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Analysis of Food Resources of 20 Endangered Fishes in Freshwater Ecosystems of South Korea using
Non-metric Multidimensional Scaling and Network Analysis. Chang Woo Ji (0000-0001-6133-9399), Dae-Seong
Lee' (0000-0001-7288-0156), Da-Yeong Lee' (0000-0002-2457-2041), Young-Seuk Park"* (0000-0001-7025-8945) and Ihn-
Sil Kwak>* (0000-0002-1010-3965) (Fisheries Science Institute, Chonnam National University, Yeosu 59626, Republic of
Korea; 'Department of Biology, Kyung Hee University, Dongdaemun, Seoul 02447, Republic of Korea; *Department of
Ocean Integrated Science, Chonnam National University, Yeosu 59626, Republic of Korea)

Abstract By reviewing previous literature, we analyzed the food sources of 20 out of 29 endangered fish
species from freshwater ecosystems in South Korea. A total of 19 studies reported that food sources of 20
endangered fish species included 20 phyla, 31 classes, 58 orders, 116 families, and 154 genera. Arthropod,
insecta, diptera, and chironomidae were the most fed animal food sources according to different resolution of
taxa index on phylum, class, order and family. Similarity, bacillariophyta, bacillariophyceae, naviculales, and
cymbellaceae were the most fed abundant plant sources. A larger number of fish species were reliant on animal
food sources than plant food sources. 18 of the endangered fish preyed on arthropods, whereas only 6 species
consumed bacillariophyta. To characterize the feeding groups of the 20 fish species, a hierarchical clustering
analysis and non-metric multidimensional scaling analysis were conducted. The fish species were divided
into two groups: 1) insectivores and 2) planktivores. A network analysis, which associated the link between
endangered fishes and food sources, also revealed the same two groups. The highest hub score of food sources
was for macroinvertebrates, including diptera (0.47), ephemeroptera (0.42), and trichoptera (0.38), based on
the network analysis. Niche breadth was used to calculate the diversity of the food sources. Phoxinus phoxinus
(0.57) showed thehighest food source diversity among the fish species, whereas Iksookimia pacifica (0.01)
showed the lowest. This study will be utilized for the conservation and restoration of the endangered fish
species.
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et al., 2014; Ko and Bang, 2018). 314 9] =& o] vhux]
H A4 gz FE o]F WIZHE (Sensitive species)
2 fastn o7 g M E gEo] 7Hed WS
(Tolerant species) 5713t+= ALZ BAEHITH(Ko et
al., 2017; An and Lee, 2018; Moyle and Cech, 2000). 9| &
=9, @£ 7152 HSEN (Rhodeus pseudosericeus)
9] 7% 1995 HE 20019 = A AR §2 A4
ZE HAou 20129 R H 201797HA] 9 R EA}|

A &o] &l Ex] okofth (Ko et al., 2018). o= A
Frftol 49 (20008 119 &%) Add= J A
ol A4 olE Tejet ojehEel wAao B
Aol Aog 22E 3 th(Ko ef al, 2018). ©]
Qo= 7}A| 37| (Pungitius sinensis (Ko, 2016))9} &
317) (Pseudopungtungia nigra (Kim, 2020)), Z2|- 5274
(Pseudobagrus brevicorpus (Kwak, 2019)) 5 o9 23
97 olR7F A4H ] B2 AR Fa7t waE
o gehA A AR Tae) te HE 9 EEs)
71% 237t dasty BH 9 QS S AEEHE
E4 A7 44 o|t} (Ko and Bang, 2018). §3] Hol¥
B ge HAAE Q7L 275 AHgBE of
Uzt R Ee BU929 A4 9 AAA BHd= 5
8 HRE AT 5 o] BEY EY o] ULFHo)
o}
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o159 o9l AT YLAYAY HolF EX ol
A4 Lo 712 AR} H1, EA-HY HEHGS B
) eEate MY B4 59 AR SHL olsfst

=

o S8e 53 24T 2L 44 BES 74 T2
HHHe GFE Fu) 2ol ArjEe

40|t} (Carreon-Martinez and Heath, 2010). 22| 1-2}o]| A
T oF9 Yol A= 1969¢ ELE (Acanthogobius
hasta)e] Ho] ZAME AR 2 2018¥7MA] £ 1013 0]
TR Jo er al., 2019b). SHAT thFEE AT} SfF
A AT o7 Holde] 22 muHCY Y
o] F 9 AL 4522 12} @40 (Primary freshwater fishes)
(Kim et al., 2005)%to] B 1= QThi er al., 2020). S+
2t g§olfe 7IeFS 6 3937 216% (Lee er al.,
2018b)o] A low, BFL7| I oFe A=V
(Pseudopungtungia nigra)s X3t 115, IF oFE= 7}
E=E318] (Pseudopungtungia tenuicorpa)s X3 1650]
A A= o] Tk (Ministry of Environment (ME) 2020). $+H
AA7IEEE AAE olf= F27H, o5, nl&37H,
HAFAN 4F 02 nsFNeY} BAFAN = EFHYI
Z I3 °F=2 & XA (Cultural Heritage Administration,
2017 o] Qlo] S2Uete] WA BEF olfes T 29F

o] A= o] le. 205 o F F Holgo] B of
£ 20% 28 55, 71} 1659 &3ttt
B AT FY gholR F 8] o7 |
2Ag $stel BASTA Slth BEYY) RS
1 BAs] PAAE g YA 2RTEE
b B2 A7t Fastth oledt FaddE
13 olR0] Hold AT 33| Adolu], AN o
2 AT 9 g BAS B9 9% 72
%t ¥} 9Jt}(Choi et al., 2008; Rahman and Lee, 2012).
SEvetel A E@ste olFe 4% 455 2233 7244
1,291 (National Institute of Biological Resources (NIBR)
2019)0] H11E|o] QloH, Jo ef al.(2019b)S At} s}
oA MAISHE iR Hold BH 1018 +HsHA,
2K 37 W FE BRI PUER SHL BAshgn
et S ol R Hol o tiE AlE o) B
A Holol thgk Y=Y BHo|ut TA|, Fa Fo|g,
Hol9 Zoj T3k HAE EHHO|Th(Ji er al., 2020). 3]
BEH7] o179 Yol gt 2 77 FEHA &
of T gl AAlstE BFS7] o7 dF =2 &
ol gt 27t Basith kA 2 dFds BEA
7] o179 Holg 9 52 Yol Ho|d & 59 7= A
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8kaL 25Tk (Table 1). 1 EH BF97] o7 Holdd
< 5ol et 7P g2 o F 7t AdAlske A9 Hold
1070E A3t o]77F 1 Holds 92 Bl&(%N)=
Attt A%2 FHEA (Hierarchical cluster analysis)
I} vH EY o A= (Non-metric multidimensional
scaling, NMDS)& o] §3to] wolel £Ro] T B9
7] 979 A4 FHE FFSetth E3 Y EYT &4
(Network analysis)= ©|-83to] HE2|7] o]Fet Hol]H9
HZHAE B3I 12 H4(Hub score)E 53 T2
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¥ E3d& & dolgHe]AQl NDL (National Digital
Library)¥} KISS (Korean studies Information Service
System), KISTI (Korea Institute of Science and Technology
Information), Google Scholarol| Al 8t A3t TJH &
2 S USHATHTable 1), 2 2APIA $1E BHL 13
HY| =i 499 =5, 28 AFEIAR FF
347] o1 20%9] Holdl £7E AT BRE W, 4,
I )R Bug F8S AMESHTE ERT © =2 o
ofele F9Ide BT} 2L 2L Agdsrat

o159 U8R BHL Aol tah o] tha Aol
7} 9O E (Jo et al, 2019b), ST} 7S HH O 2 o]
22 AT AT ol e Hold BAL HRE A
S84 A4 (IRI, Index of Relative Importance) X EE A}
£33 92}k (Jo er al., 2019b), D E& (9, (Baek and
Song, 2005)2] S HolUe AA EE AALS &
@N)EF BISE St o wet & 2ApAE 7}
T4 we 9297 ool Holgg 2] Sla A
S ul8S olgstel B BT} AEEaE 2
of FZHE; +++: 250~500) 22 EAIT oL 7
2 Fstol BHeRR Aoie} Aol S| Ao] w2 v
ol &4 (4, (Back and Song, 2005))}& oI5 7L =
stof olele Hgialch Holel A2 S AT 2059
ol A2 Holdo] £/l ot 7 Holds He
oJF9 Tt I HolE Y o7 HA Hold A
oA 1 HolH e AMA|4 vleS AT
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1=

BEH7] o7 oo w2t BFEH7] o7E EF
sk, Holdme BAE sty A8 ASH LHE
4] (Dray and Legendre, 2008)Z} H|H|E thiisf &
(NMDS, (Legendre and Legendre, 2012))2 AH&-3}$t}. A
32 242 Bray-Curtis A 2] (Beals, 1984)& +3F &
Ward 92 (Ward Jr, 1963)& ©]-&3lo] Hol¥o] A4
of weh WE] 7S TESAAT. ASH TURA
o Al AH&-3H A E = NMDSol| FYsHA &&= o] 153}
H AHE NMDS Aol Yehfila Hol = Zro] ety
F9Ith. NMDS 24 32 2 32190 2 Y& H45}]
A1 Ztatel sfjAlof golstm o Atm BlS A2 4

L S 7HA3 Qlth(Moon et al., 2020). AE3 3
£43 NMDS £45 93 dEAE = I (family) 0l

3)]\

Ae vlEFE Holdo] ol & (order) & ARE At
E3HH L YK 5 (order) FEA HlEFE Holde F

(class)¥} <& (phylum) @} A= E AHE-5}F 3Tt

WE97] olRst woldzte] BAZ $257] stol
Y EYT BEAL £33} th(Csardi and Nepusz, 2006;
Bae and Park, 2019). o] 72} Ho| €2 A (node)2. 2 A
Zgstal o7 Hold A4 HleS A2 (k)Y F71
(width) 2 Y EYIE FA34t HEYT £49 H¢
o= A9 AFH LA NMDS 241} npztrtA|
2 2 (oden) $202 AAARE AGSTh B AT
A 3%t R E BA2 R ZZ 33 (version 3.6.3; https://
www.r-projectorg/) Aol A] ol2olHom, AZd 2y
A3} NMDS+ vegan ¥|7| A] (Oksanen et al., 2019)5 A&
31k YIEY 3 AL igraph (Csardi and Nepusz, 2006)
7| A& o]-§3t3A .

3. HO| 20l M2 EH40{2 HO|Z 24

S o8 20%9] Hold thFyS Fak7] A3 A
2] Z 2|4 (dietary breadth index, Bi)S #4514t} Bi A
= g9 & AEHAY = (Levin’s standardized niche
breadth) (Levins, 1968)2 ©]-&3}o] Lol on th2-9] A
= &3l A4S 4 ik

. B-1

Ba=

n—1

o714 By BNl EE A9 FHolm BRI Z9 2
¥l =4 (Levin’s measure of niche breadth, Bs= 1/2p))Z
o]-g3to] it oluf. pi= ol jE AT FEOIH n
2 AA Yol T B TFHY & Uedth ALt
A ghol 1o 77k A gget HolgE HE oF
UEHHIL 0o]H g 79 Holut Hi= Ao R AT

sl

4>

Ut EE97] ofF F Holdo] A olfe Yo
- (Cypriniformes)°l| A ¢ o3} (Cyprinidae) 10, 0] F-2] 2+
(Cobitidae) 5522 ZALE T #|7]& EEH7] o7
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A& A2k Bagridac)Sh $742) TH Amblycipitidae)ol 4
F1Z29] dolYo] B EQ a1, ¢do]E (Salmoniformes)o|
A EEo](BL) 15, XA |5 (Petromyzontiformes)ol A]
o501 (LR) 15, &)= (Scorpaeniformes)of| A 3=
70 (CH) 1%9] Holdo] HuEith =€ o7 4
Ades FAHA % 2AF 2 2734 571 3 S
33t XA (National Institute of Environmental Research
(NIER) 2019)& #zsto] EFst=d, S44 olf=
2=l (BL) 150] EgHHon $44 olfk BT
71 (PTE Z3E 145, FAA o7 SEAF(AS)E X
A3t 5T = e

BZ907] o F 20%9 Hold2 20+, 317, 585, 116
3}, 1544202 et Table 25 BE 7] oF 2059
AHEES B4 & 7T ozt A4 o477t %
< A9 10379 HoldE B3 gtk & (Phylum)
T 7MY BE of7F He HoldE HAAFE
(Arthropoda) ©] 1™ 20%9] oJF 5 18FY 77t A
At en, 18F o7 YUEEolA EAFE| A
3te Wt H|E&2 9F 9392 ZAMESGY AXEES Y
A g BEY] ol ol LuHMRIS THEo] (LR)
2 2 4EF Hold 3 1Y BE olFs B
o] e F2F7F (Bacillariophyta) 2 H&AHF (AS), 9&
a2 (MR), AEE2] (PP), #]2F 7} (CC), T4 (KB),
540 (LR) 6322 YEgeH, 659 HoldoA
277} AA Sk Bt Hl&S o 53% % ZAET 52
5+ (Chlorophyta) & AJ41gt BE97] o7+ 35 (EHAF
(AS), &1t (MR), AEEA] (PP)L2 Hold F =%
27h R B H1RE oF 2792 Lhektow 1 ol
£0 2 AAEEF (Mollusca), €25 (Charophyta), A3
%5 (Nematomorpha) = 352 WE 7] o774 2o
2 Yehgtth

7 (Class)oll Al BE97] o]F 20F0] @ol] HL 9ol
AL 23F7) (Insecta), ==L} (Bacillariophyceae), A2+
7} (Branchiopoda), &% 7} (Gastropoda), =7} (Con-
jugatophyceae), A7}X]7} (Gordioida), 427 (Maxillo-
poda), Al&%7 (Coscinodiscophyceae), =27 (Chloro-
phyceae), 27 (Cyanophyceae) <2 e T} 713
e ojfvl He 237 A9 ANEED LL 18F
03%2 BAFEF volk BE 237 o2 2AH3
o FERE 2Bl 5% o 129, ABUR] 25 oF
13%2 ZAFE 9Tt

2 (Ordenl A 7Y BE olR7 Be FER Hol
L& =2 & (Diptera), 3} 54| 5 (Ephemeroptera), 2
T & (Trichoptera), 7 =& (Plecoptera), A HY =

N

(Coleoptera)©] 21 2.8 0] 2] & (Anomopoda)S A &3t &
LT HoldoR RAFUG. 52 ¢ A TE
= A &2 AR MRS O] (LR)E A|<fet 18
29 929)7] ojf7} BT AAstgon B&S oF 60%
2 yehdth stRAol 5L 1559 HES7] olF7t 4
e Z3EE 9L BFHY] ofF F shRAeIES
W2 e o7 L0k (GN), H|EFH (CO), BEAE
(AS) 3322 =AY, GEd 5 H 1359 EF

947] olF7t HAstgon 234E He ol 3 dee
29 AT B o R BRAR(AS), BLHHAGN),

1) & Z70 (CC), F-etE7] (IPA), B4E7] (IPB) 5522 =
ALE T AER HoldolA 7HE B0l 2 1R F F
Zal 95 (Naviculales)S 5%°] AAstglom A9 o
ZHE A% 6% F AFEA (PP)7F AAsHA & A
02 Yoy, o]l AFRX|(PP) Hold A 4
A AER Holdg F2FQ & (Phylum) &7 2
ARFR 7] W&l Ao wrhEh

3t (Family)oll A 7Hg @2 o]77F A2 Ho|d2 7
w23} (Chironomidae)2 1750] HA31E 2 H|&L2 oF
471%=2 ZALE QT T ES JAg olF 5 Zutat
£ AAsHA] g2 Ao YEehd olfE 7H=ELY] (PT)
2 ZAEG oY, 7HeE7 (PT)Y AT A9 AF
X (PP)&} up7tA 2 Hol g E (Order)7HA|TE RAL
3t 7] W2 Aeg woEch Zu s Aedt v
A A9 o7 Holde mE fF7 Holgo|glom 4
EF Hol¥d WrEEU (Cymbellaceae)ot A==t
(Fragilariaceae)7} Z+Zr 553t 459 EE 97| oF71 4
Ag Ao g yehgt

4 (Genus)ol A& HEF Zuart 1350] 45t
Foo I vH&L oF 59%% FAoE ZALHT u]E
F Zuite] EX g2 Zuti ol Zuts
(Chironomus sp.)2-2 S7F 22 (RK)& EEAE (AS), I
A2 (PB), €50 (BL) 4522 Ho|Yo 2 ZA|dt=
H&E oF 40%2 ZAE T 20 7E A9 237
Ho| YL Aol s £Fo] Weken iAol RS A9
ol F A% 1080 B Holde iy
o2 AT AER Yol F g AAFt g
Ho| YL BrdEE: (Cymbella sp) o2 RAE Yo
55004 14%9] H&& 2yt

S 122
o ILSF

flo rl
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59 g8 37 2749 21FoR UddthFe 1. 7
22 v7) g ofot 1R B oR 27 U

o B8 Hx| e olFE o Su(MR), A}
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E
S
32
@

Fig. 1. Hierarchical clustering of 20 endangered fishes according
to the food sources and cluster distance according the Bray-Curtis
dissimilarity. The abbreviations can be seen in Table 1.

o 17F°] 353 WA 253= 3l ges
< A= FAH] (LO), A2 (PP), B
(BL), ZA|F5A7H (PB)= T & A41&o] vlud WA 1}
Eigon Aoz stAo| R G Ee g3Fo] 7
sHA vetstth g EE HA] 42 3% olf= Y=
W= (Fragilariales)@} Z8]&%E (Naviculales), HHg&2
& (Cymbellales)©] Z3tA] UeRhd E&o] 31Tt NMDS
NNE 2709 IFLE Yo 1Y AH] 1¥H 1
Fole B 5SS v R AARASFES AT AR
AF3ENL 2 E2W 294 IFe ARFE AT 94
tpZH(MR), BHAE (AS), &3] (LR)7F 13 3 Slot
(Fig. 2). 9ol Qo] AL ¥ O2F olfjZd gagj&o] 93
st AEAZH| 2] (KN), ZE3L7] (PN), F4-571 (IPB),
FetEM (IPA)= EEdfiFoly stRAo|RRT e Eit
a@Ho] k& o= o] Hrt. wh AL (LO), 4
FR2A (PP), @50 (BL), ZX AN (PB)= 1H 15 ¢
G5} stEAo|ET} Y27} 7e] A
A FREA L FARE A0S 23
BEA7] ol 7o Yol 3’4'9] YEHZ &4 di+=
ig. 30)2t 2t ofF =T H¢ A} A T He
2 BAFPor Yol kEE B (orden 22 E7|3HY
o 4R 5 oA uERE HoldS AYEREA F
(class) 2.2 T 7|3} th (9|, Gastropoda). A&7 7 & A
I NMDSof|A shte] 2502 {33 o&uAH(MR),
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Fig. 2. NMDS (Non-metric multidimensional scaling) analysis of 20 endangered fishes according to the food sources and cluster according
to hierarchical clustering (Fig. 2). The abbreviations in figure can be seen in Table 1.
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ciation between fishes and food sources. The link width is proportionate to fed frequency. (b) Hub score of top food sources. Hub score is

calculated by considering of network result.
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Fig. 4. Levin’s niche breadth index of 20 endangered fishes. The abbreviations of fish names can be seen the full scientific names in Table 1.
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0.38, A= o] 0.21, TAHEY Eo] 0.1622

B SN ERTS BF FATFOR YRS F
FEFQ oA & AL 0,092 YEIGton A5
o sFete ZHELEL HIELE, AL ELEY]
247} 0.76, 0.76, 0.722 ZALEQUTh $AZEE A9
AFAFSE M B2 888 = 2
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ol £

HI
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TH7] AAF 2059 ofF F Hold FHo| 7P & o
F= AER22 (PP)E 0.579] Bi A4 S Bt (Fig. 4).
tgog gEoj(BL, 0.53), £443] (KB, 0.46), 7t=E1
7] (PT, 0.38), ZXEA7] (PB, 0.37), A8 (LO, 0.37), &
SR (AS, 0.36), 1]ZE7) (CC, 0.3)0] Bi A4 gto] 0.3
oo g2 xAtEo] JjFor Ho| tpFdo] 2 A
° 2 yeylth B, S 24 (RK, 0.07), FEE7H (IPA,
0.07), ZF+=117] (PN, 0.067), B4=1}21(GN, 0.06), THEAFo]
(LR, 0.05), E4}0] (GB, 0.046), 42X 21 8] (KN, 0.03),
Ex3370 (IPB, 0.01)= Bi A= ko] 0.1 o]3t2 RAFE o]
ol Fo] gro} Ho|g Melof] o] & AL o
Rach=g

do rr

o F

S BE907] o7 20% F Wolgol MuH ofR

= 20522 YEETH(Table 1). 2] ¢ EE S

AFE Fo59 AA7| (Coreoperca kawamebari)
IS AL (Odontobutis obscura), 9 o1&9] JAGA}F
2 (Acheilognathus somjinensis)®} 37327l (Rhodeus
pseudosericeus), B FAL, W20y (Culter brevicauda),
WE7FA] (Rhynchocypris semotilus), AR 52 AA
A0y (Lethenteron japonicus), Z7YA 17|59 7}A|AL7]
(Pungitius sinensis) 950|th, @£ 7] otA&E 1H42E
ARE olfF F Holdo] HAEXR| g2 ofFE= EEA
g o} YAHRAF 2Foln, F97| oA E 29 oIF F
Ho| o] B EZ] gk o f= U A] 7F0|.

2059 BEH7 oF= AER HoldEt FER |
oj¥e Hr} Wo] HAF ALoE FAE T (Table 2). &
oA HAFTES H2 AFE 205 T I18FTLE ALY
Aoy AEF Yol FRAEEH mXEEE Y
2 o|f= 4 654 3T R YEen 11 Ho|Yo] At
Aot HEE HAAFTETY HF 93%<0H HF F24
222 53042 2 o8 HYT 39 EREINE 2L

92 Hof I oA A9 10709 Holg BFE A
ANEHFFEZ AT B3] Z2nt/Y B9 1 5
T4 50% 747hE HlES Hol & Ho|dET ¢ Y&
EoA AR 8} HlFo] w4kt

Ministry of Environment (2010)°| A& BE97] o]&F2
HE g BEYdqte] BFA AF e AXA BHS A=
shaL Qloh. die dAtollA = fEueel =3 =9 AL
g5 &1 AAA BYE shA g2 A 2EH7 54
Abo]l Aafet A5 At Qlrk Hold A= EF
A71 A7 dF AR 71 ANEERTE ofy 2l A4 A R
5= =20 F 4= Utk 2 RAME TR A A AH]E0]
=UY AAFHFFEY A FAHANA F A
o] Fom AAX|o e} A-gHpAlo] thFstn FYTA
oM 1x} AHRAZA FHOZE o] 7o} -2 22} AH]
24| ol o 2 FETYA] A+ D A Hold &
T, AAA B4 mheto] §olgt E4 o] Atk (Huryn et al,
2008; Kwak et al., 2018; Lee et al., 2018a).

UA AFeREl BE7) ol A Fast ol
22 ANRHZEE ZUFRLHTable 2). 7} 52|
A 20% % 1750 ARG HABANTL £RG 7
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G AT 98 RO dARt. £F & 42
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U 2t 5 v B 2 BTl Fof wek A4
Ao EAE & Zo|7t e ERdoltt. Zuits 3
2 5,600mo Y| Wslof A EE =4 1,000 m o] B}
o) T EE0|A V& ¥l € AAAN7A &=
st= & AAA7E teFstar £ G o] Wk (Linevich,
1963; Kohshima, 1985). E3 ¢-gueto A& Zupstota}
(Chironominae), AZwLo}x} (Orthocladinae), 2 W0}
T} (Tanypodinae) 30Ol A 244 75F 0] HAEo] S5
ot Holth(Kwak, 2015). 2222 HEL7] ojF9
Ho|9g wedl TRz Helstn JuUH F B
2 514 gethy BEY] oIRY B4 ANH SHL o
ofstre] %80 54 gpr

M Faw doladl ZuTRE 1 2R olse
Fol7|= sttt 2AHER 7]E9 St EX4T} HEo] A
22 S =45t 7T et ok kA Ed
2~ (isotope analysis) 42 A H o2 A2 ko] MES
o]-gsto] A AEY HolAks A E= AHA AAE
Ao wold 4= gl 3ol Slt}(Choi and Shin,

o
O ool
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=5 T
t}. 22 &9 DNA metabarcodingS ©]-43}o] YU&E&E
A £ v Jo et al., 20192)5t Hoh U AF
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