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R TR A HLBL(VOCS), HTHE—& &I TF,
omF EEEASE, B XU AT AR Rt sk, Bl
WA . B G Y . S EBRLEHI. Xt
T UL AR 4 S5 A4 0 9 A 22 Ml B oh T R ] X3 22 ]
R 5% L B8AN [ A O ey =2, T X % G B8 TR
(2L ) R AE W IR BT 25 A5, 37 4 DU JXUBR
A LR AIE S AR SE AL B I i B =

AT LASFATT DL 2 AU 499 S5 20 1 RVRR AE A 15
I 58 DX IR A 0 A 0 R 2 ) R 858 DR 1 25 4 SR K
PN B bR, FFH SR 325 5 2, B AR T AR AT
FRE AR P AN R K IRAT RS, SR A D1 2848 & M T
(8 20 A A, FF 9 A 2 XU 4 o 1 4 o S 3L 5 38
Ba v R e i A= W R (R AR AE R B I 7 2
li] B AR S, — 7 TR A 77 4 A 4 1 2 B A ST
Ty —Jr i, ok BB SRy SR R DL 2SI A
AL L R R IR BT BN TR 2%

1 ME5FE

1.1 F4hfE. REEBRAFATERF

A&

FIHE BRI IR (LA 4): R AR %
VLB W TRl A AR M TR FR 0 X, SRR S A
E119°67'30.09", N26°23'57.04", fif &} 20.6+1.7 g, *F
PIRK 26.2 + 4.4 mm. BURREERERHES T-20 C
VR RRAFII(LA 2H). 75 VIR A BERL FS F Wi LT IR i i
TR FEIE(E 121°46'28.53", N 29°39'02.45"), T-HilEK
FEMEERFEAE 20 d 5, 45 T REEER RIS RN (HM
), F-20 CARBAFN

TERSFRIE AL e AR A Y R BE D A RAL SR A 5
KB HLL ZSHOK FL(EX02, YSI, SEE)M&E,
WA SRR KR . 2R . pH. WA . B
ffe R . BRI . [FEE, DL BBE 28OGIRMN &
(Moldaenke GmbH, £ )M /K AHIT4E % a(Chl a)

HIE £ (BGA) Y A AKF

KA M TR AL R A W R v R A R 18s
o 38 o O 43 BT I 9 T B, R R AL K A v R LA
T AR WU 0 AN 25 SRR IR AT T AR SR EE N3 AT
FEPRAL RAE AR, (1 LRIK#S T K2 d TR 4E
KA. BT 200 pm TR XS K FEBEAT 1 08, DA 2SRk
KEGFWE S FEAYLIG, L 0.45 pm JEREUE 1 L
IKFE, UEREAFAE T80 CUKFE & o RMEAS 3IRER .
TP B AR ME LR AR (LA) A DU 2SR s 450 7 S 15
Je e ] — 28 45 B A R KR R E KR Dy ] — 6 O R
JKIKFE(HM),

A B2 7 5] (18S) ey a8 4k 0 J52 0 0 A O %
XoF VS Y LA I i AR ) 1 2H RS AR AT 3 AT
fifi | Power Soil® DNA &5 £ (MO BIO Laborato-
ries, Carlsbad, CA, USA)EHl DNA. ff HiE#EAH
barcode MIFFIET WP 18 18S V4 AR X, 5973 H:
528F(5'-GCGGTAATTCCAGCTCCAA-3")Fll 706R(5'-
AATCCRAGAATTTCACCTCT-3"), PCR Wik Z:
15 uL Phusion® High-Fidelity PCR Master Mix (New
England Biolabs, 3 uL 5[4, 10 uL iz DNA, 2 pL &
WK o S 25 98 "CHUAEYE 1 min, 30 DMEFRIN 98 C
A1 10's, 50 “CiB Kk 30's, 72 “CHEMH 30 s, FRZk 72 CHE
fit 5 min, PCR P05 4% S nTiieatife )=, {487 NEB
Next® Ultra™ DNA Library Prep i#ifl| & (New England
Biolabs)F4J % SCJ#, 7F Qubit@ 2.0 Fluorometer (Thermo
Scientific) FAG SCPZE, &4% 5L Ton SSTM XL -
30 SCE HEAT ey i 2 0 e (AU s i AR BOR BB A7
FRA D

i Cutadapt X5 reads #EATi3E, ZBRik G
R 3 J5 P AFAT R reads . 3 T4 3L reads #47 OTU(#:
YEI3 2 BT REFMTERE A, I Uparse (4
XFIF AT o A, AR >97% 19 FF S04 o [R] —
OTU. #:F RDP Classifier /32857, 5 Silva 128 %1
PR E LU IF 455 NCBI BBF 9 AT WA ke, 28R
2E 8.k Unclassified 1 Metazoa B35, i & /> 3
FEA PP S E R v BEAS SEA Tl Ab B, e A5
N — 4B, B Hrd e OTU %,
1.2 FFERIBATEL MRk K57
1.2.1 FESETAAE

W V2 VR AR TS MG A AR BT KT b 4R R AR,
FEfRRLUG, BUNLARER E T 50 mL 208N, %
FEGIRE Dy 17~18 g FCEMMAEEK, HBIIA S
K 11 R, B EEKEIA L T, B
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PR B A3 B FR BT80N LA w8 4 R L 43 1) R B
RO T25 B BL (R E IKA 27D T4
FAFESE, WS mLA)%, BIA 15 mL T2 dEAEE
PEATHE R Y ORAE o PHAL RAE SRR T 45 5 A F
(L3N

1.2.2 Tz B AR BUR S 638 - B i 4 14

[0 75 [ AR AR ISR R 42 B B [ A 2 B
ARG (TEE Gerstel A H]). HEAHHE SETE 60 CH R
i P4 15 min, FRK 5624 30 min /9 50/30 pm
DVB/CAR/PDMS #H3k (3 [E Supelco 723 7R A%
FE b T2 AR B 20 min, i FErh, AR 60 C
IFRPEeIR G o WS BUn, AR BULAE A B GC #EFE
H, 7£ 210 CIREE T fi# % 7 min,

RS FIF 7890B-7000C AR €033 - 5 i 16¢
AL GE B2 PR R A R A ], ] VOCOL &
4G HFE(60 mx0.32 mmx1.8 mm, fE[E CNW 24 &)k
(R TN 2 = < I N W = W 2 o -
35°C, f£F¥F 2 min, L1 15 C/min, JHEZE 125 C, %
£5 1 min, FFLA 2 ‘C/min FHE Z 200 'C, {#%F 12 min.
WACNE AR, HE N 1.6 mL/min; FEEE 1R E
210 C.

g4 F: EL &6, - HER 70 eV, AT22Kk

SR 200 pA, BT IR R 230 'C; 6
YE R, 50~500 m/z,

W A5 1 45 4k G i 1B 5 T LS R (NIST/
Wiley) 1 ) b 1 9 o 3% 1L 20 47 %) B, %6 AN TR
AT, IFLE G IR Bl o i i £ B3 15 1) 0845 52 7
G307 o AR — A R AT P AT, RIS 451k
B ARRTE 4>

1.3 HELE

SR Simea BT 45 A1 KA XUBR ) 5 1) B 40
HEAT F 553 M (PCA); JH Excel 23l 43 L HERR A
Gy TR R M BT AR A RO AR AR AR TR
) Alpha ZFEME M ] QIIME #E47, Beta ZFEME:
SYHT L LR 255 L WA IR T AR e R R
A (vegan package)#EA T4 B A1 AT AL .

2 #XR
21 ARRFREARGKE. *t%F aREH
EAME

FIFHZZ KB LA BBE 2GRS, X P4
TR K BB IK B S 4 3R a P 2r B AR W b AT T
M5E, SR 1 PR,

R1 FRAEARXLAMEEXHM)KREMEZER a FAEREENE
Tab. 1 Water quality, Chla, and blue-green algae content at the two sampling sites (natural tidal flat, LA; enclosed

aquaculture pond, HM)

SRS KR T/C o oH %%p? E%ﬁﬁﬁTm;ﬁi%m¥$E Hﬁ%f
H(mg'L™) N(g'L™) /(ug'L™) /(ug'L™)

28.409 26.25 7.83 5.61 26.74 11.01 3.27

LA 28.388 26.08 7.85 5.68 26.59 11.47 3.08
28.382 25.74 7.83 5.96 26.27 8.67 2.46

25.67 15.24 7.75 7.19 16.29 166.66 59.73

HM 25.669 15.24 7.83 7.19 16.29 167.58 59.24
25.669 15.24 7.79 7.19 16.3 167.24 58.89

MV A B R T LU, AR IR I 5 1,
T v DK A B P 85 R DX i, pH KP4
T, A TT M TR DR R XA . B
fifp [ A O e e O DX 25 v T R X, B HOK
SR AR JEE v T TR X Rl A W [R5 D i ] L
A, FIE XK b 0 2 B AR P 2 R T T i
WX, 2 AE YR (Chl o & )RR X
9 20 4%, SRR RITHEPER X H 16 175,
1, PRI DX A0 SR A DL 26 Ak T ) A e AR X S Y
K

2.2 FE AR QMA LA A W

s M AR

AWISEFIT 18S il I F I EOR, B
TSR X A PR A M BT SIS R A
L5, FEUHMER X, BT = MEA LA,
LA2, LA3 WYAREHRIEITMT, 18S SURLRIATE
1474 4> OTU, JiilsJ@ T 32 41, 295 AN, FREHR
BT 14331/ Diatomea , Ciliophora , Dinoflagellata ,
Protalveolata, Cryptophyta, Cercozoa. Chlorophyta.
Ochrophyta ., unidentified Eukaryota, Chytridiomycota,
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FEREETTAE 20 Thalassiosira(Diatomea) |
Chaetoceros(Diatomea) . Parastrombidinopsis(Ciliophora) .,
Karlodinium(Dinoflagellata) . Skeletonema(Diatomea)
Amoebophrya(Protalveolata) . Gyrodinium(Dinoflagellata) .
Duboscquella(Protalveolata) . Pseudo-nitzschia(Diatomea) .
Cryptocaryon(Ciliophora),

FEIUERAE I, BET MDA HML, HM2, HM3 1
AR T 3T, 18S SCUELZ R F] 138 4> OTU,
SrRIE T 24 A1, 79 s, TR R AT 6 4T
J|J2& Ciliophora, Cercozoa. unclassified Eukaryota .,
Dinoflagellata, Ochrophyta, Stramenopiles. i %
HIRT 6 )& 4392 Didinium(Ciliophora) . Tintinnidium
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Fig. 1
phylum, B: genus)

XA KIS EAZ I i LR IR 45 HAY alpha 22
FEPEIT AT ZE AR R (R 2), HIBEIX (HM)FEAT) Goods
coverage FEEU R TIFMER X (LA), BEHTHRAA
JEAHRT R o NIRRT 22 R4 o) B ARG s PR AH DG Y

Fz2

(Ciliophora). Cercozoa. unclassified Eukaryota
Gyrodinium(Dinoflagellata) . Paraphysomonas(Ochrophyta).
AU, Rl 3R K ) R A R i AR ) W R 2R R
AT TP il TR K J

B 1 P REA S 0 e 1) AR ZKF B AR
JEWE o M) DU, TR R X, il
I'T(Diatomea) AH X 3= B fe =y, 249 7 47%, LR H
I'](Dinoflagellata) F12F & H [ '] (Ciliophora), Pi# i Lt
HBIT 16%. 1M Bl JEFRFE X, £F [ ](Ciliophora) 55 A7
AR =E (2 67%), HiR b 22 & L2 (Cercozoa),
b 14%, [FIYES, B RIAR (03 (Ochrophyta) 5 Fb 73
BH 6%F1 3%,

B
100% Paraphysomonas
90% unclassified_d _Eukaryota
W norank_p Cercozoa
80% ¥ Tintinnidium
8 70% B Didinium
g W Others
T 60%
2 B Cryptocaryon
< 50% M Pseudo-nitzschia
2 0% B Duboscquella
= ° B Gyrodinium
& 30% B Amoebophrya
W Skeletonema
0,
20% Karlodinium
10% Parastrombidinopsis

B Chaetoceros
M Thalassiosira

0%

LA-18S HM-18S

FT 188 KZFR T HIRSIN (4 o 28 AL 1 A Wy 0 B A X 2 B2 (A 9 TR, B s K

Relative abundance of microeukaryotic plankton operational taxonomic units based on 18S nucleic acid sequencing (A:

JUFME%CAE, Shannon, Simpson, Chaol, ACE, PD &
BAREIE, FEAE MR XK TEEX . I, 45258
SR T IR DX R K S LA T S R A,
YR AT S), BER NIR SR GOC R TN E A

FER R XA X AT B B A2 i E M8 T5 AY alpha 45154530

Tab. 2 Alpha diversity indices of the microeukaryotic plankton communities at the two sampling sites (natural tidal flat,

LA; enclosed aquaculture pond, HM)

KA goods_coverage  Shannon $8%% Simpson F§ 4L chaol ace PD
LA 0.9982 7.0253 0.9782 866.9567 865.3452 95.5004
HM 0.9997 1.7821 0.2873 128.2208 129.3939 18.867

2.3 AR RFHEESIT VOCs e
LR B AT AE
Zop bR O AL T T 3 fiiig, 3545 T JF:
BRI TR A VUM TR P 5 P e 3 3, (B 2).
FRER TR, JRME Y 52 FIE RAEYIR, HLAmER 11 F

B T Rl B S b, M2 4 Bl RIS 4 Fh L nkmgk
3Fh. FEIE 3R EAEY 2 B EARMAEY 2 Fh,
ot 11 R EEEHR, FFRCMELR XORE AN U s
(29 10%), FEIEDXAE S E CURE |5 Hdse (20 7%); B,
R A B P DX S AR o 30 o LU B i (29 9%~18%)
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£3 FHAMSXLAFIEERXHEM)HEREBRT VOCs L EWAER S8 (%)
Tab.3 Composition of Ruditapes philippinarum volatile organic compounds at the two sampling sites (natural tidal flat,
LA; enclosed aquaculture pond, HM) (%)

A (Hi =) E /S 7T LA HM
KO CsH;0 10.13+2.16 -
IEC C¢H,,0 7.59+1.13 7.09+2.72
IR HIE C,HO 5.93+1.24 3.72+2.03
IEE CgH; O 4.64+1.25 3.2442.55
3- it R A C4H;0S 2.55+1.43 -
2, 5- " HI LR CoH,,0 1.72+0.74 -
SR CsH;,0 1.28+0.3 -
S -2-Z s CioH,50 0.74+0.1 -
(B)-T--6-H it CoH, 0 0.53+0.36 -
T CsH;,0 0.44+0.61 -
13- DU il Js T C14H,0 - 4.01+1.39
Q) 35.55+1.76 18.06+8.39
A B CgH;0 9.39+0.43 18.89+1.18
2-F 1P CgH,,0 8.39+1.06 8.34+1.19
2-FR O I -1 - CgH,,0 1.59+0.57 -
5-T- ZJ-1-P CoH350 1.13+0.27 -
4-3F H FE PR O AL Y CsH 4,0 0.58+0.2 -
ML= 5 - - 1- Pt CgH;c0 - 1.23+0.75
2-3F H L3R e T CoH,O - 1.07+0.66
B (C) 21.09+0.67 29.52+2.45
2- H O HEH R ER CoH,50, 1.79+0.21 3.6+0.4
FH 2 B i CsH;60, 1.85+0.23 1.27+0.25
1IEC R L JTR CgH /40, 4.62+0.27 1.89+0.15
TR Y R R CgH oN,0, - 3.88+0.45
[LE{V4) 8.26+0.59 10.64+0.46
(3E, 5E)-3:-3, 5- "} -2-Hif CgH,,0 3+0.33 2.2440.75
2-T- CyH,50 2.82+0.14 3.74+0.36
FH 356 J 0 T CsH,,0 1.48+0.17 1.45+0.32
2- B C,H,,0 0.27+0.15 -
2-BEf, 6-H k- CsH, 0 - 1.23+0.27
il (T) 7.57+0.29 8.65+1.63
2-Z FEk C¢HO 2.99+0.25 4.28+0.31
2 FE kg CoH,,0 2.92+0.21 3+0.38
WG -2-(2- 13, 4 356 ) K g CoH,,0 0.35+0.48 -
W (F) 6.26+0.59 7.28+0.37
H B3R e st C¢H, 1.18+0.28 0.37+0.84
E+ ke CioHag 1.15+0.16 1.33+0.26
T =% C3Hg 0.83+0.25 -
1, 5-ZH -6 H FL 22 4] B o CioHyg 0.28+0.22 2.5+1.41
[RE: SIS CsHyg - 0.84+0.77
SEFE(W) 3.44+0.64 5.05+2.42
1, 3-C 85, 3-2.3k-2-F 3k CoH 6 2.16+0.87 -
1- 2 3E-2-H JE 3R 304 CsHyy 0.93+0.78 6.97+2.05
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(%) R R LA HM

3-3F P 3 G 3R B A CgHy, 0.12+0.26 -

M-3-T Fe-4- 2 05 3630 0 CiHyg - 1.91+1.29

1 (X) 3.2+1.15 8.88+2.53

S CeHs 1£0.36 0.75+0.74

Rl = 2R CsHyo 0.95+0.38 0.62+0.57
ZRHOR CyoHg 1.17+0.39 -

FERA) 3.12£1.02 1.37+1.07
FH it Pk C,HeS 1.02+0.41 -

2-2 FE A IR CeHgS - 1.2120.1
FHR(L) 1.02+0.41 1.21+0.1

FH A% CH;NO 0.35+0.32 -

THE 2 FHRR BB CoH3NO - 2.1742.11

TAD) 0.35+0.32 2.1742.11
(E)-2-H 3 /\-2- 1 A 3 CoH 40, 8.83+1.15 -

1-5 R [2.2.27E b CgH ;5Cl 0.57+0.53 2.3+0.61

4-7 F KBy CsH,,0 0.51+0.08 0.63+0.58
1-54 5805 CioH,:Cl 0.24+0.22 -

5-FR T, 1, 2- - CioH,40 - 2.98+0.72

(- T 3)-H A ke C-H 4,0 - 1.27+1.16

HAt(0) 10.15+1.57 7.18+2.61

LA HM

100% ' ' LRI
JIFRE R B g
R BEG

w37 L SR
u3-Z -0 HHE-1, 3-C
m =k

=55

=], 5. HUE6- U EER 2, 41 BEkE
wE
AR

LR R e

3B
" (3E, SE)-¥-3, 5-4%-2-H
=2
w2, 6-F -

80%
70%

60%

2. 5- ORI
Pl

%
|(E)-F-6-455

= [ A-2- 5T

= 13- PURRIR
m4-C I

= (1T - FNE 8
w5
GO [2.2.2) 5 b
=5 L 1 2-F -

W E-2-F Bk /24 5
u2-Z HEg R

H ik

= 5 YRR B

= i

2 HEK i

w22 ST
-2~ AT A ki
mEEHIA

i

g

- SR BT B
w4 O AR
RS- - 1B
15- T - 1B
21

=2 PR -1
LAl LA2 LA3 LA4 LAS HMI HM2 HM3 HM4 HM5 "&&%

B2 JFREMEDR X (LA)FTEE 85 X (HM) JE A 2 05 A 78 8 P XU 7 1o 2 B 722 b
Fig. 2 Changes in the composition of Ruditapes philippinarum volatile organic compounds at the two sampling sites (natural
tidal flat, LA; enclosed aquaculture pond, HM)
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X} e P A GEA T PCA 4345 SR o,
MIF e T A% 2 FRl 3 X #3251 20 d &, VOCs 4 li4h
AT AR (A 3): HAp s — A s kR

8
6
4
2 4 LAmLA
a0 < LAR=LA
T2
-4
-6
-8
_10
=20 -15 -10 -5

R2X[1] = 0.621 R2X[2] =0.162

62.1%, " F WA TTERE N 16.2%, P RFETTHR
FN 78.3%, UL MR B 32 A% 50 AT DA B 5K
FAEA BB ARAS B, W 1A AE 3 2 5H(P<0.05).

© HM
mLA

Ellipse: Hotelling’s T2 (95%)

B3 FEGUMERR X (LA)FIE JE X (HM) 3258 5 SR = IR {7 VOCs 1b& %1 PCA 434

Fig. 3 Principal component analysis plot of Ruditapes philippinarum volatile organic compounds at the two sampling sites

(natural tidal flat, LA; enclosed aquaculture pond, HM)

LA VOCs #4525 166 W ny A% & & a] LU i
(F 4), BIKTR, E2EAmRY) FE IR E b
FAXS & e dR = ) VOCs AL B (18%~36%), 5 A k& F
T RS B8 (0.35%~3%) 0 A
FEHOMER KT R IR X FR0E 20 d 5, BE2S. M.,
Fie 2 MU 28L& 9 kA T 835 A8 1 (P<0.05), Horp,
M2 G RIS, B B E T, ERISAE 2R B b
T o FRROMELR X DL SRR X i R
(35.55%+1.76%), BEZEAHX 54 9.39%+0.43%; [H
EIXFRGH G, PSRRI 5 £ R B 5 (29.52%42.45%),
T P 2 AR g 18.06%:+8.39%

XA XIS PR R B Ge it R (R 4), FF
MR X T B EITEIX SR 20 d J5, Kl ik ey
FRBURAR FREAR, Hrh ey s fh i K, A il
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Fig. 4 Changes in the relative content of Ruditapes philip-
pinarum volatile organic compounds at the two
sampling sites (natural tidal flat, LA; enclosed aqua-
culture pond, HM)
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Tab.4 Amount of Ruditapes philippinarum volatile organic compounds at the two sampling sites (natural tidal flat, LA;

enclosed aquaculture pond, HM)

Jaon mE B B OB wkM ke M FER SRkl axa® Hih o B3t
LA 10 5 3 4 3 4 3 3 1 1 4 41
HM 4 4 4 3 2 4 2 2 1 2 4 32
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Fig. 5 Redundancy analysis of volatile organic compounds and environmental parameters at the two sampling sites (natural
tidal flat, LA; enclosed aquaculture pond, HM) (VOC codes are the same as in Tab.3)
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Tab. S Mantel analysis of environmental parameters and

volatile organic compounds at the LA and HM sites
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Effect of aquaculture site transfer on the composition of vola-
tile organic compounds in Ruditapes philippinarum
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Abstract: Environmental factors play critical roles in creating volatile organic compounds (VOCs). In the present
study, sampling was conducted during transfer activity at a Manila clam (Ruditapes philippinarum) aquaculture site.
The muscle tissue of the clams was used to analyze how VOCs changed and to what extent they were affected by
environmental factors. Fifty-two VOCs were identified in the muscle samples by headspace solid-phase mi-
cro-extraction/gas chromatography-mass spectrometry. The VOCs were mainly aldehydes, alcohols, ester hydro-
carbons, furans, alkanes, alkenes, aromatic hydrocarbons, and sulfur-containing and nitrogen-containing compounds.
Forty-one VOCs in the samples were detected from the natural tidal flats. Thirty-two VOCs were detected ~20 d
after transferring the clams to an enclosed aquaculture pond. The diversity and types of VOCs changed because of
the site transfer. The relative amounts of aldehydes and alcohols were the highest in both groups of samples, and
these two compound types varied significantly. The relative amount of aldehydes was higher than that of alcohols in
samples from the natural tidal flats. This relationship was reversed after the 20-d culture period (the relative amount
of alcohols became higher than that of aldehydes). Dissolved oxygen was the main factor. The abundance and bio-
diversity of microeukaryotic plankton were significantly correlated with the VOC composition. The biodiversity of
the microorganisms was relatively higher in the natural tidal flats, whereas biomass and relative abundance were
relatively lower. The abundance was relatively high, but biodiversity was relatively low in the enclosed aquaculture
ponds. This study established direct associations between critical environmental factors and the VOC composition
of Manila clams. This study provides a reference to further research the mechanism of the correlations and optimize

the aquaculture management of Manila clams.
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