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Abstract  We analyzed food sources of 45 fish species in 28 genera of 12 families based on literature data in
freshwater ecosystems of South Korea. The food sources of 45 fish species included in a total of 26 phyla, 42
classes, 94 orders, 189 families and 294 genera. Among them, animal food sources were 16 phyla, 24 classes,
54 orders, 126 families and 212 genera, whereas plant food sources were relatively small with 10 phyla, 18
classes, 42 orders, 63 families and 82 genera. The animal food sources were classified into Arthropod, Insecta,
Diptera and Chironomidae according to taxa. Meanwhile, Bacillariophyta, Bacillariophyceae, Cymbellales
and Cymbellaceae were the most abundant among the plant sources. Self-Organized Map (SOM) and network
analysis were conducted the food sources were classified into taxonomic groups and the feeding types of fish
: 45 fish species were divided into five groups, characterizing 1) fishvores, 2) invertebratevores, planktivores
including 3) zooplankton and 4) phytoplankton, and 5) omnivores. The network analysis presented link
association between fishes and food sources. Macroinvertebrate including diptera and ephemeroptera were
revealed as hub food sources based on network analysis. This literature study would expect that the application
model with the food source of fish could be utilized for the evaluation of the food network or chain in
freshwater ecosystems.
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A< olsfiste o &5 AHE 4 ok £ A o
Folu FAFY HAH 9 B W #HAC| lo] F
HZo| % %-go] Hrk(Baek er al., 2008).

g uet o] 7= 47} 458 2233} 72445 1,291 (Natio-
nal Institute of Biological Resources 2019)°] 211E o] Q]
o, o] F EolFE VIS S 397 216%F
(Lee et al., 2018b)°] &2 A glom, e7 Fo|A 33t A
AR A A= 283 1305 Gol/7t 71 &
AT (Yoon ez al., 2018). -2 Ugtol A= o] 7F Holgd A+t
9] F84E At A-shE-H A A HolH
o T3t EAAFRE EA3}}H(Choi and Shin, 2018; Jo
et al., 2019b). Jo et al.(2019) $-2|uhet ALta} st A
A A5HE 1018 9] o7 Hold ZAE& TR A
37 9 Bxo i EF EAS A8k 2u
o] AFoAE HAt-st o] 7o Hold BA Wn 7
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FA ML o] R A U B #HE £A F
sflof FeFut, 27t A 5 A o F fF=E 40| H
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Holdl BT 22 HANH dA4t= A=A WA Z
Y gAY AHAY 7154 4L olFlste= ul F
8 40|t} (Brodeur and Pearcy, 1992; Wootton, 2012).
SEA|FE o] 7o) HolY A= FeAEHA A+ oE
Aol w3} AejH oz Azrt RES) Ff ofm Yol
EHo]A & AL (Kim et al., 2011b; Jung et al., 2014)
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£ ole] % 5ok 1wl (%N)E AN 28
ol919] B4 HAs] 918 A7) 22 % (Self-Organized
Map: SOM)Z ©|§3te] o] o] T oj5e] 44 B
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£ 533519t B3 Y EYI B A (network analysis)S
o] g3dto] ojFel HolYde AAFIAE E45IF L B
A4 (hub score)& ©|-&3to] o7l HolYe AE Fr g

shols} it
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E3d& & goJg o] A2l NDL (National Digital Lib-
rary)@} KISS (Korean studies Information Service Sys-
tem), KISTI (Korea Institute of Science and Technology
Information), Google ScholarolA] &S dFHsto] T
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7t 2 ALR ddEE= 2% @400 (secondary freshwater
fishes) (Kim et al., 2005)9+ 22 7|42 A3t 45%9]
12} ©<9] (primary freshwater fishes) (Kim et al., 2005)
o] wolgl BES AT (Table 1), £0E 2L 29
Hel shkRa 78 SRR, 289 AFRINE
S AT AW ALHA. Hol gl
$2 99, %, 3 BT W] of
de SUYs BAT 2 BAL AdSAn £9
o0]=9] HAZAE X National Institute of Environmental
Research (2019)2 2F=x3}e] ZAIA o] F (Carnivore), 24
A o] 5 (Insectivore), Z2A]A] ©]5F (Herbivore), &414 o]
5 (Omnivore) 2 #7383t 2™, o729 B+ A% (Body
length) National Institute of Environmental Research
(2016)& =3¢t

oi5e] wol9l BA WS Althe] mhet tha Ffol7} 9]
thdo et al., 2019b). o]of we}t &4 HHo] thE =7
9 Aot et e PHes solde AUy
o} 19904 e) o] % 072 Bold BAL fpE AYjER
A X4 (IR, Index of Relative Importance) A E& A3}
3 JeyJoetal, 2019b), dH 2 H £3 (49, Byeon et
al., 1995)%] ¢ ol 99 /WA E= HAIS HE (%N)
9 Bushy| e sigith & Aol e A BE R
9 Hol¥S B4ty Al A vle ol&stq |
oldS AT EAGT AEEHIET 2ol HoldY
MA7F U7 got 72l +++: 250~500)2.2 FEA|
g ol S-S Fste] A4S d& Z& (4.
Park 2016)° A= Hol 9] AA| H&E AAISHA] g1 5
E7Y AEF HolE =9 HER EASHSY] el
2 ZAPIAE 7HA B2 23S 23s7] Y8 22
Hoz Al v (%N)2 sttt 2|ojek ol 59
Aol mE Hold &4 (o, Park, 2008) o1& 7%
o2 sto] Holds HYSIL, AE ¢ Ao WE o
o] 4 (o, Byeon and Jeon, 1997)9] 7ol 7 B
< Holgds HAR ARE FAsHATh Hold AEE F
A3t 4559 Bold B4 HolYdo ERo wet 7 ¢
oj ¥ HARE o7 T4t I YolE Y2 o7 A
Ho|d Aol A L Bo]d o A4 H&S 8Tt

2. B{OII0ll [HE B401% M4l 54 SEset HIEYS
2y

SECRREREREE EETIEE R
3 A7) 23 3HA] = (SOM, Self-Organized Map) (Kohonen,
1990; Park et al., 2003; Lee et al., 2018a)2 ©| &3}t &

o9 B YT AL B F7O voiuk Bolx] W
Y AN fET 5+ Yk 2UPRH AT A0S
AT 4452 AYHAT). 5L AT dSARE I
(family) =o)X vl2FE Ho|Ho| Hol & (order) 4
Fo ARE AFEIIAT A B (order) SR TIEF
g Hol e 7 (class)T & (phylum)®] A2 E AH&3HY
o SOMe] AIE AN F= FEZL iR wold
o whet G373 44Fe] Wikol A 629 F
gel 4x6 2472 THE EHAHE AT ol
SOMY] 8h5&2 27] 0.05914 0.017HA] ZFastH, A
S5RSE 1000512 AHest. HEH o2 SOME o

T F dolq 7 ojgu NEAE olgsiel, 44 B4
P}ttt 85 SOM-2 Bray-Curtis 7 22} Ward
2 A3 AEA £33} (hierarchical clustering)
§ A% TgoR TR,

off 443} soluste] BAS B Slskel Y=
93 B4S 43h3}Eh(Csardi and Nepusz, 2006; Bae
and Park, 2019). A o7 Ho]¥E 3 (node) &=, of
Feob Holdo] #AE AZM (link) o2 YEYIE 4
sttt o, YIEHA W dZAY F7] (widthy= 7+ of
ot s Hold 7k A4 HE&E Yujtth vEY=Z &£
A9 Aol 27] 2ASA| =t n7FA| 2 & (order)
FEO 2 AYAEE BEI6EA AHESHA T

2 Aol % e £42 R ZEIH (version
3.6.3; https://www.r-project.org/) Aol|A o]FojH o,
SOM< kohonen (Wehrens and Kruisselbrink, 2018), SOM
£33 A|lE3}= vegan (Oksanen et al., 2019), YIEY I &
2J-8- igraph (Csardi and Nepusz, 2006) 52 7|z & o] &
st
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ofF 8% 123} 284 45% 9]

3 =33t (Table 1). =g
23 2052 AV E E

HEA71E olFoen, Iy LT 3458 A=
EF4 (PL)T HiAMS) F T8 £

At T =R E o R HAZAEE AHA A% =
A A7 B7E R 5ol #EE X3 (National Institute
of Environmental Research, 2019)2 ZZx3le] EF7319=
o), $44 olfE AMSE Z33T 5Folglen F4
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EMSHE =83 11501920
(ML) 157 HolYo] R F ]t
o729 Yol A B2 Ho|Ye| 7} oA F

I==1

T
% wolo} A2F wolg tro] EA3HTHTable 2).
X O =

2414 o Fe w7

A3t 4559 Ho|Ye F 268 427 945 1893} 294
o2 ZAHNOH FEF Yoldd 16 2474 54

1263} 212402 AEF Hold 108 187} 42F 63
82&0] HF| JiH oz tgstdth. sEF Hold
£ (Phylum) 52014 714 e olf7} Bk ol
A A 5% (Arthropoda) 019121 45%9] o|F 3 39%
oAF7F AA A AFEC] FEF Hold F 39
o) ofFol A A M&S oF 86.5%2 ZAEU
AZ ol Bt volde HAEE Chorda)E o]
EAHE EAolRQ %7]0]7 (Actinopterygii)©]
o 8% ofFolA AA = HlE2 oF 26%% =
Atk 7Y o 77t £F 5= (Rotifera)S 443t
o 335 E (Annelida), A5 & (Nematoda) <2
2 Yol Ao=7l =%t AEF Holde =9/
(Bacillariophyta)7} 1754 °F 62%2] v &2 7 &%
o0, =2 5F (Chlorophyta), %% (Charophyta), &5
(Cyanobacteria) £22 =th 4259 F¢, 2251
o w0zl 1% Ao} Holgean Axaht u)
2o SARNT £E 1398 AAST

7 (Class)ol A 105 o9 ofF7F B2 Hold2 &
=5 Yol¥olA= £57% (Insecta, 35%F), 27 (Bran-
chiopoda, 12%), 4217} (Maxillopoda, 105) 2.2 ZA}H|
o me7ol AaHE ML o §2%2 e wol
2ol WS £UTH BT ol F 103 o4 ol
7} §& Hol¥e £EU7} (Bacillariophyceae, 16%), 3
327} (Conjugatophyceae, 13%), 27 (Cyanophyceae,
12%), A=27} (Coscinodiscophyceae, 11%), 527 (Chl-
orophyceae, 11%) 20|90 £EW70] HA|she Bl&
< % 55%% 10% F=3 & Yol Hlsf #A uEt
wh

=T Yol § H(order) FEOMNA 7HE B2 oAF
7} 92 9ol w2] 5 (Diptera)¥} 317405 (Ephe-
meroptera) 2.2 Z}Z} 3553} 3159 o] {77t 45t oy
H &2 e 2o] 51.7%2 21.4%<Q 540 & vl 2}
SR gL i Aolrk At AEF uold F 7
F HE oF7E 9& ol vidEUE (Cymbellales,
16%, 15.2%), =25 (Fragilariales, 15%, 15.8%), &
Hi =5 (Naviculales, 153, 14.6%) <22 ZAE S o H
&9 359 Holde BF FURF (Bacillariophyta) o] ¢

S 2 YT

z 2

¥ G0 oo 1o rlo ofv K g b A o

o i |o

A

i

I (family)d A= I+2lE F, Zu-33} (Chironomidae)
¢} wu}2| 3 (Simuliidae), o§7]ZhhA 2 (Limoniidae) <
o2 ¥o wgg HYT FRARAHE WolsR
Abo] I} (Baetidae), 'B2}31 540 7} (Heptageniidae), 1|5
5 3}FAo]| & (Unidentified Ephemeridae)2] B]-&o] =
Atk Hold HIEZA = AT {7L 44.4%=2 ThE HO|
ol HlFo] =4 Yetyth AEF Ho|d2 igdEdx
(Cymbellaceae), 7'U4&Z 3} (Fragilariaceae), ZH| &5Z 1
(Naviculaceae) &2 2 U} & £Z3} H]:3 S 2
At} & (gene) FEAAE TEF Hold F HEF 2

FE 2659 off7F AAlstg e, AEF Hold ¥
GETL (Cymbella), AYEES: (Fragilaria), H¥Hs
% (Synedra)®] & StdE4 37t 1719] ol
ALELTo A= AEEYET tusEE 50l 2749

o %7 Urehe.

i

-

\=)

il
B e o

2. BO|R0| WE HH0IF M4 54 |s HEYI

2y

SOMZ ©]-&3%t 44F o792 Hold F33et A} 5
N 1F(A-BE)L2 FREUTH(Fig. 1). 1F Adle HES
At (08), 2571 (CT), $E70 AL), THE3] (LR), o&1t
ZH(MR), Bi7FAR] (ML), ZHA8-o] (RU)S 7F°] 33+
Ko, EF4 (PL), FE7 (THA), 7] (S)), SEAF
(AS), =1 FE] (KM), A Z1]H2] (KR), 58570 1Y)
7%°] F+33E 1% D AHH L2 FARRE HAE B
t}(Fig. 1A, 1b). 78 @2 o777} £FE 1% B= &5
X (KB) & 22F°] == on 4oz IF Co
Eol| 7}7he AL 2 Yehgth I1F Coll= & MS), 27
2 (SS), X (HL) Al Fo°l F33}t=glen, 27 Eol= &
<7l IHB), B]ZF7H (CC), o] (HN), 2|2 (HE) 4| Fo°|
@ H= et

o] 79 Holg &2 57) 2Fl et AR HE &
< Bt (Fig. lo). 1% Al |33E 7F o179 ol
H &2 AEEHIERT} 984%E 7HF wton SEZ
FIAEE T (14.4%) A48t A& B4t 15 BY 4
Folle AXFAFFTE A4 Bl&(99.7%)°] 7HE =02
AEZHIE HA2 45%0 B33t 15 C9 7

= Yold F ol79 v &o] 63%=E 7P =%en 5
EFAE] 29.8%2 UL AAFAFFE A4 H|
2 23%% B2t A 77 1338 1F DY
Sol= A EEZFIE(89.9%)°] 7HE YT AAEH
T2 (78.1%)9 AAHE Bttt ol A& 9 oA

AT R0] TE&F Holg AEF Hol|& HER Y]

A
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Fig. 1. Characterizing of 44 fishes according the food sources by SOM (a) and cluster distance according the Ward’s linkage method (b). (c)
indicate the average food sources with 4 different major food taxa in each cluster. The abbreviations in (a) can be seen in Table 1. Error bar

on (¢) indicates standard error.

Wt F Ho|o] =2 H[EE YEd ACE woEh
15 Ex TEEHAE A4 HE0] 80.1%= oHE 15l
Hl8l| wokom AARAHEFTE A4 HE2 17.6%5 Z3
t}. o]4fe] Al Table 19 FE|H 7|29 A ZD =9} ot
a 2ol & Btk A4 ofF& w7k (ML)ol oy
2 Aol w7 Yol® 639 o /7 AEEEA
£S5 T2 AA%te olFE UEith B3 7|9 444
EF P2 E 1150] FAA oFE EREJSY
2 Aol e 7ENe] AN o|fE EFE tha 7H
9] zo)7k QSith E3t 7|29 EF WA oREE SEEY
AES HAske olF 4B+ flod 2 dtolAe
FTWAHB)E EF3 459 Hold T TEZHIEC 2
A5 H&2 80% oL 2 e

oot Holduto YEYI A4S Y5t (Fig.
2). o =B HL I} A T FoE HAEG
on HolYd B &(orden)®2 E7|SHYCH Y7 F
Fo| A tEFH Holde AHEFL 7 (class)TH
(phylum)& 2 #7]5}4th &414 o7 A MS), &
7] (SS), FA (HL)= AA U EL I offZof x|t
o] BiohR) o] & (Osmeriformes) ¥ 735HA A2 =0 3=
Zo] EAo|t}(Fig. 2a). AAFHFFTES HATT oF
£ AFR2A (PP)E X3ste] oMo g FA|EGOoH
2] & (Diptera), 3}%40] % (Ephemeroptera), ¥ =&

=

=]
o

(Tricoptera), 7+ =2 & (Plecoptera)i} HZo] 73ttt &
EETIAES T= ANT ofF= o FAFHYS
™ ©]Z]& (Anomopoda) Tt &2 Xz} (Cladocera) 5 EZ
FAET AZo] At M EHZ 7P flofl /1AgE 4]
22YIAES AT o|fFEe WEELE (Cymbellales),
1T & (Fragilariales), ZH]&45 (Naviculales)d 2
EUF AEETIAES dZo] Aot o
AE FAA oFe $A4 dFE =UF AEEYIEE
ZFete] ANFHASFFTER T E, stFA0lE, d%
5 AedE5ne ddo] ZsHA vetes EAS B3

o

02l B oo oY

HEHD B4 27 A4t sB Fe24 242 o
o HolYo] A 10 F&5Y 4 ER<S HEHUA
(Fig. 2b, ). o{FolA 32 H47t =& 49 107 T2
SAYE, 222 (PL, 0.217), 7] (SJ, 0.206), $=4=0] 3t
2] (KM, 0.182), 99570 (IHA, 0.178), A=) ] (KR,
0.158), B2 (AS, 0.148), &4 AL (0S, 0.145), S4F
Z71 @Y, 0.13), #i7FAFR] (ML, 0.128), &1 (IL, 0.125),
£ (CT, 0.125) &2 2 Yetgth 7P =2 @S 2
ol 2879 AL 02170]goH 45%9] oJF F /HE &
2 3 HQl ofFE 271 (SS, 0.006)0] 3Tt HolHe]
38 H4L m-2]E (Diptera, 0.291), 35AH0] & (Ephe-
meroptera, 0.262), ©] X & (Anomopoda, 0.215), A==
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Fig. 2. Fishes and food sources network. (a) Colored nodes with abbreviation in the network present fish species and link appear association
between fishes and food sources. The link width is proportionate to fed frequency. (b) Hub score of top 10 fishes. (c) Hub score of top 10
food sources. PL: L. macrochirus, SJ: S. japonicus, KM: K. multifasciata, IHA: 1. hugowolfeldi, KR: K. rotundicaudata, AS: A. signifier,

OS: O. sinensis, 1Y: I. yongdokensis, ML: M. longidorsalis, IL: I. longicorpa.
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(Fragilariales, 0.209), 8] &2 5 (Naviculales, 0.203) 5°]
0.2 oJ4E Btk 7P W2 3B H4E B "ol
QIR 2 (Polychaeta)2 0.0007°] At

LA |
I EolfE 216%0] RIEG oY Hojgo] B
G olF= I 15 221 45% ) EFSt 45F SOl
AA71EE 4 5 I EBFH7] ol F 27%F F 17F0]
ATk F DREE 4559 o7 F UFOT 24
Qo] FE A AT Tz XHH 12
4, i 2% ERsiet o] £ 4 2
o, 1 BolF Pold @TE B EL AU B
94 Qe Aoz o] "tk 20099RE 2016
W7tA 9] 75 A= 173 B 7F(National Institute of
Environmental Research, 2016)°4 ZAME = E4 o
7o) 24 ROl WF A9 S 1052 ofFE A
2 = 2ha] (Zacco platypus), 2 AY (Zacco koreanus),

B-o| (Carassius auratus), E37] (Pungtungia herzi), Y&

i)

0 o
T

2 ofN 1 W orlr i
Nlo
illid
4

e

=
=

I
=2
N

| (Rhynchocypris oxycephalus), 23| 5] (Pseudogobio
esocinus), VoY (Rhinogobius brunneus), 71&78 (Squalidus
gracilis), $18] (Coreoleuciscus splendidus), ZAHY (Zacco
temmincki® ZAEQITh 2 AtoA Holdo] £=3H
o F oAM= 47 oMRE 3TN FoE e,
49 4 20F F Holdo] =AM F& 4. viA, 1
g, g, 424, EF4 5% sttt 192 4%
9] Holg A= FeAHAY F W2 4 AFE Sl
a7be] F B A BAZA ToA Yoyt 3 'l
AL Qe olFol tiE 2APF B AR wdd
=2
A7t 7 mol M4 EE Holde AmTEg
oH(Table 2). 3152) |87 ZUHEEE AN &
(zeney7tA] R A2 o|ZoiA|A] ket GUHOAE
71 Fa3E Hol7} 7P Elo] ofyoh I BE Holg
< AEsHA 2AE] A E 71EY HHE Hlojd A
2L RS AEE vt o A F 9194 (isotope
analysis) BAE HHHOZ He o) AEE ol §3to]
2 4B ol FNE AFHOE & 4 Gt B
o] QIth(Choi and Shin, 2018). wr2}A] 7]£9] &<t B4 1}
2ol &gstd et A9 A9 A FHAZ
o Qo AR A F e 4 WHE F (species)
E= & (gene) =9 3H9 RO gt il 1] of
ks ol ek olF S¥a] Sfs) A2 Sof DNA

=
3

metabarcoding< ©]-83}lo U&E E43} v X Joeral,
2019a)3}7| = IR} Jo et al. (2019)%= eDNA EA4] 3} 8-
2ag B ST 3T BAT PG ne} B2 o
FALE 25 5 U= Aol =3ttt Uo et al., 2019b).

2 dAFZ oA Uehd o 7o Holo IE {3
Sh(Fig. D= 71&9 AAZ2E (Table D&} tha ZFo]7} Q)
Atk 53] FAA olf= 71E AA4E £F e
E 11Fo|Y B dFAE 75322 YEpylth E3 18
(0U)9] A% 7]& HAZE E7 Aoz Es SA4 9
Folu 2 oAM= AAFAFETE H4 ofE £4
H7= stgen F2(HL)Y Ffole ez FA4A4 o
F71 224 olRFE 4 H7|= st o3t Zole &
AollA Hold] AleN)7F obd FA1E Hold9
T JiAS v (PN)E BAE 37 W2 Aes
TEh HoldE Tt Bl &o] ofd Al B RS
HeeE YA FoRE BAstH A= MAE ALR 94
o] Hrh E3 G EHA 239 oA 5% ZE 4
TE siAe AAZel oy ol A4 Hl&vt
o2= Aike T 4 Yl ARA A4 FE7E Bast
o} AT oA E 45F9 o]FQ Hold EH F, A
4= H|&o] ofd AA Hold AAFE BT olF= H
W A= 26F 0] ERsGh ol HnA eHE £
(Chong, 1986; Byeon et al., 1997; Baek et al., 2002; Song
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