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Analysis of Stomach Contents of Domestic Coastal Fishes Using
DNA-metabarcoding
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Jiwon Park’, Tae-Sik Yu?, Won-Seok Kim', Yong Jun Kim', Chang Woo Ji2, Ihn-Sil Kwak'2*

;EE{EH%E ii%:z_‘%?ﬂ}%—.” : Abstract : Gut contents analysis in fish can identify changes in habitat environments as
He S S aquatic food network predators, which plays a pivotal role in determining biodiversity.

DNA metabarcoding technology for analyzing the stomach contents of fish has recently
attracted attention as a molecular analysis method that goes beyond the limitations of
traditional visual observation. In this study, DNA metabarcoding analysis using 18S
rRNA V9 primers was conducted on fish species purchased at fisheries markets in the East
Sea, West Sea, and South Sea of South Korea for a comparative analysis of the stomach
contents. High levels of Zooplankton and Phytoplankton were detected in the stomach
contents of Chelidonichthys spinosus, Pennahia argentata, Takifugu pardalis, Scombrops
boops, Larimichthys polyactis, Kaiwarinus equula, Sebastes schlegelii, and Sebastiscus
marmoratus. Decapoda were the highest detected in Pagrus major, and fish were detected
in Lophiomus setigerus of each stomach content. In addition, various taxa were detected
in Arctoscopus japonicus, including fish and Crustacea. In the correlation analysis
between the diversity index, LMnb, and LSnb for fish stomach contents, the diversity
index and LMnb showed a high positive correlation (0.98), but the diversity index and
LMnb showed a low correlation (0.01). The hierarchical clustering of fish according to
stomach contents was divided into three groups, with the main stomach contents of each
group being Malacostraca (Group 1), fish (Group 2), and Zooplankton and Phytoplankton
(Group 3). These results suggest the possibility that food source analysis through DNA
metabarcoding can identify the difficult to observe with the naked eye and complement the
results of microscopic examination. However, at the same time, it was shown that analysis
of stomach contents using DNA metabarcoding should interact with microscopic analysis
for interpretation in the analysis of substantial food sources.
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I M = £ 283t A3+ Cytochrome ¢ oxidase subunit 1 (COI), 18S
rRNA ZElo|n & A8t Hold B4& 3 o (Kim, 2017,
Ko et al., 2022; Oh et al., 2022)7} AT, COI Zto|n=

Al R g ek AR ABAES Teteln ga)

DNA WEMEE Y (Metabarcoding)2 NGS (Next generation
sequencing) 7|HE& 7|We 2 {7]5 W EASk= DNA HH

S TAA ERe JEE FEF 4 Qloh PCRe 7|8t
£ HHEE9 Hol AE F7INE EAH2 43 4 °
Ho|AET ZAZ] A A B §-835H AREE L 9l
o} (Zaidi, 1999). $-2Uetll A =8E HHEE] dsl NGS

o

ot ASHA ke RO LelA YUek(Kwak er al., 2022).
BFElo] 18S rRNA VO Zefolrll 5. 4B EFIES X3
# ANEHFEES BEYA BAT 4 Y Zefoln)

2 o7 AUEE 2Hle F83tth. A= Sardina
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pilchardus (B 12]3}), Sprattus sprattus (3013}, Acipens-
er fulvescens (A7l 59 W&ol o3 18S rRNA
Zlo|HE o] g3le] BEA5te] B3It (Krieger and Fuerst
2004; Albaina et al., 2016). =Ujol| 4] 18S rRNA Z&lo|HE 9]
& AUEE BALS AXFAFTE F2 AMSEHOA ge
w3 e ANEE 4 A1 Al S8 EETH(Chae
etal.,2021; Ko et al., 2022; Oh et al., 2022; Park et al., 2023).
U g 2 o HuE ojf= F 47 455 2231
7244 1,291%0]H, o] F 7|golFE EIZL HolR7Tt 216
%, #FolFE 1,075 0|TH(NIER, 2019). 2}, oo
& R o]F= 4589 @40 (Kim et al., 2005; Ji et al.,
2023)9} 1209 sfjefolFate] AtE|o] St o7 FEA
E4 9 A28, A2A x4 FEE I oF Hold
Hlo| Ao AlFsta glovt A4 S Z3eE Hold A
T= A4 Z2E (), ZA)= A AeE JohKim ef al.,
2011; Jung et al., 2014). FishBase (Froese and Pauly, 2023)
o 22 =9 ofF dlolHH|o]A EFRAFAME FF EA
(Trophic level)2} 444] AEgE B1E]o] 918 W Holof 3t
ARE= BaEo] QA ¢l et al., 2020; Yu et al., 2023). ©]
A dts A4 B4, S AE 9 ¢ I DAE oSl
P Sl S8 ARE AlFeTHJo er al., 2019). HolY &
T o AEL A9 AE 1Y Holkke 12 E dEFa,
A ellA g dAY EolsS oldfehe Ul B2 &
(Litvak and Leggett, 1992; Ji et al., 2020). TjF3& Ho|¥ A+
= i BEY Y A& T AAAUAEE S sk St
T (Microscopic identification) W-&ES 24317] wjZof 2]
EEFAE0IY FEEFAEY 2 vd Ho|d2 Heit F
o] ojPoh. EFF AAFHFFEOIY o7} ZE 277t o
2 2 Holde AAo A FHIFE AL 9] Lol A L3hH
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3} gaElo] Yoz Mk ojgrh o FehH £
of we Iuap] s AT BARE s1%9 Hepa
3 7]% (Sequence assignment species, SAS)= ©]&3}o] AU
L5 gt A7} A= lch(Harms-Tuohy et al., 2016;
Yoon et al., 2017; Gunther et al., 2021; Ko et al., 2022; Oh et
al., 2022).

2 AFoA= o7 T JHEES BEF o HAs)
7] 913l 18S rRNA V9 Zeto|HE o] g35fo] S dAgte]] &3
sto] Yot oo ZRE AT 11F o7 AWEES
22 & A5 ol F Bl tEtul= Falet 'l A8l o
9 Yol e ofFY Hold 74 ApolE AW EIA} 51F
ot Yol NGS 713E 53l #4449 o7 fHeE BEE
EYE ojFY Hold it A FHEAS Tl oF
7+o] Holg Zpo] & A4 HEE #AJ8kaLA} sHGich

| W2 U ap

1. YLIEE Mz =2

S dstol AAERE ofF AUEE BHL U3 20214 2
o Fof 27, Jol S=ot 59, Al FE 3 oA 7
d 2Ast Yok o4 1159 AFE Z 19ty of
SHITH(Table 1). T4 B FE5& A 95 &5t
15 mL conical tube®] 80% ethanolZ EH3}Hct At = &
ZA g o)W A A (Chelidonichthys spinosus), E732]
(Pennahia argentata), &% (Takifugu pardalis), °}4 (Lophio-
mus setigerus) 4%% TUSGT A YN ERE
(Arctoscopus japonicus) e TF-UjetH.oH, TYA] oA A=

Table 1. List of fish species analyzed for stomach content, and location of fish market

Location Latitude and longitude Order Family Scientific name TL BL
(mm) (mm)

Scorpaeniformes Triglidae Chelidonichthys spinosus 215 180

Mok Perciformes Sciaenidae Pennahia argentata 146 123
OoKkpo OAR' " o ’ "

P N 34°46'50.63" E 126°22'46.74 Tetraodontiformes Tetratodontidae Takifugu pardalis 125 103

Lophiiformes Lophiidae Lophiomus setigerus 307 255

Perciformes Pomatomidae Scombrops boops 253 204

T Perciformes Sciaenidae Larimichthys polyactis 207 169
On eon o U " o Y ”

gyeong N 34°50°20.19" E 128°2501.86 Perciformes Sparidae Pagrus major 167 138

Perciformes Carangidae Kaiwarinus equula 196 164

Wand Scorpaeniformes Scorpaenidae Sebastes schlegelii 189 165
ando 010! " oA’ "

N 34°1995.21" E 126°44'58.87 Scorpaeniformes Scorpaenidae Sebastiscus marmoratus 215 189

Pohang N 36°02'11.74" E 129°22'09.62" Perciformes Trichodontidae Arctoscopus japonicus 236 203
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AZX] (Scombrops boops)2}+ Z=27] (Larimichthys polyactis),
25 (Pagrus major), Z7780] (Kaiwarinus equula)s 743}
Aot A=t 8 BN = I B2 (Sebastes schlegelii)
T} &8 o] (Sebastiscus marmoratus)S FJ3HA T}

2. 0|f ?IHES 25 E DNA F&1} HEHIZY

DNA & A, 9] 230 izt 292 FA517] Y8 1X PBS
(Phosphate-buffered saline)S ©]-83}% 9& AN|&3l4tt. PBS
2 SR AR 5 9 Ul 4E 270] Yk A%, 248
10~25 mgo 2 ZetA 9] WHEE A2 PBS §d81} g4 1.75
microtube®]] Yol A|2E P55 EHSIYT 7o AUEE
genomic DNA 3% DNeasy Blood and Tissue Kit (Qiagen
Hilden, Germany)E ©]-83t9.2H, A|l5% protocol (Djurhuus
et al., 2017)9] et WS 25T DNAL Bt 5
= 260 nm%} 280 nm IS Z microplate reader (Thermo
Fisher, USA)E ©|&3}o] DNA +&=2 =434t U¢
& FA57] Y3 18S rRNA V9 (1380F~1510R) Zzto|H
(Forward: 5-CCCTGCCHTTTGTACACAC-3'¢} Reverse:
5'-CCTTCYGCAGGTTCACCTAC-3")E ©]&3}l9] PCR &
A& AP35}t (Amaral-Zettler et al., 2009). PCR 24&
AccuPower® PCR PreMix (BIONEER, Korea)E ©]-&3}od
94°C 38 5 94°Col|A| 30%, 57°Col|A 18, 72°CollA] 1& 30
22 3 IS 353 WHESHo] FE3E $ 72°Cof|lA] 5EF F
7} X85t 12} PCRE APt 22k PCRS Nextera XT
DNA Library Preparation Kit (Illumina, USA) index kitE ©|
gfo] WFBLh 95°CAN 38 27 WY F, 95°CNA
30% WA, 55°Coll A 30%, 72°CollA] 3027t &4 #4283
ARt & 72°CoA 5% F7F 353t 3 E PCR A2
1.5% Agarose gel 7] 95 &l 2oES AA3fsto] &
015}tk NGS 42 iSeq™100 (Illumuna, USA)Z ©]-&3
of Algsteich g5H A714 9L Qiime2 pipeline (Bolyen er
al., 2019) ©]-83}49] ASV (Amplicon sequence variant) & €l
2 AFE319.2 1, nucleotide o] EjH|o] A2 NCBI (https:/ftp.
ncbi.nlm.nih.gov)®] BLASTS ©|£3}9] taxonomy assign-
mentE >97% ANEE HAstel WAL FHHOR
Host o172t ELe I (Family)d] 4= &= &4 &
ANA A3t

3. A1A] MEq E4Y
olF LT AYHE BHL T 52 (Family level oA

ASV & F&319 MAE =R v w3ttt DNA HEmLEY
S 53 B4 o7 AUEET 7|E B E4H o7 9]
Ho & vluslr] {3, <& dlo]gH| oAl NDL (National

Digital Library)®} Kiss (Korean studies Information Service

3 029l SIS E 24 %

System), KISTI (Korean Institute of Science and Technology
Information), Google Scholaro] A o]&H¥ Ho| E3& 43
St & AFolA YT 11F T 759 Holdo] HiEof
12 ™ (Huh et al., 2006; Park et al., 2007; Baeck et al., 2011;
Kim et al., 2011; Huh et al., 2018; Jin et al., 2022; Kang et al.,
2022), HoldE AE ERd @A, T 5 Z, Be= A
SEERLT S

71E £l HEE Hold 4% DNAE T HEE 9
o9l ol Tt Ho]9l 49| H] &L AHE317] $13) FGnb (Food
source in Gut contents for Niche breadth)& o}#|<} 22 A&

Sl Atsts

No. of detected gut contents by SAS

FGnb=
No. of gut contents by MSI

7} o] 78] Hol tFdE F38t7] Ydll Shannon diversity
(Shannon, 1948), Levin’s measure (Levins, 1968) & Levin’s
standardized niche breadth (Levins, 2020)Z o} o] 2o 2 At
Sato] ulmatglon], o5 EAH Rol2 BAs] 95 &
A (ANOVA)E AHE3te] £-948 AAsHtt.

H'= =) Pjlog P;

H’ = Shannon — Wiener measure of niche breadth®|™, P;=
Holg j& AT &ES YeEHATh Levin’s measure |
¥l 27 (Levin’s measure of niche breadth, LMnb, B = 1/XP))
(Levins, 1968)2 o] 83}%2 1, Levin’s standardized niche
breadth (LSnb) (Levins, 2020)2 o} 9] A& E3) AF&39ith

B-1
n—1

BA=

B LMnbE AMg3te] 73, p=golY j& 4 &5
n=7% "ol EFT & Yetdct Axte #HY =
KR A (Ba) T2 19 77 49 ohoket Yol
2 olFE Y2 00]W 3 FF2| Holut A2)g Aot
LMnbE tiAF 9] Ho|d EXE AFFgslsis oz 9
ol &89 FUAT YL vty Fho] F4E thoF
g Holdg AMESthE AS ougitt Yol 47t 1EE
o] YA G2 Ao 2 wepHtRY HUEE BA o AMSESITH
LSnbt HolYl o wpg} B Ho|d £F 1t 4

B2 wol 9l gL Hm 4 gl

=
Lo
™

H

4. Ho|Hofl E s olF A EM fst
F o] FE Yol what BERsla, Holdke] BAE &
olsl7] Y A= Z &4 (Dray and Legendre, 2008)& 4=

Z 84S Bray-Curtis A2 (Beals, 1984)
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% HIX|2, QEHA, L2

2 73 & Ward ojg\g(wﬂd 1963)& o|g3to] Holgde] &
Aol et olge aESgh ASH RS 9 o
YRR E 7 (class) £ ARE ARSI 2 AFoA 5=
Pk B2 R (Team, 2021) T2 (v.4.1.0; https://www.
r-project.org/) & ©]83t% 2™ Vegan 7] 2] (Oksanen et al.,
2019)8 AHg-5HT

| 2222z

1. 18S rRNA V92 0|E8t 0|7 PLIEE BN

A3l B oA A FLRAgE Y] AA JUHEES EF
ol wat 78 137 232 273 31%0] Uygon, BEAL 7
2137 278 313} 354, 222 82 187} 292 351} 414;, o}
HAe 58 57 65 107} 11502 AT dafjoll A Ay
St A2 2] 9] YULELS 8E 207 315 387} 454502 FALE
Fom Fx7|= 88 157 285 337 384:9] Holglo] HEH
ok &3l oA A AT FEY HA AHEES 612 7
7125 163 18402 Yestow Z 0] 8 1774 285
371} 44502 AR QI 22]a oA R o/ =
TEe] SUYEES 8% 207 365 433 50&0]gl0m, &
o]= 8% 177 295 353} 444:9] JUYj&-Eo] HEE 3t} F3l
AAZO A YT o] 7 HHP?% 4 A1} 2252 61
67 82 83} 94:9] 98- Eo] HZEE TH(Table 2). Table 2=
o]F9] 18S rRNA Zzlo|H g HEH o]7Y & JUEES
Ue it

olF U&= A £4 Z3t(Table 3), &3] o] &n
oA T = A thFE v BEo] HEktE g S
o Azt Qe FaolA AT Ad(FDY AW-E&E A

5t

%
53}
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HEoA ASV ¥Y1=7} 71 2 fUEE2 A EEFIEL
2 723%=2 A5 o] &, =M ALA| 7} (Chlorococcace-
ae)?} =X 7|43} (Chromulinaceae)”} 7—]'7—,“ 37.5%, 26.2%%
AA AT AEEHAE a2 w2 Hes Hel AUE

52 B E9 HRl=ZT}(Oxytrichidae)7} 25.3% 2 ZA}
=t o] 22 A, FEEWZNNS (Leptochela sydnien-
sis), A, 7S F2 AT A Yol¥ &3 (Huh er al.,
2007)60 B30 oh$- chaRet SINEES HaIT 2 Ao

2 A7Y EEA(F2) AHEEodA = AEETIE &
3t Tetracystis7t 41.4%, Ochromonas7}t 24.5%, 5 ==%
AE &tz HESESE (Oxyrricha)©] 198%% AES
k. SHARE, COI Zeto|HE ARGEE B3A] YU8&E A+
(Kim and Kwak, 2022)°l|4= AAFEHSFFEl &3t= A7}
A (Grotesquely oratoria)®} FER7FE A0S (Aliaporcellana
sp.), Z_]‘E.’:_]'t—c-.l'i*ﬁ—r(Alpheus japonicas)7} T3 JUEE=Z
Uehgon, Seto g2 B9 UEE a3t ¢ (Huh et
al., 2018)01]1\1% AZ+5& (Decapoda)”} 65.1%, 425 (Crusta-
cea)7} 27.1%, Tt23 (Polychaeta)7} 7.1% €22 ETH
FTYE ofF WolA 7] o Zeto|HE ARESHES o 18S
RNA Zzto|m7} COI Zefo|w o] vl&f & AEEFIES
ZHsHA %Z]b_]’/\ ﬁlaou’] ko= yhzho] ofE o]
% Foe S T Aok

5 (F3)9 -r]lﬂﬁ'j = ’51%%%*3 S B R 4L

351%2 ZAMEQoH, ER 7SI} 25.7%, L2177} 0.2%,
2AoIBI} 0.1% AT OFHAE ok Hizbol] &5He Fold)
(Lophius litulon)®] A8 AT (Baeck and Huh, 2003; Park et
al., 2014)0l 4 ot o] = HolBEL o7 E Ueyton
A& Z ot 059 o] HuEgieh & dAtolA=
ol (F4) 9] UEEL2 i E FZ X7} (Pempheridae)2t &
o]1} (Clupeidae) o F2 UEIFLoH Z}2F 54.0%2) 41.5%9)

Table 2. Number of food sources for each fish species according to taxonomy level

Site Scientific name Abb. Genus Family Order Class Phylum
Chelidonichthys spinosus F1 31 27 23 13 7
Pennahia argentata F2 35 31 27 13 7
West Sea ) .
Takifugu pardalis F3 41 35 29 18 8
Lophiomus setigerus F4 11 10 6 5 5
Scombrops boops F6 45 38 31 20 8
Larimichthys polyactis F7 38 33 28 15 8
Pagrus major F8 18 16 12 7 6
South Sea ) )
Kaiwarinus equula F9 44 37 28 17 8
Sebastes schlegelii F10 50 43 36 20 8
Sebastiscus marmoratus F11 44 35 29 17 8
East Sea Arctoscopus japonicus F5 9 8 8 6 6
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Table 3. Continued

F2 F3 F4 F5 F6 F7 F8 F9 F10 F11

F1

Family

Order

Class

Phylum

0.1

0.2

415

Clupeidae

Clupeiformes

Actinopterygii

Chordata

0.1

0.1

0.1

33

0.1 0.1

0.1

Engraulidae

0.2

0.1

0.3 0.2

0.3

Oplegnathidae

Perciformes

0.1

1.6

0.7

54.0

Pempheridae

0.2

Serranidae

0.2

Scombridae

04

Cynoglossidae

Pleuronectiformes

0.3

0.1

0.2

0.1

Paralichthyidae

0.1 0.1

0.1

0.4

0.3

0.2

0.1

Pleuronectidae

Cottidae

=z
A
e

33.1

Scorpaeniformes

0.7

Triglidae

0.1

0.3 0.1

0.1

0.1

Others

0.1

Lamnidae

Lamniformes

Chondrichthyes

I

||

= 3 i =)
HEE, K&,

]

H &S Hof Holof gt At £/ ARE
AT 4 ATt

EREL 27 4] [00~200me] R0 B £ P2
TAE A= AZ AAeks A A olFoltt(Lee and Kang,
2006). ZFA LY EFE(F5Y AWEEN= 55
7Rz} (Cottidae) o137} 33.1%, 3= M-S+ (Hyperiidae) 7}
31.9%, 1| 2 A o]} (Enoploteuthidae) 26.4%2 F JUEEZ
AZHAY. 7 A AEE S5/ F (species) =0
A B8RS o B g FdE At Exst= A3
(Porocottus allisi)Z YEFFTHKim et al., 2005). E3t, 3=
A$-zhet wj @ Jojah= Ao 2 3 dAghe] Ao A4
she AEE, WeEd S 53 2EE JUEE 237t olF
o MAAE 45T $ YE AL BAF

SYollA Fdg AZA (F6)2 AUEE 5 AESTFIE]
AA ASV A=A 61.3%E AA|SFALH, o] FoA =
WATFA N7} 34.8%F AASFATE L th ASV o] =2 &
238 AR (Ciliophora)2 HESHE 2TV} 36.3%2 ZAF
Atk 27| (F)e AEZSHIAERY} 59.0%, o F ool
2.3%2 ATt 3= ActsidolN E@she Fx719 4
AT (Kang ef al., 2022)9| A= o}A1 0 & B Isle], -8
o] E3E o] THo| oL AEEFIE gt ATl §3
o AR d4RE F2 Y=tk g8 A = FEEFE)Y
72 (Kim, 2006), £ AT E A EE0] 94.0%2 Yet
71&9] Aot AT e HUEE 5, A5 24
I} (Portunidae)7} 88.6%=% 7HY &=tom AEZHIET] of
Tt 42 2.3%, 1.8%= 2% FAEE 2ol (F9)2] 9
HEE ASV Adivle 24 ZAat 7P vj&o] 2 EFdS
AEEFIAESER 59.5%9] Hl&S Bt AE&d 3 &
e SUYEE F =NMATH I} 283% 2 YEhGon EW
7|47} 23.8%9] H]ES Btk ABEHAES A9t 9
ULE 2 ASVHIEY} 22 QULELS oXmEa 3869 2
AbE] it

oA AT 20ES(F10)Y AH-EE SollA 7HE H|
2| 2 = 27 SHLTA T 32.9%, JESHRSI}
26.0%% AAHHLE 1 Qo= AR 7MY w2 ASV & 7t
A BERLS AEEFIECR SIFY dutgoz 7|2
At (Lee er al., 2012)04 W0l o] E5 Al Ho|WEF
S Aoz Mo|ata] FT A4 FA| FFof thEFo
Zot= Yol F& Holgtn e AL ¢HA %ID} = °“‘-TL

W Z£Ho] (F11)= HR323I7} 38.7%2 UEE 5 1l
Ek:_—‘LE,J T;}—O]:?S]- }‘«EE'J

AEsHA

ol

£o] 7} &9kon 1 Hhox A&
ASV7} ZAME Q)T
28, A=), 2ol B Holdo| B3 AT} HuH
A| GO DNA ek 242 $3) o3l g4
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2717801 (3.49), %901 (3.3), FE(1.27) £ 2 A=l

SASE B3] BAH #oF o} F-2] Lsnb o] 0352 Uehg
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29k LMnb 7+ o8 oFe] A BTt Fig. 1). s S T niche tready  ihe roadh
LSnbot T2 7 Aot WAl = W2 o] RS v Fig. 1. Heatmap Pearson’s correlation coefficient for the three niche
ERRith ol thkE A LMnbol= HEE AUEE &7 breadth indices.

Levin's standardized
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Pearson
Correlation
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05
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.,

Levin's measure
of niche breadth

Shannon diversity

Table. 4. Comparison of niche breadth indices among eleven fish species sampled in fisheries markets

No. of food source

Scientific name (Family level) FGnb Shann_on LMr_lb SAS Lqu SAS
— (SAS/MSI) diversity (Family level) (Family level)
MSI SAS
Chelidonichthys spinosus 20 27 14 0.69 3.64 0.1
Pennahia argentata, 12 31 2.6 0.66 3.41 0.08
Takifugu pardalis - 35 - 0.68 3.66 0.08
Lophiomus setigerus - 10 - 0.38 2.15 0.13
Arctoscopus japonicus 11 8 0.7 0.57 3.47 0.35
Scombrops boops - 38 - 0.66 3.44 0.07
Larimichthys polyactis 14 33 24 0.68 3.60 0.08
Pagrus major 32 16 0.5 0.25 1.27 0.02
Kaiwarinus equula - 37 - 0.66 3.49 0.07
Sebastes schlegelii 24 43 1.8 0.72 3.87 0.07
Sebastiscus marmoratus 18 35 1.9 0.64 3.30 0.07

‘No. of food source’ indicates the number of the family level that fish species consumed the food sources.
MSI: Microscopic identification; SAS: Sequence assignment species
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Fig. 2. Hierarchical cluster analysis of fish species according to their food source. The abbreviation for fish species can be found in Table 1.
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