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TEE: NPT A R AN B B Ak, DL ARG K Hh s SR A IR T OR[E & B W B A VD I T
(Hyporhamphus sajori)# %4, $EEUILE &Y KoK A ERE T DNA, %] 18S tDNA V4 XAEN 4 FAnidif 174"
14, T DNA 7 5B 54 R (DNA metabarcoding) % Ho & W dl il AR &k B . 455 00K, 33 HIR W IR T E%h
B ae b 2 17 AR5, Hoh s 11 (45.29%) 580 e, HAb SRR FE R RS e 1%A917]
AR IR N GTETT(20.34%) . FEFETT(12.35%) . HBTT(12.42%) . FEBHIT2.41%). MY 1(1.75%), HIEH]]
(1.24%)FIFZEBE [ T(1%), [FIIKERIEAE S B BE T T 5080 8 XT L 55(76.64%), HR 43T 4F £ HIT1(2.52%) . Ml
MUzh#17(1.50%) . FHEFE1(1.34%) . 22 L HIT1(1.12%); 63 H VO F % fa B & Yrke il A LA 18 Rl 124,
Hod 5 sl 1P 0B i 2 6 AR 354(97.31%), HA TR Fp 0805 L35/ F 1%, WK SRS &b F e )
(57.92%) AT, FABY T T 5050 LT 1% T 2KV B HRITT(10.97%) . FEEETT(8.05%) . 4 #El]
(4.54%) . FaBEl1(3.88%) . W 1(3.85%) . HIAESIYII1(2.30%) . TTHEII1(1.61%) . LRI 1(1.07%). AEKE
By B i vb [C T k4 f g W A BAE R 22 5%, LIV IO N ERM B 5 A K R & TR A7 IR i A ok i 22 gtk )
TSP BRI AS . IbAh, il DNA 250G AR BRI AL 58 B S PR Jr R 488 B 0 1 . e Bk
REETUAEY S EYFIZE . MIREREMH, DNA KRB E AR —FBi X% &t r i, EH T B
FIEMEAT, HHETEEESFHWE I BA T m 5% T,

KR IR DNA K AAIEM; 18S IDNA; S EsErE; Skt
FESES: S931 XHFRERAD: A XEHE: 1005-8737—(2023)04—0393—13
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K BH: 2023-01-09; f&IiTHHA: 2023-03-16.
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MEf B A ki, T HEER/DNHEYRUN,
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HAEMERRAMNR,

T i (Hyporhamphus sajori)WFK H A,
1R FriEfa, JE T % H (Beloniformes) i &k
(Hyporhamidae) T i £ J& (Hyporhamphus), 723K
[ A Ty v ek s AR FR M iR R oK M v B B /N 28 35
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2, BRAT AR ZRAE SR AIT 5 9T VT S 3 b
TR, 20 H20 80 AR HaF R Bt T 0, A
K, MFERETHRFRMNER, WK TFHD
8 SRy ] I T R I e ) B A 2R A W R A
(B Hy T Bl 455 A B MBI, V0 G R 5 1 R %
TR 2B AE RS, T s X v T i —
TR BRI HR A B B A
K505 LB E B, st KX 2/h
BRI S, ZRTZRim s, A%
AW 20 1 B FL R R 1 TH I T 5T AR AR R
S CA MR B, A SRSV IR A
NIRWEShEE, AR B RS A
a2, BEIR. BROF. KRR wEe R
FEPE | 43 4007 We ke ) A AL S 2601 SR Y
W5k 2 MBS 2R S o AR R RIPHR 38 v I
T R LN 52K O R s, &
AR RERE . KBRS XWFERLIR . B I
L OBEER . RS, AL, XL BBV K
TR AL R s, VIR BRI E Y
B, FERMZE, 183N T R AR R A I LA
AEEE; TR FEFHERERE . KEELA
L v 2 R . KA RRSE; S
JEERES TN T Rt /b N Y S ey B r
SRAERAERRT o, (RAT XN . TR B R 1Y
B o e LA T IR S D), & TP IR R fix
FONAI a2 B AT, NN T BEIRA B £
B

DNA 7% 5T 05 3 AR 2 3 4F %2 e ok ) — Fil
JE T v A P R AR A A W e S v S DR R )
DNA F5TE S 7 50 5k, 248 ARl o X R R A
PEAT b BRI, A BRI 12 5 L g LS
YRR a2 5, mi BT LGE i
BTGP R 5 AR X B R e A E AR T Y
BV, M SE BB PERIF 5T %) e M N e = AT,
3 FH T8 R S R A T R P o
HHT, A 56 A 16 s 50 B B PRI T 45k fikt
=, WHUP T i 4 akal fa 8 vk O i B 4 A Y
NIETF RS A2k S )y b AT B g,
W G 4> FAR L AR HT U IR f4h fa g vy
AT A ARE o AR 5 0 E 0 VA AU 8 VA 7K St I 5 — 2

A ESRGE RV O Y A%, o
Sl 3 AN [R) A B B i 10 BT 40 £ B 2 ) Bk
IREEFE T, $EHUE DNA J52EH 18S rDNA AE R 51
Fhrid, A RER BV IR 4 2y
R S B PEYE, T DNA Z 4B RAE
gt b Bt 2 gt TR N I g, AP IRE
i T A ) PR AP A AT KRS A H SR AR AR, ok
A Ja F VP G B2 /NS £0 28 K 0 25 LA T
LB E R RS %

1 WS

11 HmERE

2019 4% 5 H, FEBCHEALER ISR 1 B3 v 35
SR A B — SO B 25 7R 0 N i 0 282K B, IS
43T %58 NP G A2 RGO E U, e AT
WAERGARA R B EER TN TR,
B KL 0E, Kilk 17~19 °C, pH 7.8~8.4,
IR 26~28, WA SR S mg/L UL b, Wi
5 0 23 HiE)E, afekega EnEgEaek
2~3 em J5F 6 H 15 HIt AR U 8 LIRS H
BN v K B AT FR 8 S5 5 o M T PEAR
RSB L, WA 2 hm®, KIR 1.5~
2.0 m, HHK 2~3 ¥k, ZuidESReE 10 f140d )5,
ST 201945 6 H 25 H, 7 H 25 HREVWIKT
fikah i 59, 6 H 25 HR4E 33 HiR4hfh 20 )2,
SRR K (40.20+3.66) mm; 7 25 H R4 63 Hild
4110 30 B, IR K (86.60+8.69) mm, HAKFAE
FEIWE 1. REN KT i) @Bt H I H Y
fE B ), BTV IR R o B R 2 AR
“ERE, BS5mZ %A R, 7RO
mla RS miETEAERY R, HaEltENS
YIER B WA GRS DR RS

FREVICT S S Fe, SR KSR
Tt IE K AR RE S o o3 BIAE IS SR 3 7 B 4 A
KA, BASREESMNARR 1 L BUKER
RREZ . PIRAKEE, AR ST R — 0 &7
ZUCKRAE, DIXG A i %, WA R IREE
CLHEER S L ¥Rkl . b T4 HARFr g
R, FFAREIITE 24 h NI 0.45 um Al
3 um (MCE; Whatman 2 F))IE & £F 48 R EBEHEAT
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BRI T DNA KRB HE BRI T 640 i v b 395

Hs gk e e g )n, RIS BV R AR
A7, 0 i 8 A D RS it i YRS AT RS
AR Pk, B AR R TR A S 5 T o 1R URDE R
LIRS PR A1 I S 2 A
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Tab.1 Samplinginformation of stomach content of
Hyporhamphus sajori and environmental water samples

RAR H Y i KB R T /mm

date sample stage number average length
2019-06-25 VIR FHEE & 33 HiER 20 40.20+3.66
stomach content 4
TKERBERE il 4
water
2019-07-25 WL FHEE &4y 63 Al 30 86.60+8.69

stomach content 1
IK ISR 4

water

1.2 DNA 2B, PCR ¥ &Rl

% H CTAB (hexadecyltrimethylammonium
bromide, |75 %¢ 3 = H FE R AL &) 7% 43 00 $2 B b
G k4 0 8 & ) MoK IR 2 FE T 240 DNA,
Horb, 55 1 UCRER 4 ARAE S KRS FE 5 43
2 0.45 um A1 3 pm i FHEEC DNA, $RJ55r
WG ARAEE 2 0.45 um A1 3 pm 385 19 2 4
DNA IR G R — DA, TR AR 4 DK IR
i TR ELHT, 56 1 UCREEM 20 1B S WFE S
) DNA 2 5IRBUS, F 10 M MERIRA —AMF
i, TRA R 2 A E SR AT 28T
55 2 UORBEN 4 AKIEERE S 4302 0.45 pum Al
3um IR, £ 0.45 pum i IERY 4 DIKEER AR
1 AMER, 283 pm IR IR 4 KRR G L)
1AM, s 2 DRI AT S5 2200
552 YCRAR 30 S H SR Y DNA J3 0 4 B
&, 10 MMERIR G MRS, IREGM 31 E
TYNRAFEMIEAT RS, IRBRNE &9
KOKFREERE fih 5 DNA 30 i, {# A4 Barcode
B 5HIH 18S V4 [X 528F-706R 43 | %t FR 55 7K B
FV I E % DNA #17 PCR 973 . 519)%
51k: 528F, 5'-GCCTCCCTCGCGCCATCAGGCGG-

TAATTCCAGCTCCAA-3', 706R, 5-GCCTTGCC-
AGCCCGATCAGAATCCRAGAATTTCACCTCT-3',

WA Z 25 pL, A04E: 0.2 mmol/L &jFF dNTPs,

0.2 umol/L £ 5|4, 1 uL DNA i, 1 U Taq,
2.0 mmol/L MgCly, 2.5 puL 10xZ% i, K84l
JKANE T 43R R . 78 Bio-rad T100 6 PCR X I
#E4T PCR ¥4, RNFEF: 98 CHIASE 1 min,
98 CAFPE 10 s, 50~55 CiEk 30 s, 72 ‘CHEAf
30's, 30 ME; HJa 72 CA##E 5 min, PCR =
Y 2 2% BUIEBEEE R Uk el b s, 2R AR R
/N3 400~450 bp ()75, {8 1] QIAquick i 11 iz
) & BB 1AW H b5 2407 . PCR 73 7™ ) 4 ]
TruSeq® DNA PCR-Free Sample Preparation Kit %
e 3R G R AT SO A A, A A SO & i
Qubit Ml Q-PCR &, LA GG, WA &1
SCIFEAE Mumina ~F- 5 P54 7 /5 1 00 7 (OB AR 2L
TLE W E BRHCA BR A FD) .
1.3 #HESH

BRE R LG T reads JT] OBITools1.01.22
2 7 £ (http://metabarcoding.org/obitools/doc) £ Jit
e g, PHEE S EIA REE, dr SRR
L RANLEA K o 550 BR, HTAREHRLL 97%
#—2 4T OTUs (Operational taxonomic units)
REMPF 00T LU LM OTUSs J¥ 31, R
F RDP Classifier V2.2 773:12°5 Silva B4 21T
PR R, R HERR 2 A BRI T, KR
J& T4 &3 1(Chordata)) OTUs J¥51 3411 4,
AT IEE53 87 24 OTUs JFHILE Silva £is 1
AN g DT T AH R 08 ) il 43 2505 BB, % 0T 51 A
NCBI %4l 747 Blast 4347 (http://blast.ncbi.nlm.
nih.gov/Blast.cgi), #—LHfiik OTUs B4R (5E .

Wi Excel #F4EiH50 Tt OTUs 7EI14325K
SERRYARRT R [, ZEHL OTUs AAXFRE(H
B R, HEFT Blast HoXt, BRI 5 2Z ALY
iR o BT RIE G5 P ROBHR R R BR, AN
ik R AN ORI FA 9= =B 7| B i N A e B 4
OTU RFEFIIER 43+ AT #E 3 L HLT(MOTU)
XA [ RSB T X 53 o P B A R 2 5 D
M40 18S rDNA 341 LAFE AH [R] f) 32 R P 51 1X 35
N, 247 T B (coverage) MK T 95% H—EU% 15 3
99.5% M LA B, 0 B 5ok B VS S 516 R Y
Yifh; fm—E0U¥<99.5% H =95%, —H¥ R mF
YA 1 %, HEMRMRZTH)— B0 220 =
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2%, 0 —BUE R P E— % KR,
o — B XA 2 YRS, 00 RE 5 TR T
FITAT — B B s 140 24 s 0 o 1) B IR 0 26 30 2
HRYE A IE, KPR GEAE i b I 0 A= ) ) o
JF 9185 L A9 B 50 T A g i L g, g ey
/LR RSy QR R I RS B W= R = 7 2 e
ZER KA —FL0, N, AT IR R SR L
BIE R K ARG B B & R L i b o LR AT
giit. MEARFTR IR, 1110 2KF Big
BREAT VAR ARBEA T W Fh 2 ST M
PEBEE T . SR Ivlev SEFRAEEL E KT IP IR
A 00 O A A A R e T
E=(ri—pi)/(ritp:)
Krh, rm 2R i MRV RT S S bGme

Gy, pi R i NIRRT AR E S, E
WHEIN[-1, 1], 4 E A-1 i, FoRmISha]2%
i MENUK, FoRmBEEBET1RG B EH
i 0B, KRN .

2 HREHMH

21 MELER

ZMIF, 6 ANIKIABEAE S BAFE T35
89817 & IRITH, 548 B WA SR AT
AT 89163 FRJFLAITH . B S PR RN T i 2 Y%
J&, KIS IE SRR 3 E] 65193,
65199 XARUTH, AT LR 73%LL 1,
DN 5090 T 2 W 2 23 B 225K (Q20 = 98%, Q30=
94%), WHEATIREL T, MHCEE R IR 2,

®2 BAHUFIEK OTUsHiskit
Tab. 2 The statistics of effective tagsand OTUs numbers

Jhh PrE

IR BRI BRUFIITHK

ARUFFTVEGS /% OTUs B4k

=]
s:iuje F51% FIEC FEi effective  J&¥/nt effective Q20/% Q30/%  percentage of total
p original tags raw tags clean tags tags number tag length effective tags OTUs
JKEE environmental 89817 86304 84081 65193 307 98 94 73 427
water sample
H 4 stomach 89163 86341 84268 65199 312 98 94 74 257

contents

Q20 F1 Q30 433 A 35T HN L H B 2 B i {E (Phred) KT 20 (MF 45 R Z/NT 1%)F1 30 QP45 TR Z/NT 0.1%) W HREE T (5 19 E 4 b,

Note: Q20 and Q30 represent the percentage of bases with Phred value more than 20 (sequencing error rate less than 1%) and 30 (sequencing

error rate less than 0.1%), respectively.

2.2 ETF 18S rDNA E&FAA 33 HRWDIKT
55 a1 R KA R & Th A B

HTF 18S rDNA AU U453, 16115
KWL, 33 HIRVD IO T EEE & Wk S KoK IR EE
FES PRI R AN 1, 3 3 fis. 33 HigYD
G 5 B o W R i R R BEAE & 1 W 4 A W
KER . KRR, B 13.03%M 751 ok %
ERAN, FIRITFHIELEE 18 AT, Horh,
FHSBET T o5 4 XL 384(76.64%), HR P9I AL E ]
(2.52%) . FIBEBHHIT1(1.50%) . FHERETT(1.34%).
22 JE U] (1.12%) . SR3171(0.96%) | Bl 1(0.81%)
il 171(0.69%) . 4 9171(0.53%) . $EHL1(0.34%) .
WS HI171(0.30%) A B FHEB1(0.21%) . B &4
S, KRB R ITTYRIT 5 )G ICIk % e Fh
EWFHL A 0.19%, FIRITH 5 w1
1 3 W) 1] (45.29%), 4% 3171 (20.34%) . ik 3 0]

(12.35%) . HIET](12.42%) 5 oW ae s, HAt ARk
HEFEHIT(2.41%) . HEIEAEYI 1 1(1.75%) . #iE H
17(1.24%) . THREETT(1%) . BET71(0.92%) ., S
HE171(0.88%) . HKAIREIH11(0.38%) . 4 E11(0.36%) .
22 /2 W 11(0.19%) . & I3 7(0.14%) . A H ]
(0.07%) . FHFE171(0.05%) LA K B5i 5h#171(0.02%)
HrpoKAEE ST, REEHEWIWIT. HT
WITLA REETEAEY T T, Esel ], MEE IR
DL R ERAR Sy 11 Rh AR 2D 1 B & AR ok
YorE MBS T TR, HFTRT1(0.05%) LA R E
SSI1(0.02%)FP 2 g
2.3 HETF 18S rDNA E&FABH 63 HEWIKT
5B S R K INE R &Y T

FF 18S rDNA AU S E 4R, FE1 145
FIKF- b, 63 HIRVP W T EEE & Wk 5 SoK IR EE
FEMPIF AL B LR 2, % 4. 63 HIRVICT
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I H¥El] Pyrrophyta

1| B30 Bacillariophyta

. £%31] Chlorophyta

[ K317 Cryptophyta

- 4:¥1"] Chrysophyta

0 s=#E%T] Haptophyta

| S:##E¥] Heterokontophyta
[ 48] Sarcomastigophora
[ 22 #1] Cercozoa

[ 4= 1" Intramacronucleata
[ #147] Rotifera

[ sfazh¥ri] Cnidaria

I %341 Chaetognatha
0 {4z Mollusca

I 5 ish#1] Arthropoda

- T#EE ] Ascomycota

[ #7817 Basidiomycota
. HEVEAEYII] Streptophyta
I Hofs others

K1 33 HRVD IR SR Ab I 5 /K 1A K 25 rh B A W 1) ) o 2
W1, W2, W3, W4 5351403 33 H 10 [C T #5400 57 4 F T K ROK FREERE i, WT ARG IR K IR,
S1, 82 43R 33 Hi¥b RN R4 1 B S WA, ST ARG I 10 H S WFES.
Fig. 1 Eukaryote composition in water samples and stomachs of 33 days old Hyporhamphus sajori
W1, W2, W3, W4 represent the environmental water samples and WT represents the combined environmental water sample of
33-day-old H. salmonicus juveniles. S1, S2 represent the stomach content samples and ST represents the combined
stomach content sample of 33-day-old H. salmonicus juveniles.

1.00 [

0.75F

0.50 |-

FHX}FE B relative abundance

025

w1 w2 W3 w4 WT S1 S2 ST
5 sample

&3 ZET 18SrDNA R AEBEIFCH 33 HIdV KT8 E &9 FoK IR ERE & R 707 515K

Tab.3 Thenumber of reads detected for stomach contents of 33 days old Hyporhamphus sajori and environmental
water samples by DNA metabarcoding based on 18S rDNA sequences

IKHE B

P ["J2% phylum water sample air 5 /% stomach content air 5 /%
no. total total
Wi w2 W3 W4 S1 S2
1 F#0] Pyrrophyta 59453 53270 44745 43831 201299 76.64 1091 1835 2926 12.42
2 fE#I] Bacillariophyta 435 568 491 317 1811 0.69 1176 1735 2911 12.35
3 4¥07] Chlorophyta 534 530 359 1093 2516 0.96 1758 3035 4793 20.34
4 BAPEIT Cryptophyta 413 828 492 397 2130 0.81 86 130 216 0.92
5 417 Chrysophyta 244 512 386 256 1398 0.53 44 40 84 0.36
6 SEMI#E] Haptophyta 1 0 1 0 2 <0.01 12 22 34 0.14
7 SHEWE] Heterokontophyta 298 1033 960 1227 3518 1.34 93 115 208 0.88
8 HEiEH] Sarcomastigophora 0 0 7 0 7 <0.01 138 154 292 1.24
9 #JEM[] Cercozoa 550 698 854 830 2932 1.12 22 23 45 0.19
10 £FFE )] Intramacronucleata 1796 1791 1378 1662 6627 2.52 262 305 567 241
11 %7 Rotifera 320 117 324 128 889 0.34 8 8 16 0.07
12 HlfEzh#1] Cnidaria 351 704 428 2447 3930 1.50 0 0 0 0
13 BYizh#I] Chaetognatha 0 0 0 0 0 0 4 1 5 0.02
14 #AKZYT] Mollusca 1 11 9 3 24 <0.01 72 17 89 0.38
15 BT Arthropoda 50 14 139 587 790 030 3396 7276 10672 45.29
16 T#EH 1 Ascomycota 16 50 242 253 561 0.21 24 212 236 1.00
17 #HFH[] Basidiomycota 0 0 0 0 0 0 9 2 11 0.05
18 #EJEAHYII] Streptophyta 0 0 0 0 0 0 78 335 413 1.75
19 HAflh others 1296 2586 18391 11955 34228 13.03 26 19 45 0.19
£ total 65758 62712 69206 64986 262662 100 8299 15264 23563 100

H: W1LW2,W3,W4 5351103 33 H IR U G4t it kb SR FE K MoK FRBERE i ST, S2 43 il 3R 33 H VD[R B4 0 B S ke b
Note: W1,W2,W3,W4 represent the environmental water samples of 33-day-old H. salmonicus juveniles. S1,S2 represent the stomach content
samples of 33-day-old H. salmonicus juveniles.
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[0 1317 Pyrrophyta
1.00 - [ %:3%07] Bacillariophyta
- £%3]] Chlorophyta
I K¥1] Cryptophyta
3 [P &3] Chrysophyta
£ o7t [ 54917 Haptophyta
g [ 543 Heterokontophyta
E [ #g=E Hit ] Sarcomastigophora
= - 42 )2 H1]] Cercozoa
g 050 - £ M |] Intramacronucleata
i [ # H] Rotifera
# [ HUHaEh#1 ] Cnidaria
_% - EHizh¥)i] Chaetognatha
[ #4341 T Mollusca
025+ [ 53] Arthropoda
[ " 341 Platyhelminthes
[ FZF 1] Ascomycota
[ #2711 Basidiomycota
Wi w2 owr st sz s3 st LRSI Sueptophyta
e, sample - HAth others
B2 63 A G FBRFFAL K U R P 05 s OB L B R AL
WI1,W2 Zp 53 33 H U0 G R4 BT Ak FRFE K (ROK FREERE i, WT AR IR IR SR IR BERE ML S1, 82, 83
AR 33 HIRY IR T R4 0 B St i, ST ARG I B Skt
Fig. 2 Eukaryote composition in aquaculture area and stomach of 63 days old Hyporhamphus sajori
WI1,W2 represent the environmental water samples and WT represents the combined environmental water sample of
33-day-old H. salmonicus juveniles. S1,S2, S3 represent the stomach content samples and ST represents the combined
stomach content sample of 33-day-old H. salmonicus juveniles.
%4 ET 18SrDNA R&FBIRIZH 63 iR K THE W R KIMEER M EFFIH
Tab.4 Thenumber of reads detected for stomach contents of 63 days old Hyporhamphus sajori and environmental
water samples by DNA metabarcoding based on 18S rDNA sequences
N KA . BE .
L 1 watei( fmple ait 5 /% stomaﬁcl?j?ntent ait i b/ %
no. phylum total total
Wi w2 S1 S2 S3
1 W] Pyrrophyta 37846 33471 71317 57.92 200 621 365 1186  0.88
2 HE#ET] Bacillariophyta 4900 5013 9913 8.05 646 225 97 968  0.72
3 4317 Chlorophyta 827 493 1320 1.07 170 160 53 383 0.28
4 W] Cryptophyta 3203 1573 4776 3.88 8 0 9 17 0.01
5  4x#E7 Chrysophyta 3505 2081 5586 4.54 38 1 7 46  0.03
6  JEWMEHT] Haptophyta 4 4 8 0.01 2 3 0 5 <0.01
7 5¥E%EIT Heterokontophyta 1637 3098 4735 3.85 15 11 13 39 0.03
8  #FFM|] Sarcomastigophora 98 77 175 0.14 26 1 9 36 0.03
9  #ZH[] Cercozoa 452 625 1077 0.88 0 0 0 0 0
10  ZFTEH[] Intramacronucleata 2800 10710 13510  10.97 162 9 60 231 0.17
11 %M/ Rotifera 1 6 7 0.01 40 0 2 42 0.03
12 JMSIYI] Cnidaria 2831 1 2832 2.30 1 15 0 16 0.0l
13 EHIYIT Chaetognatha 0 0 0 0 19 2 107 128  0.095
14 ARG Mollusca 0 0 0 0 18 0 23 41 0.03
15 BT Arthropoda 1693 293 1986 1.61 8371 62793 60501 131665 97.31
16 mIEsh¥0] Platyhelminthes 0 997 997 0.81 0 0 0 0 0
17 FHKI] Ascomycota 57 12 69 0.06 26 266 165 457 034
18 1T Basidiomycota 0 0 0 0 2 4 1 7 <0.01
19 4EJEHIYI] Streptophyta 0 0 0 0 2 11 19 32 0.024
20  FAlb Others 4554 1260 5814 4.72 8 4 0 12 <0.01
1T total 63408 59714 123122 100 9754 64126 61431 135311 100

T WLW2 53 5I03R 33 B TS IR 8540 0 I AL SR AR OK BRBERE s S1, 82, 83 4353 33 H v [CF 64 1 18 S ke .
Note: W1,W2 represent the environmental water sample of 33-day-old H. salmonicus juveniles. S1,S2, S3 represent the stomach content
samples of 33-day-old H. salmonicus juveniles.
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M5 5 5 R i RK PSR i R 1 4 e A 2 A
Ko AKABERE T, 5 4.72%00 7551 JC B 4 e Fhs
Gh, ol 45 e A0 b H R T o BT
(57.92%), HRK WA THRIT(10.97%) . FE#EET]
(8.05%) . 4xiE[](4.54%) . FABET1(3.88%) . FHif
B1(3.85%) . HIMIBIPI1(2.30%) . BT
(1.61%) . LEEE11(1.07%) . 22 H17(0.88%) . J
TEY11(0.81%) . HEEHT1(0.14%) . T 2EWH ]
(0.06%), &Ml T LA S gS ] b7 e, B/
0.01%. B &S, KERERWITRITI
J& TS T 5 5 LN 0.01%, oy
FREB 1] o 4 WA 3 (97.31%), F R4 51k H 3
17(0.88%) . FEMETT(0.72%) . THEH7(0.34%) .
LEPETT(0.28%) . LFEHIT(0.17%) . BN
(0.1%), ¥, SHEp ], MEE AT, AT,
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Tab.5 Selectivity index of different phylums of Hyporhamphus sajori juveniles at different developmental stages
K NES 33 H 45 1/% 33 days old fish 63 H 45 11/% 63 days old fish
no. phylum JKFE water B AW stomach EEEISEE KA water B EW stomach EEEISEE
1 3] Pyrrophyta 76.64 12.42 —-0.72 57.92 0.88 -0.97
2 HEEWEI] Bacillariophyta 0.69 12.35 0.89 8.05 0.72 —0.84
3 %307 Chlorophyta 0.96 20.34 0.91 1.07 0.28 -0.59
4 [T Cryptophyta 0.81 0.92 - 3.88 0.01 -0.99
5 4&¥I] Chrysophyta 0.53 0.36 - 4.54 0.03 —-0.98
6  SEHEEE] Haptophyta <0.01 0.14 - <0.01 <0.01 -
7 SEMEMET] Heterokontophyta 1.34 0.88 -0.20 3.85 0.03 -0.98
8  HEFH] Sarcomastigophora <0.01 1.24 1 0.14 0.03 -
9  #JElil] Cercozoa 1.12 0.19 -0.71 0.88 0 -
10 £FEH[] Intramacronucleata 2.52 2.41 -0.02 10.97 0.17 -0.97
11 % H07 Rotifera 0.34 0.07 - <0.01 0.03
12 FME3h# 1] Cnidaria 1.5 0 -1 2.3 0.01 -0.99
13 B3I Chaetognatha 0 0.02 - 0 0.1
14 34K51%17] Mollusca <0.01 0.38 - 0 0.03
15 BT Arthropoda 0.3 45.29 0.99 1.61 97.31 0.97
16 JiEsh#¥1] Platyhelminthes 0 0 - 0.81 0 -
17 T#EW] Ascomycota 0.21 1 0.65 0.06 0.34 -
18 T Basidiomycota 0 0.05 - <0.01 -
19 HEEAEYI] Streptophyta 0 1.75 1 0.02 1
20  HAt others 13.03 0.19 - 472 <0.01 -
| F¥%i Pyophyta
1.00 . R340 Bacillariophyta
I %317 Chlorophyta
I K17 Cryptophyta
I &3 Chrysophyta
075 . FEHERET] Haptophyta
. S¥FBE| ] Heterokontophyta
[0
g . ¥#E 1] Sarcomastigophora
E . 24 /£ "] Cercozoa
§ 0.50 - . #1-F M1 ] Intramacronucleata
2 0.
= . # 7] Rotifera
-
B I ez ] Cnidaria
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& . AR Mollusca
23T B0 31 Platyhelminthes
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. FHEH|] Ascomycota
. HF 1] Basidiomycota
oL e —S—_—_—_._._.S e —/—m—m—,— . HEVEARY) ] Streptophyta
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E 3 AL E N B T 8R4 T Ab FE 58 K I B &) b EAZ AR W 9 4 ox He
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HRS VD I 54 0T Ak TR FE K 1R B 5 PR i

. HAth others

Fig. 3 Eukaryote composition in aquaculture area and stomach of Hyporhamphus sajori juveniles at different developmental stages
W33 and S33 represent the the environmental water sample and the stomach content sample of 33-day-old

H. salmonicus juveniles, respectively. W63 and S63 represent the environmental water sample and the stomach

content sample of 63-day-old H. salmonicus juveniles, respectively.
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Tab. 6 Composition of dominant OTUs of Hyporhamphus sajori juveniles at different developmental
stages based on high-throughput sequencing of 18S rDNA sequences
XS JE relative abundance
5 orus NES AHRIRNCEAS, AR : :
no. phylum similar species (accession number, similarity) 33 Hie/% 63 Hift/%
33 days old fish 63 days old fish
1 OTUl F 3] Pyrrophyta S8 ¥ Heterocapsa sp.(ON459692, 100%) 2.52 0.08
2 OTU6 WIEBIYI] Arthropoda BB R E Neomysis integer (AY 781420, 72.7%) 8.88 56.19
3 OTU9 TSI Arthropoda BOREIR® Neomysis integer (AY 781420, 77.2%) 1.53 31.1
4 OTUIS8 7 #1] Bacillariophyta W58 # Thalassiosira sp.(MG662232, 99.35%) 2.46 0.21
5 0OTU20 TIEs#I] Arthropoda HHEURE Neomysis americana (HM179998, 99.67%) 0.76 8.47
6 OTU33 WIEs 1] Arthropoda KF-PERE MR Euphausia pacifica (MZ333605, 100%) 25.4 0.01
7  OTU52 £ #:1] Chlorophyta THEPELEYE Ostreococcus tauri (AY 329635, 100%) 12.28 0.11
8 OTU62 T EhPII] Arthropoda HhAEYT K & Calanus sinicus (KR048707, 100%) 5.66 0.02
9 OTU66 BEIEAHYI] Streptophyta M Salicornia ramosissima (ON685420, 99.67%) 1.75 0.01
10 OTUS87 7 #1] Bacillariophyta ¥ [ B £5 B Skeletonema marinoi (KR091067, 100%) 3.32 0.06
11 OTU91 £E# (] Chlorophyta T PEE MM Ostreococcus sp.  (MW451616, 100%) 2.89 0.01
12 OTUY%4 F BT Arthropoda I EY Arthropoda sp. (ON256138, 100%) 1.02 0.21
13 OTU107  %ti0] Chlorophyta 4 (0 4% B Bathycoccus prasinos (MT571465, 100%) 2.08 0.02
14 OTU173  #t#(] Chlorophyta W/NMEMEEE Micromonas pusilla (KT860894, 100%) 1.31 0.01
15 OTU442  H#E[T Pyrrophyta AR H B Heterocapsa rotundata (KY 980397, 100%) 2.06 0.02
16 OTU938  FEEE[] Bacillariophyta 15 ¥ Thalassiosira concaviuscula (AJ810857, 100%) 1.07 0.02

TE: 35 T4 FRR NCBL R 115 OUT 7 FUAH UL e i W 11 )7 1) 25 555 AR UL 1 4 L.

Note: The text in parentheses indicates the sequence accession number and percentage similarity of the species with the highest sequence

similarity to OUTs in the NCBI database, respectively.

7 NPT K F (Calanus sinicus) (100%)H7 OTU62
(FHXTFBEH 5.66%); fiE#E I TH) OTUST (FHXT - J&
3.32%) NI G 455 (Skeletonema marinoi) (100%),
OTUI18 (MHXFFFE 2.46%) 5158 (Thalassiosira
sp.) (99.35%)HH1LL; ZREET TR OTU9 (FHXF B K
2.89%) . ¥ THY OTUT (HIXF B 2.52%) 5351k
T VE FL T8 (Ostreococcus sp.) (100%). 5+ '8 ¥
(Heterocapsa sp.) (100%); H: A OTU HAHXT 3 B
EIET 2.0%. 76 63 HIRIPIC T, &9
ML s sl OTU6, OTU9 ., OTU20
A XL, HAp R EEE BRI OTU6 ., OTU9 AH
Xt R, AN 56.19%F1 31.1%; Hikk
OTU20 (FIXT=EREE A 8.47%), H 5T E Y
i Neomysis americana fz HFALL(99.67%). FEE
gty AR, RIS R T S T T AR G
PR A W20 b 9 o LU B, $R 7R R[]
RENBW IR Tt gL, MEEK
RE, KV LI Sh Y b 2R 55 I A )

EM AR S BT L

3 itig
31 DNA ZEEBEAREHELSMHRPHIE
At

DNA Z XM HEARBITaIErEARZEY
FREIRE, TS S RIEFEAESRE T EA N
[F A= )2 A 28 2R 1 T B s g B R sh e
ANF A28 51 N I 22 B A5G | 23 B
BB, EERIZBEARC I T2
Tl v £ 2 R B S REPERF 5 R PO 2524 b T
T 38527 55 8 7 AR S A IR A N B 7 i Sl A 4 LA
FAE AR BB 1 S W TS 2 o A Albaina
2RO 144 18S r DNA 1Y V9 IX, X IRUF Y
BHEMM M ARV T M (Sardina pilchardus) 2R
il (Sprattus sprattus)|H) 8 &Y H R IFN AT T E
PERE BT, 45 55K qPCR & & 14,
— 5, EHME— SR A Y B e 0 /N A 2
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BT R S B A AR R R
BN, e T BT SR A fa R R A S A
SR X Rl — R YA Z B i 25 5% . 5T Bk
THOL, BB E S 58 R AN [ I VD IR
AR T BOK IRBERE S, HE— 25 AT D IR B &
PR E BRI ST, LA 2 i 4518 .
33 DNA EHEBEALELEXSUARHIHE
PR

R4 DNA ZAIES AR PR BR B i AR
B TEALHE 2T N B S B R ST S A ) T



55 4 3]

AL 4 T DNA ZAIEBE ARV T 4l b 403

Pz R O 2N (0 DNA AR A AR A B 1
A — BEH R R T Gk i R (9 TR, Gn s 1 e
4145 . PCR PS4 G it . Hofe e . Iy iR 22
8, HAZi5Y . BHRAb BT A58 . kX
Sy 1 B I L AOR TR AR 20 sy
S Z /D IFARRICREA DR I S E i, W)
Aol BB IS — i RE LS S AR ) i B R
By, SEHERDPREIAR, (CE S
RATEE, Xl e E R R A RO Bl 2, il
AR B AR5 B A5 . BRILZ S,
DNA 7% RSB A AL RE Sz ey o i) o 39 4% £ 4R
O, BT BRI OL, T A A B
WF5E 5 1 A s [ 3 43 Wi i A7 58 SUHL RS9,
IS . 28 A [F) % & B Bt | AL 245 19 1 fi,
Ohy R R ST O R ) BT e B PR AP A B 43
HB A o

52 3k

[1] Frid A, Marliave J. Predatory fishes affect trophic cascades
and apparent competition in temperate reefs[J]. Biology
Letters, 2010, 6(4): 533-536.

[2] Clements K D, German D P, Piché J, et al. Integrating
ecological roles and trophic diversification on coral reefs:
multiple lines of evidence identify parrotfishes as micro-
phages[J]. Biological Journal of the Linnean Society, 2017,
120(4): 729-751.

[3] Xue Y, Jin X S. Review of the study on feeding habits of
fishes and food webs[J]. Marine Fisheries Research, 2003,
24(2): 76-87. [ME2E, 4 At R EEMEWMPTIITR
[J]. MRS, 2003, 24(2): 76-87.]

[4] Gao X D, Chen X J, Li Y K. A review on the methods used
in aquatic food web research: Development and applications
[J]. Journal of Fishery Sciences of China, 2018, 25(6):
1347-1360. [/, BB, ndl KERYRBTTET
AR PEZKRIE, 2018, 25(6): 1347-1360.]

[5] Pompanon F, Deagle B E, Symondson W O C, et al. Who is
eating what: Diet assessment using next generation sequen-
cing[J]. Molecular Ecology, 2012, 21(8): 1931-1950.

[6] Bian X D, Wan R J, Shan X J, et al. Preliminary analysis on

recruitment variation and the exogenous driving factors to

early life stages of small pelagic fishes in the Laizhou Bay[J].

Journal of Fishery Sciences of China, 2022, 29(3): 446-468.
[FBEAR, Jidinss, B0, 5. SN B2/ A2
IR S LHAMERRSI R R (). hEUK R, 2022,

(7]

(8]

9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

29(3): 446-468.]

Zhao Y, Zhang X Q, Bian X D. Habitat suitability index of
larval Japanese Halfbeak(Hyporhamphus sajori) in Bohai
Sea based on geographically weighted regression[J]. Chinese
Journal of Applied Ecology, 2018, 29(1): 293-299. [#X4%,
FRAEER, NIREAR. BTSNV S Y i v R A A AT
HEAT S AR E[T]. B A A4, 2018, 29(1): 293-299.]
Chen D G. A preliminary study on fishery biology of Hypor-
hamphus sajori off the Shandong coast[J]. Marine Science
Bulletin, 1984, 3(4): 45-49. [FEAKM. LA HTEE Hypor-
hamphus sajori {0V AEY2ARIRIAIFFE[T). HEEAETR, 1984,
3(4): 45-49.]

Wang S. Studies on the reproductive biology of Hyporhamphus
sajori in the Yellow Sea and Bohai[J]. Shandong Fisheries,
1991, 8(4): 14-16. [ F5FRG. Hih A ABE G A Yo7
[1]. F&H#nl, 1991, 8(4): 14-16.]

Guo X W, Tang Q. Maintenance ration and conversion
efficiency of Hyporhamphus sajori[J]. Chinese Journal of
Applied Ecology, 2001, 12(2): 293-295. [k, a7t
AN AR VAR HOBC S FARBR]. RS 2#4T, 2001,
12(2): 293-295.]

Fisheries Bureau and Yellow Sea Fisheries Headquarters in
the Ministry of Agriculture. Investigation and Regiona lization
of Fishery Resources in the Yellow Sea and Bohai Sea[M].
Beijing: China Ocean Press, 1990: 141-162. [4\V/Kr=
JRY, AR AR B DX D AR FER. B Wi DXl BRI A
HIXRIM]. dEETHE 1 R, 1990: 141-162.]

Valentini A, Pompanon F, Taberlet P. DNA barcoding for
ecologists[J]. Trends in Ecology & Evolution, 2009, 24(2):
110-117.

Taberlet P, Coissac E, Pompanon F, et al. Towards next-
generation biodiversity assessment using DNA metabarcoding
[J]. Molecular Ecology, 2012, 21(8): 2045-2050.

Deagle B E, Kirkwood R, Jarman S N. Analysis of Australian
fur seal diet by pyrosequencing prey DNA in faeces[J].
Molecular Ecology, 2009, 18(9): 2022-2038.

Deagle B E, Chiaradia A, Mclnnes J, et al. Pyrosequencing
faecal DNA to determine diet of little penguins: Is what goes
in what comes out?[J].Conservation Genetics, 2010, 11(5):
2039-2048.

Alberdi A, Aizpurua O, Bohmann K, et al. Promises and
pitfalls of using high-throughput sequencing for diet analysis
[J]. Molecular Ecology Resources, 2019, 19(2): 327-348.
Zinger L, Bonin A, Alsos I G, et al. DNA metabarcoding—
Need for robust experimental designs to draw sound ecolo-
gical conclusions[J]. Molecular Ecology, 2019, 28(8): 1857-1862.
Bian X D, Zhang X M, Xiao Y S, et al. Identification of fish



404

Hh K R

%30 &

[19]

(20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

eggs of Japanese halfbeak (Hyporhamphus sajori) using
mtDNA sequencing[J]. Periodical of Ocean University of
China, 2007, 37(S1): 111-116. [FIEAK, 5KFAME, H KL,
&, 2RI DNA JPHI7EVR G Aot Bl S5 F R ).
R BRI (FL AR B AR), 2007, 37(ST): 111-116.]
Bian X D, Zhang X M, Gao T X, et al. Morphological and
genetic identification of Japanese halfbeak (Hyporhamphus
sajori) eggs[J]. Journal of Fisheries of China, 2008, 32(3):
342-352. [IEZR, sk, mRH, 4. U ICF ik
W IE 2 2 K A8 2 S B[], K P2 2% 4%, 2008, 32(3):
342-352.]

Wang Q, Garrity G M, Tiedje J M, et al. Naive Bayesian
classifier for rapid assignment of rRNA sequences into the
new bacterial taxonomy[J].
Microbiology, 2007, 73(16): 5261-5267.

Pruesse E, Quast C, Knittel K, et al. SILVA: A comprehen-

sive online resource for quality checked and aligned riboso-

Applied and Environmental

mal RNA sequence data compatible with ARB[J]. Nucleic
Acids Research, 2007, 35(21): 7188-7196.

Shao X N, Song D Z, Huang Q W, et al. Fast surveys and
molecular diet analysis of carnivores based on fecal DNA
and metabarcoding[J]. Biodiversity Science, 2019, 27(5):
543-556. [FR T, RKHH, B{I55E, 45, JETHE(E DNA KX
FATCHEARN B RSP IR A X a0 &9
ZFEPE, 2019, 27(5): 543-556.]

Zhu F, Massana R, Not F, et al. Mapping of picoeucaryotes
in marine ecosystems with quantitative PCR of the 18S rRNA
gene[J]. FEMS Microbiology Ecology, 2005, 52(1): 79-92.
Godhe A, Asplund M E, Hérnstrom K, et al. Quantification
of diatom and dinoflagellate biomasses in coastal marine
seawater samples by real-time PCR[J]. Applied and Environ-
mental Microbiology, 2008, 74(23): 7174-7182.

Song L, Bi X D, Song G J, et al. Size-fractionated eukaryotic
microalgae and its influencing factors Dachangshan Island
and its adjacent waters[J]. China Environmental Science,
2020, 40(6): 2627-2634. [RA&, HeMAR, KIT4E, . HE
ELZIHORL S F B LI R R 0], h B R 2,
2020, 40(6): 2627-2634.]

Albaina A, Aguirre M, Abad D, et al. 18S rRNA V9 meta-
barcoding for diet characterization: A critical evaluation with
two sympatric zooplanktivorous fish species[J]. Ecology and
Evolution, 2016, 6(6): 1809-1824.

Song L, Song G J, Wu J H, et al. Grain size structure of
eukaryotic microalgae and feeding selectivity of scallop in
Changshan Islands[J]. Acta Ecologica Sinica, 2022, 42(16):
6838-6852. [RAE, KJ 7, R4k, & RIS EEHE
KB RL R 25 K B DA B e P[], AR 7574, 2022,

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

[36]

[37]

42(16): 6838-6852.]

Leray M, Yang J Y, Meyer C P, et al. A new versatile primer
set targeting a short fragment of the mitochondrial COI
region for metabarcoding metazoan diversity: Application
for characterizing coral reef fish gut contents[J].Frontiers in
Zoology, 2013, 10(1): 1-14.

Leray M, Meyer C P, Mills S C. Metabarcoding dietary
analysis of coral dwelling predatory fish demonstrates the
minor contribution of coral mutualists to their highly
partitioned, generalist diet[J]. PeerJ, 2015, 3: e1047.

Nalley E M, Donahue M J, Toonen R J. Metabarcoding as a
tool to examine cryptic algae in the diets of two common
grazing surgeonfishes, Acanthurus triostegus and A. nigro-
fuscus[J]. Environmental DNA, 2022, 4(1): 135-146.

Nalley E M, Donahue M J, Heenan A, et al. Quantifying the
diet diversity of herbivorous coral reef fishes using syste-
matic review and DNA metabarcoding[J]. Environmental
DNA, 2022, 4(1): 191-205.

Lin X Z, Hu S M, Liu S, et al. Comparison between traditional
sequencing and high-throughput sequencing on the dietary
analysis of juvenile fish[J]. Chinese Journal of Applied
Ecology, 2018, 29(9): 3093-3101. [#kJCH, HAELH, XUk,
S5, ARSI Y5 v 1 I P R AR R A B L),
AR 252440, 2018, 29(9): 3093-3101.]

Sun P, Ling J Z, Zhang H, et al. Diet composition and
feeding habits of black sea bream (Acanthopagrus schlegelii)
in Xiangshan Bay based on high-throughput sequencing[J].
Acta Ecologica Sinica, 2021, 41(3): 1221-1228. [#IMf8, wzd
B, SRR, A BT T A 4 LU A S R R (A can-
thopagrus schlegelinyBYEAATI]. A4, 2021, 41(3):
1221-1228.]

Chen X L, Li M, Chen Z Z, et al. Preliminary analysis of
feeding habits of Haliotis diversicolor in South China Sea
based on macro bar code technology[J]. South China
Fisheries Science, 2022, 18(3): 22-29. [FhlRE, 256, MKf1E
&, T RAUHEOR WS IEX ] R b
[0]. B RT=RI2E, 2022, 18(3): 22-29.]

Riemann L, Alfredsson H, Hansen M M, et al. Qualitative
assessment of the diet of European eel larvae in the Sargasso
Sea resolved by DNA barcoding[J]. Biology Letters, 2010,
6(6): 819-822.

Zhang Y Y, Dong J Y, Sun X, et al. Bibliometric analysis of
food habit research based on DNA molecular biology[J].
Fisheries Science, 2022, 41(1): 160-172. [FkTF¥, BT,
T, 4. JET DNA I3 TA 4 E B IR o Sy SCmkit
B, KFERME, 2022, 41(1): 160-172.]

Liu G, Ning Y, Xia X F, et al. The application of high-



55 4 W1 BRI T DNA KRB HE BRI T 640 i v b 405

throughput sequencing technologies to wildlife diet analysis [38] Hambick P A, Weingartner E, Dalén L, et al. Spatial subsidies
[J]. Acta Ecologica Sinica, 2018, 38(9): 3347-3356. [XINI, in spider diets vary with shoreline structure: Complementary
TE, BB, . R R e B A sh o b evidence from molecular diet analysis and stable isotopes[J].
rPE R, AEAS2EIR, 2018, 38(9): 3347-3356.] Ecology and Evolution, 2016, 6(23): 8431-8439.

Preliminary dietary analysis of Hyporhamphus sajori juveniles based
on DNA metabar coding
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Abstract: As a core research field in trophic ecology and biology, fish dietary analysis enables the understanding
of the food composition and functional role of target predators in ecosystems. In this study, the 18S rDNA
high-throughput sequencing method was used to investigate the diet composition of Hyporhamphus sajori
juveniles in an aquaculture pond in the northern Yellow Sea for providing more details about the feeding behavior
of juvenile fish. A standardized process of DNA metabarcoding analysis was used, including stomach and water
collection, DNA extraction, genetic marker amplification, sequencing, and bioinformatic analyses. The results
showed that 17 phyla were detected from the stomach contents of 33-day-old H. sajori in which Arthropoda
(45.29%) was the dominant phylum, followed by Chlorophyta (20.34%), Pyrrophyta (12.42%), Bacillariophyta
(12.35%), Intramacronucleata (2.41%), Streptophyta (1.75%), Sarcomastigophora (1.24%), and Ascomycota (1%).
A total of 15 phyla were detected from the environmental water samples, including Pyrrophyta, Intramacronucleata,
Cnidaria, Heterokontophyta, and Cercozoa, in which Pyrrophyta (76.64%) was the dominant phylum. Additionally,
18 phyla were detected from the stomach contents of 63-day-old H. sajori, in which Arthropoda (97.31%) was the
dominant phylum. Additionally, 15 phyla were detected from the environmental water samples, including
Pyrrophyta (57.92%), Intramacronucleata (10.97%), Bacillariophyta (8.05%), Chrysophyta (4.54%), Cryptophyta
(3.88%), Heterokontophyta (3.85%), Cnidaria (2.30%), Arthropoda (1.61%), and Chlorophyta (1.07%). The results
showed that the food composition differed between H. sajori juveniles at different developmental stages, and the
diet of H. sajori mainly included Arthropoda, Chlorophyta, and Bacillariophyta, which is consistent with the
previous study findings utilizing traditional morphological identification, except for Fungi, Intramacronucleata,
and Streptophyta, which were identified only in the present study. Therefore, DNA metabarcoding is helpful for
analyzing the diets of fish species and showed advantages over traditional food analysis based on morphology in
identifying fish dietary components.
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