFE 2 I A& @
A ¢ ok Ao R FEAC Zo] Y2 95 79
st ohFg HolE H= o 7ol tisiA= 7MY F83
Ho 2 o AR,

2 dAFoA= ofu| Aty AAA UL BT
& &8st G54 A oA A AEAY IS
AE KRR g o B3| thE ofF9 Exelt 7
FX9] A7)0 W YA WIE S5
oA 2AHE EHo2HE ERIg g o7 ST v
nE 33 ol59 M4 EAS Rl E A 5t

-

-

2

o

b

Uz -

XIS - orE= - MZE

YE3e £ &2 dAFo] 525km, FYHA | 23,860
km’9] @it A 74 71 Aoz BARGSA), fjgg A
£ X3 F8 ZAE AXY olF TAY Yt 5-F
PE&4E o8I Ut &4 AEHQ o] &S Al ¥
4709] A it RO fdoR A% AT F
& Eo|7] Y3l tFol =FEHL lon AR
HE SFF7HA] 4t Aol 3oz A" 10749 B
7k 178 et

2 dFdAE 954 ARolA SR F 1378
o A (EF: s M1, 3 M2, i M3, HE M4, B+
M5, 3H25 M6/ A5 $14 C1, 3 €2, 57 €3, A
C4, E¥ C5, W C6, & Uy AAstgch 34 £
AR B 270 A3t o Ao (AFR), HF 557
R @EALPE), A A7 B2 (EA4R), & 517 &

=
=1
T(FAERE), BF A7 FLEFEIUE) oIt (Fig. D).

FER %} TAFY AL 20204 9¥T} 109 Afo]
PE At o729 YFS EPAL WL $Euat EA
oA 527, 223 An et al. (2001)2] HHE wgton =
AEZE U e AAA] §3E BE 2t QR st
At AR E=F= E(cast net, 7X 7 mm), = (kick net,
5x5mm) @ AAF(HFET 2ol 20m, =T E°| 2m
T 4mm, A 370)& o] &t en, 2AH Y sHH

Fig. 1. Sampling sites of Nakdong River. The lake skygazer Chanodichthys erythropterus and co-existence species were collected at each

site from 22 Sept to 8 Oct 2020.



TR Ao met E2RoAE BRI, eHFel X7
At B S0hE ol §3ht 5 W) AU o 72 A
Eotith AAE Aae @A FHEE ERE S5l
&R C. erythropterusS} 01919 ojFo) His) 54 & &
WA & Fofstgon FEX 9 A AHE ot
2719 A7 FE7} He Aol 28S FiL JHE 3
stk AL 717 B¢ EFe ARE 2T 137 BH
AM AHE A F AHE HAY B 2715 2T

% T3INAIE Agste o9 AR H} FAE ixéﬁh’ii,
1 oJoFthA] B o] A4 SEE 93t v
FrAREE 27)9} ZE‘%*E a3 35S 1E_Jio}01 o}
Hlif& A gAY 4o ol gyt &, FA
g 2719 A AT AYER @2 ARAA= 7
g Al W‘*o}‘*‘t} A e 35A19 BFEA= E
Ao A 5 28 (dorsal muscle)S HZ&3 Wit AFPA
=2 Ol%o}%‘w}. ofu] At A HFHdan] B4 o] &
" FEA AR B AT 2712g(FA 1.8g(EH),
2|t 916.0 g (Y¥h))ollem AAE 58.0~500.0 mm (B
2+ 305.5 mm) At}

FEA 0]9f9 ofFol HaiM= EF A A A
HE HAE A= fHSH oS e 24, &
3 AEA9] Ho| FHyo 2N SH(FF 54 H
T 27D)& %= o o% AFSHRTH Yol F 2= AR
oA HHE Hat AL DG ALE 131?3‘}93\2“4 =
3], ZEA 9 WEE 011*1 AAE vige s 2AHE of

% AR= F15h9(MOE, 2021). ”*Ol—,—_“i_ih et

2 (Tanakia lanceolata), F5-9] (Pseudorasbora parva), 3t
E70 (Squalidus glacilis), YA (Hemibarbus labeo), T| 2}
u] (Zacco platypus), IL2] (Opsariichthys uncirostris), A
2] (Hemiculter leucisculus), =117| (Pungtungia herzi), &
2 (Lepomis macrochirus), WEHAY
brevispinis) 5= 35'1'5]-@‘1:]-

Ho|THF FREE AT HRE AMS 1=
A 23] o] fA T A AE HIR R ZAME F
Alg ] Hol|TH o] F40} WA =5 ©]-§-5} 75“/1‘_3]'
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AS fsl —80°Co] B & T2 X W #ESAA B
Bt F715A PE Y A4 (37C-bulk) £4 ¢
AF(IN)Z} chloroform/methanol (2: 1, v/v)< ©o]-&3] F7]
Sacl AANRS AT T Az FUNE AT A=
o ti3] T YA AL AFEA 7] (IRMS, Isotope
Ratio Mass Spectrometers, Isoprime, UK)E ©|-&3dlo &
Aottt g4 gist EEE3E-2 Z1Z Vienna Pee-Dee
Belemnite (VPDB)2 Ha: &) H|E H|25}0] HEE (%)
2 AArstt

7 A= obwlmAb b (0 Nan
& 9J3 A2+ Chikaraishi er al. (2007)°] <3 Y
H 7hrEd 2 feA3 S ol &kt + 23 of
5mge & <5 ARE HCI(6 M)= ©]-&3F] 110°CofA]
HES-(12~24 hn Al A 7HE8iE A 3sH3UTh o] hexane
: dichloromethane (6 : 5, v/v)& Al&o] H7}5te] x| 2-E A
718t 3, Thionyl chloride : 2-propanol (1 : 4, v/v)Z} pivaloyl
chloride : dichloromethane (1 : 4, v/v)& Al&o]| H7}slo
110°Coll A 2A17F F2F BESAIA F=A43 g2 213
sttt obu|ieAt A QHEF Y 4H] (015NAss) £4E
7tA3 20t 33 9] (Agilent 6890N, Agilent, California,
USA)¢} IsoprimeAle] QA5 9 €4 ATFEA 7] (Isoprime
10005 Q4T 7taazrnEdd -y ods AFE
44 7] (Gas Chromatography-Combustion-Isotope Ratio Mass
Spectrometry, GC-C-IRMS)E ©|-&3to £43%th. GC
oven Y AL 40°C A 2.58 F¢F 82 & 15°C min™!
o] &% & 110°C7HA] 42, 3°C min 9 £E& 150°C7}+
x] $2, 9% 6°C min"'9 £EZ 220°C7HA] $2A17
T 17387 FA314 ). o] 5Ar (He gas)9] flow rate= 1.2
mL min'©2 AR5ttt AES-S CuO, NiO, Pt wireZ}
SR HFIE 950°Col| A 7hEste] AHgstglon, 2
& Cu, Rh wire7} 22 E Ao #e AFLo A A3t
ST AR 5 Nan, BA9] HIHHS 157 918} Aa
AEEHAR 7L G opuieAt BFE EES 10779
Alzotth 243t o5 o] &3ste] Alre gE EASH
ot 7} ofm| Al 3 S 9] da AT HEaE = AR
9] 8"Naas®] B4 oA 0.7%, vlTke] BF 935 1
ehpsict

Ax A3ES

5. UL (Trophic position, TP) A&

FFHA A& ofn|icito AT PAH] Y
NaasE o83ttt AAS a4 glutamic acid (glu)$}
phenylalanine (phe)2] 24 HHF ¢ ¥U4H]E ZZ trophic
amino acid?} source amino acid2 3tg o &y e
42 A8,



222 US| - FBHE -

(515 N u_élsN o=
TP = ( gl ph, ﬁ) +1
TDF

3 Al Aol o7t FFDA AJolAl glutamic acids
o] N7} oF 8.0%0 A= H|ILA FA F7}ste] Fgh
Aol tiet JEE A5+ (trophic amino acid), pheny-
lalanine2] §""N& o] o]of ujz} 7| 2] WalE] x| ¥7] w)
ol Ho]€ (source amino acid)°ll ti FEE A5
Utt= A &3k g A Ao At A2 -
A W LA A FEEE 8 Nt 6 Nen2] 2o
k (3.4%0)y& AHE-3FR AL (Chikaraishi et al., 2015), trophic
discrimination factor (TDF)+ 6.9%¢2 AR5} th(Blanke
etal.,2017).

FEHAY HEAEE Bt FEDA (TPue) 2t 2 WA Y
FHEA (TPina) 9] 2ol & o83l et it

TPvariability =TPjna. — TPavg.

6. SHEA

27 AF Al A 27 2 FRFEA O it H
not ANAY 27|19 FLFEAY BAE vlwstr] s Z+
ZF t-test®} Pearson correlations ©]-&3} i th. 248 SPSS
18.0 (IBM Corporation, USA)& ©]&3}o] o]FojF o
F94L 0.052 3T

,ﬂ
AN T
M
lo
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™
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e
<
X
olrt
lo
=
A_l"
it
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0 :lo
lo
=

Tt

A Z717F 2O (r-test, p<0.01), °]= EFH (C5)
oA ARE WA 2717} 2P d FFeE o] 29 A
AE AL Bole 27 AFY 2ol A BEEHA
BATH(-test, p>0.05). AA = FHL FEA] A4 o
F9 gHaA £ Uz AFGEHT 21 (Byeon, 2019),
SEZ 59 U 2EA ANR 2 AT 24T 4
M3l He AL SAo] LS ARAN B2
Ae) AUERE U1 SHE Y W AeR AEY
oHMOE, 2021). E#, A2 dos 2% AholA 4}
# 2709 AL 2AEo BAYeRE RE 24
AR 9 Be) 9V ME ANY 27| Bze] Hol7t B
2%]7] 3Leh(p>0.05)

FEX O BHA A FHYAEE e MDA A
H] 23t ZH(2F —26.4+0.8%0)2 LFEFU QITH(Table 1).
o2 AL vuEs FAL &
T HLLHE 7HA L o™ (B —23.33%0),
2 AR F ALY [t xfo]7} Holo] FUaH]|
groggitta Bk wf o] Aol A&lske A7 o
A9 A AAReE Al glo] FEE £ U
HolZoh ¢tEolA TEE A A F Y49 Ao
£ okt acle ot AaE HE 4= ey 1 F §t
U FeMDA- ] AR Bt ARl X3 sleH
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&7} A$tE 7] W& (diffusion effect) S
(France, 1995). AR 2 0|% Hag QoA
AABHE T olf el B HAE g Ua
Aol ujs) AAHE BAL B APEANY
0|3 g Aol 2% 5 (MOE, 2021), 5
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S2 GURAZ} st Ao Hollt of oA AjH e
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Table 1. The stable isotope ratios (Avg. (std.)) of specific amino acid (trophic (glutamic acid) and source (phenylalanine) amino acids) and
the trophic position (TP) (Avg. (std.)) calculated from the lake skygazer collected from Nakdong River.

Isotope values (%o)

Nakdong River Sites Bulk Carbon Glutamic acid (Trophic) Phenylalanine (Source) TPtuphe
) (8" Ng) (8" Nphe)

An-dong (M1) —23.4(0.2) 27.9(0.5) 8.3(1.2) 33(0.2)

Chil-gok (M2) ~26.5(0.7) 28.3(3.5) 8.7(1.8) 3.4(0.2)

_ Woegwan (M3) -26.0(1.1) 30.3 (3.6) 112(3.3) 33(0.1)

Main stream

Jeockpo (M4) —25.8(0.4) 31.6(2.2) 13.0(2.2) 3.2(0.1)

Mulgeum (M5) ~26.7(0.3) 26.8(2.4) 8.4(2.0) 32(0.2)

Estuary (M6) ~262(0.1) 28.4(0.6) 10.8(0.0) 3.1(0.1)

Wui-cheon (C1) —26.2(0.6) 29.8(1.1) 10.6 (2.1) 3.3(0.1)

Gam-cheon (C2) —25.8(0.8) 31.1(1.5) 11.4(0.6) 3.4(0.2)

Creek Geumho (C3) —26.5(0.6) 31.1(0.8) 12.2(1.3) 3.2(0.1)
rees Hwe-cheon (C4) ~26.0(0.1) 30.4(0.4) 12.1(02) 3.2(0.1)
Topyeong (C5) —=27.7(1.1) 27.0(2.1) 9.8(1.3) 3.0(0.1)

Milyang gang (C6) ~26.5(0.7) 22.5(1.4) 5.6(0.9) 3.0(0.1)

Upo wetland (U) ~26.6(-) 31.4(—) 12.6(—) 32(-)
Average (S.D) -26.1(1.2) 29.3(3.5) 10.6(3.0) 32(02)
E3tsto] AHAetal 9S& HojErt diHo] HH 3.69 gt o] &8 = Q= FUIE(He)) gAY F P9
=2 YHAE 2= A= G5 AR e M) W37t J5& FAHA gt} ol AT AXNEHA olF
I ZH(C2), AF M)A Z A TEEUL ol Y5 At "ozt teFad 4= = 7HeAdS Yulsiy AA
70 Ao AT BHORE o]gF £ = T =9 2 o|79] F7]&= Hol9 F7)9 FRE ZAAst= dloll o
L2 H3l= Aoz B#EH o]F2l FEJN (Korean gudgeon o] 223t @48ty B 1E v} c}h(Paul ef al., 2017). A

Squalidus gracilis), =117 (Stonefish Pungtungia herzi),
3] 2tu] (Freshwater minnow Zacco platypus) 22 2% %+
44 olf} ARE) AolE AT & U HolE
(Table 2).

2. 370 2 HYTHA (TP)2| st

M 2 FADAE Hole MAe AR F A (&
& M1, A3 M2)olA ARE AR F -9 A=
2] ARE ot AR 9F 40.5cm (37.2~443cm)22 1
2717k B Aol v Atk 95 AA oA 2A
HAE 3570419 27]¢F FdEA BA= 27 (37
AZ ol et FIAATE ForAl = BFS UEH ok (Fig.
2A, Pearson correlation R=0.57, p<0.01). ©] Z2 A3
a719 BEA BHoIH BAE Ba AT ALY]
of BASHE SAFEI BAE AT (Fig. 2B). o) T2 <
HESRLn gho] Wolsh AN ehao) e wgol
uw}2t (Minagawa and Wada, 1984), 7F&X|7} &gl w

o E FEHAY Wt RREY oFt AT 72
o] g9 7|7t AX7] Wizl AT & Sl Hol7h ot
FMAAY, A5t Holo| 27]|7F Ao wtet Hol9
ASFAA = 2718 4= Q7] Y7oz Ay EH ) (Paul et al.,
2017; Choi et al., 2020). 3t /A 2] ol5AZ 7} £ $4]
4 olFY A oget BN e £, ZFoIY
Aot 2 BES HAT 5 Slo] o] g4 R FH
OJ/\H]J:‘_ 15}2_ §]—7=]9,] %7]% gko] H]—Oﬂﬁ 7].‘_‘_1\-10] lv—-Q.
o, ZAEX 9 A 30cm ool H= A AAA He
7k oF 10km W2 oE ofFo] Hlsf Wtk dHA e
o] (Yoon et al., 2012), H572] 49 %A Qg ue} 2
o] Mgt wet g T YR Y Fho] ohE A
AR 2 RE 7)d8te f7lES AFE & 7] Wl 2
717 2 AEA Y W2 g AP FHLaH = o]59 o]
FAYY G2 A4 WY 2o 2 sjAdr

T3 2 dAFolA ZFEA Y Yol $HILH 5 Qe 7
B 3A4F 9 1% *ﬁ*}z}(g 2E D Aol gt &
9 A0 HAFTHURH Y SH o] FYPHA UG

—_—
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Table 2. The dominant species and the relative abundance (%) of potential diet species in study sites.

Nakdong

Total Individuals

Potential diet

. Sites Dominant Sub dominant No. of Total No. of Total Relative
River . . . .
species species species number of potential number of abundance
individuals diet individuals (%)
An-dong (M1) Zacco platypus | Pungtungia herzi 14 136 7 107 78.7
Squalidus gracilis
Chanodichthys
Chil-gok (M2) erythropterus | Opsarlichthys bidens 14 168 5 71 422
Main S. gracilis
stream  woeowan (M3)  Z. platypus O. bidens 11 170 7 128 75.3
Jeockpo (M4) S. gracilis O. bidens 15 763 6 702 92.0
Mulgeum (M5) C.erythropterus Lepomis macrochirus 8 40 4 19 47.5
Estuary (M6) L. macrochirus C.erythropterus 14 127 6 65 51.2
Waui-cheon (C1) Z. platypus Rhinogobius brunneus 7 44 3 20 45.5
Gam-cheon (C2)  Z platypus 0. bidens 7 100 2 63 63.0
Geumho (C3) Z. platypus Pseudogobio esocinus 11 103 6 76 73.8
C k . . .
% Hwe-cheon (C4)  Z. platypus Microphysogobio 9 68 4 54 79.4
yaluensis
Topyeong (CS5) Pseudorasbora parva  C.erythropterus 20 406 8 280 69.0
Milyang gang (C6) Z. platypus O. bidens 10 109 5 83 76.1
Upo wetland (U) C.erythropterus P. parva 11 300 6 92 30.7
3.8 22
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o
E
c P~
(] o
B 2
[7] o
8 R
< o
2 w0
Q.
2
[ =
: : . : : : -30 . . - : . -
0 100 200 300 400 500 600 700 100 200 300 400 500 600 700

Total body length (mm)

Total body length (mm)

Fig. 2. Relations of total body length (mm) with the (A) Trophic position (TP) calculated by nitrogen isotope ratios of amino acid and (B)
the bulk stable carbon isotope ratio (8'°C) of the lake skygazer Chanodichthys erythropterus collected from 13 different sites from Nakdong

River.
A7 AoE vigkom A AR oF 20~30cm Aol
AAS 71202 Holo FAZ HI) Q= Ao =2 }g

%11 (Fig. 2), ©]# ¥ 23+ Son and Byeon (2001)0f 23]
oA AHE FEANA 2AENE o] A A
o AR Aoz watEgih & dAtolA ga HFF

dav]o] Hof7t FA5HA Wele A7= ZEX Y A%

& DERE wol oF 3~54 Ae] AAGoH B} A
4o} B PP EAUANE 2 ARE 2717 20em
o 2 E5(C5)T DY CONA AWE AA Get o]
97 2 e AFTAL B 3002 FEEFIE
e P AR A48 mged ol ans
FEEYAED 2L 14 2HA7 9 WEBAIA &
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H&2 AP 23T A9 o WE&E &4 47
A3t} (Son and Byeon, 2001). ¥F 59 7 20cm ©]
Stol 42 ANNAL 245, ALE, AT 93
£9) wo] FHL HYT AN 2717} ARl Gt o
T LT, FAARF 7Y AdAEC STkt 1 ¢

A Ato]2E oF 20ecm®E A% HE 31tk (Son and Byeon,

2001).
7ol whet Hole] 7|7t AX I tpFf A= =
FEA Qo o]FoA URtFHoE TEEE= dAFo|th

A

57l MAlshe 714FQ A7 ol (Trachurus japonicus)
£ v &3 Aol MAst= =& (Doederleinia bery-
coides)| A= B 1% 2™ (Huh and Cha, 1998; Choi et
al., 2014), Choi et al. (2020)2 572 AA 7] (Coreoperca
kawamebari)®] 3710 W& FFDALL HA EAF A+
A 10cm w9l A & 25 &= 29, 10
cm o9 AAE FE 27|19 E7E FE AAT
w2t §-o03 FEFEA Y S HAFTh ol tiF)
Schoener (1987) 7d7ol W& 9o| a7} &9 A7tg
iz AHE Fdhatstr] gt o7 ez FafFolH
53] SAA ofFoANT BEEE gitEe EYoR B
I =7 & 3t (Keppeler et al., 2020).

 SA4 oFL2 &HA A2 (Zhao er al,
olof thet 7t ZAIUE 7HA 53] Y&l A
o]

A

i
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o 2 AFoA Aol = AR g
= 2994 3.674] YL e Ho|n EEZgT

o

(im
(B Hr of ¥0 ox P~

MEF, B2 olFE HL 22 2HAE ek
HojXich & Ao A aEE W FEFEAY
(TP variability)2 o]E°] AA| o= &3t olF
ot zl FEETIAETY SAESS 7I1FFer A4
U BT Aotk Fig. 32 H57olA 3
=] = B EXA] (Pseudogobio esocinus)t Z Q2
(Micropterus salmoides)°| Xl 4% FFHA 23} g
(Choi et al.,2020)2] A &) WER T A9 AT
wsf et ich (Fig. 3). FEEA A 2 E= 7A <
FAEA L] HFAHL A4 S o] LuE (generalist)
I Eo|F (specialistye FHET ¢ Y=EF dt=t| °o|F Ht
goz gdeie AAste BfFA EYuiae 72t
EHQ SolFH dutFoz FEHETGT HuH v gl

S fg off jo @ 42 o 2
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P. esocinus C. erythropterus M. salmoides

Fig. 3. Trophic variability of three different species from Nakdong
River. The results of Chanodichthys erythropterus was collected
from this study and those of other species (e.g., Pike Gudgeon
Pseudogobio esocinus and Largemouth bass Micropterus salmoides)
were cited from previous study of Choi et al. (2020).

2.0 (Choi et al., 2020), o]= A& ol H|g] & UL 71X
T H A A 24S ol LA HS F9] FF
@ vl BARE v FERAOR RS YA
o AAe f71EE LR Ho| AL st EfFA
= Aoz A9 Hol& AHAlsH| flEo g 34
" o] 22 ZAxpof v|Fo] HY, UYgAto] 445t 9l
L 2EAE 2UaRcE dRgel 44E o g
o BRI HAEA A4S st AoE Hojzl
o} ol= AEA7L vjAd"E HAE dhe AR 5414

FTo2 gHA Qo= Bt EYuiAaet g8 A
Aol vlgj Ao R 22 3719 S 7HA AL gle o]
A3 49 27|17 AT £ e HolE Alge] wet
(Paul et al., 2017) 2wl 20] B3] AjF oz Aeiz]e]
AAE ot IS Yuigttt ol & A9 &40 o]
|H AEX9Y A 2717 Fel= E8HaL (B 388.8
mm, 193~595 mm, TPy, =3.2), £8 <] Ao} vaPS
o Ho} 22 SA4 oF(eg., UL B 202.6 mm,
300~495 mm, TP.,=3.3, Choi et al., 2020)°] H|3}| A}
3 APAZ HolL Y ATE HEA FIE whk
E e olgRE A%e B Y= FEA Yol 72 o
£ = (e.g., common name: top mouth culter) ZFFX]&= #]
A8 oFolu AMAES HAlsHr| AR FHE
ZHA AL oA Hol|FFS gttt A7 AL =719 H]
8 W2 FEEAE FS5E A GRS )= olFY
ARG 230l 13 287 93] AAjo] oo
A7) WEoR 243 & 4 slon] £a 4o AN

Ir
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o 2 “—'10101] —‘]EJH R REAEG & ggd
HEA
S 2 o|77F AA A &5 M5)
I A (CHE Astar, A5 M2)d SZ U)olA ZFEA
Ho| T Ho]F o FHETF A BAEHGUN, I H]'Q] s
A= Hol7h & 4= e TRAFTY YHFHR=7 H+
73%2 1L =th(Table 2). ZHEX]| 9] o]FA g TIPS
o ZF A WEEE HolTHojFo FREE MY
FHELHE o] &3 A7t FEE FYdTA A} 3
A Hlwstr] ojf& AL HodEn AAR AP 2|
A T Ho|THojF Y AFREL} FEA Y 27,
ZF AR AEE A FFDA, 1 g PEE
2] ¥ 41|} source amino acid2] ¢ YaH| o A A=
FYuet BAZE BEEA] FIL o= A7} o F
o] A7 SR A7, A F /ol 57}3]'01
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